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Abstract 

Title:  A Comparative Study of Discovery Learning Scientific Community 

Laboratories and Traditional Laboratories in Physics at an Independent University, 

Florida, U. S.   

Author:    Muhammad Riaz  

Major Advisor: Thomas J. Marcinkowski, Ph. D. 

This study investigated the effects of two instructional approaches – Discovery 

Learning Scientific Community Laboratories (DL-SCL; Treatment) and non-DLSCL 

laboratories (Control) – on students’ conceptual understanding, epistemological views, 

and academic achievement in a Physics-1 lab. Conceptual understanding was measured 

pre/post using the Mechanics Baseline Test (MBT) and the Force Concept Inventory 

(FCI). Epistemological views were measured pre/post using the E-CLASS (Zwickl et 

al., 2014). Lab scores and final exam scores served as measures of academic 

achievement.   

This study used a quasi-experimental study design with mixed-methods data 

collection and analysis procedures. Sections of a Physics-1 Lab course in Fall 2016 were 

assigned to three groups: Treatment (5 sections), Control (4 sections), and Traditional (3 

sections). The study was conducted in three phases: (1st and 3rd) all three groups 

completed the same three initial and same three final experiments; and (2nd) Treatment 

sections were exposed to the DL-SCL approach and Control sections to the non-DL-SCL 

approach in the middle five experiments. Research question one (RQ1) focused on pre-

existing group differences, RQs 2 - 4 on group differences on each dependent measure, 

and RQ5 on the influence of demographic, parental, and experiential factors on study 

results.   
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For RQ1, the only pre-existing difference was that average lab scores for the 

Traditional group differed from those of the Treatment and Control groups. For RQ2, 

Treatment group lab scores were significantly higher than for the Control group. For 

RQ3, on the MBT, Treatment group average normalized gain < g > scores were 

significantly higher than for the Control group. For RQ4, E-CLASS results indicated that 

there was no significant difference between Treatment and Control students on either 

their personal epistemology (pretest or posttest) or their professional epistemology (pre-

test or pretest).  For RQ 5, specific independent variables in all three sets – demographic, 

parental, and academic factors – significantly contributed toward explaining results on 

all five dependent measures.  

Study findings indicated that DL-SCL approach in teaching Physics Lab-1 

significantly improved students’ conceptual understanding, performance on labs and the 

final exam, but not their epistemological views. Student feedback survey, and personal 

interviews indicated that the DL-SCL improved students’ interest in learning physics. 
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Chapter 1 

Introduction 

 

Study Background 

The President’s Council of Advisors on Science and Technology describes 

the recommendations, challenges, and possible solutions to the growing problems in 

training science, technology, engineering, and mathematics (STEM) professionals 

(Olson & Riordan, 2012). This report states that the United States needs one million 

more STEM professionals in order to fulfill the current demand. Currently, less than 

40 percent of students choose a STEM field in college and most of these students 

drop their program within their first two years. This is, at least in part, due to 

difficulties with mathematics and conceptually based learning. The report 

recommends increasing the retention rate in order to effectively increase the ratio 

from 40% to 50% in the next two decades. Focusing on the first two years of 

undergraduate STEM education, the report proposes advocating and providing 

support in replacing standard laboratory courses with discovery-based research 

courses (The President’s Council of Advisers on Science and Technology: Olson and 

Riordan (2012)). Moreover, according to the National Research Council (NRC, 

2013), it is important to notice that one in every 500 students in introductory physics 

is eventually enrolled in a graduate program in physics.  

Students who choose a STEM field in college change their major citing 

difficulties in math and physics. In many colleges, the introductory physics course 

acts to serve as a gatekeeper function for careers in physics and engineering, as well 
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as other STEM fields. Students must perform well in physics in order to continue in 

their chosen major (Hazari, Tai, & Sadler, 2007). Student who did not get good 

grades found their introductory physics course to be challenging (Seymour & Hewitt, 

1997). Poor performance in the course could discourage students from further study 

in physics and/or other scientific and technical fields (Ivie & Ray, 2005).  

Relevant student learning outcomes. Students have attitude, beliefs, and 

expectations about learning physics that can impact the way they behave and 

perform in their physics course (Perkins, Adams, Pollock, Finkelstein, & Wieman, 

2005). For example, a common student belief is that physics is made up of several 

unrelated pieces of information (Docktor & Mestre, 2014). As a result, many 

students learn physics by memorizing mathematical derivations and formulas 

without connecting them to a broader understanding of underlying concepts and 

principles. There exists research on students’ beliefs about learning physics 

(Hammer, 1994, 1995), and on the impact that their beliefs have on their 

performance as measured by concept inventory scores and course grades (Halloun, 

1997; Wutchana & Emarat, 2011).  

Research also exists on instructional strategies designed to develop 

productive attitude and beliefs (Hammer & Elby, 2003). In these studies, more 

student-centered approaches to learning physics use a variety of terms, such as 

attitudes, beliefs, values, expectations, views, personal interest, learning orientation, 

motivation, and epistemological beliefs. The use of the terms “attitudes and beliefs” 

is intended to broadly encompass this wide range in terminology (Docktor & Mestre, 

2014). Moreover, the term epistemology is used to interpret “beliefs about what 
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constitutes knowledge in physics and how a student can develop that knowledge” 

(Hammer, 1994).  

Students’ attitudes and epistemology on science learning is a major aspect 

that has been at the epicenter of recent research reviews and analysis. Many 

researchers in physics education have shown a great deal of interest in conceptual 

learning, such as personal learning framework (Pearsall, Skipper, & Mintzes, 1997), 

learning beliefs, and science epistemology (Hammer, 1994). The epistemology in 

this study is beliefs held about learning physics in a physics laboratory and its 

influence on students’ approach to understanding experimental concepts and 

constructing their own scientific knowledge. This includes, for example, how 

students decide they know a particular context in an experiment or how they decide 

what knowledge is relevant to solve a particular problem/task (Bing and Redish 

(2009). The epistemology has a very strong, widespread effect on student learning.  

Moreover, the way the instructional strategy is adopted and an inquiry is 

implemented in the class has the most direct consequences on the epistemological 

ideas that the students bring to bear on their work and on how the learning activity 

may change their perspective on scientific knowledge (Gupta, Danielak, & Elby, 

2010). Student attitudes toward and beliefs about laboratory activities (regarding lab 

practical epistemologies) can be quite different from student beliefs about the general 

physics lecture. It is more effective in transforming students’ ability to learn and 

obtain knowledge independently. Furthermore, the expert-like attitude and expert-

like epistemological beliefs about the physics laboratory are different from the 

students’ attitude and epistemology towards traditional lecture classes. The 
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University of Colorado Boulder – Physics Education Research Group (PERG), by 

using The Colorado Learning Attitudes about Science Survey for Experimental 

Physics (E-CLASS) (Zwickl et al., 2014), has measured this difference in attitude 

and epistemological beliefs. E-CLASS has been specifically used to develop a new 

test centered on laboratory physics. 

In undergraduate level physics laboratories, students need to increase their 

conceptual understanding and critical thinking. Knowledge must be readily available 

for students in order for them to think critically and to logically understand the 

scientific phenomena. Critical thinking allows scientific reasoning. Having a mastery 

in science does not mean that knowledge is limited to factual knowledge alone, as is 

done in the traditional laboratory teaching. Students should have opportunities to 

practice and refine their learned theoretical knowledge through active 

experimentation as well as through active enjoyment in collaborative learning. 

Critical thinking consists of two important aspects: conceptual understanding and 

creating favorable attitudes with good learning habits (Redish & Hammer, 2009). 

Both have a great impact on the students’ academic achievement. It is important that 

both be adopted for the introductory physics laboratory (Lark, 2014) so that students 

in physics lab can create active links between advanced theoretical knowledge and 

real world applications. Expert-like thinking demonstrates conceptual understanding, 

while novice students have a weaker understanding and sometimes miss the basic 

idea behind the data processing and interpretation (Lark, 2014).  

Research in physics education has developed and validated several multiple 

choice concept inventories, to assess the conceptual understanding and 
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misunderstandings of students, such as the Mechanics Diagnostics Test (Halloun & 

Hestenes, 1985), Mechanics Baseline Test (MBT) (Hestenes & Wells, 1992), the 

Force Concept Inventories (FCI) (Hestenes, Wells, & Swackhamer, 1992), and Force 

and Motion Conceptual Evaluation (FMCE) (Thornton & Sokoloff, 1998). This 

study used the MBT to assess conceptual understanding.  

Modified curricular and instructional approaches for teaching physics. 

Over the past few decades, an abundance of instructional approaches and 

accompanying curricular materials have been developed for teaching physics (Arons 

& Miner, 1990; Hake, 1998; Knight & Burciaga, 2004; Meltzer & Manivannan, 

2002; Meltzer & Thornton, 2012; Novak, Patterson, Gavrin, & Christian, 1999; 

Redish, 2003). These include all aspects of the standard physics course: lecture, 

recitation, and laboratories. According to Docktor and Mestre (2014), these 

instructional reforms involve comprehensive structural changes such as combining 

lecture, recitation, and labs into a single class environment. Each of these reforms 

has included studies that evaluated the effectiveness of instructional approaches and 

materials for teaching physics (e.g., by changing overall structure of the class and 

general curriculum materials such as textbooks and simulations). All of these 

instructional approaches and materials have incorporated constructivist theories by 

reforming the more traditional and more passive lecture-based teaching approaches 

to a more student-centered and active approach. This newer approach is collectively 

referred to as interactive engagement methods (Hake, 1998).  

Of these, approaches related to laboratory teaching methods emphasize 

making labs more interactive by engaging students in class discussion, revising 
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materials such that students must plan and make decisions, and probing for students’ 

understanding during class (Redish, 2003). The introduction of technological tools 

for collecting and analyzing data has transformed the physics laboratories; examples 

are RealTime Physics (Sokoloff, 2012) and video analysis software (Beichner, 

1996). Other studies focused on the development of scientific thinking and abilities 

such as the Interactive Science Learning Environment (Etkina & Van Heuvelen, 

2007) (Etkina et al., 2010), Computer-based Problem-Solving Labs (McCullough, 

2000), and Scientific Community Labs (Kung, 2005). Studies of Microcomputer-

based Laboratories (MBL) (Thornton & Sokoloff, 1990) improved students’ 

understanding of kinematic concepts and graphs in comparison to paper-and-pencil 

based activities.  

Studies of the RealTime Physics laboratories indicate improved student 

learning in dynamics (Thornton & Sokoloff, 1997). The University of Minnesota 

addressed common student preconceptions in RealTime Physics Active Learning 

Laboratories (Sokoloff, 2012; Sokoloff, Thornton, & Laws, 2011) and computer-

based problem solving labs written in LabVIEW (McCullough, 2000). They 

indicated no significant differences between groups using computers and groups 

using traditional learning, with respect to course grade or the Test of Understanding 

Graphs in Kinematics (TUG-K) inventory. However, the computer group scored 

slightly better on the FCI post-test. Using video analysis software (Beichner, 1996) 

to collect and analyze data that resulted from the motion of objects was perceived to 

be useful by students and improved their comfort with using computers (Escalada, 

1995). The Investigative Science Learning Environment (ISLE) lab (Etkina et al., 
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2010) emphasized the development of scientific abilities such as: the ability to 

interpret and reconstruct information presented in multiple forms (e.g., prose and 

graphic), design an experiment, collect and analyze data, evaluate an experimental 

outcome, and communicate in a scientist-like manner. The Scientific Community 

Labs developed by the University of Maryland (Lippmann, 2003) used a conceptual 

approach to learning measurement techniques, including the concept of uncertainty. 

During lab, students are given open-ended questions and they must devise an 

experiment as well as collect and analyze data. Students using this reformed 

laboratory scored higher on a physical measurement questionnaire and demonstrated 

more sophisticated reasoning when comparing data sets. These include using range 

overlap rather than percent differences (Kung, 2005).  

Much of the early research on physics laboratories focused on the integration 

of computer-based instruction and technological tools into the laboratory. Most 

physics departments are still using the confirmatory style of tradition physics to 

teach physics laboratories, particularly at the introductory level, despite the use of 

research-based reformed instruction in lecture and in recitations. With the exception 

of Investigative Science Learning Environment (ISLE), RealTime Physics, and 

integrated course structures (workshop, studio, SCALE-UP, and TEAL), there has 

not been much published research on the effectiveness of new laboratory approaches 

and curricula. 

Research Problem and Rationale for the Study 

 The literature indicates that substantial work has been carried out in physics 

education, especially related to the development and evaluation of instructional 
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strategies and curriculum (particularly “interactive engagement methods”), the 

design and analysis of concept inventories, and assessments of students’ difficulties 

in learning physics concepts and solving problems. A number of universities have 

adopted or adapted reforms that involve an interactive exploratory-based learning 

style in large enrollment classes, including the Technology Enabled Active Learning 

(TEAL) project at MIT (Dori & Belcher, 2005), the Physics Program at the 

University of California at Davis (Upton, 2010), and SCALE-UP at North Carolina 

State University (Saul & Beichner, 2001; Beichner et al., 2007). All of these were 

structured to focus on large-enrollment lecture classes combined with recitations and 

laboratory sections.  

 However, reform-oriented physics laboratory programs such as Real Time 

Physics (Sokoloff, Laws, & Thornton, 2007), video analysis software (Beichner, 

1996), Investigative Science Learning Environment (Etkina & Van Heuvelen, 2007), 

and Computer-Based Problem Solving Labs (McCullough, 2000) have introduced 

more technological instrumentation, but had less focus on traditional content. Even 

in Scientific Community Laboratories, purposeful discussions were rare (Gresser, 

2006). Students spent most of their time reading through the lab manual, and little 

time was spent in sense making with conclusive discussion (Gresser, 2006). Despite 

reform-oriented advances such as these, most physics departments continue to use a 

traditional style of teaching physics laboratories (Docktor & Mestre, 2014). 

Traditional physics laboratory content has great potential, particularly when that 

content is transformed into discovery-based instructional strategies for guiding 

students to adopt scientific conception.  
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 Research studies of these reform-oriented laboratory programs have reported 

mixed results. For example, several recent studies found that students in a class using 

traditional physics teaching were more satisfied than those using reforms course 

reform such as SCALE-UP (Gaffney et al., 2010; Gaffney., Gaffney, & Chini, 2013). 

Students in the SCALE-UP course experienced more expectancy violation and more 

frequently had negative opinions towards the differences between reformed course 

(i.e., as compared to the and traditional course) (Chini, Gaffney, & Al-Rawi, 2013; 

Gaffney. et al., 2013). Finally, attention to and assessment of student attitudes and 

epistemological beliefs is a less developed area, particularly related to both 

traditional and reform-oriented physics laboratories (Docktor & Mestre, 2014).  

 The physics laboratories in use at this university (e.g., PHY 2091) have 

tended to reflect a more traditional style, so there is a need and opportunity to 

explore how reform-oriented physics laboratory approaches could work here. 

Further, given these mixed results, the introduction of reforms in the physics 

laboratories at this university serves as an opportunity to further investigate their 

effects on students’ conceptual learning. Finally, given the limited research on 

student attitudes and epistemological beliefs, there is a need to further study the 

nature of student thinking and reasoning in a reform-oriented laboratory course, 

including how students’ ideas progress over time.   

Definition of Terms 

Key terms pertinent to this proposal study are operationally defined here as 

follows.  
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1. Discovery Learning Scientific Community Laboratories. Discovery 

Learning Scientific Community Laboratories (DL-SCL) is defined as 

undergraduate physics laboratories where students adopt multiple routes 

(Bodner, Hunter, and Lamba, 1998), including multiple ways of learning 

options, strategies, and resources in order to build solid understanding 

towards scientific concepts and their application in real life (Sokoloff, 

Laws & Thornton, 2007). The labs are well equipped with needed 

resources (e.g., large screen iMac computers, projectors, and 

whiteboards) (Saul & Beichner, 2001). Students are encouraged to work 

collaboratively on problem solving and conduct hypotheses-driven 

experiments (McDermott, 2001). Online video lectures, reading 

assignments, group activities, and homework are provided ahead of the 

lab session in order to encourage students to be well prepared before 

coming to lab (Novak, Patterson, Gavrin, & Christian, 1999). The lab 

strategy is designed to focus on a higher level of understanding. 

Throughout the lab, students would be actively engaged in collecting 

meaningful information, analyzing data, and coming up with a 

conclusion. 

2.  Scientific Community Laboratories (SCL). The SCL is defined as 

undergraduate physics laboratories where students are given opportunities 

to construct self-knowledge based on exploration and conversation 

(Lippmann, 2003). They must link theory and practice in their 

conversation and learn experimental skills. These conversations were 
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coded into the following categories: off topic, logistics, and sense 

making. Off topic conversations were discussions irrelevant to the topic. 

Logistics were linked with the things necessary to accomplish the lab, for 

example, experimental setup and data collection. The sense making 

conversations refer to a broad category related to students’ discussions 

about ideas, debates, and making sense of results. This is the category in 

which students are required to think critically and to have metacognition. 

It was concluded that students who spent more time in sense making were 

considered to have more critical thinking skills and were more engaged in 

the experiment (Lippmann, 2003).  

3. Student achievement and students’ success. Student achievement is 

defined as students’ overall achievement in final exam and students’ 

success is defined as students score in each lab. Each lab score depends 

on various assessments administered throughout the labs, for example, 

pre-lab homework, prelab quizzes, and lab report. The cumulative lab 

score of the students in selected labs was compared with others in the 

non-selected labs. The cumulative lab scores were defined as the 

students’ success in the lab (or in the course) and students score in final 

exam was defined as student final academic achievement.   

4.  Student attributes. Student attributes are defined as students’ age, gender, 

and race/ethnicity. Students’ attitudes and epistemology towards 

undergraduate physics Lab is students’ belief, self-confidence, feeling of 

goodness, sense of satisfaction, and motivation about the general nature 



12 
 

of physics as well as learning physics in the lab. It influences students’ 

approach towards learning the subject and making their future decisions. 

The way instructional strategy is adopted and inquiry implemented in the 

lab have the most direct consequences on the epistemological ideas that 

the students bring to bear on their work and on how the learning activity 

may change their perspective on scientific knowledge (Gupta et al., 

2010). Student attitudes and beliefs about laboratory activities (regarding 

lab experimental epistemologies) can be quite different from student 

beliefs in formal physics lecture classes and they are more effective in 

transforming students’ ability to learn and obtain knowledge 

independently. This study used E-CLASS to measure the attitude and 

epistemology of students towards DL-SCL.  

5.  Student Conceptual Understanding/Learning. Student conceptual 

understanding is defined for this study as a particular score on the MBT 

pre- and post-test. The MBT is a common tool in physics education that is 

used to measure students’ conceptual gain from pre-test to post-test. The 

MBT is comparable to FCI and it is next step above the Inventory in 

physics understanding. The MBT emphasizes concepts that cannot be 

grasped without formal knowledge or instruction but both two tests are 

complementary probe to understanding the Newtonian mechanics.  

6.  Studio Physics. The term studio comes from Wilson’s description of a 

“comprehensive unified physics learning environment” or CUPLE 

physics studio, which was initially implemented at Rensselaer 
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Polytechnic Institute in 1993 (Wilson, 1994). In studio physics, the 

lecture and laboratory sessions are combined into a single course session 

of 30-45 students meeting for two hours, two to four times per week with 

computer-based activities and collaborative group work (Cummings, 

Marx, Thornton, & Kuhl, 1999). Students in the studio physics section 

had a significantly higher normalized gain on FCI and FMCE than 

students in traditional courses; however, their scores on the quantitative 

final exam were the same or slightly worse in the studio section.  

7.  Undergraduate Physics Lab is defined as Physics Lab-1 (PHY 2091), 

which is a one credit hour undergraduate lab. Physics Laboratory 1 

elucidates the concepts and relationships presented in PHY 1001, 

including vectors, mechanics of particles, Newton’s laws of motion, 

work, energy and power, impulse and momentum, conservation laws, 

mechanics of rigid bodies, rotation, equilibrium, and periodic motion.   

Research Purpose, Questions and Hypotheses 

Research purpose.  The purpose of this study is to determine the relationship 

of two different instructional approaches –Discovery Learning Scientific Community 

Laboratories (DL-SCL; experimental) and non-DLSCL laboratories (control) – to 

students’ epistemological beliefs or attitudes, conceptual understanding, and 

achievement in a physics lab.  

Research questions. The main research question guiding this research study 

is “What is the relationship of the DL-SCL instructional lab approach (treatment) 

and the traditional teaching lab approach (control) to students’ epistemological 
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beliefs, attitudes, conceptual understanding, and lab achievement?” Based on this 

guiding question, the following sub-questions were investigated.   

1. What differences, if any, exist in lab scores for PHY 2091 students 

exposed to the traditional approach, the treatment group, and the control 

group for:  

a)  scores on the Force Concept Inventory (FCI), which is administered 

to all sections of PHY 2091 by that Department prior to Experiment 1 

(pre) and after Experiment 9 (post);  

b) common labs prior to the treatment, specifically Experiments 1, 2, and 

6; and 

c) common labs following the treatment, specifically Experiments 7, 8, 

and 9? 

2. What is the relationship between treatment and control group membership 

and students’ lab scores in Experiments 3, 4, 11, 12, and 13?  

3. What is the relationship between the treatment and control group 

membership and students’ conceptual understanding, as measured by the 

MBT?  

4. What is the relationship between the treatment and control group 

membership and students’ epistemological beliefs and expectations about 

learning physics in lab, as measured by each of the following subscales of 

the E-CLASS: 

a) what students think when performing experiments for class (students’ 

personal epistemology) versus what students think on what experts 
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would say about their research (students’ perceived professional 

epistemology or expert like thinking)? 

b) how students’ personal views change from pretest to posttest?  

c) how important students’ views of different activities for earning good 

grades in physics laboratory?  

5. What is the relationship between students’ demographic attributes and 

their conceptual understanding and achievement in the treatment and 

control groups? 

Research hypotheses. On the basis of previous research, the directional 

research hypotheses corresponding to the research questions are given as follows: 

Hypothesis 1 (H1): There will be no significant differences in lab scores for 

PHY 2091 students in the traditional group, treatment group, and control 

group for: 

a) Pre and post measures on the FCI; 

b) Scores on lab experiments 1, 2, and 6; and 

c) Scores on lab experiments 7, 8, and 9. 

These lab experiments will be taught by the traditional teaching strategy in all 

three-group memberships: traditional, treatment, and control.  

Hypothesis 2 (H2): There will be a significant difference between treatment 

and control group membership and students’ lab scores in experiments 3, 4, 

11, 12, and 13. Students in the treatment group will have higher scores than 

students in the control group.  

Hypothesis 3 (H3): There will be a significant difference between treatment 
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and control groups and students’ conceptual understanding as measured by 

MBT pretest and posttest. Students in the treatment group will have better 

understanding than students in the control group.  

Hypothesis 4 (H4):  

a = (what students think when performing experiments versus what students 

thin on experts would say about their research); 

Students in the treatment group will have a strong correlation between 

their own personal epistemology versus their perceived professional 

epistemology (expert like thinking), whereas students in the control 

group will have a weak correlation or no correlation between their 

own personal epistemology versus their perceived professional 

epistemology 

b = (how students’ personal views change in the experimental lab from pretest 

to posttest with respect to members of the groups);  

 There will be a significant difference in the average students’ 

professional epistemology from pre-test to post-test in the treatment 

group and there will be an insignificant difference in the average 

students’ professional epistemology from pre-test to post-test in the 

control group. Students in the treatment group will have a fair 

increase in personal epistemology between pre-test and post-test, 

indicating that, on average, students in the treatment group will have a 

higher expert-like thinking, signifying more positive attitudes 

regarding experimental physics in a physics laboratory.  
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c = (how important students’ think it is to earn good grades in physics lab) 

  There will be no significant difference in average scores of students’ 

views of different activities for earning good grades in physics 

laboratory between treatment and control groups. Students in the 

treatment group have a significantly relationship with expert views of 

having different activities in lab, are important for earning good 

grades when comparing students in the control group.    

Hypothesis 5 (H5): There will be no significant relationship of demographic 

attributes to students’ conceptual understanding (as measured by MBT 

posttest) and achievement (as score on the final exam).  

Significance of the Study  

According to Vygotsky (1978), students can be taught any subject efficiently 

using scaffolding practices within the learner’s zone of proximal development 

(ZPD). This ZDP is the area that includes what can be learned with the help of a 

more knowledgeable other (e.g., an expert or coach), and which lies between what 

the learner can do by himself or herself and what they are unable to do even with the 

best of help. According to Vygotsky’s ideas about ZPD, instruction is only useful 

when the domain or activity is familiar enough so that students can engage in and 

learn from it. This would not work if the activity is so unfamiliar that the student 

could not learn from and appreciate its value. To summarize, the design of any 

instructional strategy should be based upon the students’ prior learning and 

performance, including their underlying epistemological beliefs and attitudes. 

Strategies that are based on students’ epistemological views, and on prior their 
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learning and performance, should support effective learning practices through the 

equal contribution of content knowledge, pedagogical process knowledge, and 

hands-on experimentation (Bolte, Holbrook, & Rauch, 2012; Rocard, 2007).  

Undergraduate lectures and laboratory infrastructure need to provide deeper 

conceptual knowledge, but it is always challenging to figure out the best way to 

utilize these resources. The traditional way of teaching physics at the undergraduate 

level (three lectures along with a lab activity) can be improved by making it a more 

active learning environment. The current tradition and practices in introductory 

laboratory courses are based on the confirmatory style of laboratories. In these 

traditional practices, the students are encouraged to follow a predefined procedure 

and are expected to have predetermined results. Many institutions continue to use 

traditional confirmatory style laboratory instruction, despite the use of reformed 

instruction in other aspects of the courses, such as lecture and recitation (Docktor & 

Mestre, 2014).  

In contrast to this, Bodner, Hunter, and Lamba (1998) defined inquiry-based 

laboratories as those in which students can develop and test different lab designs and 

procedures, as well as analyze their data in different ways in order to build and learn 

scientific relationships and concepts. Designing inquiry- or discovery-based 

introductory laboratories with the aim of furnishing conceptual knowledge, active 

engagement, and collaborative learning as well as the goal to provide the opportunity 

for scientific research and experimentation is important in identification and 

retention of STEM professionals (Kinkel & Henke, 2006). Implementation of these 

changes increases student learning (Cummings et al., 1999; Sorensen et al., 2006), 
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shortens the time to obtain an undergraduate degree (Kinkel & Henke, 2006), and 

increases student interest in graduate level education (Lopatto, 2007). Discovery-

based laboratories are more effective in improving the conceptual understanding and 

increasing expert-like thinking in students and thus indirectly link with student 

retention (Lark, 2014).  

One inquiry-based approach is the Discover Learning – Scientific 

Community Laboratory (DL-SCL) approach. The DL-SCL approach includes 

traditional content areas learned via participation in an active experiment with peers. 

For the purpose of this study, it included online video lectures, which provided with 

pre-lab preparation homework before each of the five lab experiments. It also 

included data processing, assessment, and personal interpretation with uncertainty 

and experimental design. Confidence in the results and error analysis were explicit 

parts of the discussion in the laboratory.  

The DL-SCL is based on the instructional framework of Interactive 

Engagement (IE) and Scientific Community Laboratories (SCL). The IE method 

encourages students to learn independently in an actively engaged environment 

while cooperating with peers, thinking deeply about physical concepts, and revising 

of ideas, thus making student reasoning visible to instructors and themselves. These 

components of interactive engaged learning strategies are associated with improved 

student learning and views towards physics (Shan, 2013). Scientific Community 

Laboratories (SCL) are designed with a series of open-ended research questions that 

aim to help the students link theory and practice, learn experimental skills, and 

understand the method of scientific thinking. In SCL, students work in groups, 
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design an experimental setup, run, and critique their results, all of which they present 

for discussion with the other students in the class. In these ways, DL-SCL aims to 

help build students’ interest and train students for a future in STEM fields while 

presenting traditional content in an interactive environment. 

Thus, the DL-SCL approach is a part of ongoing research and practice 

initiatives in physics education that aim to create a more positive attitude of students 

towards physics learning. In this study, the purpose was to use DL-SCL to alter the 

traditional physics lab curriculum and to test the extent to which it improved the 

expert-like thinking among students. Ideally, any such improvement would increase 

the retention rate of students in the STEM fields. Going into depth in understanding 

the particular needs of students, what and how they learn physics, how they do 

homework for initial source of knowledge, as well as how they design theoretical 

models and apply them in the experimental settings to generate new conceptual 

understanding would give insight into the effectiveness of discovery-based learning 

physics. 

Research Design 

A quasi-experimental study design, with mixed-methods data collection and 

analysis procedures, was used to conduct a comparative study of the treatment (DL-

SCL) and control group (non-DL-SCL) in the Physics Department, at a private, 

independent, scientific and technological university. I used a convenient sample 

selection from the accessible population, with approval of the Department Head and 

Lab Director in this Department. The accessible population was the all students’ who 

were registered for Physics Lab 1 (PHY 2091) in Fall 2016.  
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The Discovery Learning Scientific Community Laboratories (DL-SCL) 

approach is defined as an interactive inquiry-based physics laboratory teaching 

strategy, as described below. This approach was used in five labs (Weeks 5-10), 

three of which were modified versions of traditional labs and two of which were new 

labs designed for this study. Although the DL-SCL approach had the same eleven 

labs included in the traditional approach, both the sequence of labs and teaching 

strategy used in the DL-SCL approach were different. The control approach included 

the same modified sequence of eleven labs used in the DL-SCL approach, although 

the five labs unique to the DL-SCL approach followed the more traditional physics 

laboratory approach described above. The sequence of labs for sections in the control 

group was the same as the sequence of labs for the traditional group (i.e., lab sections 

not included in the control group), the control group completed all measures while 

the remaining sections in the traditional group didn’t complete any study measure. In 

summary, in the treatment (DL-SCL) and control groups, students completed all 

eleven labs in the same sequence and completed all study measures, but each group 

was exposed to a different instructional approach.  

The treatment group was equipped to give students free access to all available 

learning facilities. Students in this group were given the opportunity to do pre-lab 

preparation activities – pre-lab quizzes, readings, and video lectures − before coming 

to lab. This was designed to ensure optimal collaborative and engaged learning in an 

informal setting while having immediate feedback from and support by instructors. 

Selected lab section instructors (teaching assistants or TAs) were trained and 

informed about the research study one week before the semester starts. The TAs then 
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started implementing this teaching strategy in their labs while working closely with 

the primary investigator. In the control group sections, TAs followed the traditional 

teaching approach. The control group included the same eleven labs used in the 

treatment group, but followed the more traditional physics laboratory approach.  

For data collection purposes, student demographic surveys were conducted in 

both groups within the first month of the study. The Colorado Learning Attitudes 

about Science Survey for Experimental Physics (E-CLASS), and MBT were 

administered at the beginning and towards the end-semester. Student success in each 

lab, as well as their final achievement, conceptual learning, beliefs, attitude towards 

physics experimentation, and overall epistemology about physics learning in both 

groups – treatment (DL-SCL) vs. control (traditional) – were assessed in pretest and 

posttest. Moreover, qualitative techniques including TAs interviews, students’ 

interviews, and students’ feedback surveys were conducted to get feedback from 

TAs and students to discern students' understanding, their points of views, and 

suggestions. For this purpose, written open-ended interviews with all TAs, who were 

instructing in both treatment and control groups, and with some individual students 

were conducted to assess their views on students’ understanding, learning skills, and 

introspective approaches in more depth.  

Study Delimitations and Limitations 

Delimitations. Delimitations of a study are conditions, situations, events, or 

circumstances that the researcher imposes to make a study feasible to implement, but 

further limit the generalizability of the results. As a result, any interpretations, 

explanations, or generalizations of the results used in this study would take the 
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following delimitations into consideration. 

1. Campus Location. This study was conducted in the Physics Department, 

at a private scientific and technical university whose student population is 

more diverse than at other universities. It is possible that the results of the 

study could be different if it were done at a different location and 

university.  

2. Academic Unit and Course. This study was conducted in PHY 2091: 

Physics Laboratory 1 only, a course offered by the Physics Department 

and Space Science; and not included of physics lecture classes.   

3. Semester. The study was conducted in only one semester, and that was a 

Fall semester. The study wasn’t conducted for the whole school year.  

4. Selection of Five Laboratories. Five lab experiments in physics 

laboratory -1 course were selected for use with treatment and control lab 

sections. Studies assessing the whole physics introductory labs course 

might have different results.  

5. Sections of PHY 2091: Typically, there were 12 sections of this course 

taught in the Fall semester of academic year 2016. For the purposes of 

this study, permission was granted by the Physics Department to involve 

a total of nine (9) sections in this study, five sections were assigned to the 

treatment and four assigned to the control group.  

6. Attitude and Epistemology of the Students towards Physics or Science. 

This study used the MBT and E-CLASS to measure students’ 

understanding, attitude, and epistemology towards physics learning. 
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Studies using different tools and instruments may not have the same 

results. The study also measured students’ average lab score in each lab 

as students’ success in the lab and final exam score as students’ final 

achievement.  

Limitations. For any study, limitations are defined as the procedures, 

conditions, and situations outside the researcher’s control that may limit the internal 

and external validity of the results. Based on the limitation of the study both 

population and ecological generalizability of the study can be affected. The 

following limitations are suggested to consider for any interpretation and explanation 

of the results of this study.   

1. Section and Subject Selection. For this study, selection of the subjects 

wasn’t purely randomized. Five strata of subjects (lab sections) were 

conveniently selected for treatment (DL-SCL) group and four for control 

group (non DL-SCL). The convenient selection of the subjects based on 

the provided guidelines by my advisor to make stratified clusters might 

not produce the best-matched samples.  

2. Demographics of the student. The demography of undergraduate 

students for this study was considerably very diverse including 36% from 

Florida, 29% from other states of U.S. and 35% were international 

students. Usually the physics department has students from very diverse 

educational backgrounds, especially at the undergraduate level. As a 

result, students with different demographical and educational 

backgrounds do have different attitudes and epistemology towards 
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physics learning. Maximum details on these demographics were 

documented to facilitate the readers in making comparisons for 

generalizability. To minimize the initial differences, the researcher 

compared lab scores prior to the treatment, (i.e., specifically Exp-1, Exp-

2, and Exp-6) and common labs following the treatment, (i.e., specifically 

Exp-7, Exp-8 and Exp-9) in all three groups. These groups were as 

follows: the traditional laboratory approach, the treatment group, and the 

control group.  

3. Experimental Mortality. Mortality refers to the loss of subjects in 

experimental groups that may occur during an experiment (e.g., students 

dropping a course) or may occur after an experiment (e.g., the 

researcher’s removal of subjects from a data set due to invalid and 

incomplete responses). Due to that fact that this study employed surveys 

and tests as data collection instruments, it was important that all surveys 

and assessment forms that were administered were completed and 

returned to the researcher. The threat was mitigated by the presence of the 

primary researcher during the administration of each measure to ensure 

the return of fully completed forms from each subject. Moreover, the 

selection of a larger sample size was help to control the attrition effects. 

Additionally, after session’s commencement, students were encouraged 

not to drop out of or withdraw from the course. Further, transferring to 

other lab sessions (classes) was discouraged.  

4.  Experimenter Effects. Implementation refers to the extent to which 
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instructor differences are likely to influence post-test results. In this 

study, teaching assistants (TAs) were responsible for lab instruction in 

PHY 2091. Typically, this Physics Department had six TAs responsible 

for the 12 sections of PHY 2091. Thus, different TAs for PHY 2019 in 

Fall 2016 were responsible for the sections of PHY 2091 selected into 

this study’s traditional, treatment, and control groups (i.e., there were 

different TAs for the sections within as well as across these groups). 

Given this, it was possible that differences in TA characteristics (e.g., 

background and ability in physics, in physics labs, and in teaching) could 

influence the results of this study. The following steps were taken to limit 

the influence of TA characteristics on study results: (a) materials for 

treatment and control groups sections were provided to those TAs in an 

effort to standardize lab instruction and procedures; (b) the Lab Director 

and I oriented all PHY 2091 TAs to this study, including its design and 

methods, and trained TAs to implement the treatment (DL-SCL) and 

collect data as planned; (c) for treatment fidelity and verification 

purposes, I observed, rated, and recorded notes on the extent to which 

each TA responsible for lab sections in the treatment and control groups 

was implementing study procedures as planned; (d) if my ratings and 

observations indicated that TAs were not following study plans and 

procedures, I planned to include these as additional data in my analysis of 

data (e.g., as additional covariates), but it turned out that was not 

necessary. In addition, it turned out that one TA was different from the 
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other TAs in his instruction and assessment style. For this reason, he was 

assigned to lab sections in the traditional group which was not part of 

actual experiment (i.e., the traditional group was used for demographic 

descriptive and group comparison purposes, and didn’t complete any 

other study instruments).   

5. History. History refers as any unfavorable or unforeseen event that 

emerges during the study and may potentially influence the DVs, it also 

may serve as a potential validity threat (Ary, Jacobs, Sorensen, & Walker, 

2013). For example, in the context of this study, NASA launches its new 

test flight of Mars or testing of Orion with a crewmember during the same 

semester might create a history threat. This type of event may allow for 

students to in the control group to improve their attitude towards physics 

learning in the same course. There was a minimal chance that this might 

occur. The researcher was monitoring physics new items/events of any 

relevance the subject matter in Lab included in PHY 2019 to document 

the development and attempt to ensure that each group received the same 

experience. 

6. Testing: Testing threat refers to situations in which the subjects are 

administered a pretest prior to treatment and then administered the same 

test a second time. If the time between the pretest and posttest 

administration is not sufficient, then participants may know what is 

expected from them on the posttest. The Department administered the 

FCI on the first and last day of class. The MBT and E-CLASS were 
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conducted as pretest five weeks after the semester started and posttest 

four weeks before the semester ended. Although the administration of the 

FCI, MBT and E-CLASS on a pretest basis provided baseline data about 

students enrolled in selected sections of PHY 2091, it was also used to 

assess any potential validity threat as provided guided in the study of Ary, 

Jacobs, Sorenson, and Walker (2013). One way to control for potential 

testing effects could be the use of pretest scores as a covariate in 

comparisons of posttest scores based on group membership. The other 

way the researcher could control testing effects was by allowing a 

suitable time (minimum of one-month gap) between the pre- and 

posttests.  
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Chapter 2 

Review of Related Literature 

 

Introduction  

This chapter is composed of five major sections. The first section discusses 

problems in physics education, particularly those related to physics laboratories, as 

they relate to this study’s research problem. The second section discusses the origins, 

development, and design of discovery-based learning laboratories (DBLL) in physics 

education. These DBLLs serve as both a response to these problems in physics 

education and the basis for the redesign of physics labs in this study. The third 

section introduces the underlying theories that underlie the design and conduct of 

this study. These include social cognitive theory, constructivism, and self-efficacy. 

The chapter then outlines the existing research studies that inform the selection of 

dependent variables in this study, specifically conceptual understanding, 

epistemological beliefs and attitudes. The final section concludes with a summary of 

practices and findings from those published studies that are most closely related to 

this study, and their implications for this study.  

Literature Related to the Research Problem and Its Significance  

 The section provides a brief literature review about conceptual understanding 

and making favorable attitude in undergraduate physics teaching. One of the earliest 

and most studied areas in physics education was the conceptual understanding and 

difficulties students had in grasping fairly fundamental concepts in physics (Docktor 

& Mestre, 2014). Over the time, these conceptual difficulties have been given several 
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terms, including misconception, naive conception, and alternative conception.  

 Since the 1980s, a number of studies explored factors associated with 

students’ preconceptions, including naïve conceptions and misconceptions. For 

example, Clement (1982) found serious difficulties with preconceptions among 

students in several areas of introductory physics. Clement further determined that 

many students maintained a stable alternative view of the relationship between force 

and acceleration. This concept was misunderstood at the qualitative level (i.e., in 

addition to any difficulties that might occur with mathematical interpretation). 

Clement suggested that the source of misunderstandings might be linked to deep-

seated preconceptions, making understanding Newton’s Laws and other physics 

concepts difficult. Shaffer and McDermott (1992) developed a curriculum for 

laboratory-based instruction and adapted it to fit a traditional introductory physics 

course. Their study found that the use of model building as an instructional strategy 

was not sufficient to address students’ preconceptions.  They found that many 

students could not develop a functional understanding of the material unless certain 

difficulties were explicitly addressed, including student difficulties with reasoning, 

concepts, diagrammatic representations, and lack of real-world experience. Beichner 

(1994) uncovered a consistent set of student difficulties in physics lab with graphs of 

position, velocity, and acceleration vs. time. Student had the greatest difficulty 

determining the slop and area under the curve for unusual lines (Beichner, 1994).  

Streveler, Litzinger, Miller, and Steif (2008) studied some of the most 

common conceptual difficulties in the domains of mechanics. They found that the 

primary difficulties that students encountered with motion were: (1) interpreting the 
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quantity and given information about a physical situation. For example, ascribed a 

value to the acceleration, when given information about position at different times; 

and (2) distinguishing among different descriptions of motion. In addition to the 

above findings, students’ incomplete and inaccurate understanding of basic 

quantities was confirmed, leading to difficulty in using them correctly in qualitative 

descriptions. In a more recent study (Flores-García, Alfaro-Avena, Chávez-Pierce, 

Luna-González, & González-Quezada, 2010), students’ difficulties with functional 

understanding of fundamental concepts were investigated during physics experiment. 

Their findings revealed that despite a conceptual emphasis in instruction, students 

were unable to navigate among different mathematical representations involved in 

working with tension on a massless string.  

According to Perkins et al. (2005), there is a strong relationship between the 

conceptual understanding and attitudes of students. Perkins et al. (2005), improved 

attitudes towards physics learning are connected to increase conceptual 

understanding of physics. In their study, Perkins et al. revealed a correlation of r = 

0.26 between Colorado Learning Attitude about Science Survey (CLASS) as a 

measure of expert-like thinking and FMCE as an instrument to measure conceptual 

understanding. Similar studies have been carried out at the University of Toronto to 

compare attitudes with conceptual gain. Milner-Bolotin, Antimirova, Noack, and 

Petrov (2011) found a similar relationship between attitudes and conceptual gains, 

with r = 0.258. Milner-Bolotin et al. (2011) study indicated the correlation between 

student conceptual knowledge and their attitudes also appeared to be influenced by 

student educational backgrounds.  
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According to The President’s Council of Advisers on Science and 

Technology (Olson & Riordan, 2012), a distinction has been made between the 

attitudes learned through laboratory physics and physics learning through lecture. 

Zwickl, Hirokawa, Finkelstein, and Lewandowski (2014) posited that the basis for 

attitudes regarding experimental physics include affect, argumentation, confidence, 

experimental design, math and physics data correction, modeling the measurement 

system, physics community, purpose of labs, statistical uncertainty, systematic error, 

and troubleshooting. Consistent with Shulman and Tamir’s (1973) previous review 

of research in science education, Lark (2014) indicated that students in traditional 

physics laboratory follow step-by-step instructions provided in the manual in order to 

complete each experiment. As a result of the apparent emphasis on following 

procedures over conceptual understanding (Anderson & Krathwohl, 2001), 

laboratory manual, students often perform each experiment without focusing on the 

experiment’s implications (Lark, 2014). Lark suggested that this impedes their 

critical thinking, deeper conceptual understanding, relating knowledge to real world 

experience, and making favorable attitude towards physics laboratory. Redish and 

Hammer (2009) suggested that when students are given instructions in traditional 

laboratories, they spend much of their time sorting out experimentation logistics and 

less time conceptualizing their work.  

According to Lark (2014), many students simply focus on data collection, 

and leave the lab as soon as possible. Even with the threat of having to repeat the 

experiment or getting a lower grade, some students collect data in a sloppy manner 

(Lark, 2014). According to the National Research Council, NRC (2013), students in 
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traditional classes learn much less than do students explored to alternative modes of 

instruction—and less than their instructors assume that they do. The NRC further 

suggested that at an introductory level, the traditional method of teaching physics has 

been limiting conceptual understanding.  

This research indicates that students in traditional learning physics labs often 

have difficulties understanding fundamental concepts and their implications. 

Teaching physics labs using traditional methods may not contribute to improvements 

in students’ attitudes and epistemological beliefs about physics and science. At the 

same time, attitudes towards physics learning correlate with increases in retention 

through the four-year physics degree, as well as better grades during the freshman 

college year (Perkins et al., 2005). Opportunities for continued research on the nature 

of students’ thinking and conceptual reasoning exist, including how students’ ideas 

progress over time. There is a need for studies to help improve traditional instruction 

strategies to help students develop scientific conceptions (Docktor & Mestre, 2014).  

The Origins and Developments of Discovery-Based Learning Labs (DBLL)  

In the last thirty years, extensive efforts have been made to revise and 

improve traditional physics laboratories with discovery-based learning.  From these 

reforms, selected approaches are summarized in Table 2.1 (p.31) into the following 

five categories: (1) inquiry-based learning approaches, (2) microcomputer-based 

laboratory approaches, (3) studio physics, (4) student-centered activities for large 

enrollment undergraduate programs (SCALE-UP), and (5) scientific community 

laboratory (SCL) approaches. This overview in Table 2.1 (p.31) includes selected 

program features and selected students’ outcomes. 
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The interactive inquiry-based approaches were introduced to teach students 

some general intellectual skills widely useful in scientific work (Reif & John, 1979). 

Interactive inquiry-based approaches facilitate student learning in carefully guided 

curricula in a scaffolded environment and acquire abilities that physicists use in their 

work (Etkina & Van Heuvelen, 2007). Development of microcomputer-based 

laboratory (MBL) tools and curricula that help students make connections between 

the physical world and the underlying principles that constitute scientific knowledge 

(Thornton & Sokoloff, 1990). The studio physics approach was introduced to a 

computer-equipped classroom as a ‘Studio’ within which a major portion of the class 

time was devoted to active learning (Wilson, 1994). The basic idea of the studio 

classroom is to merge lecture, recitation, and hands-on laboratory experiments onto a 

single common experience (Dori & Belcher, 2005). SCALE-UP was designed to 

introduce research-based instruction in introductory science classes that work well in 

smaller class settings and finding ways to economically accommodate studio-style 

classes of up to 100 students (Saul & Beichner, 2001). The purpose of the SCL 

approach was to teach students to utilize their everyday skills for argumentation and 

decision making in data gathering and analysis (Lippmann, 2003). All of these 

discovery-learning approaches lead to student insights concerning the promotion of 

general intellectual goals and facilitated student understanding about the nature of 

scientific models and methods of inquiry.  

Origins and developments of DBLL approaches. Discovery learning 

approaches were intended to modify traditional laboratories where students’ follow 

step-by-step instructions to verify their results. General approaches to make 
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laboratories more interactive include introduction to computer-based activities and  

materials such that students plan and make decisions; and probing for understanding 

during class (Docktor & Mestre, 2014). The origin and development of DBLL 

approaches mentioned in Table 2.1 (p. 36) are further outlined in following headings.  

Origins and development of interactive inquiry and MBL approaches. 

Engaging Students in the Process of Science, Reif and John (1979) introduced some 

instructional strategies for physics laboratory focusing on Newton’s laws. The 

purpose of this study was to engage students in authentic practices of science in 

open-ended experiments, such as observing new phenomena, developing hypothesis, 

designing their uncertainties, and reporting results in written papers. The extended 

Microcomputer-Based Laboratory (MBL) was first introduced by Brasell (1987), 

Thornton  (1987), and Thornton and Sokoloff (1990). The microcomputer–based 

laboratory (MBL) project was a five-year project funded by the NCF to disseminate 

and evaluate MBL material (hardware, software, and curriculum units) for middle 

and high school science classes (Thornton, 1987). Brasell (1987) used MBL to 

improve middle-school students’ scientific conceptual understating. She investigated, 

(a) the effect of a very brief treatment with a kinematics unit on ability to translate 

between a physical event and the graphic representation of it; and (b) the effect of 

real-time graphing as opposed to delay graphing of data. She found that MBL 

activities were effective in improving students’ understanding of graphs of physical 

events. Thornton (1987) introduced MBL to address the difficulties faced by students 

in learning physical concepts. Thornton and Sokoloff (1990) introduced discovery-

based laboratory curricula by developing and using MBL tools that embodied results 
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2001) 
 x x  x    x x 

Investigative Science Learning Environment (ISLE) Labs (Etkina et al., 

2006, 2007, 2010) 
 x x x x  x  x x 

 M
ic

ro
-

C
o

m
p

u
te

r 
-

B
as

ed
 

A
p

p
ro

ac
h

es
 

 

Tools for Scientific Thinking (Thornton, 1987)   x   x  x  x x 
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Students’ Understanding of Measurement and Uncertainty (Lippmann, 

2003) 
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Metacognitive Activity in Social Community Lab (Kung & Linder, 2007)     x  x   x 

Social Interaction and Teamwork in physics Lab Reform (Gresser, 2006)     x   x  x 

  Note. 1Headings for Specific Approaches, Program Features, and Student Outcomes that are featured in this study that have been underlined.  
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from educational research. Their MBL curricula allowed students to take an active 

role in their learning and encourage them to construct physical knowledge from 

observation of the physical world. They compared the effectiveness of their MBL 

curriculum with traditional colleges and universities’ teaching methods, and found 

strong evidence of significantly improved learning and retention by students who 

used the MBL materials compared to those taught in traditional lectures.  

McDermott (1984) made extensive use of laboratory tasks to explore 

students’ basic conceptual understandings of introductory physics at the University 

of Washington. One-fifth of students were confused between velocity and 

acceleration and many students who participated lacked even qualitative 

understanding of acceleration as the ratio of v/t (McDermott, 1984). McDermott 

mentioned in his study that the comments students made during the interviews and 

their readiness to revise unsuccessful strategies made it clear that the underlying 

conceptual problems were complex and could not be adequately summarized. Laws 

(1991) introduced Workshop Physics (WP) as a new instructional format of guided 

inquiry in physics laboratory to upper-level classes. Later, Shaffer and McDermott 

(1992) developed a curriculum for laboratory-based instruction and adapted it to fit a 

traditional introductory physics course. Beichner (1996) integrated another 

computer-based software tool into physics laboratory instruction called video 

analysis software. In his study, Beichner found that students who had an opportunity 

to collect and analyze data resulting from the motion of the object in video 

performed better in interpreting kinematics graphs, while lecture alone was not 

sufficient for producing significant results.  
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One curriculum that focused on the development of scientific abilities is the 

Investigative Science Learning Environment (ISLE) labs (Etkina et al., 2006). These 

ISLE labs improved students’ scientific abilities, such as multiple representation, 

designing an experiment, collecting and analyzing data, evaluating an experiment 

outcome, and scientific communication. In ISLE students go through a learning cycle 

of observation and exploration, developing explanations, designing experiments to 

test out and refine their hypothesis, and applying knowledge to solve problems 

(Etkina et al., 2010). Although the physics laboratories are a key component, ISLE 

was used for recitations and large class meetings. Another laboratory curriculum was 

developed at the University of Minnesota was Problem Solving Labs (McCullough, 

2000). Each laboratory experiment is motivated by context-rich problems and 

students required to complete guiding warm-up exercies to make predictions before 

attending the lab session. During the laboratory session students discuss their 

prediction with their cooperative groups, and were prompted to develop plans for 

data collection and data analysis. McCollough (2000) found that computer-based 

problem solving improved student learning of concept in dynamics, as measured by 

the performance on the FMCE exam (Thornton & Sokoloff, 1997). 

The American Association of Physics Teachers (Taylor, 1998), based on 

studies of working laboratories at the college level, developed a set of goals and 

purposes that serve as the initial setting for studio-based introductory physics 

laboratories. These laboratories were divided into five categories of goals and skills: 

the art of experimentation, experimental and analytical skills, conceptual learning, 

understanding the basis of knowledge in physics, and developing collaborative 
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learning skills. These five goals define the primary purpose of laboratories in the 

physics education (Lark, 2014). These goals and efforts were materialized in terms 

of Studio physics and SCALE-UP approaches a few years later, combining lectures, 

recitations, and laboratories into a single approach of teaching.   

Design and development of studio and SCALE-UP—combining lectures 

and recitations. Discovery-based learning laboratories provide multiple routes to 

help students achieve an understanding of a particular lab result, concept, or 

relationship (Bodner et al., 1998). With that meaning and purpose, the concept of 

studio physics was developed at Rensselaer Polytechnic Institute in 1993. This 

involved redesigning the learning environment to accommodate and integrate lecture 

and laboratory courses. As an instructional strategy, studio physics was developed to 

promote small-group collaborative and problem-solving based learning. Using studio 

physics, Wilson (1994) found improvements in student conceptual understanding, 

problem-solving skills, or overall knowledge of the subject. Later, Cummings et al. 

(1999) added research-based curricula to studio physics, resulting in improved 

content mastery over the usual practices in physics class teaching strategies. 

Sorensen et al. (2006) introduced a new studio format by integrating traditional 

lecture and simplified laboratories with assigned homework problems.  

The Student-Centered Activities for Large Enrollment Undergraduate 

Program (SCALE -UP) was developed at North Carolina State University. It 

redesigned the classroom to accommodate large classes (Saul & Beichner, 2001). 

This instructional strategy involved the development of the pedagogy, classroom 

environment, and added teaching materials supporting this type of learning. It 
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included the development, evaluation, and dissemination of new curriculum 

materials in physics, chemistry and biology. This strategy was initially designed for 

calculus-based introductory physics. Classes were equipped with resources such as 

laptops, computer projectors, multiple large screens, whiteboards, and round tables. 

Each class could accommodate approximately 100 students who were engaged in 

hands-on activities and participated in computer simulations. They worked 

collaboratively on problem solving, and conducted hypothesis-driven experiments. 

This program supported the restructuring of large enrollment classes in institutions 

using the studio model (Beichner et al., 2007). The following outlines each aspect of 

studio and SCALE-UP discovery-based laboratory practices: 

a) Instructional implementation and pedagogy: According to (Beichner et al., 

2007), the pedagogy of discovery-based laboratories is composed of the 

following approaches: (1) create cooperative learning environments to encourage 

students to collaborate with their peers to question and teach one another, (2) 

utilize research-based activities to minimize traditional lectures during the class, 

and (3) mentor and assist students during activities by answering questions and 

allowing them to present their results to the class for review by instructors and 

peers, as opposed to giving students the correct answers;   

b) Course textbook reading is used to replace the traditional lecture as an 

introduction to the course material; and   

c) Online reading assignments are provided prior to the class, in order to 

encourage students to be well prepared. The class materials and activities are 

aimed at higher levels of understanding.    
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Design and origin of scientific community laboratories. Lippmann (2003) 

initially introduced Scientific Community Laboratories (SCL). In this 2003 study, 

Lippmann developed video recordings of the class, and then transcribed and 

analyzed them to get a sense of student conversations throughout the different 

sessions. These conversations were coded into categories: off-topic, logistics, and 

sense making. Off-topic included discussions irrelevant to the topic. Logistics were 

linked to functions necessary to accomplish the lab (for example, experimental setup 

and data collection). Sense making refers to a broad category related to student 

discussions about ideas: debating, and making sense of results. This is the category 

where students combine thinking and doing into some type of metacognition. 

Lippmann concluded that students spending more time on sense making were 

considered to be more thoughtful and engaged in the lab work.  

Development of attitude and epistemological beliefs as a second strand in 

DBLL. A second strand apparent in the origins of discovery laboratories has been the 

attention given to assessing students’ epistemological beliefs. Hammer (1995) 

developed a framework for students’ epistemological beliefs and investigated how 

these beliefs might by influenced by a teacher’s perception of students and intentions 

for instruction. Hammer’s framework characterized student attitudes and beliefs 

about physics in three dimensions: Pieces – Coherence, Formula – Concept, and By 

Authority – Independent. Elby (1999) extended Hammer’s work (1995) and 

suggested that most students knew what it means to understand physics deeply and 

how to go about learning physics in a deeper way. However, they did not engage in 

productive study habits, because they did not see this level of understanding as 
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essential for obtaining good grades in physics classes. Redish, Saul, and Steinberg 

(1998) developed, Maryland Physics Expectation Survey (MPEX), one of the first 

surveys of these epistemological beliefs and attitudes. The first three dimensions 

matched those identified by Hammer (1995) as independence, coherence, and 

concept in MPEX. Redish et al. (1998) added three new dimensions: the reality link, 

or the view of physics as relevant to real life; math link, or the view that math is a 

way to represent physical phenomena and not just a tool for calculation; and effort, 

or students’ perceptions of how to succeed in a physics class. Items were scored as 

being favorable, if students agreed with how an expert physicist would answer the 

item, or unfavorable, if the respondents disagreed with expert responses on that item. 

 Discovery learning laboratories have been an important part of physics 

education since the 1970s. Over time, it has broadened its focus from students’ 

conceptual understanding to generating theories and explanations on the nature and 

origin of students’ ideas, and describing how those ideas change over time. Research 

on discovery laboratories has contributed to a deeper understanding of student 

conceptual knowledge, problem solving skills, representation, attitudes towards 

learning physics, student expectations, knowledge transfer, curriculum materials, 

difficulties in changing instructional paradigms, and introducing sound pedagogical 

techniques for conceptual change. As a whole, this body of research explored 

modified versions of a learning cycle (Karplus & Thier, 1967; Renner & Marek, 

1988), which included observation and exploration, developing explanations, 

designing experiments to test out and refine their hypothesis, and applying 

knowledge to solve problems.  
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Overview of Underlying Theories and Relevant Concepts  

Physics education research has strong ties with cognitive science research 

(Docktor & Mestre, 2011). In order to assess student cognitive processing principles 

and internal mental processes, cognitive science researchers often employ problem 

solving and representation in physics (Bassok & Novick, 2012). The use of Bloom’s 

Taxonomy of Objectives in the Cognitive Domain (Bloom et al., 1956; Anderson & 

Krathwohl, 2001) in building a conceptual map is combined with learning objectives 

in the cognitive, affective, and psychomotor domains to gauge higher-level thinking 

and the level of engagement in physics classes (Kagan, 2005). Beyond Bloom, brain 

research has (Spencer, 1994) concluded that there are many types of thinking and 

each type develops and functions relatively independently of the others (Kagan, 

2005). Theories of cognition and instructional approaches provide the core and 

fundamental theoretical background, particularly in physics and engineering 

educational research (Bassok & Novick, 2012), and are broadly used in STEM 

education. Many instructional strategies and instructional materials designed for 

physics education are based on constructivism. 

Constructivism. Constructivism is a psychological theory originating from 

the field of cognitive science, particularly the later work of Piaget, before the 

scholar’s death in 1980 (Piaget, 1953). Constructivism also includes the seminal 

social work of Vygotsky (1962). In cognitive constructivism, the concept or schema 

is constructed in individuals through a personal process. This is different from social 

constructivism, in which ideas are constructed through interaction with others. 

Cognitive constructivism originally came from Piaget’s theory of cognitive 
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development, whereby humans cannot be given information. Instead, humans must 

construct their own knowledge (Piaget, 1953). Piaget further elaborated that children 

learn knowledge through experience and by constructing their schema through the 

process of assimilation and accommodation, as they progress through four different 

stages of development (Piaget, 1953). Piaget’s stages of development are the 

sensorimotor stage (ages 0–2 years), preoperational stage (2–7 years), concrete 

operational stage (7–11 years), and the formal operational stage (age 11 years to 

adulthood). According to Piaget (1953), children start learning by discovery of their 

environment through their senses, physical activities, and language. As they get 

older, they acquire language skills; but they still cannot grasp the thoughts of others. 

Children begin understanding and learning through symbols and pictures for 

different objects, which Piaget (1953) defined as symbolic function. Before 

adulthood, children begin to replace their intuitive thinking style with logical 

thinking. In early adulthood, children initiate higher-level thinking and begin to 

construct abstract ideas to solve problems. Piaget’s theory of equilibration states that 

the learner shifts stages through a conflict of cognitive knowledge or schema, 

described as a state of disequilibrium. According to Powell (2006), disequilibrium is 

a state of being uncomfortable, when one has to adjust their schema to resolve the 

conflict and become more comfortable. Piaget’s cognitive constructivist theory 

incorporated the importance of understanding that individuals need to acquire 

knowledge and learn at their own pace (Powell & Kalina, 2009). 

Vygotsky is considered to be a pioneer of social constructivism who 

theorized social interaction as an integral part of learning. Vygotsky’s research 
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included social constructivism, interaction with surroundings, language development 

as a cognitive dialogue, the zone of proximal development (ZPD), social interaction, 

culture, and inner speech or self-speech (Vygotsky, 1962). ZPD, an essential part of 

his theory, describes child development controls and how a child learns. ZPD is 

defined as the zone in which learning occurs, such as when a child receives 

assistance in learning a concept in the classroom (Vygotsky, 1962). By helping a 

child to learn, the zone of learning grows and the child can do more. Vygotsky also 

introduced cooperative learning and scaffolding in his theories. Scaffolding is an 

assisted learning process that supports ZPD and learners to reach the next level of 

understanding (Powell & Kalina, 2009). According to Vygotsky, cooperative 

learning is an integral part of social constructivism. Furthermore, internalization 

occurs more effectively when there is social interaction between learners and their 

environment or community. In conclusion, constructivism is a psychological theory 

of learning that describes how structures, language, activity, and sense making come 

about, rather than simply characterizing the structures and stages of thought (Fosnot 

& Perry, 1996).  

Social cognitive theory. Social cognitive theory (SCT) addresses human 

behavior and motivation, as proposed by Canadian psychologist, Albert Bandura 

(Bandura, 1977b, 1986) and based on human psychological models. Bandura stated 

that humans learn behaviors from the environment through observation, modeling, 

and motivation in the form of reinforcement. His theory has been applied to a broad 

range of human behaviors and learning including mental processes, physical 

activities (for example, decision-making, feelings about the situation, and behaviors 
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towards particular environments). According to Ormrod (2008), SCT focuses on 

what and how people learn from one another through observational learning, 

imitation, and modeling. Ormrod further elaborates that social cognitive theory 

consists of several assumptions, including the concept of reciprocity governing 

personal, behavioral, and environmental factors. These influences one another in a 

reciprocal manner. This is a bidirectional process, indicating that the response or 

performance of any student is the net result of his or her continuous interaction 

between cognitive, behavioral, and environmental factors, in and outside of the 

classroom (Ormrod, 2008).  

 In addition, SCT includes the concept of human agency. The human has the 

ability to change, shape, and modify their environment according to needs and 

requirements. People have an agency or ability to influence personal behaviors and 

environments in a purposeful, goal-oriented fashion (Bandura, 2001). In the last 

decade, there have been exciting discoveries about the relationship between nature 

and origin and how the development of human control can regulate learning 

processes. Further, discoveries revealed how self-efficacy and self-regulatory 

processes lead to success (Zimmerman & Schunk, 2001).  

Learning involves knowledge, concepts, and cognitive constructs (Ormrod, 

2008). One of the core concepts of social-cognitive theory is learning from 

modeling, or observational learning. SCT proposes that learning takes place, not only 

through trial and error, but also by observing a behavior and the consequences 

performed as a model. For example, a live or online video demonstration by a 

teacher in a class is a type of modeling. There are different types of models, 
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including mastery modeling and abstract modeling. Furthermore, the theory 

demonstrates that learning can occur without changing behavior. Such types of 

learning are usually called vicarious learning (learning from vicarious reinforcement 

or vicarious punishment). According to instrumental conditioning, a new behavior is 

learned by shaping the previous behavior. However, in SCT, it is possible to learn a 

novel behavior without shaping or changing the previous behavior. Novel behavior is 

dependent on four interrelated processes: attention, retention, production, and 

motivation (Ormrod, 2008). 

 Finally, SCT includes constructing meaning and knowledge from social 

influences. Students are continuously leaning and constructing meaning throughout 

their academic lives and communicating within and outside of their classrooms. 

Technology is an effective medium for actively engaging students in class, as well as 

outside of class. Technological tools such as computers, Internet resources, and 

online video lectures encourage students to reflect and share, constructing meaning 

from what they have learned. This construction of meaning comes from interacting 

with others to explain, discuss, and assess their ideas through challenging questions. 

This assists in the comprehension of others’ ideas (Sherman & Kurshan, 2005).  

Self-efficacy. Self-efficacy is an important concept in SCT. People not only 

form expectations about likely outcomes of various behaviors, but they also form 

efficacy expectations, or beliefs about whether they can perform particular behaviors 

successfully or not (Ormrod, 2008). Bandura (1977a) defined self- efficacy as 

personal judgments of one’s capabilities to organize and execute courses of action to 

attain designated goals. Bandura sought to assess its level, generality, and strength 



48 
 

across activities and contexts. Zimmerman (2000) purported that self-efficacy 

measures performance capability rather than self-perceptions of personal qualities, 

such as one’s physical characteristics. Self-efficacy is useful in understanding 

student motivations and achievement in academic contexts. Prior failures may not be 

detrimental to self-efficacy if the level of self-efficacy is reasonably strong and 

therefore resilient (Ormrod, 2008), if a student believes that there was a relevant 

reason for poor performance (Denler, Wolters, & Benzon, 2014), or if other students 

in the lab serve as coping models (Ormrod, 2008).   

Self- efficacy provides learners with a sense of agency to motivate learning 

through the use of self-regulatory processes such as goal setting, self- motivation, 

self-evaluation, and effective learning strategies (Zimmerman, 2000). The concept of 

human learning involves, not only the ability to make decisions and action plans, but 

also the ability to give shape to appropriate courses of action and motivate and 

regulate their executions. According to Bandura (1977b), SCT initially emphasized 

sub processes involved in self-regulation, including self- observation, self-judgment, 

and self-reaction. Self-observation involves examining oneself in action progressing 

towards important goals. It guides the performer towards an understanding about 

what part of their performance is working well and what actions need improvement. 

People frequently judge the performance of others, which provides them with the 

opportunity to self-judge and self-evaluate the standards they hold for themselves. 

Self-reaction deals with reinforcement or punishment. The feeling of pride indicates 

accomplishment of a task, or achieving goals by providing positive reinforcement. 

Conversely, the feelings of guilt or shame or need for an apology lead to punishment, 
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when they do something that does not meet their self-chosen performance standards 

(Ormrod, 2008).  

According to Bandura (1977b), previous successes and failures influence 

self-efficacy and therefore can influence student learning and development. Students 

who feel more confident in their ability to succeed at a task have successfully 

practiced or learned the same or similar task in the past. Conversely, students who 

experience difficulty or meet with consistent failures when attempting a task may 

experience difficulty in performing similar tasks in the future. For example, college 

students who experience continued success in physics and mathematics courses have 

higher self-efficacy than students who have difficulty in learning in these types of 

courses, as well as those students who had never taken these courses.  

According to self-efficacy theory, students who have had positive 

experiences in learning physics and mathematics and learning in physics labs would 

have high self-efficacy regarding Discovery Learning Scientific Community 

Laboratories (DLSCL). Students who have high self-efficacy in DLSCL would 

experience higher achievement. However, in the context of this study, students’ self-

efficacy would not be considered as a factor for internal validity. A larger sample 

size and using a pretest would nullify this effect.  

Summary of theories. The review of literature on social constructivism and 

related theories of learning leads to a consideration of the notion of inquiry. Inquiry 

is related to theories of constructivism and conceptual change because students who 

engage in inquiry need less scaffolding than they require in more traditional forms of 

instruction. Students must create the hypothesis and then test and review them in 
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light of their prior knowledge as a part of the learning process. Thus, the motivation 

for inquiry-based instruction in physics laboratories is largely built on the foundation 

of constructivism. At the same time, constructivism and inquiry are two different 

ways of learning. Constructivism may also be implemented in science instruction by 

scaffolding, or evoking prior knowledge (McDermott & Shaffer, 2001). Implications 

for instructional design vary, depending on the interpretation of these theories.  

The purpose of examining the effectiveness of the DL-SCL instructional 

model in this study is to determine ways to improve traditional physics laboratory 

teaching. The theoretical model of traditional approach is based on instruction in 

which a teacher acts as a model and expert in the field. This type of instruction 

produces primarily vicarious learning. The purpose of the discovery-based 

instructional is to designed instructional approach combining cognitive 

constructivism, social constructivism, proving conceptual change, and motivation. 

This is intended to fulfill the individual’s learning needs, create a more effective 

learning environment, and improve student attitudes towards physics learning. Based 

on the theoretical framework, the instructional model was tested to determine which 

instructional model is most effective, relative to students’ attitudes and conceptual 

understandings.   

Research on the Dependent Variables in This Study 

The studies reviewed below are not exhaustive related to physics on 

discovery-based laboratory teaching. However, these studies sufficiently demonstrate 

the depth and breadth of my dependent variables (DVs). This review outlines 

students’ understanding and perceptional difficulties in physics, attitudes and 
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epistemological beliefs towards learning physics, and comparing scores on multiple 

physics inventories in different instructional strategies.   

Conceptual understanding. Research on conceptual understandings 

commenced in the 1970s in the area of physics education (Docktor & Mestre, 2014). 

Initially it was focused on the difficulties students had in understanding fundamental 

concepts in physics and labeled these as misconceptions. Misconception research 

marked the beginning of modern-day physics educational research (Docktor & 

Mestre, 2014). 

According to the seminal research of Clement (1982), many physics students 

have a stable, alternative view of the relationship between force and acceleration. In 

his example, “motion implies a force,” as a preconception is not likely to disappear 

simply because students have been exposed to correct the concepts in their courses. 

Most likely, students have distorted Newton’s ideas to fit their preconceived views. 

Clement’ s study revealed serious difficulties with preconceptions among students in 

several areas of introductory physics, including Newton’s third law, velocity, 

centrifugal force, elastic forces, and circular motion. Clement further determined that 

many students maintained a stable alternative view of the relationship between force 

and acceleration. This conceptual primitive is misunderstood at the qualitative level 

in addition to any difficulties that might occur with mathematical interpretation. The 

source of qualitative understanding can be linked to deep-seated preconceptions, 

making understanding Newton’s Laws and other physics concepts difficult.   

 McDermott (1984) made extensive use of laboratory tasks to explore 

students’ understandings of the concepts of force, the connection between force and 



52 
 

motion, and the work of energy and impulse-momentum relationships at the 

University of Washington. This research collected students’ responses, both in words 

and in action, and indicated that they lacked a consistent conceptual system. Their 

use of the word “force” and other technical terms was often ambiguous and unstable. 

The comments students made during the interviews and their readiness to revise 

unsuccessful strategies made it clear that the underlying conceptual problems were 

complex and could not be adequately summarized. During interviews, students 

observed two motions and were asked to compare velocities and accelerations. After 

instruction, about one-fifth of the students confused the concepts of speed and 

position. The students often revealed vague conceptions of acceleration and velocity 

that exempted associated forces. Confusion between velocity and acceleration was 

even more common. Many students who participated lacked even qualitative 

understanding of acceleration as the ratio of v/t. In McDermott’s study (1984), it was 

clear that many students emerged from their study of physics or physical science 

without a functional understanding of some elementary and fundamental concepts. 

Similar problems existed at all levels of education, with little differences evident 

between high school and college students. McDermott’s study (1984) suggested that 

teaching by telling is an ineffective mode of instruction for most students. 

 Shaffer and McDermott (1992) developed a curriculum for laboratory-based 

instruction and adapted to fit a traditional introductory physics course. The process 

of using research to guide curriculum development is comprised of three parts: 1) 

Conducting a systematic investigation of student understanding. 2) Applying the 

results in the development of specific instructional strategies to address the specific 
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difficulties. 3) Designing, testing, modifying, and revising the material in a 

continuous cycle on the basis of classroom experience with the target population. 

This study focused on the latter two of these three processes. For this purpose, two 

types of curricula were designed. The first was a set of laboratory-based instructional 

modules, collectively entitled “Physics by Inquiry.” These modules were specifically 

designed for the preparation of teachers of physics, but they have also been used 

successfully with student populations. The second type of curriculum consisted of 

tutorial materials intended for use in conjunction with lectures and textbooks, 

forming the core of the typical introductory course. The process of constructing a 

conceptual model helped students to synthesize basic electrical concepts into a 

coherent framework.  However, the study found that the use of model building as an 

instructional strategy was usually not sufficient. Many students could not develop a 

functional understanding of materials, unless certain difficulties were explicitly 

addressed. The study identified student difficulties with reasoning, concepts, and 

diagrammatic representations. The lack of real world experience was also noticed.  

The research of Beichner (1994) uncovered a consistent set of student 

difficulties with graphs of position, velocity, and acceleration vs. time. These 

included misinterpreting graphs as picture, slope or height confusion, problems in 

finding the slope of lines not passing through origin, and inability to understand the 

area under the graph curve. Data from 895 students was collected. The study 

developed research-oriented assessment tests. This was done in the context of a study 

of student ability to understand kinematic graphs. The findings of the study assisted 

teachers in modifying their instruction to better address student difficulties with 
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kinematics graphs. The first step was for the teachers to become aware of the 

problem. Knowing that students cannot use graphs as fluently as they should, means 

that in-class discussions of kinematics situations and variables should not start by 

simply referring to these graphs. Teachers were advised to carefully word lectures. 

For example, the word “change” does not automatically signify “find the slope” and 

“be alert for similar mistakes” when students are involved in the discussions in class.   

 Cummings et al. (1999) suggested introducing research-based techniques and 

class activities that have clear beneficial effects. Interactive lectures and 

demonstrations generated a significant gain in conceptual knowledge and 

understanding, with remarkably less instructional time. Cooperative group problem 

solving resulted in similar conceptual learning gains and appeared to provide a 

mechanism for improved quantitative problem solving skills. Students in cooperative 

group problem-solving sections had significant gains on the Force and Motion 

Conceptual Evaluation (FMCE) and Force Concept Inventories (FCI) and also 

performed better on the problem-solving section of the final course exam. 

Implementing cooperative group problem solving requires a semester-long 

commitment on the part of the instructor. The researchers suggested that the entire 

studio physics infrastructure is necessary for true interactivity in the classroom, 

needing adoption of research-based student activities. 

 Maloney, O’Kuma, Hieggelke, and Van Heuvelen (2001) developed the 

Conceptual Survey of Electricity and Magnetism (CSEM) to assess student 

knowledge about topics in electricity and magnetism. During four years of testing 

and refinement, the test was administered as a pretest and posttest to more than 5000 
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introductory physics students at 30 different institutions. Both pretest and posttest 

data from two high school classes (n = 103) were collected. These high school 

students scored 23% on the pretest and 49% for the posttest. These results were 

similar to the vales for college students. In colleges the pretest results were based on 

the students in calculus-based courses scoring 31% of the questions correct with 

students in algebra-based courses averaging 25% correct. The correct responses on 

the posttest rose only to 47% and 44% respectively.  From analysis of students’ 

responses, a number of student difficulties related to conductors and insulators 

emerged; Coulomb’s law, force and field superposition, work and electric potential, 

magnetic field, Faraday’s law, and Newton’s third law. The purpose of the study was 

to evaluate student knowledge before and after instruction. The patterns indicated for 

both groups of students that students were not responding randomly to the questions. 

Students were expressing the common-sense misconceptions demanding more 

research in the subject area.  

 Streveler et al. (2008) studied some of the most common conceptual 

difficulties in the domains of mechanics, thermal science, and direct current 

electricity. The primary difficulties that students encountered with motion were: 1) 

Interpreting the quantity, given information about a physical situation. For example, 

ascribed a value to the acceleration, when given information about position at 

different times. 2) Distinguishing different descriptions of motion. For example, 

students tended to confuse velocity and acceleration. This is similar to the motion 

concept of force that presents substantial challenges for students. Difficulties with 

force were with the extending the concept of force to its full range of applicability 
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and accounting for the two-body nature of force concept. In addition to the above 

findings, students’ incomplete and inaccurate understanding of basic quantities was 

confirmed, leading to difficulty in using them correctly in qualitative descriptions of 

what is happening in circuit and in electricity. Streveler et al. further suggested 

designing conceptual-based instructional materials helped students perceive 

unobservable dynamics at a small length scale for more accurate mental models of 

these processes.   

Comparing the Force and Motion Conceptual Evaluation (FMCE) and Force 

Concept Inventories (FCI) in a physics studio, Thornton, Kuhl, Cummings, and Marx 

(2009) found the mean score in FCI was significantly higher than the mean score on 

the FMCE (Thornton & Sokoloff, 1998). However, there was a very strong 

relationship between these two instruments. The slope of a best-fit line drawn 

through FCI versus FMCE data is approximately 0.54 and the correlation coefficient 

is approximately r = 0.78, for pre-instructional and post-instructional tests combined. 

In this study, physics studio classes consisted of 30 to 45 students. Introductory 

physics in a studio environment was taught with integrated lecture-recitation-

laboratory sessions. This studio environment was supplemented with curriculum 

materials and methods based on the outcomes of physics education research, 

Cummings et al. (1999). Initially it was named, Cooperative Group Problem Solving 

(Heller, Keith, & Anderson, 1991) and Interactive Lecture Demonstrations (ILD) 

(Sokoloff & Thornton, 2004). The name has evolved over time. Instructional 

changes have provided opportunities for comparing FCI and FMCE results in a 

variety of similar, yet distinct, instructional settings. Students who scored well on 
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one exam did not necessarily score well on the other. This discrepancy provides 

opportunities to uncover some subtle, but important, differences in the effects of 

different methods on these exam scores.   

In the study by Flores-García et al. (2010), student difficulties with the 

concept of static equilibrium and tension have been investigated. More than 1000 

high school and college students enrolled in the introductory mechanics course and 

had learning difficulties related to the concept of force in the context of tension in 

massless strings. The study indicated three categories of misconceptions: 1) students 

believed that the angle of the string was related to the tension. 2) Students believed 

that proximity to the object was related to the tension. 3) Students used inappropriate 

compensation arguments to reason about situations in which both the angle and 

proximity changed simultaneously. These three misconceptions were identified and 

investigated at three universities in the United States and Mexico. The study’s data 

were gathered through observation and illustrated that students had not developed a 

significant understanding of tension as a vector despite traditional instruction. 

Moreover, students did not develop a functional understanding of static equilibrium, 

despite a conceptual emphasis in instruction. The possible reason for this lack of 

conceptual understating might be students’ inability to navigate among different 

mathematical representations involved in working with tension on a massless string.  

Zhu and Singh (2012) investigated difficulties among advanced 

undergraduate and graduate students with quantum measurements within the 

standard interpretation of quantum mechanics. The investigation was conducted over 

the several years. Students were given concept tests, quizzes, or tests, depending 
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upon the instructor’s preference. Both open-ended and multiple-choice questions 

were administered to probe student difficulties. The study had informal discussions 

with a subset of students who took the written test and formally interviewed some 

students to get a better understanding of the student reasoning process. The possible 

origin of difficulties was explored. Students shared common difficulties with 

concepts related to quantum measurements. Students were unclear about the 

difference between energy eigenstates and the eigenstates of other physical 

observables, as well as what happens to the state of the system after an observation is 

measured. Students had difficulty in distinguishing between a measured value, the 

probability of measuring it, and an expectation value. They were also confused about 

whether a system is stuck in a state in which it collapses immediately after the 

measurement or whether it returns to the state before the measurement was 

performed. In general, students struggled with issues related to time evolution of 

wave function after the measurement. Based on these difficulties, the Quantum 

Interactive Learning Tutorial was developed to improve students’ understanding of 

quantum measurement.   

 Epistemological beliefs and attitudes. Attitude and epistemology are key to 

expert-like thinking in introductory physics (Redish & Hammer, 2009). The section 

provides a brief literature review about attitude (epistemological beliefs) in 

undergraduate physics teaching.  

 Hammer (1995) defined epistemological beliefs as beliefs about knowledge 

and learning. For example, in physics classes some students might believe that 

learning consists of memorizing facts and formulas provided by the teacher. Other 
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students might believe it entails applying and modifying conceptualizations of 

phenomena. Hammer investigated how students’ epistemological beliefs might 

influence a teacher’s perceptions of students and intentions for instruction. Hammer 

developed a framework to characterize student attitudes and beliefs about physics in 

terms of three dimensions. The first dimension, Pieces – Coherence, describes a 

range of beliefs about the structure of physics knowledge. A coherence measure 

examines students’ views of the structure of physics lessons as either unfavorable, 

such as when they consist of several unrelated pieces of information, or as favorable, 

such as when physics is taught as a connected system relevant to everyday 

experiences in the real world. The second dimension, Formula - Concept, is a range 

of beliefs about the content of physics knowledge. Students’ beliefs about concepts 

refers to whether they focus on memorizing and blindly applying equations—

resulting in an unfavorable attitude—or conversely, if they are permitted to attempt 

to understand the concepts that underlie the equations—resulting in a favorable 

attitude. The third dimension, By Authority - Independent, describes beliefs about 

how, as a student, one develops an understanding of physics. A student with a 

favorable attitude on the independence measure actively attempts to construct a 

personal understanding, whereas a student who just receives information from an 

authority—such as an instructor or textbook—without question, has an unfavorable 

learning attitude.   

 Elby (1999) extended Hammer’s work (1995) to explore students’ 

expectations for a physics courses and the relationship between epistemological 

beliefs and study habits. Using written questionnaires, introductory physics students 
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were surveyed about study habits and how they would advise a hypothetical student 

to study physics more deeply and with no grade pressure. The results indicated that 

students perceived “trying to understand physics well” to be significantly different 

than “trying to do well in the course.” Most students knew what it meant to 

understand physics deeply and how to go about learning physics in a deeper way. 

However, they did not engage in productive study habits, because they did not see 

this level of understanding as essential for obtaining good grades in physics classes.  

 Redish, Saul, and Steinberg (1998) developed one of the first surveys, 

Maryland Physics Expectation Survey (MPEX), based on conversations with physics 

faculty and an extensive literature review. The survey examined students’ attitudes 

about learning physics and included thirty-four questions on a five-point Likert scale. 

Students were asked to report their views about learning physics. The 34-item survey 

probed six dimensions of students’ expectations about learning physics. The first 

three dimensions matched those identified by Hammer (1995) as independence, 

coherence, and concept. Redish et al. (1998) added three new dimensions: the reality 

link, or the view of physics as relevant to real life; math link, or the view that math is 

a way to represent physical phenomena and not just a tool for calculation; and effort, 

or students’ perceptions of how to succeed in a physics class. Items were scored as 

being favorable, if students agreed with how an expert physicist would answer the 

item, or unfavorable, if the respondents disagreed with expert responses on that item. 

The survey was administered to physics students at six universities and colleges, the 

researchers observed a consistent decline in student attitudes following a semester of 

instruction. The researchers suggested that some physics courses might actually 
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reinforce students’ ineffective approaches to learning by emphasizing memorization, 

rather than a deeper conceptual understanding of subject materials.  

The recently developed attitude survey is a 42-item questionnaire adapted 

from previous work (Elby, 1999; Hammer, 1995; Redish et al., 1998) called 

Colorado Learning Attitude about Science Survey (CLASS) developed by Adams et 

al. (2006). It differs from previous surveys in that the dimensions are constructed 

from a factor analysis of student scores, rather than the expectations of question 

groupings, deduced previously. The survey elicited responses concerning attitudes 

towards problem solving. Responses were catalogued into eight categories including 

real-world connections, personal interests, sense making, effort, conceptual 

connections, applied conceptual understanding, general problem-solving, problem 

solving confidence, and problem solving sophistication. Six response types did not 

fit into these categories and were not scored. CLASS is distinguishable from other 

surveys because it was designed to address a wider variety of issues that educators 

consider important aspects of learning physics. The wording of each survey 

statement was carefully constructed and tested to be clear and concise and subject to 

only a single interpretation on both a broad population of subjects by a range of 

experts. The statements were written to be meaningful, even to students who had 

never taken physics previously. Both expert and novice responses to each statement 

are unambiguous, so that response scoring is simpler. The amount of time required to 

thoughtfully complete the survey is limited to ten minutes or less. Scoring is required 

for each student. The percentage of responses for which the student agrees with the 

expert view is averaged to determine the percentage of favorable responses. Each 
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student was required to answer a minimum number of statements on the survey, and 

32 out of 36 responses were included in the overall score, with a minimum number 

of statements for each category. The remaining six to forty-two statement surveys 

completed are those that did not agree with an expert response or are statements that 

are only useful in certain cases.  

The CLASS revealed the most teaching practices cause substantial drops in 

student scores. A student’s likelihood of becoming a physics major correlates with 

the personal interest score. In a majority of student populations, scores in categories 

such as personal interest and real world connections exhibited were significantly 

different based on gender. The survey can be easily used in different courses and has 

been subject to rigorous validation testing. When employing CLASS, however, a 

number of influences on student beliefs must be considered to interpret survey 

results. These include gender, major, age, and times spent enrolled in college. 

CLASS can also reveal that teaching approaches that address student beliefs about 

physics can have measurable impacts. Overall, the use of this survey instrument 

revealed student beliefs about physics and how they are affected by teaching 

practices. 

 Gire, Jones, and Price (2009) used the CLASS survey to measure the 

epistemological development of physics majors. Students in introductory physics 

courses were likely to have views about physics that differed from those of experts. 

However, introductory students who continued to study physics eventually became 

experts. In order to investigate this process, the views of students majoring in physics 

were compared with the views of introductory physics students majoring in 
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engineering. In addition, the views of physics majors were assessed at various stages 

in their progress, including both undergraduate and graduate students in physics. The 

researchers found that students in their first year of college who were physics majors 

had more expert-like responses on the CLASS than did their introductory physics 

course peers, who were primarily engineering students. An analysis of variance 

indicated statistically significant differences between the average number of 

favorable responses among engineering students with year 1–3 physics majors ( 

F(3495) = 28.19, p < 0.001). Students in years 1–3 had similar overall favorable 

scores on the CLASS, whereas scores were slightly higher for students in their fourth 

year or in graduate school.    

  Lindsey, Hsu, Sadaghiani, Taylor, and Cummings (2012) purported that 

students at various universities using the Physics by Inquiry (PbI) (McDermott et al., 

1996) curriculum showed improvements on their CLASS score. The curriculum was 

divided into a number of modules, each addressing a different topic such as 

kinematics, light and color, astronomy by sight, electric circuits, and magnets. The 

data from the PbI courses were collected in five different environments. The 

administration of the surveys was similar across all of the PbI implementations. 

Students filled out surveys near the beginning (pre-) and end (post-) of the semester. 

Overall, the pre- and post-course scores on the CLASS at several different 

institutions resulted in improvements. The distributions of CLASS scores deviated 

from the normal distribution; therefore, statistical significance of the gain was 

determined using the nonparametric Wilcoxon signed-rank test with the Bonferroni-

adjustment alpha level of 0.01 per test. However, these gains were not necessarily 
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stable. The nonparametric Kruskal-Wallis test was chosen to compare gain across 

institutions, revealing significant differences in overall CLASS gain between the five 

implementations (p < 0.05).   

Chini et al. (2013) assessed possible reasons for student reactions to 

differences between reformed and traditional courses. The study introduced the 

terminology of expectancy violation (EV) referring the difference between students’ 

expectations for a course and their experience in that course. The study used the 

expectancy violation framework to explore student experiences in second-semester 

calculus-based introductory physics courses taught in a traditional lecture and 

laboratory mode, as compared with a studio mode that closely modeled SCALE-UP. 

This was a pilot study that adopted the Pedagogical Expectancy Violation 

Assessment (PEVA) to include questions about course satisfaction. At the end of the 

semester, students were asked to report their initial expectations for the course, what 

they experienced in the course, their satisfaction with specific experiences, and their 

satisfaction with the course overall. The modified version of PEVA consisted of 

twenty items, which include a course satisfaction sub-scale, to explore students’ 

expectations and experience in traditional physics lecture class, physics laboratory 

course, and SCALE-UP style courses. The study investigated the differences 

between SCALE-UP and traditional courses. Within the course, this study 

investigated differences based on the type of first semester physics course students 

had taken, their gender, race, and ethnicity. The data sample included 179 students 

from a traditional course and 88 students from the SCALE-UP course. The results 

suggested that students in the SCALE-UP course experienced more expectancy 
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violations and more frequent reported negative opinions about those expectancy 

violations. Students in the SCALE-UP course also had lower course satisfaction, 

indicating a relationship between EV and course satisfaction that may suggest that 

instructors should shift student expectations early in the semester in order to increase 

satisfaction with the course. This analysis also revealed differences between types of 

questions exhibiting expectancy violation in each course and a difference in 

interpretation of a traditional course among students with prior experience in a 

SCALE-UP course. 

 The above review revealed that the researchers are more interested digging 

deeper into students’ conceptual learning difficulties or common misconceptions in 

different topics, ranging from mechanics, force, motion, and energy to topics in 

electricity and magnetism. These research studies promoted expert like approaches 

and helped modifying traditional passive mode of instruction into research-based 

instructional strategies, collectively called interactive engagement methods. The 

researcher compared performance of students on concept inventories: FCI, MBT, 

and FMCE to the quality of students’ reflections. The results show that the students 

with high pre and post normalized gain <g> had a higher level of epistemological 

sophistication, such as asking insight questions and trying to make sense of material 

rather than saying they learned formula (Docktor & Mestre, 2014).  

Research on the Uses and Effects of DBLL in Physics Instruction  

Use of teaching strategies that influence conceptual change could positively 

affect students’ performance (Reif, & John 1997). A personal constructivist approach 

is based on a view of learners as active and purposive in the learning process and 
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involved in bringing their prior knowledge to construct meaning in new situations 

(Driver, 1987). In physics education, the MBL and interactive approaches had 

focused personal constructivist more than social constructivist; while studio, 

SCALE-UP and SCL had focused more on social constructivism as well as on 

personal constructivism. The published research on discovery-based physics 

laboratories is limited in its scope and application. Several studies have assessed 

physics lectures, recitation, and labs as one combine study (Beichner et al., 2007; 

French & Cummings, 2002; McDermott, 2001; Saul & Beichner, 2001; Sokoloff et 

al., 2007; and Sorensen et al., 2006), although, few of them have investigated physics 

laboratories separately (Laws, 1991; Sokoloff et al., 2007; Thornton, 1987; and 

Wilson, 1994). This section provides a review of research approaches and methods 

on the discipline of discovery-based physics laboratories and instruction.   

Uses and effects of MBL and interactive inquiry approaches. The purpose 

of the MBL and interactive learning approaches were to designed instructional 

approach combining cognitive constructivism, proving conceptual change, 

motivation, and social constructivism. In MBL student do real experience using 

different sensors connected to a computer through interface. MLB is effective in 

fostering good functional understanding among groups of students and is a proven 

method of teaching physics using computers with positive learning effects.  

MBL tools including motion detectors and software made physical 

phenomena more understandable and accessible to the naive learner (Thornton, 

1987). According to Thornton (1987) students expanded their investigation to a more 

advanced level of conceptual understanding with the help of MBL tools. Using 
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sensors and detectors, students measured physical quantities such as temperature, 

position, velocity, acceleration, sound, light, force, and heart rate. Students used 

these tools for data collection, data analysis, and displaying data in graphical form. 

They were provided printed material to guide them through their initial 

investigations. Students later performed their own investigations. They worked in 

groups of three to four in which they were fully engaged. The level of understanding 

by the students was judged by asking verbal questions and through discussion among 

themselves. They filled out the laboratory sheets and completed homework. The 

study concluded that MBL tools enhanced learning by extending the range of student 

investigation, encouraging critical thinking skills, and learning from peers. MBL 

provided conceptualization by linking physical actions with symbolic description 

through real time graphical display. This gave even lesser capable students an 

opportunity to construct meaning from normal incomprehensible data. 

Laws (1991) introduced Workshop Physics (WP) as a new instructional 

format of guided inquiry in physics laboratory for upper-level classes. The structure 

of the course was based on guided inquiry embodied in a Student Activity Book. 

Each section of 24 students in WP met for two hours, three times a week. Students 

were provided textbooks. Each unit in the textbook occupied about one-week. 

Students usually began a unit by exploring preconception about physical phenomena 

and then making qualitative observations. After some reflection and discussion, the 

instructor helps students develop definitions and mathematical theories. The week 

usually ended with quantitative investigations and experiments. Between class 

sessions, students were asked to read the textbook and work the requisite number of 
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sacrosanct problems. The unique computer-based activities were introduced by using 

MBL tools for collecting, displaying, analyzing data. Students who completed WP 

were more comfortable working in laboratory settings and working with computers. 

Surveys indicated that students in the calculus-based courses were spending six 

hours out of the classroom each week on coursework. Written exams were used to 

assess the students’ learning in WP. Exams had sections on concept, data analysis, 

and experimental design as well as conventional textbook-style problems. Moreover 

problems, included student complaints that WP courses were too complex and 

demanded too much time. A small percentage of students disliked the active 

approach. Few WP students were frustrated and unhappy about the WP approach. 

WP became very popular because it replaced long lecture classes with guided inquiry 

learning. It improved students’ attitude towards learning physics. 

McDermott (2001) suggested that research concerning learning and physics 

instructional techniques is essential for cumulative improvement in physics 

instruction, because systematic research increases the likelihood that innovations 

would be effective beyond a particular lesson or instructional setting. According to 

McDermott, research conducted by physicists who were actively engaged in teaching 

was key to setting high, yet realistic standards to help students meet expectations and 

assess the extent of real learning. McDermott (2001) further stated in this study that 

the Physics Education Group at the University of Washington conducted two major 

curriculum development projects: The first was published as Physics by Inquiry 

(McDermott, Shaffer, & Rosenquist, 1996) and the second was titled Tutorials in 

Introductory Physics (McDermott & Shaffer, 1998). Physics by Inquiry was a 
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laboratory-based curriculum helping students develop a coherent conceptual 

framework. Close contact with students in these special courses provided researchers 

with the opportunity to observe their intellectual struggles as they tried to understand 

important concepts and principles.  

These above-mentioned studies revealed that students who were better 

prepared in physics often encountered the same difficulties as those who were not as 

well prepared. There were a limited number of conceptual and reasoning difficulties 

that students encountered in the study of a given topic. Among all populations, a 

shared underlying difficulty was the lack of a conceptual model. McDermott used 

these results to guide the development and improvement of the curriculum. 

McDermott (2001) explained that the important features of Physics by Inquiry that 

could be used to supplement the lectures and textbooks of a standard calculus-based 

or algebra-based course. Tutorials in introductory physics had been introduced to 

mitigate this challenge. Tutorials in Introductory Physics were designed for small 

groups often associated with large lecture courses. The usual procedure in 

McDermott’s earlier studies was for the instructor or TA to work on problems, ask 

students to solve problem, or respond to questions (often with a mini lecture). The 

generalization served as a practical model for curriculum development by this 

research group. Table 2.2 (p. 70) summarizes generalizations based on the evidences 

of their study.  

McDermott (2001) suggested that research can be the key to student learning. 

Without a sound basis for informing the development of curriculum, instructors lack 

the knowledge needed to make cumulative progress in improving instructional  
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Table 2.2 

The Summary of Generalizations Based on the Evidences of the Study 

No. Generalizations on Student Learning 
Research-based Generalizations on 

Teaching 

1 

Facility in solving standard 

quantitative problems is not an 

adequate criterion for functional 

understanding.   

Questions that require qualitative 

reasoning and verbal explanation are 

essential for assessing student learning 

and are an effective strategy for 

helping students to learn. 

2 

Connections among concepts, 

formal representations, and the real 

world are often lacking after 

traditional instruction.  

Students need repeated practice in 

interpreting physics formalism and 

relating it to the real world.  

3 

Certain conceptual difficulties are 

not overcome by traditional 

instruction and advanced study may 

not increase understanding of basic 

concepts. 

Persistent conceptual difficulties must 

be explicitly addressed in multiple 

contexts.  

4 

A coherent conceptual framework is 

not typically an outcome of 

traditional instruction.  

 

Students need to participate in the 

process of constructing quality models 

and applying these models to predict 

and explain real-world phenomena.  

5 
Growth in reasoning ability does not 

always result from traditional 

instruction.  

Scientific reasoning skills must be 

expressly cultivated.  

6 
Teaching by telling is an ineffective 

mode of instruction for most 

students.  

Students must be intellectually active 

to develop a functional understanding. 

  

methods. These methods lead to student insights concerning the promotion of 

general intellectual goals. An instructional goal is the facilitation of student 

understanding about the nature of scientific models and methods. Students should be 

able to identify the differences between what is and is not a scientific explanation, as 

well as identifying sound scientific reasoning and argumentation. The study of 

physics offers many opportunities to cultivate the ability to engage in scientific, 

critical, and reflective thinking. Thus, research can be the key to setting higher, yet 
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realistic standards, in order to help students meet expectations and assess the mastery 

of the goals for student learning.   

Etkina et al. (2006) investigated whether engaging students in experimental 

design in an investigative environment affects student development of scientific 

abilities. The study used the term scientific abilities to describe some of the most 

important procedures, processes, and methods that scientists use when constructing 

knowledge and solving experimental problems. The scientific abilities students 

developed in this study included the ability to represent physical processes in 

multiple ways: the ability to devise and test a qualitative explanation or quantitative 

relationship; the ability to design an experimental investigation; the ability to collect 

and analyze data; the ability to evaluate claims, solutions, and models; and the ability 

to communicate scientific knowledge. The study investigated experimental design 

because of its opportunity to involve students in genuine scientific tasks that 

replicated real world challenges and require innovative solutions to solve problems. 

The ISLE is a complex, multifaceted intervention that synthesizes the principles of 

cognitive apprenticeship with the method of formative assessment. Experimental 

design is an essential component of ISLE that occurs mainly in instructional lab. In 

these labs, students generate scientific evidence and explanations while designing 

and conducting their own experimental investigations. The goal of ISLE labs is to 

help students learn how to interpret experimental and conceptual problems in way 

similar to how a scientist would. As students worked in teams on different laboratory 

tasks, the instructor and course material provided scaffolding. ISLE lab handouts did 

not have any explicit instructions in terms of experimental procedure. However, they 
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did have a set of questions designed to focus the students’ attention on the important 

aspects of the design process and simultaneously help them make visible their 

thinking about the salient elements of the design.  

 Etkina et al. (2006) conducted this study in the first semester of coursework. 

There were two 55-min long large classroom meetings, one 80-min long problem 

solving session, and a 3-hr lab per week. All 186 students, 77 male and 114 female, 

participated through the same ISLE curriculum in a large meeting, and in problem 

solving session, but had a different lab experience. There were eight lab sections. In 

four of the sections, students performed designed labs supplemented with reflection 

questions and rubrics, while in the other four sections students performed non-

designed labs. To ensure that the students in both design and non-design labs were 

equivalent in scientific reasoning abilities, a test of scientific reasoning was 

administered at the beginning of the course. Students in the two groups did not 

differ: design (M = 11.04, SD = 3.83), and non-design (M = 10.95, SD = 2.96), F 

(1,185) = 0.06, p = .81. In the design lab, students needed to design their own 

experiment and two thirds of the experiment is based on the content that students had 

already discussed in large meetings. Scaffolding was provided through lab handouts 

including questions that focus on the students’ attention towards the scientific 

processes, representing the situation, deciding on the experiment, analyzing 

experiment uncertainties and so on. Students worked in teams but submitted 

individual lab reports. Students in non-design labs used the same equipment as those 

in design labs and performed the same number of experiments but these were less 

traditional labs. The handouts given to the non-design students did not guide them 
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through the mathematical processes. Students had to draw force diagrams, energy bar 

charts, and other representations to solve experimental problems. The lab handouts 

provided a list of assumptions that students should use when applying a theoretical 

model to a particular experiment situation. Students in the design group spent 

relatively more time on sense making as compared to non-design students. Students 

in the non-design group were usually busy in managing logistics and solving 

mathematical problems 

Sokoloff, Laws, and Thornton (2007) introduced RealTime Physics (RTP), a 

sequential introductory laboratory curriculum based on the results of physics 

education research. This curriculum utilizes MBL tools to facilitate student learning. 

These microcomputer-based tools enable students to collect, display, and analyze 

data in real-time and have catalyzed the design of a laboratory curriculum allowing 

students to master a coherent body of physics concepts, while acquiring traditional 

laboratory skills. MBL tools consist of electronic sensors, a microcomputer interface, 

and software for data collection and analysis. Sensors were available for measuring 

motion, position, velocity, and acceleration, force, sound, magnetic field, current, 

voltage, temperature, pressure, rotary motion, humidity, light intensity, and other 

physical quantities. MBL tools provided a powerful way for students to learn physics 

concepts. MBL data can also be analyzed quantitatively: students can then obtain 

basic statistics for all, or a selected subset of, collected data, and then model the data 

with an analytic function. According to Sokoloff et al. (2007), each year in the 

United States, over 300,000 college and university students pass through 

introductory physics laboratories designed to help them acquire investigative skills 
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and verify equations already presented in textbooks and lecture sessions. Each year, 

over 800,000 students conduct similar laboratory exercises in high school classes. 

The intent of introductory courses is to establish a basis for further study in physics, 

engineering, and other experimental sciences.  

The initial work of Sokoloff, Laws, and Thornton (2007) focused on two 

curriculum projects: Tools for Scientific Thinking (Thornton, 1987) and Workshop 

Physics (Laws, 1991). A set of Tools for Scientific Thinking laboratory modules 

were developed to help students use MBL tools to enhance their understating of 

physics concepts in mechanics and thermodynamics. These set of RTP laboratories 

are: Module 1- Mechanics, Module 2- Heat and Thermodynamics, Module 3- 

Electric Circuits, and Module 4- Light and Optics. Each module guide included 

activities for use in a series of related laboratory sessions spanning an entire quarter 

or semester. Lab activities and home assignments were integrated in each module so 

that students depended on learning occurring during the previous lab session and in 

order to prepare students for activities in the next session. The Workshop Physics 

curriculum was developed as the basis for a two-semester introductory sequence in 

which lectures were replaced by hands-on activities. As these curricula were 

developed, the teaching community was becoming more aware of how students’ 

naive conceptions of the physical world interfered with their learning. The major 

goals of the RTP project was to (1) acquire understanding of physics concepts; (2) 

experience real-time data using MBL tools and link those with the physical world; 

(3) develop traditional laboratory skills; and (4) master topics covered in lectures and 

readings using a combination of conceptual activities and quantitative experiments. 
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The core activities for each laboratory session could be completed in two hours. 

Extensions provided more in-depth coverage when longer lab periods were available. 

Uses and effects of studio and SCALE-UP approaches. The goal of studio 

and SCALE-UP approaches was to emphasis on social interactive learning. These 

approaches improve the quality of the learning experience for all students — most 

commonly for students in the top third of the class (those students who do most of 

the peer teaching in their groups) and most dramatically for the bottom third of the 

class (Those students who have very low SAT scores). Nearly three times as many 

students are likely to pass a studio and SCALE-UP introductory physics courses than 

an equivalently, traditionally taught courses. As a result, a larger fraction of students 

moves beyond the introductory filter courses and more progress towards a degree in 

science and engineering.     

Wilson (1994) examined 700 students enrolled in introductory physics 

classes divided into 12 sections. The course was reduced from six to four contact 

hours per week, consisting of two lectures, two recitations and activities. Students 

worked together in small groups of four. Discussion and interaction were facilitated 

by the semi-circular arrangement of student chairs, so that all students had clear sight 

of both the instructor and projected materials. This studio approach was more 

instructor-friendly, even for instructors more inclined towards the traditional teacher-

centered, rather than student-centered classroom. Students were enthusiastic about 

the course, as measured by the responses on the end of the semester survey. Nearly 

twice as many students reported that they preferred the studio course to the 

traditional lecture/recitation/lab format. On the final exams, students in studio 



76 
 

courses also performed better, compared to students who took traditional courses—

despite a one-third reduction in class contact time. The final exams were matched in 

terms of difficulty, length, and test content from previous years as those given the 

year of the study in the traditional course. More topics were also covered in studio 

courses, as compared to normal lecture courses 

French and Cummings (2002) investigated an abridged Interactive Lecture 

Demonstration (ILD) protocol performed in Studio Physics 1 (Introductory Physics 

1) at Rensselaer Polytechnic Institute (RPI). Approximately 300 students in different 

sections of the course were divided into two groups. Both groups witnessed an entire 

ILD sequence on Newton’s third law. Several sets of these demonstrations are 

commercially available, including the set on Newton’s third law that is a topic in this 

study. One group was asked to present only a prediction before viewing each 

demonstration. The other group was prompted to engage in all eight steps prescribed 

by Thornton and Sokoloff for the ILD sequence, as outlined: (1) The instructor 

describes and performs a demonstration without actually collecting the data; (2) 

Students record their names and individual predictions on a prediction sheet; (3) 

Students engage in small group discussions about these predictions; (4) Students 

make any desired changes to their predictions on the prediction sheet; (5) The 

instructor elicits common student predictions from the class. The instructor performs 

the demonstration, this time displaying the data or results to the entire class; (6) 

Attention is called to the most important features or outcomes, and how they relate to 

the physical situation; (7) Students record and discuss the results; and (8) The 

instructor discussed, analogous with physical situations. For the purpose of this 
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study, the sections were divided into two groups. Classes identified as “long 

sessions” saw the third law ILD series using the eight-step ILD procedure described 

above. Classes identified as “short session” also saw the entire series of 

demonstration, but the presentation procedure was shortened to include only steps 1, 

2 and 6. A detailed discussion of the experiment was presented, indicating average 

learning gains ‘g’ for shorter group were slightly higher than long groups, as 

measured by Force and Motion Conceptual Evaluation (FMCE). The t-test between 

the average gain in each group was not significant at the 90% confidence interval (t = 

1.90, p = 0.1). Overall, for the pre to post average gain, the percent correct on 

Newton’s third law (pre instruction < g > = 36.2 and post instruction < g > = 82.2 

with a normalized gain < g > = 71.9), indicated that higher levels of students 

understanding results from instruction students received with the studio physics 

curriculum used at RPI. 

North Carolina State University (NCSU) and the University of Central 

Florida designed research-based physics instruction using smaller class settings and 

discovered ways to economically accommodate studio classes of up to 100 students. 

Lectures and labs were blended together in an approach utilizing technology with 

minimal lecturing to create highly collaborative, technology-rich, hands-on, 

interactive learning environments. These universities developed classroom designs 

and management techniques involving development, evaluation, and dissemination 

of curriculum material for introductory physics to support this type of learning.  At 

NCSU, Saul and Beichner (2001) studied student-centered activities for large 

enrollment undergraduate programs, which offered large introductory science classes 
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as an alternative to the lecture/laboratory format. In their comparison of SCALE-UP 

to traditional instruction, the performance of students exposed to SCALE-UP 

improved significantly with regards to problem solving, increased conceptual 

understanding, improved attitudes, and higher student success rates (success in final 

exam)—especially among females and minorities. The objectives of this study and 

study outcomes over three years are summarized in Table 2.3 (p. 79).  

 In a subsequent study of SCALE-UP by Beichner et al. (2007), teaching 

introductory physics in a studio environment was again compared with traditional 

instruction. Students in studio activity classes were divided into groups of two and 

four. There were provided access to computers with internet and equipment to 

perform experiments, participated in class discussions, and displayed their work for 

their peers. Students were simultaneously challenged and supported, given clear 

expectations, and presented with a variety of learning tasks. In this environment, 

grading was employed to encourage students and was based on the achievement of 

specified objectives made available to the students. This was termed criterion-based 

grading. The homework was heavily weighted, accounting for up to 20-25% of the 

grade. This encouraged students to expend more effort on and to complete 

homework. Midterms were weighted less than is often seen in traditional classes, 

giving students the ability to recover from poor performance. Classes consisted of a 

series of various activities to build understanding on a single topic that actively 

involved students in learning. Large collections of short, hands-on activities called 

‘tangibles’ and interesting questions for students were introduced. In addition, 

longer, open-ended labs and problem solving activities were designed and used. 
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Table 2.3 

The Objective and Study Outcomes (Saul & Beichner, 2001)   

S.no Objective of this study Study outcomes over three years 

1 

 

To understand and be able to apply 

fundamental physics concepts. 

Improved performance, evidenced in a two 

to four-time gain on nationally normed 

concept tests and in conceptual problems. 

2 
To begin to develop expert-like 

problem solving skills. 

Improved scores on common exam 

problem; SCALE-UP students better 

performed on at least 70% of common 

exam problems.  

3 
To be able to address and solve 

complex problems. 

Significant gain on the conceptual exam 

questions targeting particular robust 

student difficulties. 

4 

To improve interpersonal 

communication, questioning, and 

teamwork skills. 

 

Responses on the exam problems and 

think-aloud interviews showed that 

SCALE-UP students demonstrated an 

increased ability to address complex 

problems in new contexts by using expert-

like problem solving strategies.  

5 

To develop good laboratory skills 

including being able to design, 

carry out, and analyze an 

experiment.  

 

Observation of students practicing tasks 

illustrated good teamwork and 

communication skills. Students created 

coherent presentations for their classes of 

their solutions to complex problems.  

6 

To use computers to look up 

information, collect and analyze 

data, run simulations, and develop 

mathematical models of physical 

situations.  

Overall course failure rates were cut in 

half, even as demands increased for higher 

performance and more work from the 

students.  

 

 

The study results indicated that teaching through a studio environment significantly 

increased conceptual understanding, improved attitudes, successful problem solving, 

and higher success rates, particularly for female and minority students. More 

specifically, SCALE-UP classes demonstrated better improvement in conceptual 

understanding by achieving higher normalized gains on the FCI and FMCI, and 

performed better on common problems on the final exam. Further, Beichner et al. 
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(2007) found that SCALE-UP students had better attitudes about science and 

exhibited less attrition than students in traditional courses. Finally, Beichner et al. 

(2007) reported greater than 90 percent attendance and 40-60 percent reduction in 

failure rates for SCALE-UP classes.  

DeBeck et al. (2010) established a SCALE-UP style studio class for 

introductory and calculus-based Physics 1 courses at Oregon State University. 

Faculty members led the studio sessions with two graduate teaching assistants 

(GTAs) or graduate learning assistants (GLAs). The plan was for senior GTAs to 

lead studio sessions after co-teaching with faculty members. The GTAs and GLAs 

were asked to keep track of themselves by maintaining a weekly activity journal 

about each week’s studio session. In addition to this journaling, interviews were 

conducted at the end of the semester and lasting about forty minutes. GTA and GLA 

pedagogical beliefs were analyzed through reflective journaling, interviews, and 

personal experiences of the authors. This study focused on how these beliefs changed 

over the first quarter of instruction, as well as the resources used to adapt to the new 

classroom environment. The results indicated that time management issues were of 

primary concern as was the balancing depth and quality of interactions against the 

need to circulate. The researchers agreed that the best solution for these challenges 

would be more practice in the SCALE-UP environment and remaining with the 

students group long enough to be helpful—but not so long that other groups were 

neglected. 

Sorensen et al. (2006) developed a different studio format for instruction for 

improved conceptual courses. This new format retained the large lecture, but 
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combined traditional recitation and laboratory instruction. The studio format 

integrated simplified laboratories with assigned homework problems to integrate 

conceptual and problem-solving skills. The studio format combined two hours of 

lecture with four hours of studio sessions each week. The studios were taught in two-

hour increments twice per week and consisted of up to forty students working in 

groups of four. This course design replaced the weekly two hours of recitation and 

two hours of lab with two hours of studios. This lab recitation combination was the 

essential feature of the new studio. In place of recitation and lab, it emphasized 

problem-solving methods and conceptual skills fostering hands-on, discovery-

oriented laboratory activities. An additional aspect was the modification of the 

laboratory by replacing the cookbook style of previous lab books with short, 

concept-oriented lab activities called lab demos. The classroom was equipped with 

modern technology resources, and the group setting allowed for peer instruction and 

the development of group skills.  

 Uses and effects of SCL approaches. The SCL approach uses a social 

constructive style of learning and framing. Lippmann (2003) designed the SCL at the 

University of Maryland to establish a new platform for active participation, assuming 

the role of experimental physicist. Lippmann suggested that such activities would 

change student epistemology by designing, analyzing, and defending experiments. 

Students expanded their knowledge and mastery of concepts as a result of active 

experimentation and conversation. Students had various options to select, design, and 

defend their experiments and findings, leading to the discovery of scientific 

concepts. Lippmann suggested that a frame is a state of mind related to a larger 
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context and which helps to determine what action students would take. People adapt 

to using different frames to achieve future expectations. According to Lippmann, 

students who expected to learn about the process of doing science had different 

expectations about laboratory settings than a person expecting to learn specific 

concepts. These different attitudes make them different. Some students see an error 

as part of the experiment and account for it whereas others might identify 

inconsistent findings as part of an experiment as human error and associate that with 

the failure of the experiment. Laboratories should establish a frame that is consistent 

with the mental state and action that students are expected to take (Lark, 2014). The 

purpose of designing SCL was to put students in the frame of the experimental 

physicist and introduce inquiry-based exploration. Students were required to design 

their experiment, collect meaningful information, and analyze the data to reach a 

conclusion. Students were also provided with the opportunity to discuss and defend 

their findings, which gave them confidence in their ability to understand the 

concepts. Students acted as peer reviewers to share and assess information provided 

by peers. Throughout the lab, students were busy and engaged in action consistent 

with those of experimental physics projects. Lippmann (2003) used video recordings 

of the class, transcribing them to get the sense of student conversations throughout 

the sessions. These conversations were coded into categories: off-topic, logistics, and 

sense making. It was concluded that students spending more time on sense making 

were considered to be more thoughtful and engaged in the experiment. Lippmann 

states that there are two theories: empiricism and constructivism. Empiricism 

dictates the formation of a particular idea or knowledge that leads to concepts. 
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Traditional laboratories follow empiricism, in which students memorize particular 

types of knowledge, lead students to think of scientific knowledge as infallible. 

Whereas, the discovery-based laboratories are designed based on the constructivism. 

Constructivism aligns with the action of scientific community laboratories, where 

students construct knowledge by building on previous experiences.  

The research Gresser (2006) undertook explored whether inconsistencies in 

epistemological framing among group members can contribute to group failure.  

There are many reasons why students’ groups run into difficulties, for example, lack 

of knowledge, an inappropriate mix of learning styles, or a destructive power 

arrangement. This study was carried out at the University of Maryland, College Park, 

in a laboratory designed specifically to foster and monitor student interaction and 

cooperation. The goal of this study was to determine how students cooperatively 

took on tasks in the physics laboratory. By including cognitive and social 

perspectives, the researcher approached this topic with a scope broad enough to 

include the contributions of individual students engaging in structured, locally 

coherent, and cooperative activities. Information from this study is productive for 

understanding the construction of knowledge in lab environments. Through case 

studies of group interaction in the laboratory, Gresser found that successful groups 

employed common framing, while unsuccessful groups failed due to a lack of a 

shared framing. Videotapes of the environment revealed that productive lab groups 

coordinated their efforts through a number of locally coherent knowledge-building 

activities described through the framework of epistemic games.  
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In addition, Gresser (2006) examined the development of theoretical tools for 

describing the cognitive states of students’ associated patterns, such as epistemic 

games and cultural structures found in epistemological framing. Following 

observations of small group interaction in authentic classroom situations such as 

labs, tutorials, and problem solving, Gresser suggested these tools could be effective 

in describing interactions. Gresser’s study presents a powerful tool for categorizing 

and analyzing cognitive behavior geared towards building knowledge. The existence 

of these epistemic games makes it possible for many students to participate in 

cognitive activities. Finally, Gresser examined the role that social interaction plays in 

initiating, negotiating, and carrying out these epistemic games. The framework for 

distributed cognition allowed individuals to participate in a larger cognitive system 

including minds and interactions, social factors, and culture artifacts. These group 

activities were analyzed using Tuckman’s stage model, a description of group 

development within educational psychology. The models extended existing cognitive 

tools to the realm of social interaction. Thinking about a laboratory group as a large 

computational system consisting of interacting minds allows a discussion about 

epistemic game-play as a social and cognitive phenomenon. The study’s results 

suggested that successful groups approach tasks in the lab by negotiating a shared 

frame of understanding. 

Kung and Linder (2007) studied nature-in-action metacognition activities 

during undergrad student laboratories. This was investigated to quantify student 

metacognition. The study explored whether quantifying nature-in-action 

metacognition is possible and valuable for examining teaching and learning in these 
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contexts. Previous research (Mevarech & Fridkin, 2006; Zion, Michalsky, & 

Mevarech, 2005) in nature-in-action classroom settings already existed and largely 

focused on mathematics problems. These previous studies classified the 

metacognition of a group of students working on mathematical problems during 

class. Though these previous studies are not directly applicable to the students in a 

laboratory, it provides a basic foundation towards Kung and Linder (2007). 

Modifications to make these strategies more general were attempted by Kung and 

Linder in order to quantify the level of metacognition achieved in student laboratory 

settings. It was found that nature-in-action was useful to characterize students’ 

activities as belonging to different types of episodes, based on identifying 

metacognitive statements made during these episodes. First, specific details of the 

episodes and metacognitive statements were modified to extend beyond the context 

of mathematics problems to include student laboratory contexts. Second, the 

previous method was used to develop a new coding scheme.   

The three main points in the Kung and Linder (2007) study that differentiate 

it from previous studies of problem solving were that the laboratory activities 

consumed more time than mathematical problem solving, students worked in 

laboratories to perform different activities, and laboratory behaviors involved several 

activities occurring simultaneously. Based on these points, Kung and Linder decided 

to merge reading, understanding, analysis, exploration, planning, implementation, 

and verification into two groups. These were defined as logistical and sense making. 

Logistical modes included data taking, writing, reading, gathering equipment, 

reporting to the teaching assistant, and listening to the teaching assistant. These were 
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the activities accomplished through use of the laboratory. However, this did not 

involve students explicitly puzzling through or discussing an issue. The sense-

making mode involves discussions about physics formulas or concepts, group 

experimental designs, the data, and laboratory questions. In sense making, students 

were responding to each other, making progress towards an answer, and holding a 

coherent conversation.  

Summary. The above review of research indicates that interactive inquiry 

approaches, notably MBL, STUDIO, SCALE-UP, and SCL, have developed 

instructional methods and curricular material to span all aspects of the standard 

physics courses: lecture, recitation, and laboratory. Some of these instructional 

reforms aimed to incorporate more active engagement of students in traditional 

courses, whereas other reforms involved in comprehensive structural changes, such 

as combining lecture, recitation and labs into a single class environment. Overall all 

activities and instructions related to discovery-based laboratories have increased 

retention rates in undergraduate education (Russell, Hancock, & McCullough, 2007). 

They succeeded in improving students’ attitudes towards physics (Hippel, Lerner, 

Gregerman, Nagda, & Jonides, 1998). According to Russell et al. (2007), 

undergraduate research early in a student degree program could increase student 

interest in STEM careers. Students who engage in undergraduate research reported 

greater confidence in their research skills and report more enjoyment in the field. 

Review of Studies Most Closely Related to This Study 

 This section summarizes studies practices and outcomes that are most 

relevant to this research: (1) Teaching Physicists’ thinking skills in the laboratory 
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(Reif & John, 1979), (2) Tools for Scientific Thinking (Thornton, 1987), (3) 

Workshop Physics (Laws, 1991), (4) Physics Education Research-Key to Student 

Learning (McDermott, 2001), (5) RealTime Physics Laboratories (Sokoloff, Laws, 

and Thornton, 2007), (6) Investigative Science Learning Environment (ISLE) labs 

(Etkina et al., 2006), (7) New Studio Format for Physics Instruction (Sorensen et al., 

2006), (8) Using expectancy violation in studio physics (Gaffney et al., 2010), (9) 

Social Community Laboratories (Lippmann, 2003), (10) Interactive Course Element 

Correlate with Improvement on Test (Morote & Pritchard, 2009), and (11) 

Metacognition Activity in Social Community Lab (Kung & Linder, 2007).  

 In the first study, to ascertain how successfully one can teach useful scientific 

skills in the laboratory, Reif and John, (1979) designed a prototype laboratory course 

including preceding instructional guidelines, minilabs on single topics, group labs on 

more difficult concepts, and block tests as assessment devices. Students’ attitudes 

toward the prototype course were also appreciably more positive (Reif & John, 

1979). Reif and John, (1979) suggested that their prototype course was quite 

successful in teaching the general intellectual skills which are not normally acquired 

in traditional courses. This study used guidelines provided by Reif and John, (1979) 

in designing mini and groups labs based on the traditional content of course.      

In the second study, Thornton (1987) introduced MBL to address the 

difficulties faced by students in learning physical concepts. Using MBL tools, 

students actively participated in a scientific process in which they explored the 

physical events, analyzed their data and drew conclusions. Thornton (1987) revealed 

that students with humanities majors understood the kinematics similar to the 
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students with mathematical majors. These MBL laboratories provided students a 

useful scientific experience of the physical world but most cases were unsuccessful 

at structuring their experiences that involved outside of classroom knowledge and 

making connections with their understanding of the larger, physical world. The MBL 

approach is related to my study because it laid the foundation of discovery learning 

laboratories and provided new tools of investigation and curricula to modify the 

traditional laboratories. Further, MLB has been effective in fostering functional 

understanding among groups of students and is a proven method of teaching physics 

using computers with positive learning effects.  

In the third study, Workshop Physics (WP) was a new instructional format of 

guided inquiry in physics laboratory to upper-level classes. The study results (Laws, 

1991) concluded that students’ attitude towards the study of physics have improved. 

A greater percentage of students have mastered concepts considered difficult to teach 

because the course requires students to overcome classic misconceptions. Students’ 

performance in upper level physics courses and solving traditional textbook 

problems was better than the traditional lecture course. Students who took WP 

courses were observed as demanding a more active role in their learning than 

traditional courses allowed. Some students seemed to have an expended vision of the 

observational basis of physics, and the connections between physical concepts. This 

program related to this study because it featured guided inquiry in upper-level 

physics courses. 

The aim of the fourth study was to reinforce the common perception that 

physics is a collection of facts and formulas and that the key to solving physics 
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problems is finding the right formulas and applying them in the right situation. 

McDermott (2001) used electrical circuits to provide an example of how results from 

research were incorporated in Physics by Inquiry module. As the students worked 

through the module, they were guided in constructing a qualitative model for a 

simple circuit. In designing these courses, significant emphasis was placed on 

explanations of oral and written reasoning. The instructor did not lecture, but rather 

posed questions that motivated students to think critically about the material. In the 

process, specific difficulties were identified and addressed. A functional 

understanding of physics includes the ability to interpret and use knowledge in 

situations different from those initially encountered. Physics majors eventually 

developed this ability; however, most other students did not. An understanding of 

important physics concepts and the ability to reason with and apply them is inherent 

in the goals of this study.  

In the fifth study, Sokoloff, Laws, and Thornton (2007) introduced the RTP 

curriculum by utilizing MBL tools to facilitate student learning. In order to evaluate 

how effective the RTP curriculum was in helping students to understand Newton’s 

Laws of motion, Sokoloff et al. (2007) used research-based, multiple-choice 

examination called the Force and Motion Conceptual Evaluation (FMCE) (Thornton, 

1997; Thornton & Sokoloff, 1998). The FMCE was administered as pre-tests and 

post-tests. According to Sokoloff et al.’s (2007) results, based on a sample of 

students not currently enrolled for separate introductory laboratory courses, showed 

that fewer than 20% of students answered dynamic questions consistent with a 

Newtonian view of the world, either before or after traditional instruction. The 
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normalized learning gain between pre- and post-instruction was less than 10%. The 

findings were consistent with other research on students’ understanding of motion 

and dynamics. Sokoloff et al.’s contribution towards the physics education 

particularly contributed to physics laboratory introduced a new paradigm in teaching 

physics education. The similarity of Sokoloff, Laws, and Thornton (2007)’s work to 

this study is apparent in its introduction of MBL tools of investigation through 

interactive methods to modify traditional teaching laboratories.   

In the sixth study, Etkina et al. (2006) used the term scientific abilities to 

describe some of the most important procedures, processes, and methods that 

scientists use when constructing knowledge and solving experimental problems. 

Etkina et al. (2006) conducted two-way analysis of variance (ANOVA) between the 

design and non-design groups. Differences between the groups in terms of the total 

time spent in lab were noted F (1,180) = 45.16, p < .001. Differences in the duration 

of the various activities in which students engaged during the labs were also noted F 

(5,180) = 40.12, p < .001. These differences were most evident between sense 

making and overall time spent in the lab. Non-design students spent a lesser amount 

of time in sense making with each lab. The non-design labs spent less total time in 

the lab as compared to the design students. Students in the design section improved 

their performance on the abilities chosen for the assessment. Design students were 

able to identify relevant and significant assumptions of the theoretical model that 

they used, where only few non-design students were able to do so: χ2 (3, N = 178) = 

68, p < .001, for the physics drag force lab; and χ2 (3, N = 181) = 120, p < .001 for 

the biology transpiration lab. The study provided cognitive apprenticeship and 
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formative assessment from the foundation of the ISLE design labs. Students in the 

design group engaged in sense making and they focused on different issues in 

scientific abilities. Students in the design group spent relatively more time on sense 

making as compared to non-design students. Students in the non-design group were 

usually busy in managing logistics and solving mathematical problems. Non-design 

students usually completed the procedure step-by-step and were not involved in their 

investigative resources to the level that those in the design groups did. The research 

methodology, group membership, and practical implementations of this study are 

relevant to my research design.         

In the seventh study, Sorensen et al.’s (2006), combination of traditional 

lecture with the studio format helped a research-oriented physics department with a 

large teaching load to implement research-based pedagogy. Student gains on the FCI 

were similar to those in courses taught through interactive engagement methods. 

This new format did not require additional classroom space or teacher contact hours, 

and maintaining the lecture component did not have a negative effect on gains. The 

overall results showed significant increases in student interactivity. In fact, it may 

have helped students who have diverse learning styles. In conclusion, this new 

hybrid studio is designed to be inclusive of the traditional lecture, recitation and 

laboratory formats with new physics educational research concepts for interactive, 

hands-on explorations and peer instruction. Sorensen et al. (2006) used traditional 

content to teach in an interactive and guided inquiry-based environment that is 

relevant to this research study.  

In the eighth study, Gaffney et al. (2010) investigated shifts in student 
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physics course expectations in response to Student Centered Active Learning 

Environment for Undergraduate Programs (SCALE-UP) orientation and instruction. 

An assessment called the Pedagogical Expectation Violation Assessment (PEVA) 

was employed; the term refers the difference between students’ expectations for a 

course and their experience in that course. At the beginning of the course, most 

students expected to attend lectures in an amphitheater classroom, attend a separate 

laboratory section, read the textbook, and memorize equations, all with limited 

opportunity to interact with instructors and peers. As a result of a brief orientation to 

the course, most students shifted their expectations closer to the actual design of 

SCALE-UP, which decreased the emphasis on lectures, included an integrated 

laboratory environment, and allowed for more interactions, including collaborative 

group work. The students also reduced their expectations for memorizing at two of 

three institutions studied. Two items carried no noticeable shift in attitude at more 

than one school: the first concerned if “Missed classes would be harmful to my 

learning”. This attitude did not change significantly at two schools, but did change at 

one school, where students reported that missed classes would be more harmful to 

their learning on the post-test. The second attitude with no noticeable shift was, 

“Doing required reading”. This did not change in two schools, but it did change at 

one school where students came to expect to do more reading. The main outcome 

variable in this study, student attitude, is one of important dependent variable of my 

research design.   

In the ninth study, Lippmann (2003) found that time spent in each of three 

categories in SCL and traditional laboratories showed that students in SCL 



93 
 

laboratories engaged in more sense making than traditional laboratories, and they 

transitioned into the sense making categories more often. Students in the traditional 

laboratories spent more time in the logistics category and transitioning into sense 

making. This was rare in traditional laboratory students. Lippmann (2003) further 

showed that the traditional laboratories tended to discourage students from critical 

thinking and metacognition when compared to SCL. The purpose of designing SCL 

is to give students the opportunity to construct self-knowledge based on exploration, 

experimentation, and conversation (Lippmann, 2003). Students must link the theory 

and practice. They learn experimental skills, acquire the methods of scientific 

thinking, foster motivation and personal development, and increase social 

competence (Lippmann, 2003). My study is using or adapting several selected 

features of SCL including: group discussions and presenting the results to the class at 

the end. 

In the tenth study, Morote and Pritchard (2009) investigated interactive 

course element in physics education as compared to the traditional approach. Morote 

and Pritchard indicated that by conducting pretest to posttest the MBT normalized 

gain was significant for comparing interactive course elements on group problem 

solving (g = <0.21>, p < .008) and myCyberTutor (g = < 0.181>, p < 0.059) with n = 

64 as compared to traditional written homework approach (g = <0.212>. p < 0.109). 

Morote and Pritchard showed in their research that the FCI pretest to posttest 

normalized gain was significant for comparing interactive course elements on group 

problem solving (g = <0.301>, p < .009) and myCyberTutor (g = < 0.395>, p < 0.02) 

with n = 56 as compared to traditional written homework approach (g = <0.141>, p < 
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0.2). In addition of MBT and FCI, Morote and Pritchard also investigated the Final 

exam scores. Morote and Pritchard indicated that the normalized gain in the Final 

exam was significant for comparing interactive course elements only on 

myCyberTutor (g = < 0.551>, p < 0.010) with n = 64 as compared to traditional 

written homework approach (g = <0.055>. p < 0.690). These DVs used in the Morote 

and Pritchard’s study are relevant to my research.     

Finally, Kung and Linder (2007) studied three types of laboratories. The first 

type of laboratory was a typical cookbook laboratory, wherein students were given 

detailed instructions to follow. The second type of laboratory was a cookbook plus 

explanations: students were asked to explain their reasoning. The third type of 

laboratory was a more open-ended laboratory, in which students were given only one 

question to answer. Students were asked to defend their methods and results to the 

group in the class or labs. The design attempted to mimic the scientific community in 

which research was performed. The number of metacognitive statements per hour for 

the scientific community laboratory was greater compared to two other types of 

laboratories as mention in above paragraph. The results of this study indicated the 

importance of considering the outcome of metacognition, rather than only the level 

of metacognition. The methods, practical implementation, and the group membership 

in Kung and Linder’s (2007) study are similar to those used in this study.    

Summary  

Discovery learning laboratories have been an important part of physics 

education since the 1970s. Over the time, it has broadened the focus from students’ 

conceptual understanding to generating theories and explanations on the nature and 
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origin of students’ ideas, and describing how those ideas change over time. MBL laid 

the foundation of discovery learning laboratories and provided new tools of 

investigation and curricula to modify the traditional laboratories. WP improved 

students’ attitude towards learning physics. ISLE study provided cognitive 

apprenticeship and formative assessment. McDermott (2001) introduced inquiry-

based approach to physics education as key to student learning. McDermott’s 

instructional goal (PbI) is the facilitation of student understanding about the nature of 

scientific approach. Students should be able to identify the differences between what 

is, and what is not a scientific explanation (McDermott, 2001). Sokoloff, Laws, and 

Thornton (2007) designed RTP Laboratories as an investigation and interactive 

method and introduced MBL tools to modify traditional teaching laboratories. 

Lippmann (2003) introduced SCL focusing social constructivism in scientific 

inquiry. In SCALE -UP and studio approaches classroom were redesigned to 

accommodate large classes; involved in the development of the pedagogy, classroom 

environment, and materials supporting active learning. Overall, research on 

discovery laboratories has contributed on characterizing student conceptual 

knowledge, problem-solving skills, attitudes towards learning physics, student 

expectations, knowledge transfer, curriculum materials, difficulties in changing 

instructional paradigms, and introducing sound pedagogical techniques for 

conceptual change.  

Most of the studies have made structural changes to the classroom 

environment, combining lectures, recitations, and laboratories into a single media-

enhanced classroom. However only few studies have focused the transforming of 



96 
 

traditional physics laboratory into discovery-based learning. These past studies as 

reviewed in this chapter have helped inform this study’s approach to and 

implementation of DL-SCL.  
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Chapter 3 

Study Method and Data Assessment 

 

Introduction  

This chapter describes the research methodology, design, and procedures 

involved in this study. The first section discusses the methodology and study design. 

The second section describes the laboratories and instructional model, including lab 

sequences. The third section introduces the instrumentation and validation of these 

instruments. The fourth section presents a summary of pilot-test procedures and 

results, including a summary of changes made to study procedures based on those 

results. The fifth section outlines the data collection procedures and data analysis 

techniques for the full study. Human subject research considerations and internal and 

external validity threats are discussed in the last section of this chapter.    

Methodology and Study Design  

A quasi-experimental study design, with mixed-methods data collection and 

analysis procedures, was used to conduct a comparative study of the treatment 

Discovery Learning Scientific Community Laboratories (DL-SCL) and control group 

(non-DL-SCL) in the Physics Department at a private, independent, scientific and 

technological university. To establish this quasi-experimental design, the physics 

laboratories in PHY 2091 were divided into three membership groups: a treatment 

group (DL-SCL), a control group (non-DL-SCL), and a traditional laboratories 

group. This design involved administering of pre-tests and post-tests to participants 

in intact classes. The Discovery Learning Scientific Community Laboratories (DL-

SCL) approach was used to teach the treatment group whereas the control group was 
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taught by a traditional approach. The study was conducted in the Fall semester 2016 

in the Physics Department at a private, independent, scientific and technological 

university. 

The Colorado Learning Attitudes about Science Survey for Experimental 

Physics (E-CLASS) was administered to assess changes in student attitudes and 

personal views as a result of the modified instruction DL-SCL. Mechanics Baseline 

Test (MBT) was performed to collect data about student conceptual understanding. 

Student lab scores were assessed to determine student success in laboratories. 

Student demographic surveys were administered in both groups within the first 

month of the study in order to gather demographic data on the student population. 

Qualitative data was collected to assess the optimal impact of the strategy. Open-

ended interviews and students’ feedback surveys was used to discern students’ 

understanding and points of view, including suggestions with detailed information 

about students’ perspectives about learning in DL-SCL. Selected students were 

interviewed to assess their level of understanding in order to make predictions about 

their knowledge, skills, and problem-solving introspective approaches. All teaching 

assistants participating in treatment and control group were interviewed at the 

beginning, in the mid, and before the end of experimentation.  

Population and Sample 

 The target population for this study included undergraduate students during 

the 2016-2017 academic year of college. The accessible population of this study 

includes undergraduate students registered to take Physics Lab-1 (PHY-2091) in the 

Physics Department during the Fall semester, 2016. The following sections discusses 
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population characteristics, sample size and power analysis.  

 Population characteristics. The university served approximately 16,000 

students in the 2013-2014 academic year. A total of 9,110 students were enrolled in 

the Fall 2013 semester. Among these, 55.34 % were in the College of Engineering, 

15.07% in the College of Science, 10.28% in the College of Business, 9.68% in the 

College of Psychology and Liberal Arts, 8.42% in the College of Aeronautics, and 

1.22% were undecided. The student population was 73% male and 27% female. Of 

this population, 91.6% were new, full-time freshmen with a GPA of 3.00 or above. 

The SAT average for freshmen was 1150 —significantly higher than the national 

average of 1010. A total of 69% of all students were born in the United States, 

representing 47 states; of these 38.49 % were from Florida. The remaining 30.94 % 

were international students representing 101 countries. For this study, students under 

the age of 18 were excluded. Characteristics of the sample are provided in the next 

chapter.   

Study sample. The sample for the full study consisted of intact classes of 

five lab sections in the treatment (DL-SCL) and four sections in the control group 

(non-DL-SCL).  Three sections in the traditional laboratories group served as a 

second control group, as indicated in Research Question 1. Treatment and control 

group sections were selected on a convenient basis after students have been assigned 

to sections. The Physics Laboratory-1 class size is between 160 and 180 students per 

semester. These students are then divided into small sections according to the 

department’s normal procedures. Laboratory sections usually consist of between 16 

to 20 students. The sample size was 62 students in the experimental group (DL-
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SCL), 75 students in the control group (non-DL-SCL), and 38 in Traditional group. 

The total sample size for the study was 175 students including 38 in traditional 

group. According to power analysis calculations below, this sample size was 

sufficient and this was a large enough sample size to meet the requirement of prior 

study power analyses. 

Power analysis. According to Jacob Cohen (Cohen, 1992a) the statistical 

power of a significance test is the long-term probability of rejecting null hypothesis 

(H0) when an alternative hypothesis (H1) is true, given the population effect size 

(ES), alpha (α), and sample size (N). When the ES is greater than zero and is greater 

than the level associated with an acceptable level of power (e.g., 0.8), the H0 is false 

so failure to reject it would be in error. This is a Type-II error, and for any given ES, 

α, and N, its probability of occurring is Beta (β). Thus, Power is 1 – β, the probability 

of rejecting a false H0.  Statistical power analysis depends on the relationship among 

the four variables involved in making statistical inference: sample size (N), a 

significance criterion (α), population effect size (ES), and statistical power. For any 

statistical model, these relationships are such that each is a function of the other 

three, as explained below.  

Significance criterion. The significance criterion, α, provides the risk of 

mistakenly rejecting the null hypothesis (H0), and thus this gives the maximum risk 

of committing Type-I error (Cohen, 1992a). In exploratory and traditional research, 

it is equal to .05 (part of the Fisherian legacy; Cohen, 1990), but in specific cases it is 

set at α = .01 or even .001 to ensure that the risk of any false rejections of H0 does 

not become too large.   
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Sample size. During the research planning, a researcher needs to know the 

sample size, N, necessary to attain the desired power for the specified α and 

hypothesized ES. Sample size influences the amount of sampling error; an increase 

in N will increase the level of power. In addition, improved procedures for selecting 

members of an accessible population into a sample also will reduce sampling error, 

and therefore increase power. For any statistical test involving two or more groups, N 

as here defined is the total necessary sample size.  

Effect size. Effect size is the most difficult part of power analysis. According 

to Cohen, (1992a) this is at least partly due to the generally low level of 

consciousness of the magnitude of the phenomena that characterizes much of basic 

and applied psychology. This is turn may help explain why, despite the structure of 

methodology, significance testing is so heavily preferred to confidence interval 

estimation, although the wide intervals that usually result are relevant (Cohen, 1990). 

In the Neyman-Pearson method of statistical inference, in addition to the 

specification of the H0, an alternate hypothesis (H1) is counterpoised against H0. The 

degree to which H0 is false is indexed by the discrepancy between H0 and H1. All the 

indexes are scale free and continuous, ranging upward from zero and for all, the H0 is 

that ES = 0. For the test of the significance of the difference between independent 

means, correlation coefficients, and proportions, the H0 is that the difference equals 

zero. For any two independent means the ES is defined as the difference expressed in 

means in term of unites (divided by) of the within population standard deviation. For 

this test, the H0 is that ES = 0, and small, medium, and large ESs (or H1) are .20, 50, 

and .80 respectively (Cohen, 1992a). The effect size normalizes the difference in 
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scores by the standard deviation and calculated as (𝑑 =  
(𝑚1− 𝑚2)

𝜎
 ) where 𝑚1and 𝑚2 

are the mean values and σ is standard deviation of the population.  

This study used G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007) to 

calculate its priori power analysis and post hoc power analysis.  

A priori power analysis. In a priori power analysis (Cohen, 1988), sample 

size N is computed as a function of the required power level (1-β), for a defined 

value of α and the population effect size to be detected with probability of 1-β.  

Using G*Power 3, a statistical power analysis was performed for sample estimation, 

based on Lark’s (2014) research study, comparing two independent groups: an 

experimental and traditional group. The program G*Power 3 supports all cases of the 

use of the T test to test for two independent means, to test of the null hypothesis that 

population mean equal some specified value (in one sample case), and to test the 

mean of two dependent samples or matched pairs (Cohen, 1988). Moreover, in 

univariate analysis, the G*Power 3 provides power analysis for most commonly used 

statistical test including T-test (t), ANOVA (F), Chai square (χ2 or test for 

proportions), correlational technique (r), linear regression (R2), and multiple 

regression (R2). For this study, G*Power uses Cohen’s d (as presented in Appendix 

G, Table G.4, in row two and three) as effect size indices for small (.20), medium 

(0.50), and large (0.80) ESs (Cohen, 1992a).  

 For this study, the effect size (ES) of 0.5 was considered to be sufficient, 

according to Cohen’s (1992b) criteria. With α = 0.05 and power = 0.80, the projected 

sample size needed with this effect size using G Power 3.1, was approximately N = 

102. The a priori power analysis results in Tables 3.1 (p. 103) and Table 3.2 (p. 103),  
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Table 3.1 

 

N (Sample Size) Require for This Study, With α = .05, ES = 0.5, and Power 0.8 to 0.9 

 

RQs Test  Design  Power Required N 

RQ 1 F test  
ANOVA with three 

independent groups  

0.75 39 

0.8 42 

0.85 48 

RQ 2 to 

4 

 

T test  

 

t test for two independent 

means 

 

0.75 90 

0.8 102 

0.85 118 

RQ 5 F test  Multiple Regression  
0.75 38 

0.8 40 

0.85 42 

 

 

Table 3.2 

N (Sample Size) Require for This Study With α = .05, Power = .8, and ES 0.25 to .75 

 

RQs Test  Design  ES Required N 

RQ 1 F test  
ANOVA with three 

independent groups  

0.25 159 

0.5 42 

0.75 21 

RQ 2 to 4 

 

T test  

 

t test for two independent 

means 

 

0.25 400 

0.5 102 

0.75 46 

RQ 5 F test  Multiple Regression  
0.25 64 

0.5 40 

0.75 33 

 

 

with power ranging from .75 to .85, and the ES from .25 to .75, indicate that this 

sample (N = 102) was sufficient.  

As described in Chapter 4, the actual sample size in this study was greater 

than N = 102, and was adequate to adjust for any potential attrition. The detail about 

the power analysis techniques for different effect size is given in Appendix G.  
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Course Description and Instructional Model  

The physics laboratory (PHY-2091) was taught using both the DL-SCL and 

traditional physics teaching laboratories. The following section provides a brief 

description of DL-SCL and traditional physics labs and their implementations. This 

further outlines how group membership was divided into DL-SCL (treatment), non-

DL-SCL (control), and traditional laboratories.  

Discovery learning in scientific community laboratories (DL-SCL). 

Discovery Learning Scientific Learning Community Laboratories (DL-SCL) is 

grounded on the design of active inquiry-based learning and Scientific Community 

Laboratories (SCL) using traditional teaching content and curricula. Equipment and 

facilities are similar to traditional introductory physics laboratories. For example, 

motion detectors, simple pendulum apparatuses, and Pasco mechanics systems are 

employed, in addition to available computer software and technologies typically are 

available in both DL-SCL and traditional laboratories. However, the framework, way 

of instruction, and working environment are transformed into a student-centered 

learning with active engagement in DL-SCL. The instructional design gives students 

the freedom to design and define their own experiments to answer physics questions. 

The instructor assigns students a suitable amount of pre-lab work, including reading 

material, video lectures, problem solving assignments, and quizzes. This is designed 

to help students to understand the concepts and simulate the expert-like thinking of a 

research scientist. This framework is designed to encourage opportunities in SCL 

laboratories in which conversation and contradiction are facilitated through a 

comparison of findings with peers. Students commence each experiment with a 
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broad research question and objectives. They form a hypothesis based on their 

understanding from pre-lab work. Then, they discuss and design their methodology 

for investigation before coming to the lab. In the lab, students perform the 

experiment in an effort to reach their goals in a collaborative way. When students 

reach their findings, they share their results with the other groups.  

In this study, the day-to-day logistics of DL-SCL were managed by assigning 

one laboratory experiment in each session, for a total of five lab sessions. Out of five 

labs, three of which were modified version of traditional labs and two of which were 

new labs designed for this study. Although the DL-SCL approach included five of 

eleven labs included in the traditional approach, both the sequence of the labs and 

teaching strategy used in the DL-SCL approach was different. Students worked in 

groups of three students. Students presented the objectives of the experiment one 

week before and asked to arrange a group meeting to design and discuss their 

hypothesis and procedures before coming to perform experiment in lab. Students 

were also provided short online video lectures one week ahead covering the 

experiment topic, its conceptual understanding, and its mathematical model.   

During lab experiments, the initial 10 to 20 minutes of each lab session were 

dedicated to discussing class logistics and the objectives the experiment. The 

teaching assistant (TA) gave a brief lecture and explained materials were to be used 

during the lab—including equipment and software. During this time, the TA helped 

students refined their hypotheses so they would predict and test results. The TA 

guided students, ensuring that they were on the right track. Students revised their 

planned procedures, based on the TA’s feedback student started their experiment. 
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The instructor checked the functioning of the apparatuses used and student progress 

to ensure that students were moving in the right direction. Instructors initiated 

discussions by encouraging students to share their conceptual understandings with 

each other. In the case that students were unable to flesh out the experiment design 

before group discussion takes place, they may seek assistance from those who have 

completed their experiments. The TAs also were responsible for guiding those 

students, in order to bring them up to the pace of the rest of the class. Most critical 

thinking and procedures development remained the students’ responsibilities. If 

students displayed problems with conceptual understanding, then the instructor were 

guide them by asking questions and describing related mathematical formulas that 

assisted them with troubleshooting to resolve problems in their experimental designs. 

After completing the experiment, students were asked to give a short 

presentation about their experiment, data, and conclusions. Students from the other 

groups were reflect on the presentations and critiqued them in a simulation of subject 

experts. Discrepancies within each experiment were discussed in detail, within the 

time allowed. Students were then required to submit a detailed final lab report 

explaining their design, collected data, and conclusions. The final ten minutes of 

each lab was dedicated to an overview of homework related to the next experiment. 

The TA acted as a final reviewer, to judge whether the reports contained consistent, 

logical arguments, with supporting conclusions derived from the results. Groups who 

were unable to make their case effectively received grade deductions. They reviewed 

and evaluated students’ conceptual understanding, experimental processes, and 

correct use of formulas. 



107 
 

Traditional physics laboratories. Traditional physics laboratories for 

Physics Laboratory – I (PHY-2091) are currently used eleven experiments, each of 

which requires one three-hour lab session weekly, to cover standard introductory 

physics concepts. These laboratories have been modified by the Physics Department 

over the years to accommodate the growing needs of students and faculty. Brief and 

suitable content materials are given to students to demonstrate how to operate the 

equipment necessary to properly perform experiments. Appropriate conceptual 

information is provided to ensure the students understand the concepts and can apply 

them during the course of the experiment. Specifically, students are instructed on 

how to use equations and collect data and other information, in order to complete the 

laboratory. Currently, students follow step-by-step instructions provided in the 

manual in order to complete each experiment. Students work in groups of two.  

 After a short lecture provided by the TA, students often simply follow their 

manuals to collect and process data and answer research questions. The TAs monitor 

students during the whole lab to make sure that students have completed all of the 

necessary steps. Many students rush through data collection and haphazardly answer 

questions in the lab manual, in order to finish their work as quickly as possible. Even 

with the threat of having to repeat the experiment or getting a lower grade, some 

students collect data in a sloppy manner. Evaluations in traditional laboratories are 

based on attendance, lab reports, and final exam. Lab reports are counted for 75% of 

the overall grade. Each student makes his or her individual lab report and these lab 

reports are due before each lab.  
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Instrumentation  

This study used two primary data collection instruments: self-designed 

demographic surveys and transcribed interviews collected from the TAs and students 

in physics laboratory for PHY-2091. The other two instruments used for this study 

were the Colorado Learning Attitude about Science Survey for Experimental Physics 

(E-CLASS) and Mechanics Baseline Test (MBT). Moreover, the Force Concept 

Inventories (FCI) surveys was also used for validation and initial comparison 

purposes. A brief description of each instrument is outlined here, and samples of 

FCI, MBT, and E-CLASS are provided in Appendix A.  

Force Concept Inventory (FCI). The Force Concept Inventory (Hestenes, 

Wells, & Swackhamer, 1992) was designed to assess students’ understanding about 

the basic concepts in Newtonian Mechanics. The commonsense alternatives to the 

Newtonian concepts are commonly labeled as misconceptions. The FCI features 

thirty questions and examines six areas of understanding: kinematics; Newton’s 

First, Second, and Third laws; the superposition principle; and types of force, such as 

gravity and friction. Each question offers only one correct Newtonian solution, with 

commonsense distractors, termed incorrect possible answers, based on students’ 

misconceptions about the topic, gained from interviews. The FCI requires a forced 

choice between Newtonian concepts and commonsense alternatives. The Newtonian 

concepts have been classified into six categories, along with the inventory items in 

which they appear. The inventory is not a test of intelligence; rather, it is a probe of 

belief systems. The inventory probes for misconceptions through a detailed 

taxonomy of six major commonsense categories, corresponding to six major 
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Newtonian concept dimensions. Each commonsense category contains a set of 

misconceptions about the corresponding Newtonian concept.  

The FCI can be used for both instructional and research purposes. As a 

diagnostic tool, its use falls into three main categories: to identify and clarify 

misconceptions, draw attention to misconceptions among students, and evaluate 

instruction using an accurate and reliable instrument. It may be used as a placement 

exam in colleges or universities in order to determine if students’ understanding of 

introductory physics concepts would sufficient for them to succeed in more advanced 

courses. 

 Hake (1998) utilized FCI scores to calculate the normalized gain and 

compare pre- and post-test scores. The average normalized gain for a group of 

students was computed by taking the average percentage of both the pre-test and 

post-test scores and dividing this number by the possible gain, or 100 percent of the 

average pretest score. Hake’s analysis concluded that courses utilizing interactive 

engagement methods produced an average normalized gain of a 0.48 ± 0.14 standard 

deviation on the FCI, whereas courses taught using traditional methods produced an 

average normalized gain of 0.23 ± 0.04 standard deviation. Common practice in 

physics education, as reported by Hake (1998), compares the normalized gain value 

obtained in a study. 

Mechanics Baseline Test. The Mechanics Baseline Test or MBT (Hestense 

& Well, 1992) is comparable to the FCI in that both tests probe students’ 

understanding the Newtonian mechanics, but the MBT is a step above the FCI in 

assessing students’ understanding. The MBT features 26 questions, examines 
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conceptual understanding of kinematics (linear and circular motion), Newton’s laws, 

conservation of energy, conservation of momentum, and concept involving forces 

(gravitational free fall and friction). The MBT is scored in manner similar to the FCI. 

Judged by the low score of students at all levels, this test is not an easy test; few 

questions are extracted from Advance Placement Course/exams. Less than a third of 

these questions (9, 11, 12, 18, 20, 21, and 22) required calculation or more than one-

step reasoning. Conceptual force diagram facilitates solution on questions (5, 7, 12, 

13, 18, 19, and 26). The results of the question 4, and 5 are related to widespread 

deficiencies in the qualitative understanding of acceleration. Questions 20 and 22 are 

based on conservation laws: conservation of energy and momentum; that present 

difficulties even to advanced students. The MBT emphasizes concepts that cannot be 

grasped without formal knowledge about the subject. Most part of the MBT is like a 

conventional quantitative, problem solving test, though its main purpose is to assess 

qualitative understanding. Mechanic Baseline test addresses introductory physics at 

level from college to university while having extensive data on post-instruction score 

across the whole range of levels. 

For the purpose of validity and reliability the MBT was administered at 

several colleges and universities in United States including Arizona State University 

and Harvard University.  The MBT score is compared with other inventories. The 

correlation coefficient 0.68 was calculated between MBT and Harvard Inventory 

(designed for Harvard regular calculus-based physics course). The two average 

percentage scores on MBT and FCI shown an extremely strong positive correlation 

with coefficient of r = 0.91 (Hake,1998). Hake further concluded that the MBT is 
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more difficult for the average student; as it also indicated by the fact that MBT 

average tend to be about 15% below FCI average. 

The response options in the MBT are not posed as common-sense 

alternatives, although they include typical student mistakes that are more often due to 

deficient understanding than carelessness. Its purpose is to balance coverage of these 

basic concepts but it had included topics that pose greater difficulty (e.g., kinematics 

and law of conservations). Baseline test gives kinematics the attentions it deserves; 

its results indicates the general weakness of its instructions especially the wide 

spread deficiencies in the qualitative understanding of acceleration. 

Colorado Learning Attitudes about Science Surveys for Physics 

Experiments (E-CLASS). The E-CLASS instrument was designed by Zwickl, 

Hirokawa, Finkelstein, and Lewandowski (2014) as part of a comprehensive effort to 

transform undergraduate physics laboratories and evaluate the impact of these 

efforts. It assesses the changes in students’ attitudes about a variety of scientific 

laboratory practices before and after a lab course and compares perceptions of the 

course grading requirements and laboratory practices. E-CLASS has offered 

researchers insight into student attitudes and provides actionable evidence to 

instructors looking for feedback on their courses.  

The development and validation for the E-CLASS differs in several ways 

from previous surveys like the Views of Nature Science Questionnaire (VNOS), 

Maryland Physics Expectations Survey (MPEX), Epistemological Beliefs 

Assessments for Physics Science (EBAPS) and Colorado Learning Attitude about 

Science Survey (CLASS). First, the study of experimental physics requires a 
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different set of goals than most lecture-based physics courses. The E-CLASS 

(Zwickl et al., 2014) is specifically designed to assess the impact of lab courses on 

students’ attitudes and beliefs about experimental physics. Second, its purpose is to 

determine the longitudinal impact of a lab sequence and survey, and it is useful for 

evaluating students at all stages of an undergraduate program. Third, the survey 

compares student beliefs with their practices. Finally, it enables the transformation of 

guidance and assessment of lab courses, giving instructors actionable evidence about 

lab courses.  

E-CLASS assesses the core statement in four ways: The first and second 

parts of the survey address students’ personal attitudes (or epistemology) and 

students’ views about what experts would think when doing the similar work. This is 

often administered at the beginning and end of the semester. Expert beliefs are 

presented at the same scale as student’s personal attitudes and beliefs. The third part 

is related to student impressions of the course. Students are asked to rank the 

importance of a particular practice needed to obtain gain a good grade and how often 

they engaged in that practice (e.g., reading a scientific journal article, working in a 

group, or communication scientific results to peers). This part is assessed at the end 

of the semester, because it depends on students’ practices during the experiments in 

the lab. A total of twenty-three core statements are evaluated in all three sections are 

assessed using expert pairs. A total of sixty Likert-scale items are included in the 

pre-test, and 83 items in the post-test. The questions come in pairs and have similar 

wordings. Students are able to answer them quickly; most students only require ten 

to fifteen minutes to complete the end-of-semester survey.  
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According to Zwickl, Hirokawa, Finkelstein, and Lewandowski (2014), a 

comparison of algebra-based physics lab students with students in upper-division 

labs and averaging across all thirty statements found that upper-division students 

produced increased expert-like responses.  Moreover, both in the class context—for a 

mean expert-like score of 0.66, versus 0.61, the p value of 6 × 10-6, where Cohen’s d 

effect size is 0.38—and in the context of professional research—a mean expert-like 

score of 0.82 versus 0.78, the p value of 2 × 10-4, where Cohen’s d effect size is 

0.28.   

In order to gather evidence on validity across the broad population of 

students taking physics laboratory courses, Zwickl et al. (2014) conducted forty-two 

interviews. Twenty-four of the students interviewed had never taken a college 

physics lab class, eight were currently enrolled in an introductory physics lab, and 

the remaining ten were physics majors who had already taken upper-division physics 

lab classes. The population of interviewees included twenty-two males and twenty 

females. The high representation of non-physics majors in the validation interviews 

was necessary because enrollment in introductory courses has been typically 

dominated by students outside of physics degree programs. The introductory-level 

physics students included a mix of physical science majors, life science majors, and 

engineering majors. Zwickl et al. further stated that, with regard to content validity, 

the experts found that the E-CLASS questions were relevant and elicited consistent 

responses: Twenty-four of the thirty statements reached an expert consensus of 90% 

or higher, and all thirty statements reached a consensus of 70% or higher. Moreover, 

Zwickl et al. mentioned that the E-CLASS has been administered in forty-five 
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different laboratory classes at twenty institutions in the United States. Evidence of 

validity was gathered from a wide student population (Zwickl et al., 2014).   

Pilot Study Results, Summary, and Implications 

 A pilot study was conducted in Summer 2016. As is common in summer 

semesters, only one section of PHY 2091 was offered in Summer 2016 (n=13). 

Given this, a decision was made to pilot only the DL-SCL approach, along with 

nearly all of the instruments and data collection procedures (e.g., only short, informal 

interviews of the TA and students). 

  The purposes of the pilot study were: (a) To determine if the DL-SCL 

materials and procedures developed by the researcher would function as intended; 

(b) to determine if the recently acquired equipment and materials for the two new 

labs would work as planned; and (c) to obtain a preliminary set of results for the 

treatment approach (DL-SCL) for subsequent comparison purposes. Prior to this 

pilot study, an application was submitted to and approved by the university’s 

Institutional Review Board (IRB) to ensure that attention had been given to human 

subject research issues (see Appendix B.7). This study was conducted in an 

educational setting and under teaching conditions comparable to this in the full 

study. 

The target population for this study was the undergraduate students who were 

enrolled for the Summer semester 2016 at the university. The accessible population 

and sample included those students who were registered for Physics Lab-1 course 

(PHY 2091). There was only one lab section available, and it served as sample for 

the study (i.e., as an intact class). Of those 13 students, four (30.3%) were female and 
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nine (69.7%) were male. Their average age was 22.38 years with a SD = 5.16. Six 

(46%) of these students were White American, three (23%) were Asian, and four 

(31%) were from other ethnic groups, including African-American and Hispanic-

American. Seven students (55%) were Sophomores, two were Freshmen, two were 

Juniors, and two were Seniors (15% each). Among these students, three (23%) took 

physics during College, eleven (85%) took physics in high school, and two (15%) 

had never taken a physics course prior to this study. Almost everyone had taken 

calculus or pre-calculus in high school or in college. Seven (54%) of these students 

were engineering majors and six (46%) were sciences majors. In addition, for seven 

(54%) of these students, either parents had a university education. Five (38?) were 

Florida resident and others (61.6%) were international students. The sequence of the 

labs for the Summer semester is presented in Table 3.3 (p. 116). 

Data were collected using the following instruments: FCI, MBT, and E-

CLASS (i.e., on a pretest and posttest basis), the demographic survey, DL-SCL open 

ended survey (i.e., on a pretest basis), and the student feedback survey and Final 

Exam, (i.e., on a posttest basis).  At the end of semester Summer 2016 data 

collection was completed. I transformed these data into electronic form using a 

Microsoft Excel spreadsheet. This data was then transformed into JMP -13-Pro for 

further analysis. The numerical and statistical results are presented in Appendix B.  

This pilot study provided the opportunity to test the research procedures, measuring 

instruments, and the newly available apparatus. Based on the findings of this pilot 

study, a number of recommendations and suggestions were made, all of which led to 

minor modifications: the sequence of labs was modified; printed material and lab  
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Table 3. 3 

Lab Sequence and the List of Experiments, 

Week   Title of Experiment    Lab Sequence   Exp.1 No 

Week 1  Introduction to Vectors and Statistics  Lab 1   Exp. no 1 

Week 2  Measurement and Error   Lab 2   Exp. no 2 

Week 3  Break      No Lab   

Week 4  Motion in One Dimension2  Lab 3   Exp. no 3 

Week 5  The Simple Pendulum 2  Lab 4   Exp. no 4 

Week 6  Simple Harmonic Motion2   Lab 5   Exp. no 11 

Week 7  Conservation of Energy2   Lab 6   Exp. no 12 

Week 8  Physical Pendulum2    Lab 7   Exp. no 13 

Week 9  Break      No Lab   

Week 10 Newton’s Laws    Lab 8   Exp. no 6 

Week 11 Centripetal Force    Lab 9   Exp. no 7 

Week 12 Collisions in Two Dimensions  Lab 10   Exp. no 8 

Week 13 Break      No Lab   

Week 14 Torque and Angular Acceleration Lab 11    Exp. no 9 

Note. 1Exp. = Experiment, 2 Labs related to DL-SCL are underlined and Italicized.  

 

reports were revised and made corrections; videos lectures and pre-lab work sheets 

were updated; and the newly available equipment were tested. These 

recommendations are summarized in Table 3.4 (pp. 117-118). 

Procedures for the Full Study  

Assignment of lab sections to research groups. All students who took PHY 

2091 in Fall 2016 enrolled in one of 14 sections. Two sections were closed before 

classes started, due to under enrollment. Of the remaining 12 sections, four were. 

included in this study’s control group, five in the treatment group, and other three in 

the traditional group. 
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Table 3.4 

Changes Suggested to Modify the Lab Material and Procedures for Full Study    

 

Lab  
Exp.: 

Title  

Teaching 

strategy    

Assign 

activities  

Changes need to modify lab material 

(detail recommendations and comments) 

3 

Exp. 3 

Motion 

in 1D 

DL-SCL 

Lab 

Pre-lab 

activity  

Needed to revise pre-lab worksheets. 

Only few students derived the formula 

for g. The position versus time graph 

needed to be larger and cleaner. 

Reading 

material 

Needed to upgrade the theory in second 

part of the experiment (using motion 

sensor and sketching position vs. time).  

Some printing mistakes need to be fixed. 

In lab 

discussion 
Discussion material would be shorter. 

8 

Exp. 6 

Newton

’s Laws  

Traditiona

l Lab 
 ------------- 

This lab would be shifted to the third 

week of the lab. This would make the 

DLSCL labs more continuous.  

4 

Exp. 4 

Simple 

Pendulu

m 

DL-SCL 

Lab 

Pre-lab 

activity  

Worksheets needed changes to provide 

more focused material on error 

propagations including solved examples. 

Asking to describe concepts increases 

difficulty for non-native students.  

Video 

lecture 

needed to 

upgrade 

Video lecture needed to include the 

concept of simple pendulum, 

propagation of error, and significant 

figure. The previous videos would be 

replaced with more focus and short 

videos to cover concepts related to these 

topics.  

Reading 

material 

needed to 

be changed 

 The concept and the methods was given 

in journals needed to modify to include 

theory about percent and absolute errors. 

Students were having difficulty in error 

propagation, selecting formula and their 

application.     

Lab 

discussion 

Idea and topics given, needed to be 

shorter.  

5 

Exp. 11 

Simple 

Harmonic 

Motion 

DL-

SCL 

Lab 

Pre-lab 

activity 

Needed to change the main equation of 

SHM into sin (ωt + ϕ). 

Reading 

material 
Fixing minor formatting mistakes.   

In lab 

discussion 
Topics given, needed to be shorter. 
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Table 3.4 (Cont.) 

Changes Suggested to Modify the Lab Material and Procedures for Full Study     

Lab  
Exp.: 

Title  

Teaching 

strategy    

Assign 

activities  

Changes need to modify lab material 

(detail recommendations and comments) 

6 

Exp. 12 

Conservation 

of Energy 

DL-

SCL 

Lab 

Pre-lab 

activity 

 

Replaced step two with step one. It’s easy 

to calculate KE in terms of velocity and 

then calculating potential energy from KE 

in given problem.  

Reading 

material 

Updated the concept and method to 

measure the height in terms of the angle of 

the pendulum.  

In lab 

discussion 

Needed to add the concept of work-energy 

theorem, conservative and non-

conservative forces.    

7 

Exp. 13 

Physical 

Pendulum   

DL-SCL 

Lab 

Reading 

material 

Needed to 

be changed 

The theory needed to include concepts of 

parallel axis theorem, moment of inertia 

and center of mass. Moreover, it would be 

mentioned that the disk was considered as 

a point mass so that students would design 

the theoretical model of the disk 

accordingly.  

 

Table 3.5 (p. 119) presents the lab schedule for these sections. The assignment of 

these sections followed several guidelines: (a) to include sections offered on days 

and at times that stood part in the Traditional Group (i.e., Sections 1, E1, and 12); (b) 

to place the remaining sections in two groups of nearly equivalent size, with the 

approval of Department personnel; and (c) to limit confusion among TAs and 

minimize multiple treatment interferences, sections assigned to the control group 

were clustered on Tuesday and Wednesday (i.e., before treatment group labs), and 

five of the remaining sections were clustered Wednesday through Friday afternoon. 

Nonetheless, from a quantitative perspective this reflects convenience sampling.  
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Table 3.5  

Treatment and Control Lab Weekly Schedule 

 

Time/Day Monday Tuesday Wednesday Thursday Friday 

800-1050  
Section 2 

non DL-SCL  

Section 5 

non DL-SCL 

Section 8 

DL-SCL 

Sec – 10 

DL-SCL 

 

1100-1350   
Sec-6 

non DL-SCL 
 

Sec – 11 

DL-SCL 

 

1400-1650  
Sec-4 

non DL-SCL 

Sec-7 

DL-SCL 

Sec- 9 

DL-SCL 

Sec-12 

Traditional 

 

1530-1820 

Sec-1 

Traditional  

 

    

1830-2120   
Sec - E1 

Traditional 
  

Note. DL-SCL = Treatment and non DL-SCL = Control.  

 

The laboratory sequence and approach for each group. The treatment 

group (DL-SCL approach) and control group (non-DL-SCL approach) were exposed 

to the same sequence of eleven labs as the traditional group, as depicted in Table 3.6 

(p.120). However, the DL-SCL approach was used in five labs (Weeks 5-10), three 

of which were modified versions of traditional labs and two of which were new labs 

designed for this study. Although the DL-SCL approach had the same eleven labs as 

the traditional approach, the teaching strategy used in the DL-SCL approach was 

different. The control approach included the same modified sequence of eleven labs 

used in the DL-SCL approach, although the five labs unique to the DL-SCL 

approach followed the more traditional physics laboratory approach described above.  

Data collection timeline. The administration of instruments to the three 

research groups in this study is summarized in Table 3.7 (p. 121). In this Table, the 
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Table 3.6 

Group Membership and Lab schedule 

Date and 
Aug. 

22 

Aug. 

29 

Sept. 

12 

Sept. 

19 

Sept. 

26 

Oct. 

3 

Oct. 

17 

Oct. 

24 

Oct. 

31 

Nov

. 14 

Nov. 

28 

Week of 

the 

semester  

1 2 4 5 6 7 9 10 11 13 15 

Traditional  

Group (Fri. 

/ Mon.) 

Exp 

1 

Vec 

Sta 

Exp 

2 

Mea 

Err 

Exp 

6 

New 

Law 

Exp 3 

Mo 

in1D 

Exp 

4 

Sim 

Pen 

Exp 

11 

SHM 

Exp 

13 

Phy 

Pend 

Exp 

12 

CoE 

Exp 

7 

Cen 

For 

Exp 

8 

Coll 

in 

2D 

Exp 

9 

Torq 

Anq 

Control 

Group 

(on Tue. / 

Wed.) 

Exp 

1 

Vec 

Sta 

Exp 

2 

Mea 

Err 

Exp 

6 

New 

Law 

Exp 3 

Mo 

in1D 

Exp 

4  

Sim 

Pin 

Exp 

11 

SHM 

Exp 

13 

Phy 

Pend 

Exp 

12 

CoE 

Exp 

7 

Cen 

For 

Exp 

8 

Coll 

in 

2D 

Exp 

9 

Torq 

Anq 

Treatment  

Group 

(Wed./ 

Thur.) 

Exp 

1 

Vec 

Sta 

Exp 

2 

Mea 

Err 

Exp 

6 

New 

Law 

Exp 

3 

Mo 

in1D 

Exp 

4 

Sim 

Pin 

Exp 

11 

SHM 

Exp 

13 

Phy 

Pend 

Exp 

12 

CoE 

Exp 

7 

Cen 

For 

Exp 

8 

Coll 

in 

2D 

Exp 

9 

Torq 

Anq 

Note. Exp. = Experiment, Exp. 1 – Vec. Sta. = Introduction to Vector and Statistics, Exp. 2 – Mea. 

Err. = Measurement and Errors, Exp. 3 – Mo. in 1D = Motion in One Dimension, Exp. 4 – Sim. 

Pen. = The Simple Pendulum, Exp. 6 – New. Law = Newton’s Laws, Exp. 7 – Cen. for = 

Centripetal Force, Exp. 8 – Coll. in 2D = Collision in Two Dimensions, Exp. 9 – Torq. Anq. = 

Torque and Angular Acceleration, Exp. 11 – S. H. M. = Simple Harmonic Motion, Exp. 12 – C. 

o. E. = Conservation of Energy, and Exp. 13 – Phy. Pen. = Physical Pendulum.  

 

treatment group is identified as the DL-SCL group, and the control group as the non-

DL-SCL group. Instruments administered to these groups and to the traditional group 

included the MBT, E-CLASS, and a Feedback surveys on PHY Labs. In addition, the 

demographic survey and FCI were administered to all three groups (i.e., including 

the traditional group) on the first of class (i.e., as a pretest) and on the last day of 

class (i.e., as a post-test) as a normal part of Department’s instructional protocol. 

However, open-ended surveys were administered only to the DL-SCL and non-DL-

SCL groups. 
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Table 3.7 

Data Collection Point and Important Events Schedule for Research Groups 

Instruments 

Name/Event  

 Data Collection Point and Important Events Schedule                    

Event Date 

Research Groups 

Treatment Control Traditional. 

TAs Orientation and 

Meeting  
8/15/2016 x x x 

First day of class 8/22/2016 x x x 

FCI 

 

Pre: 8/22 – 8/26/16 

Post: 11/28 – 12/2/16 

 

x x x 

MBT 
Pre: 9/6 – 9/9/16 

Post: 11/8 – 11/11/16 
x x - 

E-CLASS 

 

Pre: 8/29 – 9/9/16 

Post: 11/2 – 11/11/16 

 

x x - 

Feedback Survey on 

PHY Labs  
11/28 to 12/2/16 x x - 

DL-SCL Open Ended 

Survey  
11/8 to 11/11/16 x x - 

Demographic Survey 8/22 to 8/26/16 x x x 

Last day of class  12/2/2016 x x x 

Final Exam  12/10/2016 x x x 

 

Data collection procedures. For student assessment purposes, data was 

gathered through the administration of the assessment tools E-CLASS and MBT in 

pre- and post-testing of the group members of both laboratory types (the DL-SCL 

versus the control group laboratory). Student lab scores in each lab throughout the 

semester and students’ final exam scores at the end of semester were collected. The 

lab scores in each lab measured as total scores achieved by students for pre-lab 

activities, assignments, and the lab manual. Student demographic information was 

collected on the first day of class, after the approval of the IRB.  
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For course evaluation purposes, at the end of the course, I conducted open-

ended interviews with randomly selected students in the treatment and control 

groups, and recorded notes during each interview. The purpose of these interviews 

was to learn more about student perspectives on assessments, questionnaires, and 

other examining tools. I used a modified version of written surveys developed by 

Churukian (2002) to guide the design and conduct of these interviews. The results of 

these interviews were used to improve the instructional approach (DL-SCL) and, 

more generally, to improve this lab course. The research results from these 

investigations also offered insights onto student attitudes towards the examining 

strategies. In addition to these interviews, at the end of the course, all students in the 

treatment and control group asked to complete a small satisfaction surveys consisting 

of ten questions about laboratory instruction and fill students feed surveys 

particularly by the advisor of researcher for this study.  

Data preparation and analysis. The preparation, data arrangement, data 

entry, and coding was begun with the collection of the data. The collected data was 

arranged in tabular forms. The analysis quantitative and qualitative data are 

discussed in the following sections.  

Analysis of quantitative assessment data.  

Assessment of conceptual change. The reason for using the MBT (pre and 

post-test) is to detect and measure differences between traditional and DL-SCL 

laboratories regarding students’ conceptual understanding. MBT scores for each 

student was calculated using results tabulated from pre- and post-testing.  
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The difference in MBT scores (pre-test scores minus post-test scores) for 

each student revealed change in individual MBT scores. The normalized gain for 

each student was then calculated by using the formula (𝑔 =  
𝑝𝑜𝑠𝑡 − 𝑝𝑟𝑒

100 −𝑝𝑟𝑒
 ), where pre is 

the percentage score for the pre-test, and post represents the percentage score on the 

post-test. This technique to obtain fractional gain was first introduced by Hake 

(1998) and has been extensively used in physics education research. This gain 

represents the actual change in students’ scores, divided by their maximum possible 

score change. According to Hake, a high gain is greater than or equal to 𝑔 ≥ 0.7, 

medium gain is 0.7 ≥ 𝑔 ≥ 0.3, and low gain is 𝑔 ≤ 0.3. This calculation allows for a 

comparison between student scores that is independent of scores on the pre-test. An 

average and standard deviation of all student-normalized gains from each group was 

taken to find the average normalized gain for each laboratory. Moreover, the average 

of all test scores and changes in scores were calculated for each group. The standard 

deviation for traditional and DL-SCL labs in pre- and post-tests, as well as changes 

in scores from pre-test to post-test were assessed. 

The effect size normalizes the difference in scores by the standard deviation 

and was calculated as (𝐸𝑆 =  
<𝑝𝑜𝑠𝑡> − <𝑝𝑟𝑒>

𝑠
 ), where pre and post are the mean 

values and s is standard deviation of differences between pre- and post-test values. 

The t-test was used as a standard statistical test to compare the mean values of two 

measurements and was calculated using the equation (𝑡 =  {(𝑋1
̅̅ ̅ − 𝑋1

̅̅ ̅)  − (µ1 − µ2)}/

𝑆𝑋1̅̅ ̅̅ − 𝑋1̅̅ ̅̅  ), where 𝑆𝑋1̅̅̅̅ − 𝑋1̅̅̅̅  is the standard error and computed using the equation 

𝑆𝑋1̅̅ ̅̅ − 𝑋1̅̅ ̅̅ =  √( 𝑠𝑋1

2 +  𝑠𝑋2

2 )  . Finally, the Pearson r was calculated to assess the relationship 
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between pre- and post-tests and the relationships among groups.  

Attitudes, beliefs, and epistemological assessment. The E-CLASS was used 

to probe changes in students’ attitudes and beliefs over the course of the study. Pre- 

and post-survey data was collected online. The E-CLASS asks students to agree or 

disagree with each statement, and these responses were scored by two ways. First, an 

agreement with a statement received a score 4-5, while a disagreement with a 

statement resulted in a score of 1-2. Second, student responses were scored in light 

of expert responses, to determine the extent to which student responses align with 

experts’ assessments of the statement. If a student agrees with a particular statement 

with which the experts also agree, then it was scored of 1 and the student was 

considered to have a higher level or expert response. If a student agrees with a 

statement with which an expert disagrees, then a score of 0 was given and considered 

as a non expert-like response. 

Furthermore, the E-CLASS was used to investigate students’ opinions or 

thoughts of themselves when doing these lab experiments (called students’ personal 

epistemology) as well as students’ views or thoughts of what an expert would say 

when doing their own research (called students’ professional epistemology). For the 

latter set of items, students are asked to place themselves in the role of an expert and 

engage in expert-like thinking while they formulate their responses. Students’ expert-

like thinking and responses were analyzed using two different methods: (a) a fraction 

of a class or group having expert-like thinking from 0 to 1 (non-expert response = 0 

to 1 = expert response) on each items of E-CLASS surveys; (b) students’ expert-like 

thinking on all thirty items of E-CLASS from 0 to 30 points (non-expert response = 
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0 to 30 = expert response) for each student in the group. The proportion of students 

with expert-like thinking on each question was calculated by dividing the number of 

students who illustrated expert-like thinking by the total number of students who 

participated in the survey. The calculation carried out for both pre- and post-lab 

surveys in both groups, using the E-CLASS. The proportion of students with expert-

like responses was calculated, and the proportion of expert-like responses on all 

questions were assessed and converted into an average for each group. Additionally, 

the Pearson correlation coefficient for each laboratory type was assessed. This was 

obtained by comparing each student’s average expert-like response with the average 

expert response reflecting what a physicist would say.  

Due to the similarities of questions in both surveys, each question was 

evaluated individually to determine the level of expert-like thinking. The E-CLASS 

authors (Zwickl et al., 2014) have suggested that researchers should examine each 

question individually for information about student attitudes, rather than attempting 

to categorize these questions. Among members of both groups, the average of 

expert-like thinking exhibited in both pre- and post-surveys was assessed and a 

standard deviation calculated. Each response recorded was coded as expert-like if it 

agreed with the opinion of an expert. For answers where expert agrees with the 

response, student answer of four and five were considered expert-like. For answers 

where experts disagreed, responses of one and two were considered expert-like 

responses. The fraction of students in each group with expert-like thinking for each 

question was calculated by dividing the number of students who indicated expert-like 

thinking by the total number of students who took that survey. The same calculation 
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was done for both pretest and posttest. The fraction of expert-like responses on all 

questions was averaged for both members of group. Moreover, the Pearson 

correlation coefficient for each group was calculated, comparing each student’s 

average expert-like responses for themselves (students’ personal epistemology) with 

average expert-like responses for their view of what a physicist would say about their 

research (students’ professional epistemology).   

Student feedback on the end-of-course satisfaction survey. Responses on the 

small satisfaction survey pertaining to the DL-SCL approach ranged from “strongly 

disagree” to “strongly agree.” These ratings converted into numerical categories 

from 1, for strongly disagree, to 5, for strongly agree. Scores for each student, each 

section, and each group were calculated, and analyzed using descriptive statistics.  

Qualitative data and interview assessment. The primary sources of 

qualitative data were student and TA interviews. These interviews were transcribed 

and, coded using content analysis procedures in JMP (Text Explorer), which begin 

early in the study to build a tabulated summary and extract results. Particular 

attention was given to what students like and dislike about the instructional 

approaches used with the treatment and control groups. Student observations, 

statements, opinions, and assumptions were categorized and common themes were 

extracted. The final themes reflected students’ introspection about exams, 

assessments, assessment tools and strategies, as well as about what and how they 

learned during experimentation. These themes were described in the final results of 

the study.   
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Human Subjects Research Proposal  

Prior to commencing the full study, an application was submitted to the 

university’s Institutional Review Board (IRB) to ensure that attention had been given 

to human subject research issues (see Appendix C1.). There was no anticipation of 

physical or mental risk to participants involved in this study. This study was 

conducted in an educational setting and under normal teaching conditions. The 

confidentiality of the personal information students share was ensured during and 

after research. A participant consent form similar to the one used in the pilot study 

was distributed to all potential participants before the study was carried out. As in the 

IRB application for the full study, all participants were remained anonymous in the 

report of this study in the dissertation, as well as in any other report of this study 

(e.g., conference presentations, journal articles).   

Threats to Internal Validity 

Possible threats to internal validity are defined as the extent to which changes 

in a dependent variable (DV) are related directly to the targeted independent 

variables (IV). In the context of this study, the primary targeted IVs were group 

membership variables and DL-SCL versus traditional physics labs. The DVs were 

students’ conceptual understating (i.e., scores in MBT), students’ success (lab score 

in each lab) in each lab, and student final achievement (final exam). Student attitudes 

towards DL-SCL as a learning environment (students’ views on expert opinions, 

measured by E-CLASS), were compared with students’ attitudes towards traditional 

physics labs. Student attitudes and epistemology were also considered as DV in E-

CLASS. If any other variable besides group membership variable affects the DVs, 
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then internal validity would be threatened. The researcher was obligated to explain 

and control these threats to internal validity. In order to minimize these threats to 

internal validity, the stratified study samples were selected. Following enrollment, 

students was assigned to a laboratory, according to the policy of the department to 

assign students to different sections. Students were unaware about their group 

assignments, prior to the start of the semester. Once student assignments had been 

made, sections were chosen and students were assigned to either DL-SCL or 

traditional labs. Both groups were matched based on their overall academic 

competencies. The following additional issues may threaten internal validity: 

Instrumentation. Instrumentation becomes a threat to internal validity when 

it reduces the confidence value. Changes in scores may be due to the instrument, 

rather than the treatment. To avoid such an instrumental effect, instrument scores 

were not considered as part of students’ final course grade, and students were 

informed about this decision. Otherwise, students might have attempted to obtain the 

answers to the instrument from other sources.  

Testing. Testing threats refer to situations in which the subjects are 

administered a pre-test prior to treatment and are then administered the same test a 

second time. If the time between the pre-test and post-test administration is not 

sufficient, then participants may know what is expected from them on the post-test. 

This is due to their recent exposure to the pre-assessment. Therefore, students might 

prepare themselves, independent of the treatment. In order to avoid such a situation, 

a minimum of one-month gap allowed between the pre- and post-tests to minimize 

testing effect.  
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Experimental mortality. Experimental mortality or attrition refers to the 

loss of participants during the implementation of the experiment. Such a loss of 

subjects during the experiment could change the sample characteristics, as well as 

the results of the study. The selection of a large sample size was help to control the 

attrition effects. Additionally, after sessions commence, students were encouraged 

not to drop out of or withdraw from the course. Further, transfers to other lab 

sessions (classes) was discouraged. Researcher was present at each instrumentation 

administration to ensure of fully complete forms from each subject.   

Experimenter effect. Experimenter effect is defined as any unintentional 

behavior or bias on the part of a researcher that could impact the results of the study. 

For example, if different teaching assistants are assigned to DL-SCL and traditional 

labs, then it is possible student learning could be dependent on the teacher’s 

characteristics instead of group membership. In order to reduce these threats, 

assigned TAs needed to participate both in treatment and control sections. If any 

teaching assistant (TA) was either (a) highly qualified or (b) a very novice instructor 

in this course, then he/she was assigned to sections in the traditional group, not the 

control or treatment group. Moreover, the materials for treatment and control groups 

sections were provided to TAs in an effort to standardize lab instruction and 

procedures. For treatment fidelity and verification purposes, I observed, rated, and 

recorded notes on the extent to which each TA responsible for lab sections in the 

treatment and control groups was implementing study procedures as planned. The 

researcher also identified an appropriate person to function as the devil’s advocate 

for guidance towards the fidelity of the study.  
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Diffusion threat. Diffusion threat is defined as the communication about a 

treatment among participants in the control and treatment groups. If participants in a 

control group learn about the treatment received by the treatment group, then both 

the treatment and control groups may perform in a similar fashion. This was 

considered to be a more realistic threat to the internal validity of this study because 

students participating in experiments from both group memberships were taking 

lecture classes for the same course. It was possible that the treatment and control 

group participants communicated with each other and exchanged pre-lab material. In 

addition, there might be other factors, such as geographical proximity between the 

participants that might lead to cross-contamination. In order to minimize the threat of 

the diffusion effect, the researcher prepared a lab schedule so that all control group 

labs would be completed before treatment group labs began, did not inform students 

about the research study, did not informed students about which group they were in, 

and efforts were made to minimize their knowledge of the study (e.g., beyond what 

was presented in the Consent Form, and in TA’s general responses to questions 

posed by students). Few students inquired about the differences between control and 

treatment groups. Content-related questions and questions about teaching strategy 

answered, without telling students about the research study. The difficulty of 

controlling diffusion, even given the minimizing strategy outlined here, represents a 

limitation of this study.  

History threat. History threat is defined as any unfavorable or unforeseen 

event that emerges during the study and may potentially influence the DVs. For 

example, in the context of this study, any faculty member from the same department 
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would receive funding for the implementation of new STEM initiatives during the 

same semester might create a history threat. This might provide learning for students 

in the control group to improve their conceptual understandings in the same course. 

There were very less chances and no such event occurred.  

Maturation. A maturation threat involves any cognitive or physiological 

changes that the study participants experience during their participation in a research 

study due to the lengthy passage of time. In this study, it was anticipated that such a 

threat would not be as issue because the laboratory course was taught relatively short 

time period (three hours in a week and up to five weeks) and it was unlikely that the 

study participants experienced any major cognitive or physiological changes that 

could influence the results of this study.      

In order to improve and promote treatment fidelity, the researcher had taken 

the guidance from his advisor through weekly meetings and ensured that all possible 

threats were being monitored. Moreover, all TAs were trained to handle 

unforeseeable situations. Course materials for DL-SCL, including the syllabus, 

traditional lab manual, pre-lab study guides, and homework were standardized. The 

researcher carried out detail documentation in a timely manner, with attention to 

each detail and in reporting for the final dissertation.  
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Chapter 4 

Results 

 

Introduction  

 This chapter presents a description of the sample and data set, as well as the 

results of preliminary and final data analyses. It consists of the following major 

sections: description of the sample, data set preparation, preliminary analysis, 

descriptive statistics, validity and reliability analysis, results for Research Questions 

1 (RQ1) through 5 (RQ5), and results of additional exploratory analysis. For data set 

preparation, raw responses were examined for consistency.  Valid and reliable 

responses were coded. Categorical and ordinal variables were dummy coded, and all 

data were converted into JMP Version 13 and Statistical Package for the Social 

Sciences (SPSS) Version 24. Data preparation and preliminary analyses include 

analyses of missing data, imputation, and analyses of outliers.  

For this final data set, the chapter summarizes the results of analyses of 

ANOVA and regression assumptions. This is followed by a presentation of results of 

analyses for RQ1, notably t-test and ANOVA used to assess the relationship between 

FCI and other labs scores among study groups. Following this, the results for RQ2 

are presented regarding the relationship between study groups and lab scores on the 

five selected experiments. The RQ3 results focus on the relationship between study 

groups and students’ conceptual understanding. Similarly, RQ4 includes the results 

of E-CLASS pre-test and post-test. The results for RQ5 pertain to the relationship 

between students’ demographic attributes, students’ conceptual understanding, and 

students’ achievement. Finally, the results of qualitative analyses of researcher 
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observations, TA interviews, and student interviews are presented. The chapter will 

conclude with additional exploratory analyses about investigate the relationship 

between three sets of IVs (demographic factors, parental factors, and academic 

factors) and five scores of DVs (FCI, MBT, Final Exam, E-CLASS personal 

epistemology, and E-CLASS professional epistemology).        

Description of the Sample 

The accessible population included185 undergraduate students registered for 

Physics Lab-1 (PHY-2091) in the Physics Department during the Fall semester, 

2016. All 185 students were invited to participate in the study. Of these, 182 

completed consent forms and agreed to participate in the study, producing a 

participation rate of 98.4%. Of the three students who did not participate, two were 

under the age of 18 years old and therefore were ineligible to do so, and one student 

declined to participate. Of these 182 students, seven students dropped the course by 

mid semester, resulting in a sample of 175 students who completed PHY 2091.  

Demographic characteristics. This initial sample of 175 students was 

composed of 69% males and 31% females, indicating an approximate 2:1 ratio of 

male to female students (Table 4.1, pp. 134-135). The average age of the population 

was 19.92 years, with a SD = 2.31, and 90% were between 18 and 23 years old. Sixty 

two percent (62%) were White American, 13% were Asian, and 13% identified 

themselves as other. Further, 63.6% were from the U.S., including 36% from Florida, 

while 37% were international students.  

Academic characteristics. Most were underclass students (57% Sophomores 

and 25% freshmen). Approximately 10% had never taken a physics course prior to 
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this study, while 68% had taken a physics course in high school, and 22% had taken 

physics in college. All but one of these students had taken calculus or pre-calculus 

previously. Sixty nine percent (69%) were majoring in engineering, 18% in Physics, 

Mathematics, and the Computer Sciences, and 13% were majoring in Chemistry, 

Biology, and Environmental Science. At least one parent of 60% of all the students 

had a university education. Fifteen percent (15%) of these students were athletes.  

 

Table 4.1 

Description of Students’ Demographics Information (n = 175)   

Factors 
Total   

N (%) 

Treatment 

n (%) 

Control 

n (%) 

Traditional 

n (%) 

A. Demographic Factors     

Gender 170 (100) 76 (100) 61(100) 33 (100) 

Male  118   (69) 53   (70) 39  (64) 26   (79) 

Female   52   (31) 23   (30) 22  (36)  7    (21) 

     

Athlete Status  170 (100) 76 (100) 61 (100) 33 (100) 

Non-Athlete  145   (85) 68   (89) 52   (85) 25   (76) 

Athlete     25   (15)   8   (11)   9   (15)   8   (24) 

     

Ethnicity 170 (100) 76 (100) 61(100) 33 (100) 

Asian   21   (12) 11   (14)   8  (13)   2     (6) 

African American   16     (9)   8   (11)   4    (7)   4   (12) 

Hispanic or Latino     7     (4)   3    (4)   2    (3)   2     (6) 

White 105   (62) 43   (57) 40  (66) 22   (67) 

Others   21   (12) 11   (14)   7  (11)   3     (9) 

     

State of Schooling (HS 

Location) 162 (100) 72 (100) 58(100) 32 (100) 

Florida   58   (36) 24   (33) 23  (40) 11   (34) 

U.S.   47   (29) 22   (31) 15  (26) 10   (31) 

Oman    13     (8)   7   (10)   5    (9)   1     (3) 

China      6     (4)   2     (3)   3    (5)   1     (3) 

Others    38   (23) 17   (24) 12  (21)   9   (28) 
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Table 4.1 (cont.) 

 
  

Total   

N (%) 

Treatment 

n (%) 

Control 

n (%) 

Traditional 

n (%) 

B. Parental Factors     

Education of Either Parents 164 (100) 73 (100) 60 (100) 31 (100) 

Less than High School     5     (3)   2     (2)   2     (4)   1     (3) 

High School   27   (16) 13   (18) 10   (18)   4   (13) 

College    32   (20) 20   (27)   8   (13)   4   (13) 

University 100   (61) 38   (52) 40   (67) 22   (71) 

     

Yearly Family Income 

(k=1000) 
156 (100) 70 (100) 57 (100) 29 (100) 

Less than 40k   40   (26) 20   (29) 14   (25)   6   (21) 

41k to 60k   26   (17) 15   (21)   9   (16)   2     (7) 

61k to 100k   46   (29) 20   (29) 12   (21) 14   (48) 

101k to 150k   19   (12)   7   (10) 10   (18)   2     (7) 

over 150k 
  25   (16)   8   (11) 12   (21) 

  5   (17) 

 

C.  Academic Factors     

Present School Year  170 (100) 76 (100) 61(100) 33 (100) 

Freshman    43   (25) 16   (21) 18  (30)   9   (27) 

Sophomore    97   (57) 47   (62) 28  (45) 22   (67) 

Junior    22   (13)   9   (12) 13  (21)   0     (0) 

Senior      8     (5)   4     (5)   2    (3)   2     (6) 

     

Students Subject Major1 170 (100) 76 (100) 61(100) 33 (100) 

Engineering  117   (69) 47   (62) 47  (77) 23   (70) 

Phy, Math, and 

Computer Science    30   (18) 15   (20)   8  (13)   7   (21) 

Chem., Bio., Ocean,  

and Env. Sci.  
  23   (13) 14   (18)   6  (10)   3     (9) 

     

Physics Course Took  170 (100) 76 (100) 61(100) 33 (100) 

Never    17   (10)   8   (11)   5    (8)   4   (12) 

High School  115   (68) 51  (67)  40  (66) 24   (73) 

College/University   38   (22) 17  (22) 16  (26)   5   (15) 

     

Total Physics Courses Taken 

Thus Far 
168 (100) 75 (100) 60 (100) 33 (100) 

0    20   (12) 11   (15)   5     (8)   4   (12) 

1   82   (49) 34   (45) 31   (52) 17   (52) 

2   39   (23) 17   (23) 15   (25)   7   (21) 

3 and more   27   (16) 13   (17)   9   (15)   5   (15) 

     

Calculus / Pre-Calculus Took  170 (100) 76 (100) 61 (100) 33 (100) 

High School    35   (20) 17   (22) 11 (18.4)   7   (21) 

College/University 134   (79) 59   (78) 49   (80) 26   (79) 

Notes. 1. Phy = Physics, Math = Mathematics, Chem. = Chemistry, Bio = Biology, Ocean = 

Oceanology, and Env. Sci. = Environmental Science.  
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Post hoc power analysis. Post hoc power is the observed statistical power of 

the test performed after data collection, based on the effect size estimated from the 

data. In contrast of the priori power analysis, the post hoc power analysis often make 

sense after a study has already been conducted (Cohen, 1988). According to Faul, 

Erdfelder, and Buchner (2007) in the post hoc analysis, 1-β is computed as a function 

of the population ES parameter, α, and N used in the study. Thus, it is possible to 

assess whether or not the actual statistical test in fact had a fair chance of rejecting an 

incorrect H0.  The post hoc power required an H1, effect size specification for the 

underlying population. Table 4.2 presents the post hoc power analysis for valid and 

matched pair responses with using α = .05 and ES =.5.  For each analysis, power was 

greater than the 0.8 level recommended by Cohen (1992), which increases 

confidence in the results of these analyses.  

 

Table 4.2 

Post Hoc Power Observed for This Study Using α = .05 and ES =.5 for Selected DVs 

  

Instrument  Test  Design  N 
Post hoc 

Power 

FCI F test  
ANOVA with three independent 

groups  

152a 0.99 

141b 0.99 

MBT T test  t test for two independent means 

126 a 0.86 

121 b 0.85 

E-CLASS T test  t test for two independent means 

108 a 0.82 

108 b 0.82 

Note. a valid responses. b matched pairs. 
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Data Set Management and Preparation 

Before starting data analysis, the following steps were taken to prepare valid 

data sets of all instruments and surveys for statistical analysis.  

1. All responses were assigned a STDlink ID with a 6-digit code.  

2. Incomplete, missing, and invalid responses were identified and removed.  

3. The data was scored and compiled into one Microsoft Excel file. A few 

variables were dummy coded with the aim to differentiate Nominal and 

Ordinal variables.  

4. The Excel File was imported to JMP -13 version 24 for further analysis.  

5. The qualitative data, including student interviews and TAs feedback, 

were transcribed in Microsoft Word files. 

1. Assignment of ID numbers. The pretest and posttest assessments (FCI 

and MBT) and surveys (demographic survey, student feedback survey, and DLSCL 

open-ended survey) were all paper-and-pencil based. The pretest and posttest for the 

E-CLASS was administered online. To allow each student’s responses on these 

different instruments to be compared, the same six-digit identification number for 

each student was included on all of that student’s completed instruments. For 

example, 040002 or 40002 represents that the response is from 02 (second) student 

in section 04. The first two digits represent the section of the student and the last two 

digits represent the position of the student in the section. The middle two zeros are 

used as separators). This six-digit code was used to link and identify the individual 

data sets.  
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2. Attention to invalid responses. All data collected were scrutinized for 

invalid responses. A response was considered invalid when it met any of the 

following criteria: (a) the response was totally blank or no response was received; (b) 

the response had missing (at least 20% or more left blank), duplicate, non-

understandable, and incorrect information; and (c) the response provided a non-valid 

answer to the filtering question in the E-CLASS, which were included by its 

developers to ensure that students paid attention when completing the survey.  

Using these criteria, a number of invalid student responses were identified and 

removed from the data set. The total number of responses and final set of valid 

responses for each instrument or survey are summarized in Table 4.3 (p. 139). For 

the FCI, there were 162 valid pretest and 154 valid posttest responses, and 141 valid 

matched pairs of pretest and posttest responses. For the MBT, there were 130 valid 

pretest and 127 valid posttest responses, 121 valid matched pairs of pretest and 

posttest responses. For the E-CLASS, there were 118 valid pretest and 108 valid 

posttest responses, and 108 matched pairs of pretest and posttest responses.  Finally, 

there were 110 valid responses on students’ feedback on PHY 2091 labs and 71 valid 

responses on the DL-SCL open-ended survey.  

3. Scoring responses. A scoring key was developed and used to score all 

quantitative data. Students in all lab sections were provided with a standard lab 

report format, and the TA in each section scored each student’s report for each lab 

using the rubric provided in the lab manual. Each lab report was graded on a 100-

point scale. The final exam also was graded on a 100-point scale. The researcher 



 

 
 

Table 4.3 

Description of Valid Responses for Data Analyses 

                                                     Number of Participants 

Instruments 
Initial 

Participants  

Pre –Post  

Responses 

Received 1 

Valid Pre-

Responses  

Valid Post-

Responses 

Pre -Post Matched Pairs 

Treat. 2 Cont. 2 Trad. 2  Total  

A.  Pre-Post Measures         
FCI 182 162-154 153 152 59 51 31 141 

MBT 140 130-127 126 126 68 53 - 121 

E-CLASS 140 125-113 118 108 55 53 - 108 

         

B. One-Time Measures  
Initial 

Participants  

Responses 

Received  
          Valid Pretest Responses____            Valid Posttest Responses_   _    

Treat. 2 Cont. 2 Trad. 2  Total (n) Treat. 2 Cont. 2 Trad. 2  Total (n) 

Demographic Survey 175 171 76 61 33 170     

DL-SCL Open Ended Survey  80 75     71 - - 71 

Feedback on PHY Labs Survey 136 128     57 53 - 110 

Final Exam 175      61 75 35 171 

           

C. Score on Each Lab  
     Pre-Treatment (n)  During Treatment (n) Post Treatment (n) Treat.2 Cont.2 Tra

d.2  

 Exp. 13 175 172   77 59 36 

 Exp. 23 175 173   76 61 36 

               Exp. 63      169   75 59 35 

 Exp. 33 175  174  77 62 35 

 Exp. 43 175  173  77 60 36 

 Exp. 113 175  171  75 61 35 

 Exp. 133 175  171  76 60 35 

 Exp. 123 175  167  77 55 35 

 Exp. 73 175   171 77 59 35 

 Exp. 83 175   167 73 58 36 

 Exp. 93 175   166 72 59 35 

Notes. 1. As is reflected in pre/post responses on the FCI, a total of 7 students did not complete PHY 2091. Of those, 3 were in the Treatment Group, 1 was in 

the Control Group, and 3 were in the Traditional Group.  2 Treat = Treatment, Cont. = Control, and Trad = Traditional. 3 Exp = Experiment.  
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calculated each student’s accumulative score, which was the average of lab scores 

and the final exam score.  After receiving pre and post responses on the MBT and 

FCI, those responses were scored using the answer keys provided by the developers 

of that instrument. The FCI was scored on a scale of 0 - 30 points, and MBT was 

scored on a scale of 0 - 26 points. For comparison purposes, all FCI and MBT scores 

were converted into a percentage. 

Most items in the surveys were measured on a 5-point Likert scale. Likert-

scale responses were converted into numerical data (e.g., SD = 1, and SA = 5). The 

responses were coded accordingly and the data were manually entered in a Microsoft 

Excel table. The online data received from the E-CLASS surveys was merged with 

the Excel Table to compile all quantitative data into one Excel spreadsheet. After 

completing data entry, multiple checks were made on randomly selected items and 

responses to ensure correct entry of the data. Frequency distributions were used to 

check and fix potential errors caused by incorrect data entry.  

Categorical variables were coded to prepare the data for regression analysis 

(e.g., gender using dichotomous coding and student’s school year using dummy 

coding). The frequency of response and coding scheme for these categorical 

variables is presented in Table 4.4 (p. 141). Using frequency distribution some of 

these categorical variables kept as it is whereas the other variables whose sample 

number was small were grouped into one category.  These new variables provided a 

nearly normally distribution and sample size for each variable to run regression and 
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Table 4.4   

Dummy Coding Scheme for Demographics, Parental, and Academic Factors in RQ 5 

Variables and Coded 

Values (n) 
X1 X2 X3 

X

4 

X

5 

X

6 

X

7 

X

8 

X

9 

X 

10 

X 

11 

X 

12 

X 

13 

X 

14 

Gender            

Male (118) 0              

Female (52) 1              

Athlete Status                

Athlete   (25)  1             

Non-Athlete (145)  0             

Ethnicity1               

White (105)   0            

Non-White and 

Others (65) 
  1 

 
          

State of Schooling (HS 

Location)  
   

 
          

Florida (58)    0 0          

U.S. (47)    1 0          

Others (57)    0 1          

Education of Either 

Parents 
   

 
          

Less than High 

School (33) 
   

 
 1 0        

High School (33)      0 1        

College and University (104)     0 0        

Yearly Family Income 

(k=1000) 
   

 
          

Less than 60k (66)        1 0      

61k to 100k (46)        0 1      

More than 101k (44)        0 0      

Present School Year                

Freshman (43)          1 0    

Sophomore (97)          0 1    

Upper Classes - JR and    

SR (30) 
   

 
     0 0    

Students Subject Major               

MAE (52)            1 0 0 

Other Engineering (47)           0 1 0 

Computing (26)            0 0 1 

Science and 

Mathematics (38) 
   

 
       0 0 0 

Notes. MAE = Mechanical and Aerospace Engineering, JR = Junior, and SR = Senior.    
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ANOVA analysis. For example, for subject majors, Mechanical and Electrical 

Engineering majors (n = 52) were placed in one group, all other engineering majors 

in a second (n = 47), students majoring in science and mathematics in a third (n = 

38), and students in the School of Computing in the fourth group (n = 26). The 

sample size of all four groups were nearly equal.  

4. Importing data. The final M Excel file was imported into JMP version 13.  

5. Preparation of qualitative data. Initially, I compiled all qualitative data 

in separate Microsoft Word files. The initial qualitative data files were created for 

TA feedback, primary, secondary, and tertiary interviews with TAs, student feedback 

on PHY2091 labs, students’ responses on the DLSCL open-ended questions, the 

researcher’s Treatment verification forms, and the researcher’s personal 

notes/diaries. All open-ended responses in each data set in these Word files were 

marked with an ID number, and then each file was converted into a separate 

Microsoft Excel file. Each Excel file was important into JMP and subjected to 

qualitative data analysis using the Text Explorer tool in JMP 13 Pro.   

Preliminary Analysis 

 Prior to data analysis, I conducted preliminary analyses to ensure that data 

were ready for statistical analysis, including analysis of missing data and outlier 

analysis.  

 Treatment of missing data. “Missing data” is the term used when less than 

20% of responses were missing on any instrument in which items were used to 

calculate scores (e.g., on the FCI and MBT, but not the feedback survey). In those 

instances, missing values were filled in using multivariable normal imputation in 
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JMP-13, which uses the least squares prediction from the non-missing responses in 

each row. The number of missing values detected in each instrument is summarized 

in Table 4.5. 

 Overall, imputation had only a small effect on variables measured. The 

prediction of FCI and MBT scores were slightly reduced after imputation. The R2 

values for the FCI were reduced for the pretest (0.1%) and for the post (0.164%). For 

the MBT, the R2 increased for the pretest and reduced for posttest by 0.46% and 

0.56%, respectively. 

  

Table 4.5 

Summary of Missing Data Analysis and Imputation 

                     Number of Participants  

Instrument 

Valid Pre-

Responses  

Pre-

Resp.2. 

Missing 

Values  

Valid 

Post-

Responses 

Post-Resp. 

Missing 

Values 

After Imputation  

 ΔR2 (R with -R without)1 

(Pretest & Posttest) 

A.  Pre-Post Measures     

FCI 153 22 152 23 
Pre = -0.1%  

Post = -0.164% 

      

MBT 126 13 126 13 
Pre = 0.46% 

Post = -0.56% 

B. One Time Measure     

Final 

Exam 
 

 
171 4 

0.0% 

Notes. 1ΔR2 = (R2 with missing data - R2
without missing data). This was calculated using Group as the IV and that 

measure as the DV. 2 Resp. = Responses.  

 

 Outlier analysis.  Outliers are those extreme data points that greatly alter the 

slope or influence actual relationships in the model. These outliers can arise from 

errors in data entry, coding, or any unusual or rare observation. Using JMP 13 Pro, I 
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ran outlier analysis to assess the extreme values on three measures: FCI, MBT, and 

Final Exam Scores. To determine the impact of outliers, I also ran regression 

analyses with and without outliers. The results of these outlier analyses are 

summarized in Table 4.6.  

 

Table 4.6 

Summary of Outlier Analysis 

Dependent variables Total (n)  Outliers (n)  R2 (with 

outliers) 

R2 (without 

outlier) 

MBT     

         

Pretest   
143 2 0.009 0.003 

         

Posttest 
143 2 0.035 0.045 

FCI       

         

Pretest   
175 7 0.004 0.01 

         

Posttest 
175 7 0.003 0.005 

      Final Exam      

         

Posttest 
175 3 0.0005 0.0001 

 

 I identified 11 outliers for the FCI using both Mahalanobis (2.433) and 

Jackknife Distances (2.485), with a critical alpha value of .05. Of these 11 outliers, 

seven reflected extremely high score values on the FCI pretest (i.e., 28 or 29 out of 

30), with three in the Treatment group, three in the Control group, and one in the 

Traditional group. There were no visual outliers on the posttest. Regression analyses, 

with Groups as the IV and FCI pretest scores as the DV, were run with and without 

these seven outliers. After removing these outliers, the ΔR2 increased by 0.006 

(0.6%) on FCI pretest. Thus, these seven outliers were removed, and were analyzed 

separately, as discussed in the Results of Additional Analyses section.   
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 I calculated six outliers for MBT using both Mahalanobis (2.43) and 

Jackknife Distances (2.494), with a critical alpha value of .05. Of these six outliers, 

two reflected extremely high score values on the MBT pretest (i.e., 23 out of 26), 

both of which were in the Control group. There were no visual outliers on the 

posttest. Regression analyses, with Groups as the IV and MBT pretest scores as the 

DV, were run with and without these two outliers. After removing these outliers, the 

ΔR2 decreased by 0.006 (0.6%) on MBT pretest. Thus, these two outliers were 

removed, and analyzed separately as discussed in the Results of Additional Analyses 

section.   

 I calculated six outliers for the Final Exam using both Mahalanobis (1.952) 

and Jackknife Distances (1.98), with a critical alpha value of .05. Of these six 

outliers, three reflected very low scores on this exam (i.e., less than 60), with two in 

the Treatment group and one in the Control group. Regression analyses, with Groups 

as the IV and Final Exam scores as the DV, were run with and without these three 

outliers. After removing these outliers, the ΔR2 after removing of those outliers 

decreased by 0.0004 (0.04%) on the Final Exam. Thus, these three outliers were 

removed, and analyzed separately as discussed in the Results of Additional Analyses 

section.    

 Summary.  Imputation of missing data and analysis of outliers was 

conducted for all dependent variables including FCI, MBT, Final Exam scores and 

Lab scores. Imputation reduced the prediction on FCI pretest and posttest and MBT 

posttest. However, it improved the prediction on MBT pretest only but the overall 

effect of imputation was very small on all variables. The prediction in FCI and MBT 
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scores increased after removing outliers. All detected outliers in these FCI, MBT, 

and Final Exam data sets were not included in the data set for final data analysis. 

However, imputation was not that helpful in predicting Lab scores or Final Exam 

score, so those data sets remained intact for final data analysis. 

Descriptive Statistics  

 The statistical description of results was divided into the following three 

categories: (a) quantitative data collected by the Department of Physics and Space 

Science; (b) quantitative data collected by the researcher; and (c) additional 

qualitative data collected by the researcher through students’ feedback surveys and 

interviews.  

Quantitative data collected by the Department. Data on the following 

three variables was collected by the department and shared with the researcher: (1) 

scores on pretest and posttest on the FCI that was conducted at the beginning and at 

the end of the course work; (2) lab report scores in each lab, and (3) scores on the 

Final Exam.  

 FCI pretest and posttest scores by group. The descriptive statistics for 

pretest and posttest on FCI are presented in Tables 4.7 (p. 147), and include 

minimum, maximum, mean, and standard deviation for scores in each lab section and 

research group. These FCI scores were based on 30 items, with a raw score of 0-30, 

which was converted into a percent score (0-100) for comparison purposes.  

 The FCI pretest and posttest means in each group clearly indicate gains in 

student’s conceptual knowledge in areas of physics measured by the FCI from pre to 

post. The increase in the mean score of the Treatment group from pretest 
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Table 4.7 

Descriptive Statistics for Pretest and Posttest Scores on the Force Concept Inventory 

Sections by 

Group  

FCI Score 

FCI Pretest FCI Posttest 

N Min  Max M D  Min Max  M D 

Treatment Group 

Section-7 17 16.67 56.67 33.12 12.62  13.33 86.67 42.15 18.65 

Section-8 14 10.00 96.67 37.24 23.91  16.67 93.33 43.95 26.66 

Section-9 16 10.00 86.67 42.41 23.73  16.67 96.67 50.59 24.86 

Section-10 18   3.33 96.67 43.40 27.47  10.00 93.33 48.36 29.24 

Section-11 12 10.00 83.33 47.87 20.29  23.33 90.00 53.17 20.18 

Group 

Totals  77 10.00 84.00 40.81 21.60  16.00 92.00 47.64 23.92 

Control Group 

Section-2 13 13.33 93.33 38.40 21.36  20.00 100.0 53.65 24.16 

Section-4 17 20.00 93.33 45.42 20.94  20.00 90.00 53.25 21.27 

Section-5 15 16.67 76.67 32.15 16.18  20.00 70.00 37.11 14.79 

Section-6 17 13.33 96.67 32.94 20.44    6.67 86.67 37.32 21.62 

Group 

Totals 62 15.83 90.00 37.23 19.73  16.67 86.67 45.33 20.46 

 

Traditional Group 

Section-1 12 16.67 96.67 46.67 24.82  16.67 100.0 50.33 28.40 

Section-12 14 14.23 66.67 37.74 18.57  13.33 86.67 49.22 22.64 

Section-E1 10   6.67 60.00 36.57 16.46  26.67 63.33 44.39 12.49 

Group 

Totals 36 12.52 74.44 40.33 19.95  18.89 83.33 47.98 21.18 

 

 (M = 40.81, SD = 21.60) to posttest (M = 47.64, SD = 23.92) was (M increase = 

6.83). Further, the increase in mean score of the Control group from pretest (M = 

37.23, SD = 19.73) to posttest (M = 45.33, SD = 20.46) was (M increase = 8.1).  

Finally, the increase in the mean score for traditional group from pretest (M = 40.33, 

SD = 19.95) to posttest (M = 47.98, SD = 21.18) was (M increase = 7.61).  

Lab scores in each lab by group. Table 4.8 (p. 148) presents descriptive 

statistics of scores for all common labs before, during, and after the treatment in 

each research group. The TA assigned to each section scored all lab report submitted 



 

 
 

Table 4.8 

Descriptive Statistics of Labs Prior to the Treatment, Common Labs Part of Treatment, and Common Labs Following the Treatment 

 Lab Report Score in each lab  

Experiment 

Control Group (n = 62)  Treatment Group (n = 74)  Traditional Group (n = 36) 

Min Max Median M SD  Min Max Median M SD  Min Max Median M SD 

Before Treatment                  

Exp-1  70 100 92.00 90.91 6.86  0.00 100.00 90.00 89.27 14.14  35.00 97.00 80.00 77.78 13.79 

Exp-2  71 100 93.00 92.36 4.63  56.00 100.00 94.00 90.69 9.12  61.00 100.00 85.50 85.75 10.51 

Exp-6 25 100 90.25 84.60 16.07  39.00 100.00 90.00 86.01 13.55  31.00 100.00 72.00 72.44 17.85 

Group Totals  64 98.33 91.50 89.18 7.45  49.67 99.67 90.67 88.63 8.85  48.67 93.00 80.83 78.66 9.92 

During Treatment                  

Exp-3 45 100 90.00 86.01 10.79  63.00 99.50 90.00 89.59 7.30  49.00 100.00 78.50 77.54 17.26 

Exp-4  61 100 89.00 87.07 9.91  77.00 100.00 95.50 93.31 6.86  45.00 100.00 82.50 79.92 15.41 

Exp-11  60 100 90.75 87.52 10.24  76.00 100.00 94.00 92.55 6.47  43.00 100.00 88.00 84.14 13.92 

Exp-13  50 100 91.00 87.13 11.43  70.00 100.00 94.00 91.35 7.62  74.00 100.00 95.00 91.97 7.18 

Exp-12  29 100 92.00 89.22 11.32  74.00 100.00 95.00 93.84 5.97  57.00 100.00 86.89 84.51 12.85 

Group Totals 63.8 100 89.00 87.37 8.17  77.60 98.70 93.50 92.14 5.52  60.40 99.60 84.80 83.38 11.67 

After Treatment                   

Exp-7  54 100 93.00 90.74 9.01  49.00 100.00 94.00 91.03 9.22  66.00 100.00 96.00 91.65 9.31 

Exp-8  65 100 94.99 94.07 5.63  25.00 100.00 95.00 91.42 12.44  95.00 100.00 100.00 99.58 1.40 

Exp -9  50 1201 95.50 95.46 10.21  20.00 120.001 95.90 93.49 13.31  57.00 100.00 95.00 90.80 12.36 

Group Totals 67 104.7 94.50 93.41 6.33  42.50 106.67 94.67 91.77 9.78  77.33 100.00 97.00 94.08 6.86 

                  
Notes. Common lab experiments prior to and following the Treatment had the same teaching approach in all groups, but the experiments that were part of the 

Treatment had a different teaching strategy. Cum Avg. Score = cumulative average scores of all eleven labs plus final exam score in the course (PHY-2091). 
1 The TA for this Control Group and Treatment Group section was the same. In this last lab, it appears as if she assigned extra credit to on some individual lab 

reports, which is why the Maximum Scores in each group for this lab were greater than 100.

148 

 



 

149 
 

by students in that section on a scale of 0-100 using a common scoring rubric. Table 

4.8 (p. 148) includes the group mean (group totals) for each set of lab scores. For the 

common labs before the treatment (Labs 1, 2 and 6), the Control Group mean (M = 

89.18, SD = 7.45) was slightly greater than the Treatment Group mean (M = 88.63, 

SD = 8.85), and both were noticeably greater than the Traditional Group mean (M = 

78.66, SD = 9.92). For the five labs during the treatment (Labs 3, 4, 11, 13, and 12), 

the Treatment group had a greater mean score (M = 92.14, SD = 5.52) compared to 

the Control group mean score (M = 87.37, SD = 8.17) and the Traditional group 

mean score (M = 83.38, SD = 11.67). Finally, for the common labs after the 

treatment (Labs 7, 8 and 9), the Traditional Group mean (M = 94.08, SD = 6.86) was 

slightly greater than the Control Group mean (M = 93.41, SD = 6.33) and the 

Treatment Group mean (M = 91.77, SD = 9.78). 

Final exam scores. Table 4.9 (p. 150) presents descriptive statistics for the 

Final Exam and for the Cumulative Score in PHY 2091 for each lab section and for 

each research group. On this Final Exam, the mean score for the Traditional Group 

(M = 82.56, SD = 8.79) was slightly greater than the mean score for the Control 

Group (M = 82.14, SD = 8.30) and for the Treatment Group (M = 81.91, SD = 9.30). 

However, for the Cumulative Score, this order was reversed, as the Treatment Group 

mean (M = 90.60, SD = 4.88) was greater than the Control Group mean (M = 88.92, 

SD = 5.72) and the Traditional Group mean (M = 84.81, SD = 6.80).     
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Table 4.9 

Descriptive Statistics for Final Exam Scores and Cumulative Score in PHY-2091, by Lab 

Section and by Research Group 

Sections by 

Group 

Final Exam Score  Cumulative Score in Course 

n Min  Max M D  Min Max  M D 

Treatment Group 

Section-7 14 50 92 78.23 10.57  78.00 97.00 89.52 4.98 

Section-8 14 62 95 83.95 9.74  80.08 99.63 90.01 6.46 

Section-9 16 77 97 88.25 5.46  86.09 98.25 93.41 3.83 

Section-10 18 58 100 82.11 11.42  71.77 94.67 86.48 6.35 

Section-11 12 61 92 77.00 9.30  87.42 97.00 93.59 2.77 

Group 

Totals 74 61.6 95.2 81.91 9.30  80.67 97.31 90.60 4.88 

 

Control Group 

Section-2 13 55 99 83.43 12.48  80.55 96.92 90.45 4.85 

Section-4 17 70 99 87.47 7.49  71.00 99.50 90.48 6.51 

Section-5 15 65 94 79.60 7.50  80.58 94.04 86.63 4.88 

Section-6 17 66 86 78.06 5.73  75.08 95.00 88.11 6.64 

Group 

Totals 62 64 94.50 82.14 8.30  76.80 96.36 88.92 5.72 

 

Traditional Group 

Section-1 12 66 100 82.58 10.97  83.75 97.50 91.62 4.26 

Section-12 14 72 99 84.11 8.21  66.92 93.50 81.87 8.05 

Section-E1 10 65 88 81.00 7.18  68.73 91.50 80.94 8.10 

Group 

Totals 36 

67.6

7 95.67 82.56 8.79  73.13 94.17 84.81 6.80 
Note. Cumulative score = lab scores of eleven labs plus final exam score. 

 

Quantitative data collected by the researcher. Data on the following two 

variables were collected by the researcher: (1) pretest and posttest scores on the 

MBT; and (2) E-CLASS scores.  

MBT Scores and conceptual understanding. Table 4.10 (p. 151) present 

results on the MBT pretest and posttest for the Control and Treatment groups, which  
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Table 4.10 

Descriptive Statistics for Pretest and Posttest Scores on the Mechanics Baseline Test 

Sections by 

Group  

MBT Score 

MBT Pretest MBT Posttest 

n Min  Max M SD  Min Max  M SD 

Treatment Group 

Section-7 16 11.54 57.69 27.65 11.92  15.38 80.77 40.43 15.90 

Section-8 14 15.38 69.23 32.39 15.05  23.08 69.23 40.87 15.52 

Section-9 17 11.54 80.77 41.90 18.84  19.23 92.31 56.10 17.98 

Section-10 18 11.54 69.23 38.21 20.68  19.23 88.46 48.72 20.61 

Section-11 13   7.69 69.23 37.57 19.68  23.08 80.77 51.78 20.15 

Group 

Totals 78 11.54 69.23 35.55 17.23  20.00 82.31 47.58 18.03 

 

Control Group 

Section-2 13 15.38 88.46 44.42 21.17  23.08 76.92 45.02 18.29 

Section-4 18 15.38 88.46 44.54 16.98  19.23 69.23 49.64 14.21 

Section-5 15 15.38 61.54 30.77 11.54  11.54 46.15 28.72 10.77 

Section-6 17 15.38 69.23 36.77 13.39  19.23 84.62 39.00 17.41 

Group 

Totals 63 15.38 76.92 39.13 15.77  18.27 69.23 40.59 15.17 

 

include mean scores for each lab section and research group. The MBT score was 

calculated on the basis of responses to the 26 items in the MBT, with a raw score of  

0 – 26. That raw score was converted into a percent score (0-100) for comparison 

purposes. The 12% increase in pretest to posttest means for the Treatment Group 

(MPre = 35.55, and MPost = 47.58) indicates that these students’ conceptual 

understanding improved over the course. The increase in pretest to posttest means for 

Control group (MPre = 39.13, and MPost = 40.59) was much smaller. 

  E-CLASS scores by group. The E-CLASS survey was conducted to measure 

students’ personal and professional epistemological views on both a pretest and 

posttest basis. It also measures their expectations, but only on the posttest. These 

students’ epistemological views were measured by asking students what do you think 
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when doing your experiment for class and what do you think an expert physicist 

would say about your research respectively. These questions were presented as a 

pair in both the pretest and the posttest. When appropriate, a third question about 

expectations was added to each pair of items in the posttest. On the posttest, there 

was a total of 30 pairs of items on their epistemological views, and 23 third 

additional questions on expectations. The descriptive statistics for the Control Group 

and Treatment Group on the E-CLASS pretest are presented in Table 4.11 (pp. 153-

156), and on the E-CLASS posttest in Tables 4.12 (pp. 157 - 160) and 4.13 (pp. 161-

162).   

On the pretest, student personal epistemology scores were almost the same 

for both Treatment and Control groups on all E-CLASS items. Only minor 

differences were apparent in these groups’ responses to Items 5 and 17. On the 

posttest, student personal epistemology scores were similar for the Treatment and 

Control groups on all items of the E-CLASS, except for Items 6, 7, and 17. Students’ 

professional epistemology was similar on the pretest and posttest for both groups, 

with few exceptions (e.g., Item 14 in the posttest Treatment group and 19 in the 

pretest Control group). Most students would be classified as having a perceptual 

epistemology on the pre-test (i.e., before taking this course), which appears to be 

related to the students’ previous history and experiences relevant to the subject and 

course material. In general, students’ personal and professional epistemologies and 

thinking trends among members of the treatment and control group were similar. 

These average responses are presented in Appendix E (see Appendices E.1 to E.9).  
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Table 4.11 

E-CLASS Pretest Personal and Profession Epistemology Scores for the Control and Treatment Groups  

 Pretest Personal and Professional Epistemology for Control and Treatment Groups 

Item 

No 

Personal / Professional Statement  

(What do YOU think when doing 

experiments for class? / What would 

experimental physicists say about their 

research?) 

Control Group (n = 51)  Treatment Group (n = 66) 

     Expert 1 

Perspectives  

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M SD M SD M SD M SD 

1 

When doing an experiment, I try to 

understand how the experimental setup 

works. 

4.35 0.59 4.59 0.73 4.36 0.62 4.59 0.66 A 

2 
If I wanted to, I think I could be good at 

doing research. 
4.06 0.88 4.53 0.83 4.15 0.71 4.41 0.78 A 

3 

When doing a physics experiment, I don't 

think much about sources of systematic 

error. 

2.43 0.98 1.76 1.24 2.53 1.04 2.03 1.34 D 

4 

If I am communicating results from an 

experiment, my main goal is to have the 

correct sections and formatting. 

4.14 0.89 4.18 1.01 3.89 0.90 4.06 1.17 D 

5 
Calculating uncertainties usually helps me 

understand my results better. 
3.69 1.00 4.39 0.67 3.83 0.92 4.36 0.67 A 

6 

Scientific journal articles are helpful for 

answering my own questions and 

designing experiments 

3.86 0.75 4.37 0.63 3.95 0.88 4.36 0.74 A 

7 I don't enjoy doing physics experiments. 2.29 1.08 1.75 1.26 2.44 1.25 1.82 1.23 D 

8 
When doing an experiment, I try to 

understand the relevant equations. 
4.35 0.52 4.73 0.45 4.27 0.67 4.66 0.67 A 
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Table 4.11 (cont.)  

 

Personal / Professional Statement  

(What do YOU think when doing 

experiments for class? / What would 

experimental physicists say about their 

research?) 

Control Group (n = 51)  Treatment Group (n = 66) 

Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M         SD M SD     M SD       M SD 

9 

When I approach a new piece of lab 

equipment, I feel confident I can learn 

how to use it well enough for my 

purposes. 

4.08 0.91 4.47 0.81 4.00 0.93 4.62 0.52 A 

10 

Whenever I use a new measurement tool, I 

try to understand its performance 

limitations. 

4.02 0.84 4.53 0.58 4.11 0.84 4.68 0.50 
A 

11 
Computers are helpful for plotting and 

analyzing data. 
4.67 0.52 4.69 0.51 4.68 0.64 4.76 0.53 

A 

12 

I don't need to understand how the 

measurement tools and sensors work in 

order to carry out an experiment. 

1.82 0.97 1.45 0.81 1.94 1.12 1.59 1.05 
D 

 

 
If I try hard enough I can succeed at doing 

physics experiments. 
4.47 0.86 4.65 0.72 4.45 0.66 4.53 0.71 

A 

14 
When doing an experiment, I usually 

think up my own questions to investigate. 
3.22 0.86 4.31 0.81 3.38 0.94 4.36 0.80 

A 

15 

Designing and building things is an 

important part of doing physics 

experiments. 

4.04 0.77 4.20 0.83 3.82 0.86 4.03 0.89 
A 

16 

The primary purpose of doing a physics 

experiment is to confirm previously 

known results. 

2.94 0.99 2.94 1.08 3.15 1.03 3.05 1.18 
D 
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Personal / Professional Statement  

(What do YOU think when doing experiments for 

class? / What would experimental physicists say 

about their research?) 

Control Group (n = 51)  Treatment Group (n = 66) 

     Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

 M SD M   SD M SD      M SD 

17 
When I encounter difficulties in the lab, my 

first step is to ask an expert, like the instructor. 
3.73 1.13 3.24 1.24 4.23 0.96 3.53 1.19 

D 

18 
Communicating scientific results to peers is a 

valuable part of doing physics experiments. 
4.24 0.68 4.51 0.58 4.24 0.63 4.55 0.66 

A 

19 
Working in a group is an important part of   

doing physics experiments. 
3.96 0.89 3.96 0.87 4.03 0.99 4.19 0.83 A 

20 
I enjoy building things and working with my 

hands. 
4.31 0.97 4.45 0.70 4.11 1.01 4.14 0.80 

A 

21 

I am usually able to complete an experiment 

without understanding the equations and 

physics ideas that describe the system I am 

investigating. 

2.45 1.12 2.25 1.15 2.33 1.10 2.00 1.05      D 

 

22 

If I am communicating results from an 

experiment, my main goal is to make 

conclusions based on my data using scientific 

reasoning. 

4.22 0.70 4.37 0.80 4.39 0.63 4.48 0.81      A 

23 When I am doing an experiment, I try to make 

predictions to see if my results are reasonable. 
4.06 0.79 4.43 0.81 4.20 0.56 4.52 0.59      A 

24 Nearly all students are capable of doing a 

physics experiment if they work at it. 
4.16 0.92 4.20 1.00 4.12 0.95 4.27 1.00      A 

25 A common approach for fixing a problem with 

an experiment is to randomly change things 

until the problem goes away. 
1.76 0.95 1.61 0.98 2.08 0.98 1.77 1.02      D 
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Table 4.11 (cont.)  

 

Notes. Likert scale responses:  Strongly Disagree  = 1,   Disagree  =  2,    Neutral  =  3,   Agree  =  4, and     Strongly Agree  =  5) 
1 Expert epistemology or perspectives were calculated in term of agree (A) and disagree (D) as mentioned in Zwickl et al., (2014), Table III,                

p. 11. Out of these 30 statements (items) in E-CALSS, 24 had an expert agreement of 90% or higher, and all 30 had agreement of 70% or higher.   

 

26 It is helpful to understand the assumptions that 

go into making predictions. 
4.12 0.62 4.29 0.67 4.12 0.62 4.26 0.66     A 

Item 

No 

Personal / Professional Statement  

(What do YOU think when doing experiments for 

class? / What would experimental physicists say 

about their research?) 

Control Group (n = 51)  Treatment Group (n = 66) 
     Expert 1 

Perspectives Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

 M SD M   SD M SD      M SD  

27 When doing an experiment, I just follow the 

instructions without thinking about their purpose. 

2.39 0.98 1.55 0.78 2.45 1.14 1.68 0.98 D 

28 I do not expect doing an experiment to help my 

understanding of physics. 

2.04 0.96 1.67 0.91 1.97 1.08 1.58 0.79 D 

29 If I don't have clear directions for analyzing data, I 

am not sure how to choose an appropriate analysis 

method. 

3.24 1.03 2.55 1.33 3.46 0.94 2.80 1.16 D 

30 Physics experiments contribute to the growth of 

scientific knowledge. 

4.39 0.63 4.65 0.52 4.47 0.64 4.68 0.56 A 
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Table 4.12 

E-CLASS Posttest Personal and Profession Epistemology Scores for the Control and Treatment Groups  

 Pretest Personal and Professional Epistemology for Control and Treatment Groups 

Item 

No 

Personal / Professional Statement  

(What do YOU think when doing 

experiments for class? / What would 

experimental physicists say about your 

research?) 

Control Group (n = 56)  Treatment Group (n = 56) 

     Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M SD M SD M SD M SD 

1 

When doing an experiment, I try to 

understand how the experimental setup 

works. 

4.34 0.69 4.70 0.54 4.36 0.59 4.70 0.57 A 

2 
If I wanted to, I think I could be good at 

doing research. 
3.75 0.88 4.52 0.79 4.19 0.72 4.66 0.69 A 

3 

When doing a physics experiment, I 

don't think much about sources of 

systematic error. 

2.38 0.98 1.64 1.12 2.49 1.12 2.05 1.42 D 

4 

If I am communicating results from an 

experiment, my main goal is to have the 

correct sections and formatting. 

3.85 0.97 4.07 1.11 3.86 0.97 4.16 0.98 D 

5 
Calculating uncertainties usually helps 

me understand my results better. 
3.57 1.04 4.39 0.71 3.89 0.94 4.49 0.66 A 

6 

Scientific journal articles are helpful for 

answering my own questions and 

designing experiments 

3.32 1.03 4.32 0.72 3.75 0.99 4.41 0.68 A 

7 I don't enjoy doing physics experiments. 2.64 1.01 1.64 1.04 2.49 1.15 1.81 1.23 D 

8 
When doing an experiment, I try to 

understand the relevant equations. 
3.95 0.80 4.55 0.60 4.18 0.71 4.63 0.59 A 
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Table 4.12 (cont.)  

Item 

No 

Personal / Professional Statement  

(What do YOU think when doing 

experiments for class? / What would 

experimental physicists say about your 

research?) 

Control Group (n = 56)  Treatment Group (n = 56) 

Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M    SD M  SD M   SD M   SD 

9 

When I approach a new piece of lab 

equipment, I feel confident I can learn 

how to use it well enough for my 

purposes. 

4.05 0.73 4.51 0.69 4.09 1.01 4.53 0.71 A 

10 

Whenever I use a new measurement 

tool, I try to understand its performance 

limitations. 

3.85 0.86 4.41 0.71 3.82 1.04 4.60 0.53 A 

11 
Computers are helpful for plotting and 

analyzing data. 
4.66 0.61 4.70 0.57 4.65 0.69 4.77 0.50 A 

12 

I don't need to understand how the 

measurement tools and sensors work in 

order to carry out an experiment. 

2.02 1.15 1.61 0.98 2.07 1.06 1.76 1.22 D 

13 
If I try hard enough I can succeed at 

doing physics experiments. 
4.36 0.67 4.54 0.71 4.39 0.85 4.58 0.74 A 

14 

When doing an experiment, I usually 

think up my own questions to 

investigate. 

2.75 0.92 4.27 0.70 3.21 1.13 4.56 0.63 A 

15 

Designing and building things is an 

important part of doing physics 

experiments. 

3.75 0.88 3.98 0.84 3.84 0.87 4.14 0.82 A 
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16 

The primary purpose of doing a physics 

experiment is to confirm previously 

known results. 

3.30 1.06 3.14 1.20 3.09 1.07 3.04 1.32 D 

 

Table 4.12 (cont.)  

Ite

m 

No 

Personal / Professional Statement  

(What do YOU think when doing experiments 

for class? / What would experimental physicists 

say about your research?) 

Control Group (n = 56)  Treatment Group (n = 56) 

     Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M SD M SD M SD M SD 

17 

When I encounter difficulties in the lab, my 

first step is to ask an expert, like the 

instructor. 

3.84 1.06 3.35 1.16 4.18 0.90 3.61 1.20 D 

18 
Communicating scientific results to peers is a 

valuable part of doing physics experiments. 
4.11 0.68 4.43 0.63 3.98 1.10 4.56 0.54 A 

19 
Working in a group is an important part of 

doing physics experiments. 
4.07 0.91 4.05 0.99 4.20 0.90 4.34 0.75 A 

20 
I enjoy building things and working with my 

hands. 
4.38 0.84 4.07 0.85 4.18 0.97 4.23 0.93 A 

21 

I am usually able to complete an experiment 

without understanding the equations and physics 

ideas that describe the system I am 

investigating. 

2.93 1.18 2.39 1.17 2.63 1.36 2.29 1.34 D 

P22 

If I am communicating results from an 

experiment, my main goal is to make 

conclusions based on my data using scientific 

reasoning. 

4.13 0.85 4.43 0.74 4.23 0.76 4.51 0.66 A 
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23 
When I am doing an experiment, I try to make 

predictions to see if my results are reasonable. 
3.77 0.81 4.27 0.73 3.89 0.90 4.53 0.63 A 

24 
Nearly all students are capable of doing a 

physics experiment if they work at it. 
4.13 0.83 4.18 0.88 4.32 0.83 4.37 0.88 A 

 

Table 4.12 (cont.)  

Item 

No 

Personal / Professional Statement  

(What do YOU think when doing experiments 

for class? / What would experimental physicists 

say about your research?) 

Control Group (n = 56)  Treatment Group (n = 56) 

     Expert 1 

Perspectives 

Personal 

Epistemology  

Professional 

Epistemology  

Personal 

Epistemology  

Professional 

Epistemology  

M SD M SD M SD M SD 

25 

A common approach for fixing a problem with 

an experiment is to randomly change things until 

the problem goes away. 

2.00 1.08 1.84 1.17 2.26 1.26 2.09 1.41 A 

26 
It is helpful to understand the assumptions that 

go into making predictions. 
4.02 0.77 4.27 0.73 4.14 0.67 4.40 0.59 A 

27 
When doing an experiment, I just follow the 

instructions without thinking about their purpose. 
2.51 1.10 1.84 1.15 2.44 1.15 1.81 1.11 D 

28 
I do not expect doing an experiment to help my 

understanding of physics. 
2.38 1.15 1.93 1.11 2.12 1.12 1.68 1.10 D 

29 

If I don't have clear directions for analyzing data, 

I am not sure how to choose an appropriate 

analysis method. 

3.25 1.13 2.50 1.24 3.30 1.10 2.63 1.40 D 

30 
Physics experiments contribute to the growth of 

scientific knowledge. 
4.34 0.61 4.66 0.64 4.42 0.75 4.70 0.57 A 

Notes. Likert scale responses:  Strongly Disagree = 1,   Disagree  =  2,    Neutral  =  3,   Agree  =  4, and     Strongly Agree  =  5) 
1 Expert epistemology or perspectives were calculated in term of agree (A) or disagree (D) as mentioned in Zwickl et al., (2014), Table III, p. 11. Out of 30, twenty-four statements had an expert consensus of 90% or 

higher, and all 30 statements had censuses of 70% or higher.   
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Table 4.13 

E-CLASS Posttest Course Expectations for the Control and Treatment Groups   

 Pretest Personal and Professional Epistemology for Control and Treatment Groups 

Item 

No 

Posttest Course Expectation 

(How important for earning a 

good grade in this class was...) 

Control 

Group 

 (n = 56) 

Treatment 

Group  

(n = 57) 

     Expert 1 

Perspectives 
M SD M SD 

1 
... understanding how the experimental 

setup works? 
4.25 0.94 4.61 0.49 A 

2 NA      

3 
... thinking about sources of systematic 

error? 
4.29 0.87 4.37 0.67 D 

4 
... communicating results with the 

correct sections and formatting? 
4.21 0.93 4.30 0.80 D 

5 
... calculating uncertainties to better 

understand my results? 
4.11 1.02 4.33 0.76 A 

6 ... reading scientific journal articles? 2.57 1.28 3.00 1.50 A 

7 NA      

8 
... understanding the relevant 

equations? 
4.32 0.99 4.58 0.53 A 

9 
... learning to use a new piece of 

laboratory equipment? 
4.21 1.02 4.18 0.91 A 

10 
... understanding the performance 

limitations of the measurement tools? 
3.98 1.04 4.21 0.94 A 

11 
... using a computer for plotting and 

analyzing data? 
4.46 0.79 4.68 0.51 A 

12 
... understanding how the measurement 

tools and sensors work? 
3.96 1.25 4.37 0.72 D 

13 NA      

14 
... thinking up my own questions to 

investigate? 
3.07 1.13 3.21 1.22 A 

15 ... designing and building things? 3.29 1.19 3.33 1.30 A 

16 
... confirming previously known 

results? 
3.95 1.06 4.16 0.92 D 

17 
... overcoming difficulties without the 

instructor's help? 
3.50 1.03 3.74 1.08 D 

18 
... communicating scientific results to 

peers? 
3.77 1.18 3.81 1.25 A 

19 ... working in a group? 3.91 1.01 4.32 1.07 A 

20 NA      

21 

... understanding the equations and 

physics ideas that describe the system I 

am investigating? 

4.21 0.95 4.40 0.73 D 

22 
... making conclusions based on data 

using scientific reasoning? 
4.36 0.84 4.56 0.66 A 

23 
... making predictions to see if my 

results are reasonable? 
3.91 1.05 3.88 0.91 A 

24 NA      
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Table 4.13 (cont.) 

 Pretest Personal and Professional Epistemology for Control and Treatment Groups 

Item 

No 

Posttest Course Expectation 

(How important for earning a 

good grade in this class was...) 

Control 

Group 

 (n = 56) 

Treatment 

Group  

(n = 57) 

     Expert 1 

Perspectives 

M SD M SD 

25 
... randomly changing things to fix a 

problem with the experiment? 
2.27 1.23 2.23 1.34 D 

26 

... understanding the approximations 

and simplifications that are included in 

theoretical predictions? 

4.24 0.89 4.21 0.84 A 

27 
... thinking about the purpose of the 

instructions in the lab guide? 
3.88 1.11 4.32 0.81 D 

28 NA      

29 

... choosing an appropriate method for 

analyzing data (without explicit 

direction)? 

3.79 1.02 4.16 0.96 D 

30 NA      

Notes. Response Likert scale (unimportant 1   2   3    4    5 very important). 1 Expert epistemology or 

perspectives were calculated in term of agree (A) or disagree (D) as mentioned in Zwickl et al., 

(2014), Table III, p. 11. Out of 30, twenty-four statements had an expert consensus of 90% or 

higher, and all 30 statements had censuses of 70% or higher.   

.  

 

Additional data collected by the researcher. In addition to quantitative 

data, five types of data were collected using mixed methods. These data were 

collected through both qualitative and quantitative surveys, student feedbacks and 

interviews, and interviews with TAs, during and after the Treatment. These sources 

of mixed data included: (1) student feedback surveys; (2) Treatment group surveys; 

(3) student interviews; and (4) TA feedback and interviews.     

Student feedback surveys. The descriptive statistics for each of the three 

feedback categories – interesting, challenging, and useful learning experience – are 

presented in Table 4.14 (p. 163), Table 4.15 (p. 164) and Table 4.16 (p. 165), 

respectively.  In Table 4.14 (p. 163), the ratings on Interesting implies that the 

Treatment group means, taken as whole, were higher than those for the Control 
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means, except for Section 8 which had a noticeably lower rating. On a more general 

basis, the data for Interesting appears to be reasonably orderly. First, for experiments 

1-2-6, the Treatment – Control differences are apparent but minimal, particularly for 

experiments 1 and 6. Second, for experiments 3, 4, 11, 13, and 12, the mean ratings 

for the Treatment group went up (within group gains), with the exception of 

experiment 6. The mean ratings for the Control group stayed at about the level for 

experiment 6, but the Treatment group means remained higher than the Control 

group means. The mean group ratings were more equivalent on experiments 8 or 9, 

the last two labs. 

 

Table 4.14 

Post-Lab Feedback: Interesting 

Mean Group Ratings for Each Lab Section  

Lab TR: 

7 

n=13 

TR: 

8 

n=11 

TR: 

9 

n=11 

TR: 

10 

n=15 

TR: 

11 

n=8 

All 

TR 

n=58 

CT: 

2 

n=11 

CT 4 

n=16 

CT 5 

n=15 

CT: 

6 

n=15 

All 

CT 

n= 57 

Exp. 1 3.77 2.82 3.45 3.53 3.38 3.39 3.09 3.00 3.20 3.33 3.20 

Exp. 2 3.38 2.82 3.73 3.40 3.44 3.35 3.00 2.75 2.80 3.33 3.05 

Exp. 6 3.92 3.45 4.00 3.87 3.80 3.81 4.09 3.31 4.00 3.87 3.82 

Exp. 3 3.92 3.55 3.82 3.73 3.80 3.76 3.18 3.63 3.67 3.80 3.61 

Exp. 4 4.31 3.36 4.00 4.00 3.90 3.91 3.64 3.56 3.93 3.67 3.74 

Exp. 

11 
4.23 3.55 4.09 4.13 4.10 4.02 3.60 3.63 3.87 3.60 3.74 

Exp. 

13 
4.31 3.55 4.18 4.07 3.90 4.00 3.64 3.75 3.80 3.87 3.81 

Exp. 

12 
3.92 3.55 3.64 4.07 4.20 3.87 3.91 3.50 3.87 3.87 3.80 

Exp. 7 4.23 3.64 3.91 3.93 4.10 3.96 3.18 3.81 3.80 3.93 3.74 

Exp. 8 4.69 4.00 3.45 4.13 3.89 4.03 4.09 4.31 4.00 4.33 4.15 

Exp. 9 3.69 3.82 3.91 4.00 3.60 3.80 3.73 3.75 3.80 4.20 3.86 

Note. Response Likert scale (SD = 1 D = 2 N = 3 A =  4 SA  = 5). TR = Treatment group. CT = 

Control group.  
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Table 4.15 

Post-Lab Feedback: Challenging 

 
Mean Group Ratings for Each Lab Section 

Lab TR: 7 

n=13 

TR: 

8 

n=11 

TR: 

9 

n=11 

TR: 

10 

n=15 

TR: 

11 

n=8 

All 

TR 

n=58 

CT: 2 

n=11 

CT 4 

n=16 

CT 5 

n=15 

CT: 

6 

n=15 

All 

CT 

n=57  

Exp. 1 3.00 3.09 3.27 2.73 2.63 2.94 2.64 3.00 2.80 3.20 2.91 

Exp. 2 2.69 3.36 3.82 3.20 3.22 3.26 2.73 3.44 3.40 3.25 3.20 

Exp. 6 3.15 3.18 3.64 3.13 2.80 3.18 3.18 3.31 3.20 3.53 3.31 

Exp. 3 3.08 3.00 3.55 3.20 3.00 3.16 2.55 3.06 3.33 3.27 3.05 

Exp. 4 3.31 3.55 3.64 3.47 3.00 3.39 3.36 3.25 3.47 3.73 3.45 

Exp. 

11 
3.23 3.3 3.82 3.60 3.40 3.46 3.40 3.63 3.67 3.63 3.58 

Exp. 

13 
3.38 3.1 3.91 3.67 3.30 3.47 3.55 3.69 3.33 4.20 3.69 

Exp. 

12 
3.08 3.5 3.82 3.27 3.60 3.44 3.64 3.19 3.80 3.56 3.55 

Exp. 7 3.23 3.18 3.73 3.87 3.70 3.54 3.55 3.75 3.67 3.40 3.59 

Exp. 8 3.46 3.36 4.27 3.53 3.22 3.57 3.18 3.56 3.47 3.73 3.49 

Exp. 9 3.15 3.55 3.64 3.73 3.80 3.57 3.55 3.69 3.73 4.20 3.79 

Note. Response Likert scale (SD = 1 D = 2 N = 3 A =  4 SA  = 5). TR = Treatment group. CT = 

Control group.  
 

For Challenging, the results in Table 4.15 show that Treatment group sections 

10 and 11 had noticeably lower means, while for the Control group, sections 2 and 5 

had noticeably Lower mean ratings. On a more general basis, Treatment and Control 

group means were more equivalent on Experiments 1-2-6 (i.e., than for Interesting), 

but ratings were lower than for Interesting. Second, for experiments 3, 4, 11, 13, and 12, 

mean ratings went up for both Treatment and Control groups. However, the Control group 

mean ratings were higher than for the Treatment group, and the within group gain was 

greater for the Control than for the Treatment group. Third, for experiments 7 and 9, both 

Treatment group mean ratings and Control group mean ratings stayed about the same;  
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Table 4.16 

Post-Lab Feedback: Useful Learning Experience  

Mean Group Ratings for Each Lab Section  
Lab TR: 7 

n=13 

TR: 8 

n=11 

TR: 9 

n=11 

TR:1

0 

n=15 

TR: 

11 

n=8 

All 

TR 

n=58 

CT: 2 

n=11 

CT 4 

n=16 

CT 5 

n=15 

CT: 6 

n=16 

All 

CT 

n=58  

Exp. 1 4.15 3.73 3.91 3.73 4.13 3.93 4.09 3.75 3.73 3.25 3.71 

Exp. 2 3.69 4.00 4.36 3.93 4.11 4.02 3.91 4.31 3.53 3.47 3.81 

Exp. 6 3.77 3.73 4.09 3.93 3.80 3.86 3.91 3.69 3.87 3.75 3.80 

Exp. 3 3.92 4.09 3.82 4.00 3.90 3.95 3.55 3.75 3.93 3.75 3.74 

Exp. 4 4.31 3.64 4.00 4.13 4.00 4.02 4.09 3.63 3.80 3.56 3.77 

Exp. 

11 
4.08 4.00 4.18 4.20 4.20 4.13 3.90 3.75 3.87 3.67 3.80 

Exp. 

13 
4.23 3.91 4.18 4.40 4.20 4.18 3.82 3.88 3.67 3.94 3.82 

Exp. 

12 
4.08 3.91 4.09 4.00 4.00 4.02 4.18 3.94 4.00 4.07 4.05 

Exp. 7 4.23 3.82 4.09 4.27 4.20 4.12 4.00 3.75 3.80 4.00 3.89 

Exp. 8 4.46 4.27 3.82 4.20 4.00 4.15 4.00 4.00 3.67 4.31 3.99 

Exp. 9 3.77 3.91 4.27 4.07 3.60 3.92 3.91 3.75 3.73 3.93 3.83 

Note. Response Likert scale (SD = 1 D = 2 N = 3 A =  4 SA  = 5). TR = Treatment group. CT = 

Control group.  

 

therefore, the two sets of ratings appear to be nearly equivalent (comparable). In general, 

both Treatment and Control mean ratings were lower for Challenging than for Interesting.   

The result related to Useful Experience given in Table 4.16 indicate that the 

mean ratings for Useful Experience were higher in both Treatment and Control 

groups.  However, as whole, the mean Treatment group ratings were higher than the 

Control mean ratings except in experiment 12. In general, both Treatment and 

Control group mean ratings for Useful Learning Experience were higher than ratings 

for Challenging and for Interesting.  
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 Treatment group (DL-SCL) surveys.  Treatment group surveys had two 

parts: (a) Likert scale based responses on thirteen items (quantitative surveys) and 

(b) open-ended surveys on eight items (qualitative surveys).  

Summary of quantitative survey responses. Table 4.17 (p. 167) presents 

descriptive statistics of the quantitative surveys with Likert scale responses (see 

Appendix A.4). There were thirteen items in this survey. In every section, group 

mean ratings were greater than 4 (Agree) on five items (Q4, Q5, Q7, Q11, and Q13). 

This indicated that students were satisfied with: (Q4) interaction and use of 

technology, (Q7 and Q11) interactions with instructors and TAs, and (Q13) feedback 

on lab reports. In addition, the group mean rating was below 3.0 (Neutral) on one 

item (Q12), which asked if pre-lab work was difficult (i.e., as a negatively worded 

item).  

The group mean rating on this item indicates that students did not think this 

was very difficult (e.g., mean ratings were 3.0 or lower in four of these five 

sections). Finally, there was one other group mean rating below 3.5 (Neutral – 

Agree), which asked if pre-lab work helped them understand labs conceptually (Q8).  

This group mean rating indicates that student pre-lab materials and/or procedures 

may not have been as helpful anticipated. The group mean ratings on the remaining 

items ranged between 3.5 and 4.0 (i.e., towards Agree). 

Summary of qualitative (open-ended) survey responses. The open-ended 

qualitative data were entered into Excel columns, starting with a respondent’s 

Stdlink ID and followed by each subsequent survey item. This was done so that the 



 

 
 

Table 4.17 

Items Responses on Treatment Group (DL-SCL) Surveys 

 

Note. Response Likert scale (SD = 1; D = 2; N = 3; A = 4; and SA = 5). Sec = Section.  

Items Responses on Treatment (DL-SCL) Surveys  

Sec Statistics Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 

Sec-7 (n = 13) 
             

 M 3.92 3.75 3.83 4.50 4.25 3.92 4.33 3.50 3.42 4.08 4.33 2.92 4.42 

 SD 1.08 0.97 0.94 0.52 0.62 1.08 0.65 1.00 0.90 0.79 0.65 0.79 0.67 

Sec-8 (n = 13)              

 M 3.85 3.31 3.85 4.15 3.69 4.00 4.46 3.31 3.77 3.85 4.08 2.69 4.46 

 SD 0.69 1.32 1.14 0.55 1.03 0.58 0.52 1.11 1.01 0.90 0.76 0.95 0.52 

Sec-9 (n = 15)              

 M 3.47 3.60 4.07 4.00 4.20 3.80 4.73 3.20 3.73 4.13 4.53 3.00 4.40 

 SD 1.25 0.99 0.88 0.93 0.77 1.15 0.46 1.32 1.16 0.83 0.52 1.25 0.91 

Sec-

10 

(n = 18) 

             

 M 3.61 3.72 3.94 4.33 3.83 3.94 4.11 3.56 3.83 3.72 4.22 3.17 3.94 

 SD 1.14 0.89 0.94 0.97 0.79 0.94 0.76 1.20 0.92 1.18 0.88 1.20 1.00 

Sec-11 (n = 13)              

 M 4.08 3.92 3.69 4.46 4.08 3.85 4.62 2.92 3.38 3.77 4.62 2.85 4.23 

 SD 0.95 0.76 0.95 0.66 0.86 0.90 0.51 1.44 1.19 0.93 0.51 1.28 0.93 

Group (n = 71)                

M  3.78 3.66 3.88 4.29 4.01 3.90 4.45 3.30 3.63 3.91 4.36 2.92 4.29 

SD 0.21 0.21 0.10 0.21 0.15 0.22 0.12 0.17 0.13 0.15 0.16 0.21 0.20 
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responses on the same items could be compared across respondents. These responses 

were clustered together in categories for each item. After removing duplicates, the 

total number of valid responses was 69. Using JMP 13 Pro, a word cloud (corpus) 

was created for qualitative analysis. Trends of responses were identified based on the 

phrases and terms used in the students’ actual responses. The most pertinent data 

were organized into groups and interpreted in a descriptive style. Table D.3 (see 

Appendix D) presents frequently used phrases, and Table D.4 (see Appendix D) 

presents the cluster of corpuses categorized for each item. Qualitative analysis of 

DL-SCL survey identified themes that were clustered into eight categories.  

Theme one – Item one.  When students were asked, what they liked about 

Physics Lab-1, most responses were based on phrases related to experiments (n =3, 

4%), working in groups (n =3, 4%), and hands-on labs (n =2, 3%). Some of the 

students mentioned that the experiments were interesting, as reflected in the 

following quotes.  

“The experiments were interesting. The GSA were always helpful. Also, 

working as group is fun” (Section 10, ID 100005, interview, Nov. 10, 2016).    

“Some experiments were interesting to perform” (Section 10, ID 100010, 

interview, Nov. 10, 2016). 

“I liked working in group and collaborative to understand the material better” 

(Section 9, ID 90004, interview, Nov. 10, 2016).      

“The hands-on lab and taking measurements” (Section 9, ID 90013, 

interview, Nov. 10, 2016). 
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Theme two –Item two. When students were asked, what they disliked in 

Physics Lab-1, most response were related to lab reports (n=7, 10%), the lab manual 

(n =3, 4%), and error propagation (n =2, 3%). Some of the quotes related to this 

theme are presented below.  

“I dislike lab reports because it took a long time to do it” (Section 9, ID 

90013, interview, Nov. 10, 2016). 

“The procedure in each lab and the lab manual” (Section 9, ID 90003, 

interview, Nov. 10, 2016).    

“I do not like the all error propagation we have to do” (Section 8, ID 80003, 

interview, Nov. 10, 2016). 

Theme three –Item three. When students were asked what they liked about 

working in groups for lab work, most responses were related about pre lab (n =4, 

6%), working in groups (n =3, 4%), group members (n =4, 6%), and post group lab 

reports (n =7, 10%).  

“It was good to get other people[’s] opinion on the pre lab” (Section 8, ID 

80004, interview, Nov. 10, 2016). 

“Pre-lab was great because my partners and I prepared the experiment before 

the lab so that during the lab it was kind of easier” (Section 10, ID 100013, 

interview, Nov. 10, 2016). 

“Working in group made post lab writing go faster. It also made pre lab more 

understand[able]” (Section 10, ID 100010, interview, Nov. 10, 2016). 

Theme four – Item four. Theme four was related to what students disliked 

about working groups. Most responses to this question pertained to time conflicts 
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and difficulty in scheduling the pre-lab meeting before coming to the lab (n =16, 

23%). In addition, several students commented on group members and lab partners 

(n =7, 10%), when they were not contributing enough.   

“It was hard find [time] to meet outside of the class” (Section 9, ID 90002, 

interview, Nov. 10, 2016). 

“We had to find time to meet up to finish lab report” (Section 10, ID 100014, 

interview, Nov. 10, 2016). 

“Certain group members don’t contribute” (Section 11, ID 110001, interview, 

Nov. 10, 2016). 

Theme five – Item five. In this item, students were asked to offer suggestions 

on how to modify and change in Physics Lab -1 for the next semester. Most students 

commented that individual lab reports should be modified (n = 11, 15%), and fewer 

students suggested that the pre-lab lecture (n =6, 8%), and group lab reports should 

be modified (n = 9, 13%). Students quotes related to these patterns are shown as in 

below.  

“I really think the pre-lab lecture was necessary and helpful, although the 

students should more involved developing the theory on the board” (Section 

7, ID 70015, interview, Nov. 9, 2016). 

“I will definitely change the first lab policy because most of us are the 

beginning, so only for the first lab report, we should be able to make a 

correction of it” (Section 10, ID 100015, interview, Nov. 10, 2016). 
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“I would [not] change much, except make every lab report a group lab report. 

Also, don’t have in lab discussion for every lab, only some” (Section 10, ID 

100010, interview, Nov. 10, 2016). 

Theme six – Item six. This item was related to students’ suggestions for the 

next semester about what should to keep unchanged in physics lab-1. Majority of 

students suggested to keep the group lab reports (n =20, 28%), and others suggested 

individual lab reports (n =14, 20%). Students comments related to the question when 

asked, what would need to keep the same in physics lab -1 for next semester, are on 

given below.  

“Group lab reports and instructions at the beginning of lab” (Section 9, ID 

90005, interview, Nov. 10, 2016).  

“I definitely will keep the way how the experiment is explained to us as well 

as the pre- lab because it helps to understand the lab and make it easier” 

(Section 10, ID 100013, interview, Nov. 10, 2016).  

“Overall, GSA was very helpful and provided necessary tools to be 

successful. Definitely, keep group lab report” (Section 9, ID 90006, 

interview, Nov. 10, 2016). 

Theme seven –Item seven. Responses to item seven indicated that the TAs 

were very helpful (n =30, 43%). Students’ comments when asking about how helpful 

their TAs were, are provided in following.  

“My instructor was very helpful. I learned how to write proper lab reports 

and was able to help someone from another section write theirs” (Section 8, 

ID 80008, interview, Nov. 10, 2016). 
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“My lab instructor was very helpful and good instructor. Always willing to 

help and answer questions about the lab” (Section 8, ID 80002, interview, 

Nov. 10, 2016). 

“He is very helpful. He was always willing to help” (Section 11, ID 110007, 

interview, Nov. 10, 2016). 

Theme eight – Item eight. This them was related to students’ advice for the 

next semester prospective students who would enroll for this course. A majority of 

students suggested that students need to read the lab manual and pay attention at 

TA’s lecture. Moreover, they also suggested to come to lab after completing their 

pre-lab work. Their comments are given as in below. 

“Read lab manual before coming to the lab” (Section 11, ID 110012, 

interview, Nov. 10, 2016). 

“Mostly focus on the lab reports because they are worth a lot of points and 

always do the pre-lab to have a little understanding before lab” (Section 10, 

ID 100013, interview, Nov. 10, 2016). 

“Pay attention during the lab and always ask for assistance when faced with a 

difficult problem” (Section 10, ID 100001, interview, Nov. 10, 2016). 

 Student interviews. The qualitative data from student interviews with both 

Treatment and Control group members was first summarized in an Excel Sheet 

making columns with respondents’ Stdlink ID followed by each subsequent item. 

These responses were clustered together in a manner that corresponded to each item. 

The total number of valid responses was 21. Using JMP 13 pro, a word cloud 

(corpus) was created for qualitative analysis. Thematic trends were identified based 
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on the phrases and terms used in the students’ actual responses. These findings were 

organized into groups and interpreted in a descriptive manner. Table D.5 (see 

Appendix D) presents frequently used phrases and Table D.6 (see Appendix D) 

presents the cluster of corpuses categorized for each item or question in the 

interview.  

Qualitative analysis of student interviews in both treatment and control 

groups provided the following eight patterns. These themes and patterns were based 

on the phrases emerged from the students’ responses. These patterns were clustered 

into eight categories related to the answers received for each of the open-ended 

question asked in their interviews. These clusters are shown treatment versus in 

control in Table D.5 (see Appendix D). 

Theme one – Question one.  When asking students what they liked about 

physics lab-1, most responses in treatment group were based on the phrases related 

to video lectures (6, 28%), and group labs (9, 42%). However, responses (5, 23%) in 

both treatment control groups were related to individual lab reports. The theme of 

these phrases indicated that students liked the video lectures, group lab reports and 

working in groups. I selected a few quotes from students’ responses to this question. 

“I like group work and group lab report. Labs are simple and video lectures 

are really helpful” (Section 11, ID 110003, interview, Nov. 25, 2016).    

“I like the conceptual understanding by doing the experiment which was 

interesting to me. Errors and statistical analysis were interesting. Group lab 

report was helpful and I like that. Video lectures were also good” (Section 10, 

ID 100005, interview, Nov. 21, 2016). 



 

174 
 

“I liked my instructor and this course. Video lectures were helpful in proving 

the direction and concept beforehand. I like the experiments as well” (Section 

9, ID 90008, interview, Nov. 25, 2016).      

Theme two – Question two. When asked what they disliked about Physics 

Lab-1, the responses from most students in both control and treatment groups were 

related to the lab report (4, 19%). Responses from the Treatment group were related 

to group presentation (3, 14%) and pre-lab worksheet (3, 9%). Responses to this 

question are reflected in the following quotes.  

“Few group presentations were not that helpful. I do not dislike it but that 

was what I think was least helpful in class” (Section 8, ID 80001, interview, 

Nov. 21, 2016). 

“Some of the pre-lab worksheets were least helpful but some of them very 

helpful. The method and concept was hard to understand” (Section 10, ID 

100010, interview, Nov. 25, 2016).    

“In lab report I dislike the discussion part. Sometime pre-lab worksheets were 

hard to complete” (Section 7, ID 70007, interview, Nov. 17, 2016). 

Theme three – Question three. When asked what they liked about working in 

groups on labs, most students indicated that they liked working in groups (7, 33%) 

and group lab reports (8, 38%). These responses are reflected in the following quotes  

“I prefer to work with lab partner as providing a cross check. I help in 

calculations plus lab work. One was working and one was having a cross 

check on his/ her work. It provided correct results” (Section 4, ID 40005, 

interview, Nov. 21, 2016). 
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“Can discus with other partner if one student can’t understand so I like the 

idea of working in groups for pre-lab and in lab work” (Section 11, ID 

110002, interview, Nov. 25, 2016). 

“It is fun with friend to discuss and making arguments. Making conclusion in 

group is useful. The group lab reports were very helpful to manage time” 

(Section 10, ID 100005, interview, Nov. 25, 2016). 

 Theme four – Question four. Theme four was related to what students 

disliked about working in groups. Students’ responses to this question indicated they 

disliked lab reports (n=4, 19%) and working in groups with a lab partner (n=7, 33%), 

particularly when one person is doing most of the work and others are not 

contributing enough. Selected responses to this question are provided below.  

“If the lab partner is poor in working, then it takes more time. So, I suggest 

every student have an individual lab report. The group lab report is usually 

inconsistent because different people worked on different portions” (Section 

9, ID 90008, interview, Nov. 21, 2016). 

“Sometime one student does not have the collected data and he has to work 

on some portion of the lab report” (Section 11, ID 110003, interview, Nov. 

25, 2016). 

Theme five –Question five. In this question, students were asked to offer 

suggestions about how to modify and change the Physics Lab -1 for the next 

semester. Most students suggested modifying individual pre-lab worksheets (n=8, 

38%) and some of the experiments that involved concepts related to gravitational 

constant (n=6, 28%), for example, motion in one dimension, simple pendulum, and 
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physical pendulum. Students suggested that several labs are more focused on the 

calculations rather on understanding of concepts (6, 28%). Selected students quotes 

related to these kinds of responses are shown below.  

“Some pre- lab worksheet need modification” (Section10, ID 100010, 

interview, Nov. 25, 2016). 

 “Some of the first 5 to 6 labs have focused on calculating gravitational 

constant and the same concept is repeated to find the slope of the curve.  

Reducing students work will be helpful” (Section 6, ID 60015, interview, 

Nov. 17, 2016). 

Theme six – Question six. In this question, students were asked to recommend 

what should be keep unchanged in Physics Lab-1 for the next semester. A majority 

of students in both Treatment and Control groups suggested to keep the lab reports 

(n=11, 52%) and lab manual (n=16, 76%). Others from the Treatment group 

indicated that group lab reports (n=7, 33%) were definitely needed. Selected 

comments related to the question are provided below.  

“The idea of working in group in lab is fine. The group lab reports should be 

maintained in way that it finds the gaps in group member by tracking the 

amount of work contributed by each member. Also, I suggest the level of 

difficulty needs to increase a little” (Section 9, ID 90014, interview, Nov. 21, 

2016).  

“Group lab reports, lab manual and experiments” (Section 10, ID 100010, 

interview, Nov. 25, 2016). 
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“Group work for both in lab and in making group lab report” (Section 11, ID 

110003, interview, Nov. 25, 2016).  

“I think lab manual and lab report are definitely needed” (Section 5, ID 

50005, interview, Nov. 18, 2016). 

Theme seven –Question seven. Again, this question asked how helpful TAs 

were.  A majority indicated that the TAs were very helpful, as indicated in the 

following quotes.  

“The instructor is really good and helpful. She grades our lab report fairly 

good” (Section 5, ID 50012, interview, Nov. 17, 2016). 

“She is helpful and fairly grading the lab report. Only her writing is difficult 

to read when she comments on lab report” (Section 10, ID 100005, interview, 

Nov. 25, 2016). 

Theme eight – Question eight. In this question asked students to offer advice 

to students who would enroll in this course in future semesters. A majority of 

students suggested that students need to read the lab manual and prepare before 

coming to the lab, as indicated in their comments suggestions below. 

“Need to do small amount of work before coming to the lab” (Section 11, ID 

40014, interview, Nov. 17, 2016). 

“Do not miss any lab experiment. Prepare before coming to the lab so will 

you do and finish the experiment quickly. Make your lab report just after the 

experiment and submit timely” (Section 7, ID 70007, interview, Nov. 18, 

2016). 
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 TA interviews and feedback. All five TA interviews were documented and 

transcribed in a Microsoft text file. These interviews were conducted at the 

beginning, in the middle, and at the end of the Treatment. These three sets of 

interviews are summarized in the following sections. Pseudonyms are used for all 

TA.  

Summary of the interviews at the beginning of treatment.  In these interviews, 

TAs described implementation of the treatment in the Treatment group and 

performance of students in the Treatment versus Control group in the following 

statements.   

Markus stated:  

The Treatment group members were more prepared and they already knew 

what they were going to perform in the lab. Only a few students were unable 

to make their group meetings. Students in Treatment were working in groups. 

I did not hear any complaint about the workload for this course. (TA 

interview, Sept. 28, 2016)   

Ryan said:  

For the last week's lab, the change was the redesign of part 2. The new 

worksheet was helpful in demonstrating how to interpret a position graph. 

The students in the Treatment groups who were prepared for the lab 

outperformed all others, though the Treatment sections performed better 

overall than the Control section. The most helpful teaching method was to 

demonstrate how to use Excel to enter and calculate values, and most 

students were able to use this information to create their own velocity graphs. 
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(TA interview, Sept. 26, 2016)   

Sarah stated: 

In the Treatment section, the students enjoyed the in-lab discussion, 

discussing and presenting their results of experiments with the class. I did not 

hear any complaint about students’ workload in and out of lab. I think that the 

group lab report reduces their major workload. So, far, everything is going 

well and good. (TA interview, Sept. 27, 2016)   

Sophia stated:  

I have not seen anything to discourage learning yet, but it is possible that with 

larger groups, it will become easier for people to slack off. For the most part, 

people seem to enjoy learning in a larger group. I think dialogue and 

discussion are encouraged because of this. I did not hear any complaint about 

the workload. (TA interview, Sept. 28, 2016)  

  

In these TA interviews, it was clear that there were no problems 

administering the Treatment in their section. Every TA completed each lab within 

the given time. At this point, there were no suggestions to modify treatment 

procedures or their implementation. The researcher observed that the Treatment 

sections were doing well. Those observations indicated that students prepared their 

pre-lab worksheet and were attentive, confident, and relaxed in lab. Thus, students in 

the Treatment group knew what to do, so they were not confused, as were some 

students the Traditional and Control groups. In comparison, in the Traditional and 

Control groups, most students tried to read the manual and procedure of the 
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experiment when they entered the lab. Students in the Control group seemed to be 

less comfortable at the beginning of the lab. They were busy reading the manual and 

listening to the TA at the same time.  

In lab sections in the Treatment group, discussion was helpful to compare the 

results from different groups by which students assessed their own performance. The 

majority of students were prepared for the lab in the Treatment group. However, a 

few students were unable to make their team meeting and complete the pre-lab 

worksheet in their Treatment section. On an average of five teams per section, one 

team was unable to hold their pre-lab meeting while they listened to the video lecture 

and did their pre-lab worksheet. In only one team, one student was uncomfortable 

with the other members of that team, so she was moved to another team and joined 

that team for the next lab. In large teams (teams of four students), a few students 

were less attentive and involved. In only one section of the Treatment group, it was 

observed that two students were not involved in the team, and were busy doing other 

activities (e.g.., using their mobile, doing homework, or doing pre-lab work). The 

TAs tried to bring them back and let them contribute to the experiment with others.    

Summary of interviews during the third week of the treatment.  The second 

set of interviews with TAs were conducted in the middle of the treatment. At that 

point, TAs described their observations and practices in their Treatment section and 

Control section in the following statements.   

Ryan stated: 

Students in the Treatment group write better answers as compared to the 

Control groups in their lab reports. Their ideas and concepts about the 
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experiment were more elaborate and structured. The way of writing lab 

reports improved in the Treatment group. Their group lab reports are more 

improved as compared to their individual lab reports submitted at the 

beginning of the course. The video lectures provided in treatment are helpful 

to understand basic knowledge but it does not provide concepts about how to 

perform the experiment. Group presentations in the Treatment group are 

helpful to conclude the objectives and achievements of the experiments. 

Students in the Control group did not include appropriate objectives and 

conclusions in their lab report. No complaints were received from students 

working on group lab reports and presentations. (TA interview, Oct. 17, 

2016)        

Sophia stated:  

In my Treatment section, a few students did not cooperate with other group 

members and did not participate actively; rather they became slack. One 

person is lazy while another person is really working hard. Sometimes a few 

students will be busy on the phone while the other members are working on 

the experiment. My Treatment section is faster in doing experiments because 

more people are doing more things. I also have noticed that the students in 

the Treatment group have better grades in their lab reports as compared to 

students in my Control section. Students in the Treatment section were 

communicating more comfortably with me than my Control section students. 

One of my Treatment students complained about her group members; that 

they are not showing up after lab. The video lectures and pre-lab activities are 



 

182 
 

helpful in the Treatment section. Presentations are good and helpful in 

understanding, comparing, and concluding the results among the students in 

the experiment. (TA interview, Oct. 19, 2016).   

Sarah stated:  

The Treatment students are more involved and ready to do their work. 

Working in a group is helpful and quick. The Control students have less 

communication in lab. The quality of lab reports is improved in the 

Treatment section. The Treatment students enjoy their group work compared 

to the Traditional section. (TA interview Oct. 18, 2016). 

Markus stated:  

Students in the Treatment sections were more prepared before coming to the 

lab and that makes a difference in doing things and asking questions in the 

lab. Students likely did calculations more correctly in Treatment sections and 

finished their experiment sooner as compared to the Control section. I 

suggest there should be some preparation that students need to do before lab. 

The pre-lab worksheet and pre-lab group meetings are least helpful. It was a 

little difficult to notice and track who had gone through the video lecture and 

pre-group meetings. These both were challenging for a few people during the 

week. The pre-lab worksheet was beneficial but its emphasis is on the 

derivation of equations for errors is not just enough. There should be more, 

for example, it should have more emphasis on statistics and physics related 

concepts. I like the idea of group presentations after the experiment and it is 

helpful, but a few students were frustrated by waiting to finish the lab. I 
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suggest it should be a little more structured so all students shouldn’t wait for 

others to finish lab. (TA interview, Oct. 19, 2016). 

 

In general, these TAs offered a number of insights into sections and students 

in the Treatment and Control group. First, they indicated that students in the 

Treatment group were performing better than students in the Control group.  Second, 

a few students finished their lab a little earlier than the others. The other students 

who did not finish their lab did not appreciate taking help from students who had 

already finished the lab. Therefore, the students who finished their lab should wait 

for the others to finish so they would start the group presentation. Third, there was a 

student who is concerned about his grade. His group partner had the datasheet and 

dropped the class, but did not bother to send it back to him. In such a scenario, the 

TA had to make up for that student. Fourth, apart from this, it was evident from these 

TA interviews (as well as my own observations) that working in a group was helpful. 

Preparing and submitting group lab reports saved students’ time and also reduced the 

amount of grading required of the TAs. In summary, students improved writing lab 

reports and were preparing more complete lab reports in the Treatment sections than 

in the Control section.  

 Summary of the interviews after the treatment. A third set of TA interviews 

were conducted after completion of the treatment. The TAs described their 

experiences, observations, and conclusions about the implementation and outcomes 

of this study in the following comments.   
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Ryan stated:  

The Treatment sections generally scored better on lab reports. The data 

analysis and error classification were mostly correct compared to the Control 

groups. In addition to being better prepared for class, I think splitting the 

work amongst several people could have been helpful in leading to higher 

quality reports, though it also usually leads to an uneven split of the workload 

and thus not necessarily a representation of each individual student’s ability. 

The Control section never progressed beyond following step-by-step 

instructions, whereas the Treatment sections had to design some components 

of the procedure and improved at this over the course of the semester. The 

presentations at the end of class were not as helpful as I had anticipated, due 

to students finishing at different times and the faster groups having to wait 

around for the slower groups to finish. Occasionally, one of the slower 

groups would not even finish in time to present and thus had to show 

incomplete results for the sake of time. I tried to keep the Control section as 

close as possible to those of previous semesters, but I allowed a few group 

reports towards the end. Overall, the pre-lab preparation was evident in the 

Treatment sections. They had a broad understanding of the concepts and were 

more likely to pay attention in class and follow through with the experiments 

successfully with fewer instructor clarifications needed than in the Control 

section. In the Treatment section, there were several complaints pertaining to 

meeting outside of class (which was difficult for some groups due to 

scheduling conflicts). The main complaint, however, was the end of class 
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presentations, where the faster groups did not want to have to wait around for 

the slower groups to finish.  I suggest more computer-based exercises with 

Excel and scientific computing would be very beneficial for the students. 

Along with emphasizing the math and physics, this would serve to reinforce 

concepts from the lecture more so than the statistical analysis. (TA interview, 

Nov. 14, 2016). 

Markus stated:  

The Treatment section was overall a more knowledgeable section, and they 

performed better in lab reports compared to my Control section. The 

Treatment section was more prepared, and this was very clear. This, I think, 

is primarily because of having to understand the theory in the labs before 

actually coming to lab, which helped them go through the experiment with a 

clear frame of mind. I liked the group sections and the fact that we enforced 

them to meet and discuss the lab beforehand. The video lectures were very 

useful since they allowed the students to see what the experiment would be 

like before coming to lab. This allowed them to understand the lab better 

when they did it, because they had mastery of the theory. I think the group 

lab report was less helpful since it did not allow each student to learn to write 

a lab report. In some cases, the group lab report gave them high A, but the 

individual reports were in the B’s and C’s. I suggest that we revert to 

individual lab reports even when performing the lab as a group. The 

presentations at the end (also from students’ feedback) was definitely less 

helpful. (TA interview, Nov. 30, 2016). 
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Sophia stated:  

In general, I noticed slightly higher grades in the Treatment section, 

especially from groups that worked well together or tended to communicate. 

If you work well with people, then you will tend to ask for insight or second 

opinions about your writing, but if you don't, you are kind of stuck with 

doing everything yourself.  Overall, grades have started to get better, but I 

noticed it in the Treatment group first. A few of my students expressed 

frustration at having to write a group lab report, as other members of their 

group may have been difficult to work with or slacked off a bit on their work 

load. Perhaps a good way to get everyone to play their part would be to have 

people write a specific section, and have the group lab report, as well as the 

individual part, be turned in at the same time. This way, students would 

be required to write a little something to get their share of the credit. I think 

having a model and demonstration of the next experiment helped students get 

a better idea of what to expect for the next lab period. I think the brief 

discussions at the end of the lab period also helped to get students thinking, 

but I'm not sure how it may have helped overall with their learning 

experience. I didn't really hear much else from students. My Treatment group 

was a bit more attentive, but I think that's just because I have a higher ratio of 

attentive people in that class. The Treatment group tended to do slightly 

better on pre- and post-labs as well, and that may be because of the videos 

and things we sent out to them. (TA interview, Nov. 29, 2016). 
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Theme and patterns that emerged from TAs interviews. There are four 

clusters of phrases that emerged from the qualitative analysis of TA interviews, as 

shown in the Table 4.18 (p. 188). These clusters revealed the following patterns.  

Common themes in the first cluster. The first cluster that emerged pertained 

to the comparison of the treatment and control group. This theme included several 

common phrases (e.g., treatment sections, students in treatment, control group, or 

control sections). For example, in the second round of interviews, TA responses 

indicated that the students in the Treatment group improved writing lab reports, were 

more prepared before coming to lab, did the calculations correctly, were more 

involved in the work, and had better grades on their lab reports. Short quotes from 

TAs that contain these phrases and reflect these views are provided below.  

“The way of writing lab reports is improved in treatment group after working 

students in groups” (TA Ryan, interview, Oct. 17, 2016). 

“Students in treatment sections were more prepared before coming to the lab 

and that makes difference in doing things and asking questions in the lab. 

Students likely did calculations more correctly in treatment sections and 

finish their experiment sooner as compared to the control section” (TA 

Markus, interview, Oct. 17, 2016). 

“The treatment students enjoy their group work and compared to traditional 

section” (TA Sarah, interview, Oct. 18, 2016).  

“The treatment students are more involved and ready to do their work” (TA 

Sarah, interview, Oct. 18, 2016). 
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Table 4.18 

Common Phrases in 1st, 2nd, and 3rd Rounds of TAs Interviews (n=5)     

             Common phrases in the 1st, 2nd, and 3rd interviews_____  

Cluster 

No 

1st 

Interview 

2nd Interview 3rd Interview 

 Phrase n Phrase n Phrase n 

      1   Treatment group 3 Treatment group 3 

   Treatment section 5 Treatment section 4 

   Treatment sections 3 Treatment sections 3 

   students in Treatment 4   

   Treatment students 3   

   students in Treatment 

sections 

2   

   Control section 5 Control section 4 

   students in Control 3   

   students in Control section 2   

      2 
  

lab reports 8 lab reports 3 

 
  

lab report 3 lab report 5 

   group lab 3 group lab 4 

 
  

group lab reports 3 group lab report 4 

 
  

group presentation 3   

 
  

lab reports are improved in 

Treatment 

2   

   reports are improved in 

Treatment 

2   

   working in group is helpful 2   

       3 hear any 3   presentations at the end 2 

 complaint    slower groups 3 

     around for the slower 2 

     slower groups to finish 2 

     wait around for the slower 

groups 

2 

     around for the slower 

groups 

2 

     wait around for the slower 2 

     slower groups 3 

 
  

  groups to finish 2 

 
  

  end of class 2 

Note. Cluster 1 is divided in two sub-clusters depending on the phrases related to treatment and 

control.   
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 “In treatment section were communicating more comfortably with me than 

my control section students” (TA Sophia, interview, Oct. 19, 2016). 

“They had a broad understanding of the concepts and were more likely to pay 

attention in class and follow through with the experiments successfully with 

fewer instructor clarifications needed than the control section” (TA Ryan, 

interview, Oct. 17, 2016). 

Moreover, the common themes that emerged from the third round of 

interviews indicated that student in the treatment sections scored better on lab 

reports, did pre-lab preparations, designed some components of procedures, and were 

overall more knowledgeable in the course. TAs quotes from the third round of 

interviews that contain these phrases and reflect these views are presented below.       

“The treatment section was overall a more knowledgeable section, and they 

performed better in lab reports compared to my control section” (TA Markus, 

interview, Nov. 30, 2016). 

“The treatment section was more prepared, and this was very clear. This, I 

think, is primarily because of having to understand the theory in the labs 

before actually coming to lab, which helped them go through the experiment 

with a clear frame of mind” (TA Markus, interview, Nov. 30, 2016). 

“I noticed slightly higher grades in the treatment section, especially from 

groups that worked well together or tended to communicate” (TA Sophia, 

interview, Nov. 29, 2016). 

“Overall, grades have started to get better, but I noticed it in the treatment 

group first” (TA Sophia, interview, Nov. 29, 2016).  
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“Students likely did calculations more correctly in treatment sections and 

finish their experiment sooner as compared to the control section” (TA 

Markus, interview, Nov. 14, 2016). 

“The control section never progressed beyond following step-by-step 

instructions, whereas the treatment sections had to design some components 

of the procedure and improved at this over the course of the semester” (TA 

Ryan, interview, Nov. 14, 2016). 

“The treatment group tended to do slightly better on pre- and post-labs as 

well, and that may be because of the videos and things we sent out to them” 

(TA Sophia, interview, Nov. 29, 2016). 

Common themes in the second cluster. The second cluster included a number 

of phrases:  lab reports, lab report, group lab, group lab reports, and group 

presentations (Table 4.18, p. 188). Although many of the TAs comments referred to 

Treatment and Control group comparisons (i.e., as in the first cluster), the comments 

pertinent to this cluster pertained to lab reports, such as how students in the 

Treatment group did more work on, completed, and had better grades on their lab 

reports when compared to the Control group. In addition, students in Treatment 

group were more prepared before coming lab. Some of TAs’ quotes that contain 

these phrases and reflect this cluster are presented below.    

“Students in treatment sections were making their lab report more complete 

than students in control section” (TA Markus, interview, Oct. 19, 2016). 

“The treatment sections generally scored better on lab reports” (TA Ryan, 

interview, Nov. 14, 2016). 
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“They (students) performed better in lab reports compared to my control 

section” (TA Markus, interview, Nov. 29, 2016). 

“I also have noticed that the students in treatment group have better grade in 

their lab reports as compare students in my control section” (TA Sophia, 

interview, Oct. 19, 2016). 

 Several quotes that pertain to cluster two also contained the phrases 

“improvement in lab reports” and “in treatment group”, which reflect benefits or 

improvements within that group (i.e., statements about the benefits of having teams 

in Treatment group sections work on individual and group labs.  

“Working in group is helpful” (TA Markus, interview, Sept. 28, 2016). 

“Working in group is helpful and quick” (TA Sarah, interview, Oct. 18, 

2016). 

“Overall the pre-lab preparation was evident in the treatment sections” (TA 

Ryan, interview, Nov. 14, 2016).  

“The way of writing lab reports is improved in [the] treatment group after 

working students in groups” (TA Ryan, interview, Oct. 17, 2016).   

“The quality of lab reports is improved in treatment section” (TA Sarah, 

interview, Oct.  18, 2016). 

 In this second cluster, a few specific comments focused on group lab reports. 

The statements of the TAs in second round of interviews were very supportive 

towards the group lab reports as compared to their statements noticed in their third 

round of interviews. Their comments related to group lab reports in their second 

interview are as stated in the following.  
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“No complaint have been received from students working on group [team] 

lab reports and presentations” (TA Ryan, interview, Oct. 17, 2016). 

“Their group [team] lab reports are more improved as compared to their 

individual lab reports submitted at the beginning of the course” (TA Ryan, 

interview, Oct. 17, 2016). 

 “Making group [team] lab reports save students’ time and also help TAs to 

grade” (TA Markus, interview, Oct. 19, 2016). 

 However, in the third round of interviews the TAs’ views about team lab 

reports were a little different than this, possibly because they had more time to 

observe students throughout the semester. The TAs observed students’ performance 

in their groups and as individuals. The TAs comments about group lab report in this 

third round of interviews are shown in the following quotes.   

“I think the group lab report was less helpful since it did not allow each 

student to learn to write a lab report. In some cases, the group lab report gave 

them high A, but the individual report was in the B’s and C’s” (TA Markus, 

interview, Nov. 29 2016). 

“A few of my students expressed frustration at having to write a group lab 

report, as other members of their group may have been difficult to work with 

or slacked off a bit on their work load (TA Sophia, interview, Nov. 29, 2016). 

Emergent themes in the third cluster. The analysis of quotes that contained 

phrases in the third cluster (Table 4.18, p. 188) revealed three types of potentially 

critical comments. First, a few phrases from the first round of interviews were 

included in this cluster. In that first round, three TAs indicated that they did not hear 
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any of complaints from the students regarding the implementation of treatment and 

administering of the instruments.     

“The TA did not hear any complaint about the workload for this course” 

(Interview with Markus, Sep 28, 2016). 

“I did not hear any complaint about students’ workload in and out of lab” 

(Interview with Sarah, Sep 27, 2016).  

The second pattern that emerged from the analysis of quotes that contained 

phrases in the third cluster was about students that had trouble scheduling team 

meetings out of class before coming to lab. One TA described it as follows.   

“In the treatment section, there were several complains pertaining to meeting 

outside of class (which was difficult for some groups [teams] due to 

scheduling conflicts). The main complaint however was the end of class 

presentations, where the faster groups [teams] did not want to have to wait 

around for the slower groups [teams] to finish” (TA Ryan, interview, Nov. 

14, 2016). 

The third pattern suggested that the group presentation towards the end of 

class were less helpful. Most students finished their work little early and they usually 

waited for other students to finish their experiments so that they would start the 

group presentation. A few times, students had to wait for some time, which made 

them disinterested. A few TAs stated this situation in following statements.    

“Group presentation[s] in [the] treatment group are helpful to conclude the 

objectives and achievements of the experiments” (TA Ryan, interview, Oct. 

17, 2016). 
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“The presentations at the end of class were not as helpful as I had anticipated, 

due to students finishing at different times and the faster groups having to 

wait around for the slower groups to finish” (TA Ryan, interview, Nov. 14, 

2016). 

“I like the idea of group presentation after the experiment and it is helpful but 

few students were frustrated by waiting to finish the lab. I suggest it should 

be little more structured so all students shouldn’t wait for others to finish lab. 

Few students finish their lab little early than the others. They have to wait for 

the others to finish so they will start group presentation (TA Markus, 

interview, Oct. 19, 2016). 

Validity and Reliability  

 The researcher took several steps to monitor and/or ensure the internal 

validity of the study’s design. First, the researcher used Treatment verification forms 

to ensure that TAs in Treatment and Control group sections were implementing the 

study as intended. The researcher also maintained a self-maintained diary to properly 

identify and maintain records on class practices, students’ progress, and course 

workload. In addition, the researcher was present during data collection and helped 

the TAs administer assessments in an appropriate manner throughout the course.  

The researcher also took several steps to monitor and ensure the validity and 

reliability of study data (i.e., the accuracy and consistency of data). One way that the 

researcher addressed validity concerns was to use already established and validated 

instruments: Force Concept Inventory (Hestenes, Wells, & Swackhamer, 1992), 

MBT (Hestense and Well, 1992), and E-CLASS (Zwickl, Hirokawa, Finkelstein, and 
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Lewandowski, 2014). The validity and reliability of the data collected for this study 

using these instruments are summarized later in this section.  

The department facilitated the study by collecting students’ lab scores, final 

exam scores, and FCI scores after completing the required protocols of the IRB and 

getting students’ consent forms. For students’ lab scores, a standard format of a lab 

report was shared with all TAs. They were instructed to follow a proper rubric for 

scoring and assessment. However, due to the confidential nature of final exam 

responses and the proprietary nature of FCI responses, those data were not available 

to the researchers for validity or reliability review. 

 Treatment verification. For the purpose of Treatment verification, the 

researcher was present throughout the administration of the Treatment and during 

data collection. The researcher was using treatment verification forms for Treatment 

and for Control group sections (see Appendices A.9 and A.10), as well as a self-

maintained diary. The treatment verification forms were designed by my advisor and 

I so that treatment practices in both groups could be properly observed and tracked. 

Following the instructions of my adviser, I maintained the Treatment verification 

forms for each lab in each of the three groups: Treatment, Control, and Traditional. I 

recorded and tracked all in-class activities designed as a part of my Treatment by 

marking these forms with Yes or No for each planned activity: taking attendance, 

collecting worksheets for this week, returning worksheets from last week, collecting 

lab reports for last week, presenting an introductory lecture, reviewing mathematical 

model/concept, TA visiting and supporting lab groups, as well as TA facilitating 

presentations (on lab method, results, and conclusion), reviewing the objective of 
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next week, and giving them a brief demonstration of equipment for the next lab.    

 Treatment verification and diary entries indicated that labs were carried out, 

as planned, for all Treatment group and Control group sections (see Appendix A.9 

and A.10), with one major exception. Towards the end of the treatment, there were 

minor modifications made in the schedule of, but not procedures for the Treatment 

group. Specifically, the last week of the treatment was shifted due to Hurricane 

Matthew. The school was closed for a few days and those scheduled treatment labs 

were shifted to the next week. Coming after a one-week break, the group 

presentations at the end of each lab were not included in the last week of treatment 

for three reasons: (a) lower attendance in the lab just after Hurricane Mathew, (b) 

students’ request to save some time in lab, and (c) to easily adjust the change of 

schedule. 

Validity of students’ responses. Students’ responses on the FCI, MBT and 

E-CLASS were collected on a pretest and posttest basis. The responses on FCI and 

MBT were collected in class by the researcher himself and in the presence of the 

TAs. Before submitting these responses, the TA and the researcher checked the 

responses and accepted only those responses that were completely and correctly 

filled. If any response was incomplete or not correctly filled, students were requested 

to redo it.  The total number, as well as number of valid pretest and posttest 

responses on instrument was summarized in Table 4.3 (p. 139). Following data 

collection, these responses were further scrutinized for invalid responses. Out of 

these, 153 pretest and 152 posttest responses were valid responses on the FCI and 

similarly, 126 pretest and posttest responses on the MBT were valid. There were 
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total of four responses that were invalid on the FCI and only one response was 

invalid on the MBT. The validity of these responses was based on the criteria: (a) the 

response was returned and completely filled (at least 80% or more was correctly 

completed) and (b) no duplicate, not understandable, or incorrect information was 

given. There were 30 items on the FCI and 26 items on the MBT. The authors of 

each instrument had provided the answer key. All responses were scored and graded 

according to the provided answer key. The raw scores (out of 30 points for the FCI 

and out of 26 point for the MBT) were then converted into a percent score (out 100 

point) on both the FCI and MBT. The percent score of both instruments was used for 

comparison purpose.  

The third instrument (E-CLASS) was administered online. Both pretest and 

posttest were included with a filtering question to ensure that students had completed 

the surveys while paying due attention. There were 125 pretest and 113 posttest 

responses received on the E-CLASS. These responses were reviewed using the 

filtering questions. Of the total, 118 pretest and 108 posttest responses were valid on 

the E-CLASS by giving a valid answer to the filtering question. There were 30 items 

on the pretest and posttest on the E-CLASS. Each item has two parts of personal and 

professional epistemology. Each part was coded from 1 (strongly disagree) to 5 

(strongly agree). The E-CLASS posttest had an additional 23 items on students’ 

expectations coded from 1 (unimportant) to 5 (very important). Students’ average 

scores on each item were determined and compared among the Treatment and 

Control groups.  
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Several additional instruments were used to collect data, notably a student 

feedback survey on labs and a DL-SCL open-ended survey. These were reviewed by 

my advisor in regards to face validity and approved as being appropriate for use in 

this study. There were 110 valid responses on students’ feedback on the PHY 2091 

lab surveys and 71 valid responses on the DL-SCL open-ended surveys. The criteria 

of validity of responses on students’ feedback surveys and the DL-SCL open ended 

surveys were the same as the criteria of validity for the FCI and MBT.   

Reliability. Reliability measures the degree of consistency in measurement 

(e.g., stability, equivalence, internal consistency), and, often, internal consistency is 

measured by Cronbach’s alpha. Cronbach’s alpha provides the confirmation that the 

responses are internally consistent. A Cronbach’s alpha numeric value of .70 is 

generally regarded as a minimum threshold for reliability (Tavakol & Dennick, 

2011). If this assumption is not satisfied, then there is measurement error that may 

cause bias in the data and in results derived from them. 

Cronbach alpha. Cronbach alpha is an index or indicator of the internal 

consistency of items or measuring instruments; that is, how closely related those 

items are as a group. It is the internal consistency or correlation among items used 

for form a scale. According to Bland and Altman (1997) the Cronbach alpha is 

defined for any set of items used to form a measuring scale, as follows:  Cronbach 

alpha (α) = 
𝑘

𝑘−1
 (1- 

∑ 𝑠𝑖
2

𝑆𝑡
2 ), where k is the number of items used in the instrument or 

measuring scale, 𝑠𝑖
2 is the variance of the ith item and 𝑠𝑡

2is the variance of the total 

score formed by summing all the items. The items are not simply added to make the 
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score, but rather are first multiplied by weighting coefficient before calculating the 

variance 𝑠𝑖
2. Typically, for this purpose, clearly there should at least two items in any 

scale so that k >1.  

 Cronbach’s alpha gives the variance of the sum of the group of independent 

variables. If the variables are positively correlated the variance of the sum will 

increase. In case all the items are identical and perfectly correlated, then 𝑠𝑖
2 will be 

exactly equal and  𝑠𝑡
2 = 𝑘2𝑠𝑖

2, so that the whole term results in α = 1. On the other 

hand, if all the items are independent and do not have any relationship then 𝑠𝑡
2  = 

∑ 𝑠𝑖
2  and it gives α = 0. According to Bland and Altman (1997) and Tavakol and 

Dennick (2011) for any group comparing items with Cronbach alpha (α) of .7 to .8 

are regarded as satisfactory level of internal consistency.     

For this study, internal consistency (reliability) was assessed in two ways: (a) 

calculating Cronbach’s alpha for the FCI, MBT, Average Lab Scores, and Final 

Exam Score as a first model and (b) calculating Cronbach’s alpha for the FCI, MBT, 

Average Lab Scores Final Exam Score, and E-CLASS as a second model. The 

purpose of this modeling for Cronbach’s alpha analysis was that the E-CLASS did 

not have categories for clustering questions in the data analysis. Therefore, 

Cronbach’s alpha was calculated for each item on E-CLASS as an independent 

measure. Cronbach’s alpha for the first model, including variables FCI, MBT, 

Average Lab, and Final Exam Scores, was .86 (Table 4.19, p. 200). The Cronbach’s 

alpha for the second model, which includes measures in the first model and E-

CLASS items, was .75 (Table 4.20, p. 201). 
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Table 4.19 

Cronbach’s Alpha for the for FCI, MBT, Average Lab Score and Final Exam Score  

Variables  
FCI 

Pretest 

FCI 

Post-

test 

MBT 

Pretest 

MBT 

Post-

test 

Lab 

Avg 

Pre TR 

Lab 

Avg 

TR 

Lab 

Avg 

after 

TR 

Fina

l 

Exa

m 

Cum 

Avg 

Cronbach’

s α 
0.85 0.84 0.84 0.83 0.86 0.85 0.86 0.84 0.83 

Notes. Avg Pre TR = average lab score of labs before Treatment, Avg TR = average lab score of labs 

which are part of Treatment, and Avg after TR = average lab score of labs after Treatment. 

Cum Avg = cumulative score (average lab scores in each lab plus final exam score).  

 

The minimum values of Cronbach’s alpha in the first model is .83 for the 

variables MBT posttest and cumulative average score.  Similarly, the minimum value 

of Cronbach’s alpha in the second model is .701 for the MBT posttest. It is also 

interesting to notice in the second model, Table 4.20 (p. 201) that the values of 

Cronbach’s alpha for the first nine variables were smaller than the smallest value of 

Cronbach’s alpha, .748 for E-CLASS items. In general, all calculated values of 

Cronbach’s alpha are greater than the minimum threshold values of .7.   

Correlation of FCI, MBT, average lab, and Final Exam scores. The 

correlations among these scores were calculated and presented in Table 4.21 (p. 

202).  The FCI and MBT had a moderately strong relationship: all pre-test to post-

test correlation values were greater than r = .7, except for r = .68 between FCI pretest 

to MBT posttest). Both the FCI and MBT had a moderate relationship with Final 

Exam scores. The smallest of these value was r = .49 between the FCI pretest and 

Final Exam score, and the largest value was r = .55 between the MBT posttest and 

Final Exam Scores. The average lab scores in each lab before, during, and after 
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Table 4. 20 

Cronbach’s α for FCI, MBT, Average Lab Score, Final Exam Score, and E-CLASS 

A. Cronbach' s α for first nine variables 

Variables1   
FCI 

Pretest 

FCI 

Post-

test 

MBT 

Pretest 

MBT 

Post-

test 

Avg 

Pre TR 

Avg 

TR 

Avg 

after TR 

Final 

Exam 

Cum 

Avg 

Cronbach' s 

α 
0.71 0.711 0.71 0.70 0.74 0.74 0.74 0.73 0.73 

 

B. Cronbach' s α for E-CLASS items 

Items 

E-CLASS Pretest  E-CLASS Posttest 

a2 b2 a2 b2 c2 

Q01 0.749 0.748 0.748 0.749 0.748 

Q02 0.749 0.748 0.748 0.748  

Q03 0.751 0.751 0.751 0.751 0.748 

Q04 0.750 0.750 0.750 0.749 0.748 

Q05 0.749 0.749 0.748 0.748 0.748 

Q06 0.749 0.748 0.748 0.748 0.750 

Q07 0.751 0.751 0.752 0.751  

Q08 0.748 0.748 0.748 0.748 0.749 

Q09 0.749 0.748 0.749 0.749 0.749 

Q10 0.749 0.748 0.748 0.748 0.748 

Q11 0.748 0.748 0.749 0.748 0.749 

Q12 0.750 0.751 0.751 0.750 0.748 

Q13 0.748 0.749 0.749 0.749  

Q14 0.749 0.748 0.749 0.749 0.749 

Q15 0.750 0.750 0.748 0.748 0.749 

Q16 0.750 0.750 0.750 0.751 0.748 

Q17 0.750 0.751 0.751 0.751 0.749 

Q18 0.748 0.748 0.749 0.749 0.749 

Q19 0.749 0.749 0.750 0.749 0.749 

Q20 0.749 0.749 0.749 0.749  

Q21 0.751 0.751 0.750 0.751 0.748 

Q22 0.748 0.748 0.748 0.748 0.748 

Q23 0.749 0.748 0.748 0.748 0.749 

Q24 0.749 0.749 0.749 0.750  

Q25 0.751 0.751 0.751 0.751 0.751 

Q26 0.748 0.748 0.748 0.748 0.749 

Q27 0.751 0.751 0.751 0.751 0.749 

Q28 0.752 0.751 0.752 0.751  

Q29 0.751 0.751 0.751 0.751 0.748 

Q30 0.748 0.748 0.748 0.748  

Notes.   1For first nine variables: Avg Pre TR = average lab scores of labs before Treatment, Avg TR 

= average lab scores of labs which are part of Treatment, and Avg after TR = average lab 

scores of labs after Treatment. Cum Avg = cumulative scores (average lab scores in each lab 

plus final exam score).  
2For E-CLASS Items: E-CLASS pretest has two parts for each item and posttest has three 

parts of each item. The ‘a’ represents personal epistemology part of the item, the ‘b’ 

represents professional epistemology part of the item and the ‘c’ represents expectation part 

of the item.  



 

 
 

Table 4. 21 

Correlation Matrix between FCI, MBT, Lab Score, Final Exam, and Cumulative Score  

 FCI 

Pretest 

FCI 

Posttes

t 

MBT 

Pretest 

MBT 

Posttest 

Avg Pre TR Avg 

TR 

Avg 

after TR 

Final 

Exam 

Cum 

Avg 

FCI Pretest  0.83 0.72 0.68 0.13 0.11 0.07 0.46 0.18 

FCI Posttest   0.74 0.77 0.16 0.09 0.15 0.50 0.21 

MBT Pretest 
   0.76 0.20 0.14 0.17 0.54 0.26 

MBT Posttest     0.23 0.32 0.26 0.55 0.40 

Avg Pre TR      0.52 0.44 0.21 0.78 

Avg TR       0.39 0.30 0.87 

Avg after TR        0.33 0.69 

Final Exam         0.45 

Notes. Avg Pre TR = average lab score of labs before Treatment, Avg TR = average lab score of labs which are part of Treatment, and Avg after TR = 

average lab score of labs after Treatment. Cum Avg = cumulative score (average lab scores in each lab plus final exam score).  
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the treatment had a strong relationship with the accumulative score (r = .78, .87, and 

.69, respectively) and had a weak relationship with the Final Exam score (r = .21, 

.30, and .33).     

ANOVA and Regression Assumptions 

 This study used an ANOVA to investigate Research Questions (RQ) 1 

through 4, and multiple regression analysis for RQ 5. There are three basic 

assumptions for ANOVA: independence, normality, and homoscedasticity. All three 

assumptions are included as regression assumptions, and therefore are discussed 

here. As per Cohen et al. (2003), the following six assumptions must be met to 

ensure a proper relationship involving the independent variables (IVs) and the 

dependent measures (DVs) when using an ordinary least square (OLS) model in 

regression. These assumptions are: (1) linearity, which is related to use of the right 

specification of the type of relationship between the IVs and DVs; (2) 

homoscedasticity or constant variance of residuals; (3) normality of residual; (4) 

correct specification of IVs in the regression model; (5) reliable measurement of IVs 

and DVs; and (6) independence of residuals. Violation of any of these assumptions 

can lead to biased estimates of the standard errors, which can result in incorrect 

statistical analyses, misleading significant tests, and misleading results, which can 

misrepresent the relationship between the sample and the population (Cohen et al., 

2003). What follows is a brief summary of each assumption.  

 Linearity. This assumption defines the specification of the type of the 

relationship between IVs and DVs. For ANOVA, linear, or multiple regression, it is 

presumed that there is a linear relationship between the IVS and DVs. To confirm the 
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compliance with this assumption, residual analyses were conducted for DVs and 

plotted against the predicted values. The leverage plots indicate a proper relationship 

involving the independent variables (IVs) versus the dependent measures (DVs), and 

therefore that this assumption was met (see Appendix F.3).     

 Homoscedasticity. This assumption presumes that the variance of the 

residuals around the regression line in the overall population is assumed to be the 

same. If the assumption is violated and the variance of residuals is not constant, then 

a separate model might be necessary to use for different range of IVs.  A plot of the 

residual versus predicted values gave a stable pattern for each group (see Appendix 

F.3). This required additional analyses to check the equality of variance across the 

groups for each variable. Additional tests: (1) O Brience’s test, (2) Brown-Forsythe’s 

test, 3) Levene’s test, and (4) Bartlett’s test were performed. Variables that had 

unequal variance across the groups gave significant p < .05 values in the above test 

results; therefore, these variables were considered as violating the homoscedasticity 

assumption. The majority of variables satisfied the model, but there were two 

variables – average lab score for the lab part of the treatment (Avg_TR) and 

cumulative lab scores (Cum_avg) – that had significant p < .05 values. These two 

variables were selected for additional non-parametric tests to find F ratio statistics. 

The Wilcoxon Test gave the results of the Kruskal-Wallis H Test. However, by 

removing the Traditional group data from the model, the variance became equal 

across the Treatment and Control groups and the model satisfies the assumption of 

homoscedasticity. Additionally, Kernel Smoother was used to compare residuals to 
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predicted values, and was able to match these two fit lines at an alpha value of .799 

(see Appendix F.3).   

 Normality. Normality implies that the error represented by the residuals 

should be normally distributed for each set of values for the IVs. To satisfy this 

assumption, the residuals should be normally distributed for any value of 

independent variables. There were two analyses performed to check violation of this 

assumption. A histogram of the residuals was first performed against normal curves, 

and then a normal diagnostic plot (q-q plot) was constructed as (see Appendix F.3). 

The results showed that a few variables are a little skewed on one side, but overall it 

was considered as satisfying the model.  

 Correct specification of the IVs. This assumption concerns the correct 

specification of IVs in the regression model. It confirms that every independent 

variable in the model contributes to the variance of the dependent variables. If this 

assumption is violated, the result can be misinterpreted and selection of IVs is biased 

on prior theory and research.  The selection of IVs and DVs for this investigation 

was supported by prior research: (a) based on theoretical framework (Bassok & 

Novick, 2012; Bloom et al., 1956; Anderson & Krathwohl, 2001; Kagan, 2005), (b) 

based study instruments and method (Hestenes & Wells, 1992;  Hestenes, Wells, & 

Swackhamer, 1992; Zwickl et al., 2014; Arons & Miner, 1990; Hake, 1998) , and (c) 

based on results and findings (Knight & Burciaga, 2004; Meltzer & Manivannan, 

2002; Meltzer & Thornton, 2012; Novak, Patterson, Gavrin, & Christian, 1999; 

Redish, 2003; Lark, 2014; Saul & Beichner, 2001; Hazari, Tai, & Sadler, 2007; and 

Ivie & Ray, 2005). In addition, in this study, the leverage plot results indicate that the 



 

206 
 

relationship of all independent variables to the selected dependent variables (i.e., 

conceptual understanding: MBT posttest scores; and academic achievement: Final 

Exam scores) exhibited a p value < .2 (see Appendix F.3). Therefore, the IVs 

included in each regression analyses were deemed relevant and appropriate.  

 Measurement error specification. This assumption concerns reliability and 

ensures there is no measurement error in the remaining IVs, often measured by 

Cronbach’s α. The assumption confirms the reliability of the instrument. The 

instruments (FCI, MBT, and E-CLASS) used in this study already had established 

validity and reliability. I did check the reliability of data collected for this study. The 

reliability was calculated using Cronbach’s α with a threshold value of 0.7 for all 

variables FCI, MBT, E-CLASS, students’ lab score, and Final Exam score (Table 

4.19, p. 200, and Table 4.20, p. 201).  

 Independence of residuals. It ensures that the residuals of the IVs must be 

independent from one another and there must be no relationship among the residuals 

of any subset of variables. Plotting the Residual by Row in JMP-13 pro showed no 

discernable relationship among the residuals and that the residuals were independent 

(see Appendix F.3).  

 Multicollinearity. Multicollinearity occurs when two or more IVs are highly 

correlated in the regression model and their overlapping is affecting the DVs. To 

confirm this assumption, VIF was calculated in JMP-13 for each of the IVs with the 

threshold range of 10 (Cohen et al., 2003). From the results of these analyses (see 

Appendix F.3), it was concluded that multicollinearity was not present in my IVs.   
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 In summary, it was concluded that this data set met all of the assumptions for 

ANOVA and Regression analysis.  

Inferential Statistics and Results 

 This section presents the results for each research question from 1 through 5.   

 Results for Research Question One. Research question one states: What 

differences, if any, exist in lab scores for PHY 2091 students exposed to the 

traditional approach, the Treatment group, and the Control group for: a) scores on 

the Force Concept Inventory (FCI), which is administered to all sections of PHY 

2091 by that Department prior to Experiment 1 (pre-Treatment) and after 

Experiment 9 (post-Treatment); b) common labs prior to the Treatment, specifically 

Experiments 1, 2, and 6; and c) common labs following the Treatment, specifically 

Experiments 7, 8, and 9? 

 Research question one investigated the equivalence of the Treatment, Control 

and Traditional group scores on the FCI (pretest and posttest), lab scores in common 

labs prior to the treatment, and lab scores in common labs post treatment. Table 4.22 

(p.208) present the results of the ANOVA comparison of FCI pretest and posttest 

scores between Treatment, Control, and Traditional groups. It indicates that there 

were no significant differences, either on the FCI pretest score or on the FCI posttest 

score among all three groups.  

Although this research question refers to differences between groups, not pre-

to-post differences within each study group, the results of within-groups analysis of 

FCI scores are included here to support interpretation of these results. Comparing the 



 

208 
 

Table 4. 22 

ANOVA Results for FCI Pretest and Posttest Comparisons Between the Groups 

A. ANOVA Table for FCI pretest scores (n = 174) 

Source DF Sum of Squares Mean Square F Ratio p-value 

Group 2 601.251 300.625 0.912 0.403 

Error 171 56356.928 329.573   

C. Total 173 56958.179    

      

B. ANOVA Table for FCI posttest scores (n = 174) 

Source DF Sum of Squares Mean Square F Ratio p-value 

Group 2 487.900 243.950 0.539 0.584 

Error 171 77328.049 452.211   

C. Total 173 77815.949    

   Note. p < 0.016. 

 

FCI pretest to posttest scores within each group, it was clear that the gain from 

pretest to posttest was significant in all three groups (Control t (62) = 4.716, p < 

.0001; Treatment t (62) = 4.455, p < .0001; and Traditional t (62) = 3.509, p < 

.0013). These results are presented in Table 4.23 (p. 209).  

A comparison of the average lab scores in the three common labs prior to the 

treatment in all three group – Control, Treatment, and Traditional –indicated that the 

difference in average lab scores in those common labs prior to the treatment among 

all three groups was statistically significant F (2, 173) = 18.269, p < .0001. However, 

looking in the differences by ordered pairs, it was clear that the difference in average 

lab scores in common labs prior to the treatment was not statistically significant 

between Control and Treatment groups. However, differences in students’ average  
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Table 4.23 

T-Test Results for FCI Pretest - Posttest Comparison Within Each Study Group 

A. T-test Results for CT 

Grp N Mean Mean diff std Error Correlation 
t-

Ratio 
p-value 

Pre  62 37.456 7.726 1.638 0.816 4.716 <.0001* 

Post 62 45.182      

        

B. T-test Results for TR 

      Grp N Mean Mean diff std Error Correlation 
t-

Ratio 
p-value 

Pre  74 40.616 6.596 1.481 0.858 4.455 <.0001* 

Post 74 47.212      

        

C. T-test Results for TD 

      Grp N Mean Mean diff std Error Correlation 
t-

Ratio 
p-value 

      Pre 36 40.079 8.110 3.2109 0.793 3.509 <.0013* 

      Post 36 48.189      

        
Note.  *p < 0.05. Grp = groups. CT = Control group. TR= Treatment group. TD= traditional group. 

 

lab scores in common labs prior to the treatment in the Traditional group were 

statistically significant when compared to students in the Control and Treatment 

group. These results appear in Table 4.24 (p. 210) and Figure 4.1 (p. 210), and show 

the average lab scores in common labs prior to the treatment for each of the three 

groups.  

The results of average lab scores in the three common labs after the treatment 

indicated that student in all three groups had almost the same average lab score. The 

difference in all labs after treatment. However, the Traditional group scores were 

statistically different from the common labs post treatment were not statistically 

significant. The summary of these average scores in common labs after the treatment   
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Table 4.24 

ANOVA Results for Average Lab Scores in Common Labs Prior to Treatment  

A. ANOVA Table for Average Lab Scores on Common Labs Prior to Treatment (N = 

173) 

Source DF Sum of Squares Mean Square F Ratio p-value 

Group 2 2888.062 1444.03 18.269 <.0001* 

Error 170 13437.164 79.04   

C. Total 172 16325.226    

      

B. Ordered Differences Report for Average Lab Scores in Common Labs Prior to 

Treatment 

Grp  Grp Difference Std Err Diff Lower CL Upper CL p-value 

      CT TD 10.525 1.874 5.29 15.75 <.0001* 

      TR TD 9.620 1.795 4.60 14.63 <.0001* 

      CT TR 0.905 1.530  -3.37 5.18 0.825 

Note.  *p < 0.016. Grp = groups. CT = Control group. TR= Treatment group. TD= traditional group. 

 

 

 

appears in Table 4.25 (p. 211), and Figure 4.2 (p. 211). The results for Research 

Question One indicated that there was no statistically significant difference between 

the Treatment and Control groups on the FCI pretest score, FCI post test score, 

average lab scores in common labs prior Treatment, and average lab scores in  

Figure 4.1 Group comparison of mean lab scores in common labs prior treatment  
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Table 4.25  

ANOVA Results for Average Lab Scores on Common Labs After the Treatment  

 

ANOVA Table for Lab Scores on Common Labs After Treatment (N = 173) 

Source DF Sum of Squares Mean Square F Ratio p-value 

Group 2 171.747 85.87 1.286 0.2788 

Error 170 11344.648 66.73   

C. Total 172 11516.396    

Note.  *p < 0.016. 

 

 

 

 

 

 

 

common scores of the other two groups on common labs prior to treatment. The 

results indicated that the performance of the students in common labs prior to 

treatment was equal in both Control and Treatment groups. Based on these results, it 

was decided to remove the Traditional group from the study model for further 

analysis. The Traditional group was used only for group equivalence and initial 

comparison purposes.  

Results for Research Question Two. Research question two states: What is 

the relationship between Treatment and Control group membership and students’ 

lab scores in Experiments 3, 4, 11, 12, and 13 as part of the treatment? 

Figure 4.2 group mean comparison of common labs after treatment.   
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Research question two investigated the difference between Treatment and 

Control on average lab scores in labs during the treatment. Experiments 3, 4, 11, 12, 

and 13 were selected in labs for treatment, called DL-SCL labs. Tables 4.26 presents 

the average lab scores in the DL-SCL labs. The results show that there is a 

significant difference between Treatment and Control groups on average lab scores 

in DL-SCL labs, t (112) = 2.404, p < .0018. The summary of the mean scores in each 

experiment out of the 100 points appears in Figure 4.3 (p. 213). Those results indicated 

that on all five of these lab reports, the average score for the Treatment group was greater 

than for the Control group, with these average score differences ranging from 1.15 to 2.4 

points. 

 

Table 4.26 

T-Test Comparison of Treatment and Control Group Lab Scores for DL-SCL Labs 

A. Average lab scores on labs as part of the treatment 

Grp N Mean Std Error 
Lower 

95% 

Upper 

95% 
t-Ratio p-value 

CT 44 90.265 0.818 88.644 91.887 2.404 0.018* 

TR 69 92.783 0.653 91.489 94.078   

        

B. Mean lab scores in each lab as part of the treatment  

   Grp Exp 3  Exp 4 Exp 11 Exp 13 Exp 12  

  CT 89.139 91.194 91.444 91.417 92.556 

  TR 90.371 93.621 92.977 92.561 93.864 

Notes. Possible scores on each lab ranged from 0 – 100. Grp = groups. CT = Control group. TR= 

Treatment group. *p < 0.05. 
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Results for Research Question Three. Research question three states: What 

is the relationship between the Treatment and Control groups and students’ 

conceptual understanding, as measured by the MBT?  

Research question three investigated the gain in conceptual understanding 

between Treatment and Control groups. The normalized gain for each student was 

calculated by using the formula (𝑔 =  
𝑝𝑜𝑠𝑡 − 𝑝𝑟𝑒

100 −𝑝𝑟𝑒
 ), where pre presents pretest percent 

score and post represents the posttest percent score on the MBT. The results are 

presented in Table 4.27 (p. 214). These results indicated that there was a significant 

difference in average normalized gain < g > between Treatment and Control groups, 

t (130) =5.055, p < .0001. Comparing pretest scores on the MBT, there was no 

significant difference in average pretest scores between the Treatment and Control 

groups. However, there was a significant difference in average posttest scores on the 

MBT between the groups t (126) = 0.071, p < .04, with the Treatment group 

outscoring the Control group by 6.2 points (i.e., on a 100-point scale). 

Figure 4.3 Average lab scores in common labs that were part of the treatment.  
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Table 4.27  

T-Test Comparison of Treatment and Control Group Normalized Gain, Pretest, and 

Posttest Scores on the MBT  

 

A. t-test for normalize pre to post gain between TR and CT 

  Grp N Mean Std Error Lower 95% 
Upper 

95% 

t-

Ratio 
p-value 

  CT 58 0.0259 0.018  -0.010 0.061 5.055 0.0001* 

  TR 73 0.1461 0.016   0.114 0.178   

        

B. t-test statistic for MBT pretest scores between TR and CT 

Grp N Mean Std Error Lower 95% 
Upper 

95% 

t-

Ratio 
p-value 

CT 57 36.918 2.122 32.718 41.118 -0.791 0.431 

TR 72 34.671 1.889 30.934 38.408   

        

C. t-test statistic for MBT posttest scores between TR and CT 

 Grp N Mean Std Error Lower 95% 
Upper 

95% 
t-
Ratio 

p-value 

 CT 57 39.6329 2.2133 35.253 44.013 2.071 0.04* 

 TR 70 45.8071 1.9972 41.854 49.760   

        
Note.  *p < 0.05. Grp = groups. CT = Control group. TR= Treatment group. 

 

Although this research question refers to differences between groups, not pre-

to-post differences within each study group, the results of within-groups analysis of 

MBT scores are included here to support interpretation of these results. Comparing 

the changes in the average MBT scores from the pretest to posttest within the group, 

there was no statistically significant difference between the pretest and posttest 

scores in the Control group. However, there was a significant difference in the 

Treatment group between the average pretest scores and posttest scores, t (147) = 

9.102, p < .0001. Table 4.28 (p. 215) shows these results. The average normalized 

gain for the Control group was < g > = .0259 while the Treatment group achieved 
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Table 4.28 

T-Test Table for MBT Pretest - Posttest Comparison Within Each Study Group  

A. t-test statistic for CT 

Grp N Mean Mean diff std Error Correlati

on 

t-

Ratio 

p-

value 

Pre  62 39.275 1.504 1.472 0.764 1.022 0.312 

Post 62 40.779      

        

B. t-test statistic for TR 

Grp N Mean Mean diff std 

Error 

Correlati

on 

t-

Ratio 

p-

value 

Pre  74 47.593 11.883 1.3055 0.821 9.102 <.000

1* 

Post 74 35.709      

        
S        

  Note.  *p < 0.05. Grp = groups. CT = Control group. TR= Treatment group. 

 

< g > = .1461. As expected, the increase in scores resulted in a higher average 

normalized gain for the Treatment group. 

Results for Research Question Four. Research question four states: What is 

the relationship between the Treatment and Control group membership and students’ 

epistemological beliefs and expectations about learning physics in lab, as measured 

by each of the following subscales of the E-CLASS: (a) What students think when 

performing experiments for class (students’ personal epistemology) versus what 

students think regarding what an expert would say about their research (students 

perceived professional epistemology), (b) how students’ personal views change from 

pretest to posttest, and (c) how are important students’ views of different activities 

for earning good grades in physics laboratory? 

Research question four investigated students’ opinions or thoughts of 

themselves when doing experiments (called students’ personal epistemology) versus 
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students’ views or thoughts of what an expert would say about their research 

(students’ professional epistemology). Students’ expert-like responses (thinking) 

were investigated using two different methods: (a) the fraction of a class or group 

having expert-like thinking from 0 to 1 on each items of E-CLASS surveys (non-

expert response = 0 to 1 = expert response), (b) students’ expert-like thinking on all 

thirty items of E-CLASS from 0 to 30 points for each student in the group (non-

expert response = 0 to 30 = expert response). To answer this research question, I 

used the first method of investigation; the second method is explained in a 

supplemental analysis at the end of this section.    

Data preparation and analyses using Zwickl et al.’s (2014) procedures. The 

fraction of both groups with expert-like responses was calculated by converting all 

Likert scale values (Strongly Disagree = 1 to 5 = Strongly Agree) on E-CLASS items 

into 0 and 1. Each response that agreed with the views of experts was coded as 1, and 

each response was coded as 0 if it disagreed with the views of the experts. For 

answers where the expert agreed with the response, students’ answers on the Likert 

scale of four (A) and five (SA) were considered expert-like responses. For answers 

where experts disagreed, responses on the Likert scale of one (SD) and two (D) were 

considered expert-like responses. The fraction of students in each group with expert-

like responses for each question was calculated by dividing the number of students 

who indicated an expert-like response by the total number of students in the group 

who took the survey. This same calculation was conducted for both pretests and 

posttests in both Treatment and Control groups. The fractions of the group with 

expert-like responses or expert-like thinking on all questions were averaged for both 
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Treatment and Control groups. The fraction of the group having expert-like thinking 

on each item of E-CLASS surveys is presented in Appendix D with overall E-

CLASS pre and post results.  

The fractional change in students’ epistemologies regarding students’ opinion 

of themselves (personal epistemology) and students’ view of what experts say about 

their research (professional epistemology) by groups were investigated through a 

pretest and posttest of the E-CLASS surveys. The average fraction of students’ 

expert-like thinking from pre- to posttest was compared within and between the 

Treatment and Control groups.  

Within-group comparisons of E-CLASS scores based on Zwickl et al. (2014). 

Although this research question refers to differences between groups, not pre-to-post 

differences within each study group, the results of within-groups analysis of 

students’ personal and professional epistemological scores are included here to 

support interpretation of these results. Table 4.29 (p. 218) shows that there was no 

significant difference on the E-CLASS pretest of students’ personal and professional 

epistemologies for either the Treatment or Control group.  However, Table 4.30 (p. 

218) shows that there was a significant difference between on the E-CLASS posttest 

of students’ personal and professional epistemologies for both the Treatment and the 

Control group (Control t (59) = 2.183, p < .033 and Treatment t (59) = 2.130, p < 

.0374).  

  



 

218 
 

Table 4.29 

Within-Group T-Test Results Comparing the Students’ Own (Personal) and Students’ 

View of Expert (Professional) Epistemologies on the E-CLASS Pretest  

 

A. T-test results for the Control group (30 for E-CLASS items) 

Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

CT a** 0.671 0.039 0.592 0.750 1.721 0.091 

CT b** 0.767 0.039 0.688 0.846   

       

B. T-test Statistic for the Treatment group (30 for E-CLASS items) 

      Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

      TR a** 0.708 0.043 0.621 0.795 1.354 0.181 

      TR b** 0.791 0.043 0.704 0.878   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). **b = students’ view of what 

expert say about their research (students’ professional epistemology).  *p < 0.05. Grp = 

groups. CT = Control group. TR= Treatment group.  

 

 

Table 4.30 

Within-Group T-Test Results Comparing the Students’ Own (Personal) and Students’ 

View of Expert (Professional) Epistemologies on the E-CLASS Posttest  

 

A. T-test results for the Control group (n = 30 items on E-CLASS) 

Grp Mean Std Error 
Lower 

95% 

Upper 

95% 
t-Ratio p-value 

CT a** 0.647 0.042 0.562 0.731 2.182 0.033* 

CT b** 0.776 0.042 0.692 0.861   

       

B. T-test statistics for the Treatment group (n = 30 items on E-CLASS) 

      Grp Mean Std Error 
Lower 

95% 

Upper 

95% 
t-Ratio p-value 

     TR a** 0.679 0.043 0.593 0.764 2.130 0.0374* 

     TR b** 0.808 0.043 0.722 0.893   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). **b = students’ view of what 

expert say about their research (students’ professional epistemology).  *p < 0.05. Grp = 

groups. CT = Control group. TR= Treatment group.  
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These results indicate that students in both Treatment and Control groups had 

a modest increase in expert-like thinking regarding students’ professional 

epistemology from pretest to posttest. However, their average expert-like thinking 

regarding personal epistemology had decreased on the posttest in both groups. This 

implies that on average, both Treatment and Control students had reduced in their 

personal epistemology or self-attitude (their opinion about themselves) regarding 

experimental physics. The difference between the increase in professional 

epistemology and decrease in personal epistemology was greater in the Treatment 

group as compared to the Control group. This also indicates that the change in 

attitude regarding experimental physics in the Treatment group was greater than the 

change in attitude in the Control group. 

Between-group comparisons of E-CLASS scores based on Zwickl et al. 

(2014). Table 4.31 (p. 220) shows that there were no significant differences in 

students’ average personal epistemologies between the Treatment and the Control 

group on either the E-CLASS pretest or posttest. Similarly, Table 4.32 (p. 220) also 

shows that there were no significant differences in students’ average professional 

epistemologies between the Treatment and the Control group on either the E-CLASS 

pretest or posttest. Moreover, there was no significant difference in Treatment and 

Control group expectation about the course (students’ views of different activities for 

earning good grades in physics lab) on the E-CLASS posttest. This suggests that the 

average students’ expert-like thinking regarding personal and professional   
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Table 4.31 

Between-Group T-Test Results Comparing the Students’ Own (Personal) 

Epistemology on the E-CLASS Pretest and Posttest 

 
A. T-test results for students’ personal epistemology on pretest (n= 30 items on E-CLASS) 

Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

CT a** 0.671 0.043 0.583 0.759 0.599 0.551 

TR a** 0.708 0.043 0.620 0.796   

       

B. T-test results for students’ personal epistemology on posttest (30 items on E-CLASS) 

      Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

      CT a** 0.646 0.044 0.558 0.735 0.514 0.609 

      TR a** 0.678 0.044 0.590 0.767   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). *p < 0.05. Grp = groups.  

 CT = Control group. TR= Treatment group.  

 

 

Table 4.32 

Between-Group T-Test Results Comparing Students’ Views of Expert (Professional) 

epistemology and Students’ Expectation about the Course on the E-CLASS Pretest 

and Posttest 

 
A. T-test results for students’ professional epistemology on E-CLASS pretest 

Grp Mean Std Error Lower 95% Upper 95% t-Ratio p-value 

CT b** 0.767 0.039 0.689 0.845 0.445 0.657 

TR b** 0.791 0.039 0.713 0.869   

       

B. T-test results for students’ professional epistemology on E-CLASS posttest 

      Grp Mean Std Error Lower 95% Upper 95% t-Ratio p-value 

      CT b** 0.776 0.040 0.695 0.857 0.546 0.587 

      TR b** 0.807 0.040 0.726 0.888   

       

C. T-test results for students’ expectation about the course on E-CLASS posttest  

      Grp Mean Std Error Lower 95% Upper 95% t-Ratio p-value 

      CT c** 0.498 0.075 0.346 0.649 0.217 0.829 

      TR c** 0.521 0.075 0.369 0.672   

       
Notes.  N =30 for E-CLASS items. *p < 0.05. Grp = groups. CT = Control group. TR= Treatment 

group.  **b = students’ view of what expert say about their research (students’ professional 

epistemology). **c = students’ expectation about different activities for earning good grades in 

physics lab.   
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epistemology was fairly similar in both Control and Treatment groups. Figure 4.4 

shows the average values of expert-like thinking for both Treatment and Control 

group on both personal and professional epistemologies on the pretest and posttest. 

The average values of expert-like thinking regarding both students’ personal and 

professional epistemologies for the Treatment group was higher throughout the 

physics laboratory course. 

Pearson correlation coefficients were calculated comparing students’ personal 

epistemology to their professional epistemology for each group on both the pretest 

and posttest. Figure 4.5 and Figure 4.6 (p. 222) show that there is a strong correlation 

between students’ personal and professional epistemologies on the posttest within 

both Treatment and Control groups, but the correlation for the Treatment group (r = 

.873) was greater than for the Control group (r = .785).  

 

Figure 4.4 Average expert-like thinking regarding students’ opinion of 

themselves (personal ) and regarding students’ view of expert (professional ) 

epistemologies between groups on E-CLASS.  

 

.   
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By plotting a graph of students’ epistemologies or attitudes versus students’ 

view of what an expert physicist would say about their research, the connection was 

clear. In general, students answered that the experts’ attitudes were more expert-like 

than their own attitude. However, in the Control group, the difference between the 

two was slightly less consistent than in the Treatment group. On the other hand, 

students in the Treatment group had opinions of themselves that were relatively 

r = 0.912 r = 0.853  

Control 

group 

 

Treatment 

group 

Figure 4.5 Correlation between students’ personal epistemology (your opinion of 

yourself) and professional epistemology (your opinion of an expert) in pretest.  

Figure 4.6 Correlation between students’ personal epistemology (your opinion of 

yourself) and professional epistemology (your opinion of an expert) in posttest.  

Control 

group 

 

r = 0.873 

Treatment 

group 

r = 0.785  
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consistent with what they regarded a physicist’s or expert’s answers to be. Students 

in the Treatment group had a slightly stronger relationship between their attitudes 

and what they regarded experts’ attitudes to be than did the students in the Control 

group.  

Data preparation and analyses based on alternative scoring procedures.  

Given the explanatory and mixed nature of the study, I performed a supplemental 

analysis to get a better understanding of the results of Research Question Four, and 

further inform the current study for subsequent research. Rather than calculate and 

compare E-CLASS scores in a manner consistent with procedures recommended by 

the E-CLASS developers (Zwickl et al., 2014), I calculated a score for each student’s 

expert-like thinking using their response on all thirty items of the E-CLASS. These 

scores ranged from 0 to 30 points (non-expert response = 0 to 30 = expert response). 

Prior to any statistical analysis of these scores, seven outliers were removed based on 

a Jackknife distance of 3.49. The general assumption of equal variability within 

group and condition of normality analysis for ANOVA were investigated and met 

(see Appendix E).  

Within-group comparisons of E-CLASS scores based on alternative 

procedures. The average fraction of students’ expert-like thinking on the pretest and 

on the posttest was compared in both Treatment and Control groups. Table 4.33 (p. 

224) shows that there was a significant difference between students’ personal and 

professional epistemologies in both Treatment and Control groups on the pretest of 

the E-CLASS surveys, (Control t (50) = 4.398, p < .0001 and Treatment t (67) = 

3.826, p < .0002). Similarly, Table 4.34 (p. 224) also shows that there was a   
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Table 4. 33 

Within-Group T-Test Results Comparing the Students’ Own (Personal) and Students’ 

View of Expert (professional) epistemologies on the E-CLASS Pretest  

 

A. T-test results for the Control group (n =51) 

Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

CT a** 21.451 0.494 20.469 22.433 4.398 <.0001* 

CT b** 24.529 0.494 23.547 25.511   

       

B. T-test results for the Treatment group (n = 68) 

      Grp Mean Std Error Lower 95% 
Upper 

95% 
t-Ratio p-value 

      TR a** 21.205 0.462 20.292 22.120 3.826 0.0002* 

      TR b** 23.705 0.462 22.792 24.620   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). **b = students’ view of what 

expert say about their research (students’ professional epistemology).  *p < 0.05. Grp = 

groups. CT = Control group. TR= Treatment group.  

 

 

Table 4.34 

Within-Group T-Test Results Comparing the Students’ Own (Personal) and Students’ 

View of Expert (Professional) Epistemologies on the E-CLASS Posttest  

 

A. T-test results for students’ epistemologies in the Control group (n = 52) 

Grp Mean Std Error 
Lower 

95% 

Upper 

95% 
t-Ratio p-value 

CT a** 20.150 0.520 19.118 21.183 5.593 <.0001* 

CT b** 24.288 0.525 23.246 25.331   

       

B. T-test results for students’ epistemologies in the Treatment group (n =56) 

      Grp Mean Std Error 
Lower 

95% 

Upper 

95% 
t-Ratio p-value 

     TR a** 20.280 0.586 19.119 21.442 4.660 <.0001* 

     TR b** 24.160 0.591 22.989 25.332   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). **b = students’ view of what 

expert say about their research (students’ professional epistemology).  *p < 0.05. Grp = 

groups. CT = Control group. TR= Treatment group.  
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significant difference between students’ personal and professional epistemologies in 

both Treatment and Control groups on the posttest, (Control t (51) = 5.93, p < .0001 

and Treatment t (55) = 4.660, p < .0001). Only the students in the Treatment group 

had an increase in their professional epistemology scores between the pretest and 

posttest.  

However, students’ averages in expert-like thinking regarding personal 

epistemology had decreased in the posttest in both the Treatment and Control groups. 

Moreover, students in the Control group also had a reduction in students’ 

professional epistemology between pretest and posttest. This implies that on average 

both Treatment and Control students had a reduction in personal epistemology or 

self-attitude (their opinion about themselves) regarding experimental physics. 

However, students in the Treatment group had an increase in professional 

epistemological thinking in the posttest; this also indicates that an increase in the 

students’ professional epistemology and thinking did not improve their own views 

about experimental physics in the Treatment group. 

Between-group comparisons of E-CLASS scores based on alternative 

procedures. Table 4.35 (p. 226) shows that there was no significant difference on 

students’ personal epistemologies (students’ opinion of themselves) between the 

Treatment and Control groups on the E-CLASS pretest and posttest. Similarly, Table 

4.36 (p. 227) also shows that there was no significant difference on students’ average 

expert-like thinking on their professional epistemologies (students’ view of what an 

expert would say about their research) between Treatment and Control groups on the 

E-CLASS pretest and posttest  
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Table 4.35 

Between-Group T-Test Results Comparing the Students’ Own (Personal) 

Epistemology on the E-CLASS Pretest and Posttest 

 
A. T-test results for pretest 

Grp Mean Std Error 
Lower 

95% 

Upper 

95% 

t-

Ratio 
p-value 

CT a** (n=48) 21.500 0.557 20.396 22.604 0.106 0.915 

TR a** (n=64) 21.578 0.482 20.622 22.535   

       

B. T-test results for posttest 

      Grp Mean Std Error 
Lower 

95% 

Upper 

95% 

t-

Ratio 
p-value 

      CT a** (n=50) 20.580 0.610 19.369 21.791 0.383 0.702 

      TR a** (n=53) 20.905 0.592 19.730 22.081   

       
Notes.  **a = students’ opinion of themselves (personal epistemology). *p < 0.05. Grp = groups.  

CT = Control group. TR= Treatment group.  

  

Moreover, the difference in students’ average expert-like thinking on 

students’ expectations about the course (students’ views of different activities for 

earning good grades in physics lab) was also not significant between Treatment and 

Control groups on the E- CLASS posttest. This suggests that the average students’ 

expert-like thinking regarding personal and professional epistemology in both 

Control and Treatment groups were fairly similar. 

The Pearson correlation coefficient was calculated between students’ 

personal and professional epistemology for each group on both the pretest and 

posttest (see Appendix E.6, Figure 11 p. 402). The results show that both Treatment 

and Control groups have a moderate level of correlation between students’ average 

personal and professional epistemologies but the correlation for the Treatment group 

(r = .484) was slightly less than that for the Control group (r = .501). By plotting a  
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Table 4.36 

Between-Group T-Test Results Comparing the Students’ View of Expert 

(Professional) Epistemologies and Students’ Expectation about the Course on the E-

CLASS Pretest and Posttest 

 

A. T-test results for students’ professional epistemology on E-CLASS pretest  

Grp Mean 
Std 

Error 

Lower 

95% 

Upper 

95% 

t-

Ratio 
p-value 

CT b** (n=48) 24.43 0.406 23.631 25.244 
-

0.348 
0.7282 

TR b** (n=64) 24.25 0.352 23.552 24.948   

       

B. T-test results for students’ professional epistemology on E-CLASS posttest  

      Grp  Mean 
Std 

Error 

Lower 

95% 

Upper 

95% 

t-

Ratio 
p-value 

      CT b** (n=49) 24.36 0.413 23.548 25.187 0.597 0.5514 

      TR b** (n=52) 24.71 0.401 23.916 25.507   

       

C. T-test results for students’ expectation about course on E-CLASS posttest (n =) 

      Grp Mean 
Std 

Error 

Lower 

95% 

Upper 

95% 

t-

Ratio 
p-value 

      CT c** (n=50) 11.88 0.296 11.291 12.469 0.745 0.457 

      TR c** (n = 53) 12.18 0.288 11.616 12.761   

       
Note.  N =30 for E-CLASS items. *p < 0.05. Grp = groups. CT = Control group. TR= Treatment 

group.  **b = students’ view of what expert say about their research (students’ professional 

epistemology). **c = students’ expectation about different activities for earning good grades in 

physics lab.   

 

 

graph of students’ personal epistemologies versus students’ professional 

epistemology, results showed the similar relationship as was revealed in above using 

Zwickl et al. (2014) procedure. The connection between students’ personal and 

professional epistemologies was clear that students in general answered that the 

experts’ attitudes were more expert-like than their own attitudes. Students both in the 

Treatment and Control groups were aware of what an expert-like physicist would say 

about their research or what expert-like physicist answers would be; however, 
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students’ own attitudes were separated from those known answers. Students with a 

low attitude or epistemology and high attitude or epistemology all knew of the 

expert-like physicist response, yet did not confirm these attitudes about themselves.  

Moreover, asking about students’ current level of interest in physics on 

posttest and their interest level in physics during the semester, Figure 4.7 shows that 

21% of students in the Treatment group had very high level of interest and 9% of 

students in the Control group had very high level of interest in physics. Similarly, 

38% of students in the Treatment group indicated that their level of interest during 

the semester had increased and 29% of students in the Control group mentioned that 

their level of interest during the semester had increased. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Item 49: What is your current level of interest in 

Physics?   

 

Control 

group 

 

Treatment 

group 

 

Control 

group 
Treatment 

group 

 

Item 50: During the semester, my interest in 

physics lab?  

   

 

Figure 4.7. Responses that reflect students’ current level of interest in physics.   



 

229 
 

Results for Research Question Five. Research question five states: What is 

the relationship between students’ demographic attributes and their conceptual 

understanding and achievement in both Treatment and Control groups? 

The relationship between the students’ demographic attributes (including 

academic and parental factors) and their conceptual understanding and academic 

achievement was investigated using multiple regression. The outlier analysis was 

performed before regression analysis. Nine outliers from the MBT post and 6 outliers 

from the final exam score were removed. The assumptions for Multiple Regression 

were met, having a proper relationship involving the independent variables (IVs) 

versus the dependent measures (DVs). Kernel Smoother was used to compare 

residuals to predicted values, and was able to match these two fit lines at an alpha 

value of .799. The data set indicated the absence of multicollinearity. These results, 

along with leverage plots, are presented in Appendix F.  

The research question was investigated in two steps. First (for Model 1), 

multiple regression analysis was conducted for all eleven independent variables 

including four demographic, three parental, and four academic factors to determine 

effect of these attributes (IVs) on student’ conceptual understanding (measured by 

the MBT posttest score). Out of these eleven IVs, only five significant factors were 

selected to include in the Model 1. These five significant factor were: Gender (Q7 Xa 

gender), Location of High School Graduated (Q10 Xb), Physics Course Taken in 

High School (Q2 Xb), Physics Course Taken in College (Q2 Xc), and Calculus 

Course Taken in College (Q3 Xc). Second, for Model 2 a separate multiple 

regression analysis was conducted again including all same eleven variables to 
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investigate the effect on students’ final achievement (measured by students’ Final 

Exam Score in the course). Out of eleven only six independent variables were 

selected to include in multiple regression Model 2. These six significant variables 

included in Model 2 were: Students’ School Year Status (Q1 Xb), Physics Course 

Taken in High School (Q2 Xb), Calculus Course Taken in College (Q3 Xc), 

Ethnicity (Q4 Xa), Family Yearly Income (Q5 Xa), and Parents’ Education Status 

(Q6 Xa). The multiple regression results for both models (Model 1 and Model 2) are 

presented in Table 4.37 (p. 231) and Table 4.38 (p. 232), respectively.  

Variables in Model 1 provided 19% (R2 = .19) of information needed to 

perfectly predict students’ conceptual understanding of the MBT posttest score. 

Furthermore, all five variables and their coefficients (Bi) in Model 1 were 

statistically significant in the model, F (5, 115) = 5.253, p < .0002. With respect to 

demographic factors, female students scored approximately 3.753 points lower than 

male students on the MBT posttest. Students who were U. S. and Florida residents 

scored an average of 3.676 points higher on the MBT posttest than did international 

students.    

 For the academic factors in Model 1, students who had already taken a 

physics course in high school scored an average of approximately 4.995 points 

higher in achievement (i.e., MBT posttest scores) than those students who had not 

taken a physics course in high school. Similarly, students who had already taken a 

physics course in college scored an average of approximately 4.855 points higher on 

the MBT posttest than those students who had not taken a physics course in college. 

Interestingly, students who had already taken calculus in college scored 5.101 points  
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 Table 4.37 

Analyses of Variance Results for MBT Posttest and Final Exam Scores 

A.  ANOVA results for variables in Model 1, with MBT Posttest Scores as the 

DV   

Source df Sum of Squares Mean Square F Ratio p-value 

Group 5 5467.632 1093.53 5.253 .0002* 

Error 110 22900.552 208.19   

C. Total 115 28368.184    

      

B. ANOVA results for variables in Model 2, with Final Exam Scores as the DV   

Source df 
Sum of 

Squares 
Mean Square F Ratio p-value 

Group 6 3030.412 505.069 9.567 .0001* 

Error 134 7074.156 52.792   

  C. Total 140 10104.567    

      

   Note. *p < 0.05. 

 

less in final achievement that those students who had not previously taken calculus in 

college. This clearly implies that concepts learned in prior physics courses are more 

closely related to the content domain of the MBT test than are the concepts and 

procedures learned in prior calculus courses.   

 The variables in Model 2 provided 30% (R2 = .2999) of the information 

needed to perfectly predict students’ achievement on the final exam score. All 

variables in the Model 2 had a statistically significant contribution, F (6, 140) = 

0.9.567, p < .0001. The coefficients (Bi) of five variables were statistically 

significant, and a sixth variable, Ethnicity (Q4 Xa), was nearly significant (p = .054). 

Table 4.38 (p. 232) presents the results of multiple regression, and the coefficients (B 

= 1.257) for ethnicity are very nearly significant t (140) = 1.94, p < 0.054.      



 

 
 

Table 4.38  

Parameter of Estimates for Each Variable in Model 1 and in Model 2  
 

Variables in the Model 1 
Estimate 

(Bi) 

Std Error 

(βi) 
t Ratio p-value 95%CI 

For Model-1 for MBT Posttest Scores as DV  

Q2 Xb - Physics Course Took in High School 4.995 1.821  -2.74 .0071* [-8.60, -1.39] 

Q2 Xc - Physics Course Took in College 4.855 1.825  -2.66 .0090* [-8.47, -1.24] 

Q3 Xc - Calculus Course Took in College -5.101 1.668 3.06 .0028* [1.80, 8.41] 

Q7  Xa  - Gender (Female =1, Male = 0) -3.753 1.480 2.54 .0126* [0.82, 6.68] 

Q10 Xb - Location of High School Graduated      

                 (International students =1) 
-3.676 1.475 2.49 .0142* [0.75, 6.60] 

 

For Model 2 for Final exam score as DV 

Q1 Xb - School Year Status (Sophomores = 1) -2.759 0.630 4.38 .0001* [1.51, 4.00] 

Q2 Xb - Physics Course Took in High School 1.794 0.805  -2.23 .0276* [-3.39, -0.20] 

Q3 Xc - Calculus Course Took in College -2.927 0.762 3.84 .0002* [1.42, 4.43] 

Q4 Xa  - Ethnicity (White = 0, Nonwhite = 1 ) 1.257 0.646 1.94 .0540 [-0.02, 2.54] 

Q5 Xa  - Family Yearly Income (< 60k** =1) 1.772 0.693  -2.56 .0117* [-3.14, -0.40] 

Q6 Xa - Parents Education Status (< High School =1) -2.071 0.830 2.50 .0138* [0.43, 3.71] 

   Note. *p < 0.05. **k = 1000.  
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 With respect to the demographic factors and ethnicity, White students 

averaged approximately 1.257 points higher scores in their achievement on the final 

exam score than other students, which included of African American, Asian, Native 

Hawaiian, and Hispanic students. Similarly, with respect to parental factors, those 

students whose parental yearly income was less than 60,000 dollars had an average 

of 1.772 points higher than those who have a parental yearly income more than 

60,000 dollars. Moreover, students whose parents’ education was less than high 

school had an average of 2.071 points less on the final exam score than those 

students whose parents’ education is equal to high school or more than a high school 

education.  

With respect to academic factors, the Sophomores performed significantly 

lower as compared to Freshmen, Juniors, and Seniors. Specifically, the Sophomores 

averaged 2.759 points lower on the final exam score as compared to other 

undergraduate students. Similarly, students who had already taken a physics course 

in High School scored an average of approximately 1.794 points higher than those 

students who had not taken a physics course during their high school education. 

Moreover, the students who already took calculus in college had scored 2.927 points 

lower than those students who had not previously taken calculus in college.   

In summary, there was a significant relationship between these students’ 

demographic attributes, specifically gender and location of high school graduated, 

and their conceptual understanding. With respect to ethnicity (white students versus 

other students), students’ parental yearly income (less than 60, 000 dollars versus 

greater than 60,000 dollars), and parental education level (less than high school 
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education versus more than high school education), there was a significant 

relationship of these variables with the students’ achievements.  Moreover, students 

demographic and academic variables (i.e., gender, location high school graduated, 

taking of a physics course in high school, taking of a physics course in college, and 

taking of a calculus course in college) had a significant relationship F (5, 115) = 

5.253, p < .0002 with students’ conceptual understanding. The R2 = .19; indicates 

that these demographics and academic variables can predict 19% percent of 

variability in students conceptual understanding. Similarly, students’ demographic, 

academic, parental, variables:  ethnicity, family yearly income, parent education 

status, school year status, physics course taken in high school, and calculus course 

taken in college had a significant relationship F (6, 140) = 0.9.567, p < .0001 with 

students’ final academic achievement. The R2 = .299, indicates that 30% percent of 

variability in students’ final academic achievement can be predicted by students’ 

demographics, parental, and academic factors.  

Results of Additional Analysis  

For additional data analysis, the independent variables that satisfied all 

regression assumptions were grouped into three distinct sets: (a) demographic 

factors, (b) parental factors, and (c) academic factors. Set A was composed of 

demographic factors and included the following variables: gender (Q7), athlete 

(Q12), ethnicity (Q4), and location of the high school attended (Q10). Set B was 

composed of parental factors, and included these variables: highest level of 

education of either parent (Q6), and yearly family income (in $1000s; Q5). Set C 

was academic factors, and included these variables: present school year (Q1), student 



 

235 
 

subject major (Q9), physics course taken previously (Q2), total number of physics 

courses taken thus far (Q11), and calculus or pre-calculus course taken previously 

(Q3). There were five DVs: the FCI posttest score, MBT posttest score, Final Exam 

score, Posttest Expert-like Thinking regarding students’ opinions of themselves 

(expert-like post-a), and Posttest Expert-like Thinking regarding students’ views of 

what an expert would say about their research (expert-like post-b). The purpose of 

this analysis was to investigate the relationship among these three sets of IVs and 

these five DVs.        

Seven outliers were removed before performing statistical analyses, based on 

a Jackknife distance of 3.48. Multiple regression analyses were conducted to 

investigate the relationship among three sets of IVs versus each DV. I developed five 

separate statistical models, one for each of the five DVs. Further, each model was 

run separately for the Treatment group and for the Control group. The results for all 

ten of these analyses are presented in separate tables. Each table presents results 

including F statistics, estimates (Bi), and standard error (βi) for all DVs that were 

statistically significant in each model.  

 Results of additional multiple regression analyses using Treatment group 

data. Models 1-5 were used for the Treatment group to conduct multiple regression 

analyses for each of the five DVs including FCI posttest score, MBT posttest score, 

Final Exam score, Posttest students’ personal epistemology (expert-like post-a), and 

Posttest students’ professional epistemology (expert-like post-b) respectively. Out of 

twenty-three independent variables only those significant contributing variables were 

selected for each model.   
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  Table 4.39 shows results related to the effects of IVs on FCI posttest score in 

the Treatment group. With respect to Set A demographic factors, male students 

scored 8.686 points significantly higher than female students on the FCI posttest. 

With respect to Set B parental factors, students with yearly family income between 

60 to 100 thousand scored 6.06 points significantly lower than the other students on 

the FCI posttest. With respect to Set C academic factors, Freshmen scored 8.615 

points significantly higher than the other students. Students who had taken a physics 

course in high school scored 6.25 points significantly higher. Students who had taken 

calculus or pre-calculus in high school scored 7 points significantly lower. 

 

Table 4.39 

Model 1: Results of Regression Analysis of Treatment Group FCI Posttest Scores  

 Treatment Group 

IVs DV Bi βi t Ratio Prob. >|t| F (7, 59) p R2 

Intercept 

FCI  

Posttest 

score   

34.177 4.373 7.81 <.0001* 10.436 <.0001* 0.584 

Q1 Xa (FR = 1)  8.615 2.858  3.01 0.0040*    

Q2 Xb (HS=1)  6.250 3.062  2.04 0.0464*    

Q3 Xb (HS=1)  7.000 2.393  2.92 0.0051*    

Q5 Xb (60-

100=1) 
-6.060 2.582 -2.35 0.0228*  

 
 

Q7 gender (male)  8.686 2.562 3.39 0.0013*    

Q9 MAE  -7.421 2.959 -2.51 0.0153*    

Q9 Other Eng.  -9.010 2.720 -3.31 0.0017*    
         

Notes. Q1 Xa (FR = 1) = Freshman, Q2 Xb (HS=1) = students had taken physics course in High 

School, Q3 Xb (HS=1) = students had taken calculus course in high school previously, Q5 Xb 

(60-100=1) = students with family yearly income 60k to 100k (k=1000), Q7 gender [0] = 

gender (male), Q9 MAE= students with Mechanical and Aeronautics Engineering majors, and 

Q9 Other Eng. = students with other engineering majors. *p < 0.05. 
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Students with Mechanical and Aeronautics Engineering (MAE) majors scored 7.421 

points and other engineering majors (Other Eng.) scored 9.010 points significantly 

lower than students’ with science and computing majors respectively. 

Table 4.40 shows the results related to the effects of IVs on MBT posttest 

score in the Treatment group. With respect to Set A, demographic factors, male 

students scored 5.847 points significantly higher than female students on the MBT 

posttest. International students performed 4.897 points significantly lower than U.S. 

residents. With respect to Set B parental factors, students with yearly family income 

between 60 to 100 thousand scored 5.243 points significantly lower than the other 

students on the MBT posttest. 

 

Table 4.40 

 

Model 2: Results of Regression Analysis of Treatment Group MBT Posttest Scores  

Treatment Group         

IVs DV Bi βi t Ratio Prob. >|t| F (7, 55) p R2 

Intercept  

MBT 

Posttest 

score   

37.060 4.647 7.97 <.0001* 11.896 <.0001* 0.634 

Q1 Xa (FR = 1) 7.973 2.052  -3.88 0.0003*    

Q5 Xb (60-100=1) -5.243 1.935 2.71 0.0093*    

Q7 gender [0] 5.847 1.849 3.16 0.0027*    

Q9 Other Eng. -4.661 1.935 2.41 0.0199*    

Q10 Xb (INTER)  -4.897 1.824 2.68 0.0100*    

Q11No of physics took 

[1-2] 

 8.347 3.808 2.19 0.0333*    

         

Notes. Q1 Xa (FR = 1) = Freshmen, Q5 Xb (60-100=1) = students with family yearly income 60k to 

100k (k=1000), Q7 gender [0] = gender (male), Q9 Other Eng. = students with other engineering 

majors. Q10 Xb (INTER) = International students, and Q11No of physics courses taken [1-2] = 1 to 2 

number of physics courses taken thus far. *p < 0.05. 

 

With respect to Set C academic factors, Freshmen scored 7.973 points significantly 

higher than the other students. Students who had taken two physics courses 



 

238 
 

previously scored 8.347 points significantly higher. Students with other engineering 

majors scored 4.661 points significantly lower than science, computing, and MAE 

majors. 

Table 4.41 shows the results related to the effects of IVs on Final exam score 

in the Treatment group. No variables in Set A regarding demographic factors and in 

Set B regarding parental factors were significant in The Treatment group. With 

respect to Set C academic factors, again Freshmen scored 4.039 points significantly 

higher than the other students. Students who had taken physics courses in high 

school scored 2.333 points significantly higher on the Final Exam as compared to 

those students who had not taken physics in high school. Students with other 

engineering majors scored 2.592 points significantly lower than science, computing, 

and MAE majors. 

 

Table 4.41 

Model 3: Results of Regression Analysis of Treatment Group Final Exam Scores  

Treatment Group         

IVs DV Bi βi t Ratio Prob. >|t| F (3, 63) p R2 

Intercept  

Final 

Exam 

score    

83.503 1.379 60.51 <.0001* 9.047 <.0001* 0.311 

Q1 Xa (FR = 1) 4.039 1.288  -3.14 0.0027*    

Q3 Xb (HS=1)  2.333 1.099  -2.12 0.0379*    

Q9 Other Eng. -2.592 1.146 2.26 0.0274*    
         

Notes. Q1 Xa (FR = 1) = freshman, Q3 Xb (HS=1) = students had taken calculus course in High 

School previously,   and Q9 Other Eng. = students with other engineering majors. *p < 0.05. 
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Table 4.42 shows results related to the effects of IVs on students’ personal 

epistemology in the Treatment group. With respect to Set A, regarding demographic 

factors, male students showed a significant gain of 1.213 points over female students. 

Students who are residents of U.S. states except Florida scored 1.260 points lower 

than Florida residents and international students. No variable from Set B, parental 

factors, was significant for the Treatment group. With respect to Set C academic 

factors, students had taken a physics courses in high school scored 1.213 points 

significantly higher on students’ personal epistemology.  

 

Table 4.42 

Model 4: Results of Regression Analysis of Treatment Group Post Personal 

Epistemology Scores 

Treatment Group         

IVs DV Bi βi t Ratio Prob. >|t| F (3, 47) p R2 

Intercept  

Expert-like 

Thinking  

(Post-a)     

19.799 0.648 30.51 <.0001* 4.158 0.0112* 0.221 

Q3 Xb (HS=1) 1.213 0.589  -2.06 0.0454*    

Q7 gender [0] 1.260 0.625 2.02 0.0500*    

Q10 Xa US Non-

FL) 

-1.260 0.625 2.02 0.0500*    

         

Notes. Q3 Xb (HS=1) = students had taken calculus or pre-calculus course in high school previously, 

Q7 gender [0] = gender (male), and Q10 Xa US (Non-FL) = U.S. resident other than Florida. 

*p < 0.05.  

 

Table 4.43 (p. 240) shows results related to the effects of IVs on students’ 

professional epistemology in the Treatment group. With respect to Set A regarding 

demographic factors, students who were 23 years old showed a significant gain of 

7.748 points over other students. Students who are residents of a U.S. state except 

Florida scored 1.076 points lower than Florida residents and international students.   
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Table 4.43 

 

Model 5: Results of Regression Analysis of Treatment Group Post Professional 

Epistemology Scores  

Treatment Group         

IVs DV Bi βi t Ratio Prob. >|t| F (3, 47) p R2 

Intercept  

Expert-like 

Thinking  

(Post-b)     

25.210 1.147 21.97 <.0001* 4.158 0.0112* 0.221 

Q3 Xb (HS=1) 1.022 0.414  -2.46 0.0188*    

Q8 age [24-23] 7.748 3.321 2.33 0.0256*    

Q9 MAE -1.194 0.466 2.56 0.0150*    

Q10 Xa US 

(Non-FL) 

-1.076 0.447 2.41 0.0215*    

         

Note.  Q3 Xb (HS=1) = students had taken a calculus or pre-calculus course in high school previously, 

Q8 age [24-23] = students 23 to 24 years old, Q9 MAE= students with Mechanical and 

Aeronautics Engineering majors, and Q10 Xa US (Non-FL) = U.S. resident other than Florida. 

*p < 0.05. 

 

No variable from Set B regarding parental factors was significant in the Treatment 

group. With respect to Set C academic factors, students who had taken physics 

courses in high school scored 1.022 points significantly higher. Students with an 

MAE major scored 5.9 points significantly lower than science, computing, and other 

engineering majors in post expert-like thinking regarding their personal 

epistemology. 

 Results of additional multiple regression analyses using Control group 

data. Models 6-10 were used to conduct multiple regression analyses of Control 

group data for each of the five DVs, FCI posttest score, MBT posttest score, Final 

Exam score, Posttest students’ personal epistemology (expert-like post-a), and 

Posttest students’ professional epistemology (expert-like post-b) respectively. Out of 

twenty-three independent variables only those significant contributing variables were 

selected for inclusion in each model.   
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Table 4.44 presents the results of Model 6, which analyzed the effects of 

these IVs on FCI scores in the Control Group. In the Control group, for demographic 

variables in Set A: male students scored higher than female students (9.73 points 

higher), U.S. non-Florida residents scored significantly higher than those students 

who were from Florida or who were international (8.312 point higher), and students 

of 21 years old scored significantly lower than the other students in the FCI posttest 

(39.076 points lower). With respect to parental factors in Set B: students with yearly 

family income from 60k to 100k scored significantly higher than students whose  

 

Table 4.44 

Model 6: Results of Regression Analysis of Control Group FCI Posttest Scores  
 
 Control Group 

IVs DV Bi βi t Ratio Prob. >|t| F (15, 51) p R2 

Intercept 

FCI  

Posttest 

score   

65.709 8.263 7.95 <.0001* 2.826 0.0054* 0.541 

Q2 Xb (HS= 1)  9.770 3.986 2.45 0.0192*    

Q2 Xc (College=1) 11.29 4.259 2.65 0.0118*    

Q3 Xc (College=1) -11.542 3.624 -3.18 0.0030*    

Q5 Xb (60-100=1) 7.394 3.419 2.16 0.0373*  
 

 

Q6 Xb (HS =1)  10.86 4.845 2.24 0.0312*    

Q7 gender [male]  9.730 3.754 2.59 0.0137*    

Q10 Xa US (Non-

FL) 
 8.312 3.683 2.26 0.0302*  

 
 

Q8 age [22-21]  -39.076 13.41 -2.91 0.0061*    
         

Notes. Q2 Xb (HS= 1) = students had taken physics course in High School, Q2 Xc (College=1) = 

students had taken physics course in college previously, Q3 Xc (College=1) = students had 

taken calculus course in college previously, Q5 Xb (60-100=1) = students with family yearly 

income 60k to 100k (k=1000), Q6 Xb (HS =1) = students either of whose parents have a high 

school education, Q7 gender [0] = gender (male), Q8 age [22-21] = students 21 to 22 years 

old, and Q10 Xa US (Non-FL) = U.S. residents other than Florida. *p < 0.05. 

 

family income was either less than or greater than that (7.394 points higher); and 

students, either of whose parents’ education is high school level, scored 10.86 points 
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significantly higher than other students in the FCI posttest. With respect to Set C 

academic factors: students who had taken a physics course in high school scored 

9.77 points significantly higher, students who had taken a physics course in college 

previously scored 11.29 points significantly higher, and students who had taken a 

calculus course in college previously scored 11.542 points significantly lower than 

the other students in the group in the FCT posttest respectively.         

Table 4.45 presents the results of Model 7. In the Control group, Set A 

demographic variables, White students scored 4.637 points significantly lower than 

non-white students on the MBT posttest. With respect to Set B parental factors, 

 

Table 4.45 

Model 7: Results of Regression Analysis of Control Group MBT Posttest Scores  
 
Control Group         

IVs DV Bi βi t Ratio Prob. >|t| F (6, 54) p R2 

Intercept MBT 

Posttest 

score   

49.876 4.001 12.46 <.0001* 5.982 0.0001* 0.54 

Q1 Xa (FR = 1) 4.772 2.032  -2.35 0.0230*    

Q3 Xc (College=1) -7.848 2.312 3.39 0.0014*    

Q4 Xa (white = 0) -4.637 2.023 2.29 0.0263*    

Q5 Xb (60-100=1) 3.991 2.287  -1.75 0.0873    

Q6 Xa (Less than HS 

=1) 

 -5.209 2.368 2.20 0.0327*    

Q6 Xb (HS =1)   7.727 2.863  -2.70 0.0096*    
         

Notes. Q1 Xa (FR = 1) = Freshman, Q3 Xc (College=1) = students had taken calculus course in 

college previously, Q4 Xa (white = 0) = students with white ethnicity, Q5 Xb (60-100=1) = 

students with family yearly income 60k to 100k (k=1000), Q6 Xa (less than HS =1) = students 

either of whose parents have less than a high school education, and Q6 Xb (HS =1) = students 

either of whose parents have a high school education. *p < 0.05. 
 

students with a yearly family income from 60k to 100k scored 3.991 points 

significantly higher than students whose family income was either less than or 
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greater than that. Students either of whose parents’ education is high school scored 

7.727 points significantly higher than other students on the MBT posttest. Students 

either of whose parents’ education is less than high school scored 5.209 points lower 

than other students on the MBT posttest. With respect to Set C academic factors, 

Freshmen scored 4.772 points significantly higher than other students, and students 

who had taken a calculus course in college previously scored 7.848 points 

significantly lower than the other students in the group on the MBT posttest 

respectively. 

Table 4.46 presents the results of Model 8. In the Control group, Set A 

demographic variables, students with athletic status scored 5.17 points lower than  

 

Table 4.46 

Model 8: Results of Regression Analysis of Control Group Final Exam Scores  
 
Control Group         

IVs DV Bi βi t Ratio Prob. >|t| F (4, 57) p  R2 

Intercept Final 

Exam 

score    

72.678 2.525 28.78 <.0001* 8.088 <.0001* 0.379 

Q1Xa (FR = 1) 2.675 1.094  -2.45 0.0178*    

Q6 Xa (Less than HS 

= 1) 

-3.139 1.278 2.46 0.0174*    

Q9 Computing -5.900 1.985 2.97 0.0044*    

Q12 Athlete -5.170 1.381 3.74 0.0004*    

         

Notes. Q1Xa (FR = 1) = Freshmen, Q6 Xa (less than HS =1) = students either of whose parents have 

less than high school education, Q9 Computing = students with computing major from school of 

computing, and Q12 Athlete = students with athletic status. *p < 0.05.  

 

non-athletes on their Final Exam. With respect to set B parental factors, students 

either of whose parents’ education is less than high school scored 3.139 points 

significantly lower than other students on the Final Exam. With respect to set C 
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academic factors, Freshmen scored 2.675 points significantly higher than other 

students in the group. Students with computing majors scored 5.9 points significantly 

lower than science, MAE, and other engineering majors on the Final Exam.  

Table 4.47 presents the significant contribution of IVs towards posttest 

students’ personal epistemology (opinion of themselves) in Control group. No 

variables in Set A regarding demographic factors and in Set B regarding parental 

factors were significant in the Control group. With respect to Set C academic factors,  

 

Table 4.47 

Model 9: Results of Regression Analysis of Control Group Post Personal 

Epistemology Scores  
 
Control Group         

IVs DV Bi βi t Ratio Prob. >|t| F (5, 49) p R2 

Intercept Expert-like 

Thinking  

Post-a     

9.860 2.938 3.36 0.0016* 4.054 0.004* 0.315 

Q1 Xb (SO=1) -1.472 0.576 2.55 0.0142*    

Q2 Xb (HS=1) -2.289 1.135 2.02 0.0498*    

Q2 Xc (College=1) -2.007 0.946 2.12 0.0397*    

Q11 No of physics 

took [1-0] 

10.909 3.251 3.36 0.0016*    

         

Notes. Q1Xb (SO = 1) = Sophomores, Q2 Xb (HS= 1) = students had taken physics course in High 

School, Q2 Xc (College=1) = students had taken physics course in college previously, and 

Q11No of physics courses taken [1-0] = 0 to 1 number of physics courses taken thus far. *p < 

0.05. 

 

Sophomores scored 1.472 points significantly lower than other students in the group. 

Students who had taken a physics course in high school scored 2.289 points 

significantly lower than others. Students who had taken a physics course in college 

scored 2.007 points significantly lower than others. Students who had never taken a 

physics course previously scored 10.909 points significantly higher in expert-like 
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thinking regarding personal epistemology than students who had taken physics 

course before. 

Table 4.48 presents the significant contribution of IVs towards students’ 

professional epistemology (students’ views about what an expert would say about 

their research). With respect to variables in Set A regarding demographic factors, 

students 26 years old scored 7.840 points lower than the other students. Students who 

are residents of a U.S. state except Florida scored 1.579 points higher than Florida  

 

Table 4.48 

Model 10: Results of Regression Analysis of Control Group Post Professional 

Epistemology Scores  
    
Control Group         

IVs DV Bi βi t Ratio Prob. >|t| F (11, 44) p R2 

Intercept Expert-like 

Thinking  

Post-b     

24.123 0.774 31.14 <.0001* 4.061 0.0008* 0.575 

Q2 Xb (HS=1) 2.076 0.530  -3.91 0.0004*    

Q5 Xa (< 60 = 1) 1.075 0.402  -2.67 0.0117*    

Q8 age [27-26]  -7.840 3.259  -2.41 0.0219*    

Q10 Xa US (Non 

FL) 

1.579 0.490  -3.22 0.0029*    

         

Note. Q2 Xb (HS= 1) = students had taken a physics course in High School, Q5 Xa (< 60 = 1) = 

students with family yearly income less than 60k (k=1000), Q8 age [27-26] = students 26 to 27 

years old, and Q10 Xa US (Non-FL) = U.S. resident other than Florida. *p < 0.05. 

 

residents and international students.  With respect to variable in Set B regarding 

parental factors, students with family yearly income less than 60k scored 1.075 

points significantly higher in post expert-like thinking regarding their professional 

epistemology. With respect to Set C academic factors, students who had taken a 

physics course in high school scored 2.076 points significantly higher than others.  
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Summary of significant results of additional regression analyses for 

Treatment group and Control group dependent variables. In summary, some of 

the independent variables from all three sets, (Set A) demographic factors, (Set B) 

parental factors, and (Set C) academic factors, significantly contributed to an 

explanation of all five DVs: FCI posttest score, MBT posttest score, Final Exam 

score, Posttest students’ opinion of themselves (expert-like post-a), and Posttest 

Expert-like students’ views of what an expert would say about their research (expert-

like post-b).  

These results are presented in Table 4.49 (p. 247). In Set A demographic 

factors, the included variables: male students had relatively higher scores than 

female students. Students with athlete status performed relatively lower than non-

athlete students. White students performed lower on the MBT test than others 

students. Students who were 21 to 22 years old performed on FCI better than the 

other age students. In Set B regarding parental factors, students either of whose 

parents’ education was at a high school level performed better than those students 

either of whose parents’ education was less than or more than high school.  Students  

with yearly family income (k=1000) of 60k to 100k performed better on most DVs. 

In Set C regarding academic factors, freshmen performed better than other students 

on most of DVs. Students who had taken physics courses in high school and college 

scored significantly higher; and those who had taken calculus or pre-calculus in 

college previously performed lower in most DVs. Students in Control group who had 

never taken physics before had improved in their personally epistemology and who 

had taken physics course in high school had improved in their professional  
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Table 4.49 

Significant Results from Additional Regression Analyses  

Groups 

(IVs) 
Model 

DVs  

(Scores) 

Set A (Demographic 

Factors ) 

Set B  

(Parental Factors) 

Set C  

(Academic Factors) 

Treatment 

 

1 FCI Q7 gender (male)+ Q5 Xb (60-100) – 

Q1 Xa (FR)+, Q2 Xb 

(HS)+, Q3 Xb (HS)+, 

Q9 MAE –, and Q9 

Other Eng. – 

2 MBT 

Q7 gender 

(male)+and Q10 Xb 

(INTER) – 

Q5 Xb (60-100) – 

Q1 Xa (FR)+, Q9 

Other Eng. – and 

Q11No of physics 

took [1-2]+ 

3 
Final exam 

score 
-- -- 

Q1 Xa (FR)+, Q3 Xb 

(HS)+ and Q9 Other 

Eng. – 

4 

Expert-like 

Thinking  

Post-a*     

Q7 gender (male)+ 

and Q10 Xa US 

(Non-FL) – 

-- Q3 Xb (HS)+ 

5 

Expert-like 

Thinking  

Post-b*     

Q8 age [24-23]+ and 

Q10 Xa US (Non-

FL) – 

-- 
Q3 Xb (HS)+ and Q9 

MAE – 

Control 

 

6 FCI 

Q7 gender (male)+, 

Q10 Xa US (Non-

FL)+ and Q8 age 

[22-21]+ 

Q5 Xb (60-100) + 

and Q6 Xb (HS =1)+ 

Q2 Xb (HS)+, Q2 Xc 

(College)+ and Q3 Xc 

(College) – 

7 MBT Q4 Xa (white ) – 

Q5 Xb (60-100) + 

and Q6 Xb (HS =1)+ 

 

Q1 Xa (FR)+ and Q3 

Xc (College) – 

8 
Final exam 

score 
Q12 Athlete – 

Q6 Xa (Less than 

HS = 1) – 

Q1Xa (FR)+ and Q9 

Computing – 

9 

Expert-like 

Thinking  

Post-a*     

-- -- 

Q1 Xb (SO) –, Q2 Xb 

(HS) –, Q2 Xc  

(College) – and Q11 

no of physics took 

[0]+ 

10 

Expert-like 

Thinking  

Post-b*     

Q8 age [27-26] – and 

Q10 Xa US (Non 

FL)+ 

Q5 Xa (< 60 = 1)+ Q2 Xb (HS)+ 

Notes.  *a = students’ opinion of themselves (personal epistemology). *b = students’ view of what expert say about 

their work. ‘+’ = indicated as increase, ‘-’ = indicated as decrease.  

Q1 Xa (FR = 1) = Freshman, Q2 Xb (HS=1) = students had taken physics course in High School, Q2 Xc 

(College=1) = students had taken physics course in college previously, Q3 Xb (HS=1) = students had taken calculus 

course in high school previously, Q3 Xc (College=1) = students had taken calculus course in college previously, Q4 Xa 

(white = 0) = students with white ethnicity, Q5 Xb (60-100=1) = students with family yearly income 60k to 100k 

(k=1000), Q6 Xa (less than HS =1) = students either of whose parents have less than a high school education, Q6 Xb 

(HS =1) = students either of whose parents have a high school education, Q7 gender [0] = gender (male), Q8 age [22-

21] = students 21 to 22 years old, Q8 age [24-23] = students 23 to 24 years old, Q8 age [27-26] = students 26 to 27 

years old, Q9 MAE= students with Mechanical and Aeronautics Engineering majors, Q9 Other Eng. = students with 

other engineering majors, Q9 Computing = students with computing major from school of computing, Q10 Xa US 

(Non-FL) = U.S. resident other than Florida, Q10 Xb (INTER) = International students, Q11No of physics courses 

taken [0-2] = 0 to 2 number of physics courses taken thus far, and Q12 Athlete = students with athletic status. 
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epistemology. Students in Treatment group who had taken calculus course in high school 

had improved in their both personal and professional epistemologies.  
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Chapter 5 

Conclusions, Implications, and Recommendations 

 

Introduction  

 This chapter is composed of five major sections. The first section starts with the 

summary of the study and its findings. The second section discusses the conclusions and 

inferences, interpreting the results in the context of each research question and providing 

its plausible explanation. The chapter then outlines the study’s implications based on 

prior research and theory. This is followed by the implications based on educational 

practices. The chapter also discusses the study’s limitations and delimitations. In the final 

section, the chapter concludes with recommendations for future research and practices.  

Summary of the Study 

The purpose of this study was to determine the relationship of two different 

instructional approaches – Discovery Learning Scientific Community Laboratories (DL-

SCL) (experimental) and non-DLSCL laboratories (control) – to students’ 

epistemological beliefs or attitudes, conceptual understanding, and achievement in a 

physics lab. The study was grounded on previous literature, based on the following prior 

research: (a) based on theoretical framework: (Bassok & Novick, 2012; Bloom et al., 

1956; Anderson & Krathwohl, 2001; Kagan, 2005), (b) based on study instruments and 

methods: (Hestenes & Wells, 1992;  Hestenes, Wells, & Swackhamer, 1992; Zwickl et 

al., 2014; Arons & Miner, 1990; Hake, 1998) , and (c) based on results and findings: 

(Knight & Burciaga, 2004; Meltzer & Manivannan, 2002; Meltzer & Thornton, 2012; 
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Novak, Patterson, Gavrin, & Christian, 1999; Redish, 2003; Lark, 2014; Saul & 

Beichner, 2001; Hazari, Tai, & Sadler, 2007; and Ivie & Ray, 2005).   

 This study used ANOVA and regression analysis to understand the relationship 

of students’ demographic factors, academic factors, and parental factors to students’ 

conceptual understanding, students’ academic achievement on the final exam, and 

students’ epistemology (attitude) towards learning a physics lab using DL-SCL and non 

DL-SCL approaches.  

The study was conducted in Fall 2016 in the Physics Department at a private, 

independent, scientific and technological university. DL-SCL approach was used to teach 

the treatment group, whereas the control group was taught using a traditional approach. 

The DL-SCL approach was used in five labs (Weeks 5-10), three of which were modified 

versions of traditional labs and two of which were new labs designed for this study. 

Although the DL-SCL approach had the same eleven labs included in the traditional 

approach, both the sequence of labs and teaching strategy used in the DL-SCL approach 

was different. The control approach included the same modified sequence of eleven labs 

used in the DL-SCL approach, although the five labs unique to the DL-SCL approach 

followed the more traditional physics laboratory approach.  

The sequence and substance of labs for sections in the Control group were the 

same as for the Traditional group. However, students in lab sections in the Control group 

completed all measures, while students in sections in the Traditional group did not. In 

summary, in the treatment (DL-SCL) and control groups, students completed all eleven 

labs in the same sequence and completed all study measures, but each group was exposed 

to a different instructional approach.  
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A quasi-experimental study design was predominantly followed by administering 

of pre-tests and post-tests to participants in intact classes with mixed-method data 

collection and analysis procedures. The dependent variables of the study were: Y1 = 

conceptual understanding, Y2 = academic achievement, and Y3 = epistemology and 

attitude (expert-like thinking score) towards the physics lab. The independent variable 

was the instructional approach used with members of each group: Treatment versus 

Control. A Mechanics Baseline Test (MBT) pretest and posttest were conducted to 

collect data about students’ conceptual understanding. Students’ lab scores were assessed 

to determine student success in laboratories and students’ academic achievement on the 

final exam. Force Concept Inventory (FCI) scores were assessed for pre- and post-

treatment comparisons among groups. The Colorado Learning Attitudes about Science 

Survey for Experimental Physics (E-CLASS) was administered to assess changes in 

student attitudes, epistemology, and personal views as a result of the modified instruction 

DL-SCL. Moreover, the qualitative data, which included three rounds of TA interviews, 

were conducted to assess the optimal impact of the study. Open-ended interviews and 

student feedback surveys were used to discern students’ understanding and points of 

view. Treatment group students’ comments about learning via the DL-SCL approach also 

were collected.  

The validity and reliability of these instruments were already established. The 

researcher had discussed the validity and reliability of the data collected for this study in 

chapter four and in chapter three. A Cronbach’s value of .70 is generally regarded as a 

minimum threshold for reliability. Internal reliability of variables was assessed by two 

different models: (a) in the first model, Cronbach’s alpha for FCI, MBT, average lab 
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scores, and Final Exam score was .86 and (b) in the second model, the calculation of 

Cronbach’s alpha for FCI, MBT, average lab scores, Final Exam score, and E-CLASS 

was .75. One hundred eighty three undergraduate students participated in the study. Out 

of 183 students, eight students dropped or changed the course at the beginning or in mid- 

semester. Therefore, the final sample size for the study was reduced to 175 students.  

Four different statistical techniques – ANOVA, correlation, t-test, and regression 

analysis – were used to investigate the Research Questions 1 through 5.  Results of these 

analyses led to a description and decision of hypothesis testing for each research 

question.  

Summary of Findings 

 This study investigated the students’ conceptual understanding (MBT and FCI 

scores), academic achievement (scores on the final exam), and success in the physics labs 

(scores in each lab) with respect to the independent variable, the instructional approach 

use with the Treatment and Control group. Students’ epistemology, attitude, expert-

thinking (expert-like thinking score on E-CLASS) towards the physics lab was also 

investigated in both treatment and control groups. After the pretest and posttest collection 

of data, the data were dummy coded and compiled into a JMP 13 format. The preliminary 

investigation indicated that the sample size was adequate for the desired power. 

Following imputation of missing data, all detected outliers were removed from the data 

set prior to analysis. The ANOVA and regression assumption were satisfied by excluding 

data sets related to students in the Traditional group. Thus, data from the Traditional 

group was used only for initial comparison purposes (i.e., to equate the groups). The 
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overall dataset related to the Treatment and Control groups was found to be compliant 

with all regression assumptions.  

The first three research questions involved ANOVA and t-test analyses. Research 

question four involved t-test and correlation. Research Question Five involved multiple 

regression analysis. In addition to experimentation, considering the explanatory and 

mixed nature of the study, I also performed a supplementary analysis to gain a better 

understanding about Research Question Four, which involved the relationship between 

the members of the groups and expert-like thinking scores on E-CLASS, and to further 

apply the results of the current study to subsequent research. Finally, additional 

regression analyses were conducted to investigate the relationship between demographic, 

academic, and parental factors versus students’ conceptual understanding, academic 

achievement, and epistemological beliefs about the Physics-I laboratory course.        

Research Question One investigated the group equivalence among Treatment, 

Control, and Traditional groups based on FCI scores (pretest and posttest), lab scores in 

common labs prior to the treatment, and lab scores in common labs after treatment. The 

results indicate that there were no significant differences among the three groups, either 

on the FCI pretest scores F (2, 160) = 0.714, p < .491, or on the FCI posttest scores F (2, 

166) = 0.137, p < .872. The difference in average lab scores in the common lab prior to 

the treatment was not statistically significant between the control and treatment groups t 

(136) = 0.398, p < .691. However, students’ average lab scores in common labs prior to 

the treatment in the Traditional group were statistically significant from students in the 

Treatment and Control group, F (2, 157) = 21.343,   p < .0001.  Moreover, the results 
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indicated that there were no statistically significant differences in average lab scores in 

common labs after treatment among the three groups, F (2, 159) = 0.758, p < .4701.  

Research Question Two investigated the difference between treatment and control 

on average lab scores in the lab part of the treatment. Experiments 3, 4, 11, 12, and 13 

were selected labs for treatment; thus, they were called DL-SCL labs. The results 

indicated that the average lab scores on DL-SCL labs were significantly higher for the 

Treatment group than for the control group t (112) = 2.404, p < .0018.  

Research Question Three investigated the gain in conceptual understanding 

between treatment and control groups. There was a statistically significant difference in 

average normalized gain < g > in conceptual understanding between students in the 

treatment group and students in the control group, t (130) =5.055, p < .0001.. On this DV, 

the Treatment group outscored the Control group.  

Research Question Four investigated students’ opinion or thinking of themselves 

when doing experiments (called students’ personal epistemology) versus students’ views 

or thinking of what an expert would say about their research (called students’ 

professional epistemology). The results on Research Question Four indicated that (a) 

there was no significant difference in average expert-like attitude, epistemology or 

thinking regarding students’ opinion of themselves (their personal epistemology) on the 

pretest t (120) = .599, p < .551 and posttest t (112) = .514, p < .609.  Similarly, (b) there 

was no significant difference in students’ views of what an expert physicist would say 

about their research (students’ professional epistemology) on the pretest t (120) = .445, p 

< .657 and posttest t (112) = .546, p < .587 between students in Treatment and Control 

groups. Finally, (c) there was no significant difference in average scores of students’ 
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views of different activities for earning good grades in the physics laboratory between 

treatment and control groups t (112) = .217, p < .829.  

Research Question Five used multiple regression to investigate the relationship 

between the students’ demographic attributes and their conceptual understanding and 

academic achievement. First, multiple regression analysis was conducted to determine the 

effect of five demographic and academic variables (Set A) on students’ conceptual 

understanding (measured by MBT posttest score). Second, multiple regression analysis 

was conducted to investigate the effect of six demographic and academic variables (Set 

B) on students’ final achievement (measured by students’ Final Exam Score in the 

course).  

There is a significant relationship between variables in set A including: students’ 

demographic attributes: gender and location of high school graduated; and students’ 

conceptual understanding, F (5, 115) = 5.253, p < .0002. The variables in Set A 

contributed 19% knowledge in explaining students’ conceptual understanding. The 

variables in Set B include students’ parental yearly income (less than 60k dollars versus 

greater than 60k dollars) and parental education level (less than high school education 

versus more than high school education).  There is a significant relationship between 

these variables with the students’ achievements F (6, 140) = 0.9.567, p < .0001. All set B 

variables provided 30% (R2 = .2999) of information needed to perfectly predict students’ 

achievement in the final exam score.  

Table 5.1 (p. 256) presents the summary of all results related to the five research 

questions and the associated research hypotheses.   
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Table 5.1 

Summary of Hypothesis Test Results  

Hypothesis Null Hypothesis  Decision 

H1 

There will be no significant differences in lab scores for PHY 

2091 students in the traditional group, treatment group, and 

control group for: 

a) Pre and post measures on the FCI; 

b) Scores on lab experiments before treatment 1, 2, and 6; and 

c) Scores on lab experiments after treatment 7, 8, and 9. 

 

Accepted 

H0 

H2 

There will be no significant difference between treatment and 

control group membership and students’ lab scores in 

experiments 3, 4, 11, 12, and 13. Students in the treatment 

group will have higher achievement than students in the control 

group. 

Rejected 

H0 

H3 

There will be no significant difference between treatment and 

control group membership and students’ conceptual 

understanding. Students in the treatment group will have better 

understanding than students in the control group. 

Rejected 

H0 

H4 

There will be no significant differences in expert-like thinking 

scores for PHY 2091 students in the treatment group and 

control group for:  

a = (what students think when performing experiments versus 

what the experts think); 

b = (how students’ personal views change in the experimental 

lab); and  

c = (how important students’ think it is to earn good grades in 

the physics laboratory). 

Accepted 

H0 

H5 
There will be no significant relationship of demographic 

attributes to students’ conceptual understanding (as measured 

by MBT posttest) and achievement (score on the Final exam).  

 

Rejected 

H0 

 

 

Similarly in additional data analyses, the independent variables from all three 

sets – (a) Set A, demographic factors, (b) Set B, parental factors, and (c) Set C, 

academic factors  –  significantly contributed towards five DVs: FCI posttest score, 

MBT posttest score, Final Exam score, Posttest Expert-like Thinking regarding 
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students’ opinion of themselves (personal epistemology), and Posttest Expert-like 

Thinking regarding students’ views of what an expert would say about their research 

(professional epistemology). In Set A, demographic factors, male students had 

relatively higher scores than female students. Students with athlete status performed 

relatively lower than non-athlete students. White students performed lower on the 

MBT test than others students. Students who were 21 to 22 years old performed on 

FCI better than the other age students. In Set B regarding parental factors, students 

either of whose parents’ education was at a high school level performed better than 

those students either of whose parents’ education was less than or more than high 

school.  Students with yearly family income (k=1000) of 60k to 100k performed 

better on most DVs. In Set C, academic factors, freshmen performed better than 

other students on FCI, MBT and Final exam. Students who had taken physics 

courses in high school and college scored significantly higher; and those who had 

taken calculus or pre-calculus in college previously performed lower on FCI, MBT 

and Final exam. Students in Control group who had never taken physics before had 

improved in their personally epistemology and who had taken physics course in high 

school had improved in their professional epistemology. Students in Treatment group 

who had taken calculus course in high school had improved in their both personal 

and professional epistemologies. 

Conclusions and Inferences  

  This section presents the conclusions of the five research questions and 

hypotheses that guided this research study. The summary includes findings of the 

research questions, interpretation of their results, and their plausible explanations.  
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Research Question One. Research question one states: what differences, if 

any, exist in lab scores for PHY 2091 students exposed to the traditional group, the 

treatment group, and the control group for: a) scores on the Force Concept 

Inventory (FCI), which is administered to all sections of PHY 2091 by that 

Department prior to Experiment 1 (pre-treatment) and after Experiment 9 (post-

treatment); b) common labs prior to the treatment, specifically Experiments 1, 2, and 

6; and c) common labs following the treatment, specifically Experiments 7, 8, and 9? 

This research question investigated the group equivalence between treatment, 

control, and traditional groups based on the dependent variables: FCI (pretest and 

posttest), lab scores in common labs prior to the treatment, and lab scores in common 

labs after treatment. The indicated results are divided into the following three 

subgroups with respect to each DV: (a) First, with respect to FCI scores, there were 

no significant differences either on FCI pretest scores F (2, 160) = 0.714, p < .491 or 

on FCI posttest scores F (2, 166) = 0.137, p < .872 among all three group members. 

(b) Second, with respect to lab scores in common labs prior to the treatment, the 

difference was not statistically significant between control and treatment groups t 

(136) = 0.398, p < .691. However, students’ average lab scores in common labs prior 

to the treatment in the traditional group were statistically significant from the other 

two groups: control and treatment, F (2, 157) = 21.343, p < .0001. (c) Third, with 

respect to average lab scores in common labs after treatment, the difference among 

all three groups was not statistically significant, F (2, 159) = 0.758, p < .4701.  

Thus, as indicated in Table 5.1 (p. 256), I accepted the null hypothesis (H01) 

and reject my alternate hypothesis (H1) by summarizing the results on research 
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question one: that there was no significant difference in Treatment, Control, and 

Traditional groups on: FCI pretest scores F (2, 160) = 0.714, p < .491; FCI posttest 

scores F (2, 166) = 0.137, p < .872; and average lab scores in common labs after 

treatment F (2, 159) = 0.758, p < .4701. Moreover, there was no significant 

difference between Treatment and Control groups on the average lab scores in 

common labs prior to treatment t (136) = 0.398, p < .691.   

With respect to all DVs, including FCI (pretest and posttest), lab scores in 

common labs prior to the treatment, and lab scores in common labs after treatment, 

there were no major and obvious differences found among the three research groups: 

Treatment, Control, and Traditional. The only significant difference found was that 

the students in the Traditional group achieved lower lab scores in common labs prior 

to the treatment than did the Treatment and Control groups. One plausible 

explanation for this difference was that the instructional style of one of the TAs in 

the traditional group was a little different as compared to the rest of the TAs in all 

three groups. This instructor was a little more demanding and tough in marking the 

lab report. This was also evident in the lab scores in the common lab after treatment; 

the scores were less consistent in each lab but were similar on the average scores. 

This same instructor only taught in the traditional group and not in the treatment and 

control groups. 

Another plausible explanation for this difference was that the percentage of 

male students versus female students in the Traditional group was a little higher 

(male = 79% and female = 21%) than in the Treatment group (male = 70% and 

female = 30%) and Control groups (male = 64% and female = 36%). Most literature 
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suggests that male students have a better attitude and performance towards physics 

learning than female students (Hazari, Tai, & Sadler, 2007).  

Research Question Two. Research question two states: What is the 

relationship between treatment and control group membership and students’ lab 

scores in Experiments 3, 4, 11, 12, and 13; labs as part of the treatment?  

There was a significant difference between the Treatment and Control group 

(group membership) and students’ lab scores in labs that were central to the 

treatment, Experiments 3, 4, 11, 12, and 13: t(112) = 2.404, p < .0018. This finding 

implies that students in the treatment group had slightly higher scores in all five labs 

that were part of the treatment as compared to the students in the control group. The 

average score of all five labs was relatively higher (M = 92.783, SD = 0.653) in the 

Treatment group than in the Control group (M = 90.265, SD = 0.818).  

Thus, as indicated in Table 5.1 (p. 256), I reject the null hypothesis (H02) and 

accept my alternate hypothesis (H2) by summarizing the results on research question 

two: that there was a significant difference between Treatment and Control group 

membership and students’ lab scores in Experiments 3, 4, 11, 12, and 13 in the labs 

as part of the treatment t (112) = 2.404, p < .0018. 

A plausible explanation for this result regarding lab scores in common labs 

that were part of the treatment is that students in the treatment group were working 

as team. Treatment students worked in a small group of a maximum of three 

students, both in the lab during the experimentation and out of lab when doing 

homework. The treatment students had submitted their team (group) lab reports and 

they were assessed as team. The treatment students distributed their workload related 
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to their lab reports among themselves and overall, performed better in their lab 

reports as compared to students in the Control group. Students in the control group 

submitted individual lab reports and were individually assessed on the lab reports. 

The team (group) lab reports were better and more improved in concept and content 

as compared to individual lab reports. This implies that working in a group reduces 

overall workload, helps to frame the concepts, and motivates students to perform 

better (Gresser, 2006).   

Another plausible explanation for these results was the availability of other 

learning opportunities, which were only provided to students in the Treatment group. 

These students needed to prepare their lab procedure before actually coming to the 

lab, had group meetings before lab, and video lectures were provided to them one 

week ahead of the lab. Students who engaged in all these activities before coming to 

the lab better understood the experiment and performed better overall in the lab as 

compared to students who just came to the lab with minimum preparation and 

performed their experiments.     

Research Question Three. Research question three states: what is the 

relationship between the treatment and control groups and students’ conceptual 

understanding, as measured by the MBT?  

The results indicated that there was a significant difference on average 

normalized gain < g > between treatment and control groups, t (130) =5.055, p < 

.0001. Comparing pretest scores on the MBT, there was no significant difference on 

average pretest scores between the treatment and control groups. However, there was 

a significant difference on average posttest score on the MBT between the groups t 
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(126) = 0.071, p < .04. This finding implies that students in the treatment group had a 

slightly higher average normalized gain as compared to the students in the control 

group. The average normalized gain in the treatment group (M = .146, SD = 0.016) 

was regarded as a low gain (Hake, 1998) and the average normalized gain in the 

control group (M = .026, SD = .018) was regarded as a very low gain.    

Thus, as indicated in Table 5.1 (p. 256), I reject the null hypothesis (H03) and 

accept my alternate hypothesis (H3) by summarizing the results on research question 

three:  that there was a significant difference in students conceptual understanding 

between Treatment and Control groups as measured by average normalized gain on 

MBT scores < g >, t (130) =5.055, p < .0001. 

The Treatment students were expected to achieve at least a moderate gain on 

the average MBT pretest to posttest score; however, the actual gain in the Treatment 

group was a low gain. According to Hake’s analysis (1998), the average normalized 

gain < g > = 0 to 0.299 is a low gain and < g > = 0.3 to 0.699 is considered to be a 

medium gain. The low gain in conceptual understanding in the Treatment group is a 

little higher and is significantly different than the gain in the Control group. 

Plausibly it can be considered that in Treatment group students who completed their 

high school from any other country other than U. S. (international students) 

performed significantly lower on MBT score as compared to those who completed 

their high school within U.S. Where the same effect had not been noticed in Control 

group.  

 Regarding indirect effects, the normalized gain on the MBT indicates that if 

students are prepared about their experiment before actually coming to the lab, then 
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their ability to design an experimental investigation would improve (Etkina et al., 

2006). Students perform better on devising and testing a qualitative explanation or 

quantitative relationship if they have prior knowledge of the experiment (Etkina et 

al., 2006; Lark, 2014; and Sorensen et al., 2006). The focus of the treatment (DL-

SCL lab) was to prepare students for the experiment before the lab by having them 

attend a group meeting and design their experimental procedure. Additionally, DL-

SCL students were provided short video lectures related to the concept of the 

experiment one week ahead of the lab. Most of these short videos explained the 

experimental procedure and mathematical concepts very briefly.  

One plausible explanation for this difference is, as previously mentioned, the 

availability of other learning opportunities, which were only provided to the 

Treatment students. The treatment students needed to submit pre-lab homework and 

had in-lab group discussions and more interaction with their groups. However, the 

lower gain in the Treatment group also might be because, on average, one out of 

every five lab teams were unprepared when they came to perform the lab. This is 

considered one of the limitations of the study.  

 In addition, 18% of the Treatment group was majoring in Biology, 

Chemistry, Oceanography, and Environmental Science, as compared to 10% having 

the same subject major in the control group. Students with subject majors of Biology, 

Oceanography, and Environmental Sciences have lower basic mathematical 

competence compared to students having subject majors of Physics, Mathematics, 

and Engineering. A more careful review of data on calculus courses taken in high 

school and in college (Table 4.1, pp. 134-135) indicated that have lower score on, 
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Final exam, and lab scores. A similar trend was noticed in this study when 

investigating the effects of academic factors on FCI and MBT scores in the 

Treatment group. Students with other engineering subject majors (Biology, 

Oceanography, and Environmental Sciences) had lower MBT and FCI posttest 

scores as compared to Mechanical, Aerospace, Science, and Mathematics majors in 

the Treatment group. A more careful review of data on physics courses taken in high 

school and in college (Table 4.1, pp. 134-135) indicated that taking physics  in high 

school or in college helps to get higher scores on FCI, MBT, and Final exams.   

Research Question Four. Research question four states: What is the 

relationship between the treatment and control group membership and students’ 

epistemological beliefs and expectations about learning physics in lab, as measured 

by each of the following subscales of the E-CLASS: (a) What students think when 

performing experiments for class (students’ personal epistemology) versus what 

students think regarding what an expert would say about their research (students’ 

perceived professional epistemology), (b) how students’ personal views change from 

pretest to posttest, and (c) how important are students’ views of different activities 

for earning good grades in physics laboratory?  

Students both in the Treatment and Control groups were aware of what an 

expert-like physicist would say about their research or expert-like physicist answers 

would be; however, students’ own attitudes were separated from those known 

answers. Students with low attitude or epistemology and high attitude or 

epistemology all knew of the expert-like physicist responses, yet did not confirm 

these attitudes about themselves. Thus, I accept the null hypothesis (H02 ) and reject 
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my alternate hypothesis (H2) by summarizing the results on research question four.  

that: (a) there was insignificant difference in average expert-like attitude, 

epistemology, or thinking regarding students’ opinions of themselves (their personal 

epistemology) on pretest t(120) = .599, p < .551 and posttest t(112) = .514, p < .609; 

and students’ views of what an expert physicist would say about their research 

(students’ professional epistemology) on pretest t(120) = ..445, p < .657 and posttest 

t(112) = .546, p < .587 between students in the Treatment and Control groups; (b) 

there were no significant changes between students’ personal and profession 

epistemology on the pretest E-CLASS survey within both the Treatment group t (67) 

= 1.354, p < .181 and Control group t(55) = 1.721, p < .091; however, there were 

significant changes between students’ personal and professional epistemology on the 

posttest E-CLASS survey within both the Treatment group t (58) = 2.130, p < .0374 

and Control group t(55) = 2.182, p < .033; thus, changes in average expert-like 

thinking in students’ personal and professional thinking were fairly similar in both 

groups; (c) there was no significant difference in average scores of students’ views of 

different activities for earning good grades in physics laboratory between the 

Treatment and Control groups t(112) = .217, p < .829.  

However, the results in both Treatment and Control groups showed a 

relatively high fraction of expert-like thinking when asked to answer on behalf of a 

physicist (professional epistemology), which indicated that students in both the 

Treatment and Control group were aware of the expected responses of a physicist. 

The expert-like thinking regarding students’ personal and professional 

epistemologies in the Treatment group was slightly higher than in the Control group. 
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In addition, 38 % of the students in treatment group indicated that their level 

of interest in physics lab increased during the semester and 29% of the students in 

the control group indicated that their level of interest in physics during the semester 

had increased. When asked to rate their current level of interest on the posttest from 

1 to 5 on a Likert-type scale (very low =1, moderate =3, 5 = very high), in the 

Treatment group 21% of the students rated their level of interest as very high, 

whereas in the Control group only 9% of the students indicated that their level of 

interest was very high. 

The results on the E-CLASS indicated that there was no apparent significant 

difference in students’ epistemological beliefs and attitudes in terms of expert-like 

thinking between treatment and control groups. One plausible explanation of that is 

that the treatment was conducted for only six weeks, which was shorter than a whole 

semester. The semester was about fifteen weeks long. Since the majority of students 

from both the treatment and control groups had taken a physics course either in high 

school or in college before taking the physics lab, they had already built strong 

positive or negative attitudes and epistemological beliefs towards physics, 

particularly physics laboratories. Therefore, the change in students’ points of view 

towards physics within the period of six weeks was quite small. Second, the Dl-SCL 

labs were also limited to five labs out of a total of eleven labs, three of which were 

modified from previous labs and two were newly designed particularly for the DL-

SCL approach.  

Another plausible explanation of these results is that the students had lab 

once a week and spent three hours doing their experiments. During the same week, 
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these students had physics lecture classes twice a week. The students from the 

Treatment and Control groups got mixed during the lecture classes and it was not 

possible to separate the treatment students from the control students. There were 

more chances that students from both groups usually interact and discuss how and 

what they do in their physics laboratory. A few students from the Control group did 

raise questions regarding the different instructional approach used in the physics lab. 

The TAs indirectly skipped the questions by saying that every TA has a different 

teaching style and students need to follow their TA.  

Research Question Five. Research question five states: what is the 

relationship between students’ demographic attributes and their conceptual 

understanding and achievement in both treatment and control groups?  

Students’ demographic and academic variables were gender, location of high 

school, taking of a physics course in high school, taking of a physics course in 

college, and taking of a calculus course in college.  These variables had a significant 

relationship F (5, 115) = 5.253, p < .0002 with students’ conceptual understanding 

(i.e., posttest scores on the MBT). The R2 = .19 indicates that the demographic and 

academic variables can predict 19% percent of the variability in students’ conceptual 

understanding. Similarly, students’ demographic, academic, and parental variables of 

ethnicity, family yearly income, parent education status, school year status, physics 

course taken in high school, and calculus course taken in college had a significant 

relationship F (6, 140) = 0.9.567, p < .0001 with students’ final academic 

achievement (i.e., final exam scores). The R2 = .299 indicates that 30% percent of the 

variability in students’ final academic achievement can be predicted by students’ 
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demographic, parental, and academic factors. Thus, as indicated in Table 5.1 (p. 

256), I reject the null hypothesis (H05) and accept my alternate hypothesis (H5). 

One plausible explanation of these results is that those students who took 

physics in high school and in college have a better conceptual understanding as 

compared to those students who had not taken a physics course previously. Physics 

courses provide conceptual knowledge, while calculus or pre-calculus focus more on 

the procedural knowledge. Taking a calculus or pre-calculus course before taking the 

Physics Lab-1 course was not that helpful in the sense of conceptual understanding 

because the Physics Lab-1 course and assessment on the MBT test requires the 

student to understand more physics-related concepts.  

The White students scored higher as compared to Non-White students in the 

final academic achievement. Students whose parental yearly income was less than 

$60,000 USD did better than those students whose family yearly income was more 

than that. Those students for whom either parents’ education was equal to high 

school scored better on final academic achievement. 

Implications 

 This section discusses the implications of this study related to previous 

research, theory, and current educational practices. The first part of this discussion 

follows prior research, specifically as outlined in Table 2.1 (p. 36). The second part 

outlines the implications for theoretical framework pertinent to studying DVs 

including students’ conceptual understanding, final academic achievement, and 

epistemological beliefs described in terms of expert-like thinking. The third section 

of the discussion investigates this study’s implications for educational practices.  
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 Implication related to prior research. This section includes a discussion of 

study results related to the variables found in previous research studies that examine 

the same factors. It outlines the implications related to prior research on students’ 

conceptual understanding, academic achievement, students’ success in the lab, and 

epistemological beliefs. 

Implications related to prior research on students’ conceptual 

understanding. For this study, the conceptual gain is measured by both MBT and 

FCI. The MBT was the primary measure used to measure the conceptual gain due to 

treatment because the MBT pretest was conducted just before and the MBT posttest 

just after the treatment. In contrast, the FCI was used as a secondary measure of 

conceptual gain during the whole semester because the FCI pretest was conducted on 

the first day and the FCI posttest on the last day of class in the semester. However, 

the conceptual gain measured by the FCI in this study was only used to equate and 

compare the groups on the pretest and posttest.  

This study’s results indicated that the DL-SCL approach in Physics Lab-1 

improved students’ conceptual understanding on the MBT as compared to traditional 

labs. There was a significant difference in students’ conceptual understanding 

between DL-SCL (treatment, M = .146, SD = 0.016) and non DL-SCL (control, M = 

.026, SD = .018) groups as measured by average normalized gain on MBT scores < g 

>, t (130) =5.055, p < .0001. In addition, the gain in conceptual understanding related 

to the DL-SCL approach < g > = .146 was in the lower range.  

 These results are consistent with findings from prior research studies, as 

discussed in Chapter 2. In specific, these results are consistent with results from 
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other studies that used a DL-SCL-like and Interactive -engagement (IE) approach 

with Freshmen and Sophomores, and that used the MBT as an outcome measure. 

Such as, Hake (1998) concluded that IE course generally show higher MBT average 

score and normalized gain than the traditional courses especially when the 

comparison is made for courses with similar student population. Hake further 

concluded that the MBT is more difficult for the average student; as it also indicated 

by the fact that MBT average tend to be about 15% below FCI average. Moreover, 

Morote, and Pritchard (2009) indicated in their research that by conducting pretest to 

posttest the MBT normalized gain was significant for comparing interactive course 

elements on group problem solving (g = <0.21>, p < .008) and myCyberTutor (g = < 

0.181>, p < 0.059) with n = 64 as compared to traditional written homework 

approach (g = <0.212>. p < 0.109).  

In addition, the FCI was conducted on the first and last day of the semester 

and the treatment was given during the middle six weeks of the semester. Therefore, 

for this study the FCI gain < g > scores of the three groups – treatment (< g > = .135 

with n = 76), control (< g > = .118 with n = 61), and traditional (< g > = .133 with n 

= 37) – indicated overall learning and gain in students’ conceptual understanding 

during the whole semester. Moreover, there was no significant difference F (2, 173) 

= .099, p < 0.905, in conceptual gain on FCI among all three groups.     

These results also are consistent with results from other studies that used a 

DL-SCL-like approach with Freshmen and Sophomores, and that used the FCI an 

outcome measure.  The DL-SCL students overall achieved gains similar to those 

found in the literature, specifically those who used a discovery-based interactive 
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engagement technique. A recent study on Scientific Learning Community (SCL) 

Labs, which was initially developed at the University of Maryland, was implemented 

with a design element at the University of Toledo (Lark, 2014). In this study, similar 

results were described. The normalized gain on the FCI for SCL laboratories was < g 

> = .36 as compared to traditional laboratories < g > = .17. Other studies that used 

interactive engagement in lecture classes (Shan, 2013) also had similar results of 

having a normalized gain on the FCI < g > = 0.32. Moreover, Morote, and Pritchard 

(2009) also indicated in their research that by conducting pretest to posttest the FCI 

normalized gain was significant for comparing interactive course elements on group 

problem solving (g = <0.301>, p < .009) and myCyberTutor (g = < 0.395>, p < 0.02) 

with n = 56 as compared to traditional written homework approach (g = <0.141>, p < 

0.2).  

 Finally, these results also are consistent with results from other studies that 

used a DL-SCL-like approach with Freshmen and Sophomores, and that used an 

outcome measure of conceptual understanding other than the MBT or FCI. Such as, 

French and Cummings (2002) investigated an abridged Interactive Lecture 

Demonstration (ILD) protocol performed in Studio Physics 1 (Introductory Physics 

1) at Rensselaer Polytechnic Institute (RPI). French and Cummings (2002) found 

that the pre- to post-average gain, the percent correct on Newton’s third law (pre-

instruction < g > = 36.2 and post-instruction < g > = 82.2 with a normalized gain < g 

> = 71.9) as measured by Force and Motion Conceptual Evaluation (FMCE), 

indicated that higher levels of student understanding result from instruction students 

received with the studio physics curriculum. Moreover, Cummings et al. (1999) also 
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suggested introducing research-based techniques and activities that have clear 

beneficial effects. Interactive lectures and demonstrations generated a significant 

gain in conceptual knowledge and understanding, with remarkably less instructional 

time. Cooperative group problem solving resulted in similar conceptual learning 

gains and appeared to provide a mechanism for improved quantitative problem 

solving skills. Students in cooperative group problem-solving sections had 

significant gains on the Force and Motion Conceptual Evaluation (FMCE) and Force 

Concept Inventories (FCI) and also performed better on the problem-solving section 

of the final course exam. Cummings et al. (1999) suggested interactive lectures and 

demonstrations generated a significant gain in conceptual knowledge and 

understanding. 

In addition, Beichner et al. (2007), showed that the SCALE-UP classes 

demonstrated better improvement in conceptual understanding by achieving higher 

normalized gains on the FCI and FMCI, and students performed better on common 

problems. McCollough (2000) also found that computer-based problem solving 

improved student learning of concepts as measured on FMCI.  

Most previous studies used the FCI to measure conceptual understanding 

whereas this study used the MBT. The most of the MBT items are problem-based 

and require better mathematical competency and problem solving skills than the FCI 

test. Moreover, the MBT also has three of twenty-six items related to impulse and 

momentum, which are usually difficult topics for non-physics majors to understand. 

Therefore, the overall gain on the MBT is usually lower than the gain on the FCI in 

the literature.  The gain in conceptual understanding < g > = .146 in this DL-SCL 
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approach was considered to be a low gain. Most students were unable to understand 

difficult conceptual problems presented in the MBT.  Similar results were 

demonstrated by McDermott (2001). McDermott mentioned that students did not 

develop a functional understanding of static equilibrium, despite a conceptual 

emphasis in instruction. The possible reason for this lack of conceptual understating 

might be students’ inability to navigate among different mathematical 

representations involved.  

Implications related to prior research on final academic achievement and 

students’ success in the lab. Students’ performance on the DL-SCL approach of 

teaching physics lab was compared with the traditional teaching approach (non-DL-

SCL) with respect to students’ final academic achievement (final exam scores) and 

students’ success in the lab (average lab score of five labs selected for DL-SCL 

approach). It was concluded that there was no significant difference in students’ 

academic achievements whereas there was a significant difference in students’ 

success in lab t (112) = 2.404, p < .0018 between the groups.  

Only two studies reviewed in Chapter Two used both lab scores (or lab 

performance) and final exam scores as dependent measures. Such as, at NCSU, Saul 

and Beichner (2001) studied student-centered activities for large enrollment 

undergraduate programs (SCALE-UP). They used their criterion-based grading with 

homework and laboratory work was heavily weighted up to 20-25% of the grade. 

The study results indicated that the performance of students exposed to SCALE-UP 

improved significantly increased on open-ended labs, problem solving activities, and 

higher student success rates (success in final exam). In a subsequent study of 
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SCALE-UP at UCF by Beichner et al. (2007) also indicated that in SCALE-UP 

classes, students demonstrated better performance on open-ended labs and common 

problems on the final exam as compared with traditional instruction. 

  A number of other studies used lab scores and performance in the lab, but not 

final exam scores, as dependent measures of student achievement. Such as Thornton 

(1987) and Etkina et al. (2006). According to Thornton (1987) students expanded 

their investigation to a more advanced level of conceptual understanding with the 

help of MBL tools in physics laboratory. The level of understanding by the students 

was judged by asking verbal questions and through discussion among themselves 

while performing the experiments. They filled out the laboratory sheets and 

completed laboratory work. The study concluded that MBL tools enhanced learning 

by extending the range of student investigation, encouraging critical thinking skills, 

and improve students learning in physics laboratory. Similarly, according to Etkina 

et al. (2006) there were ddifferences between the groups in terms of the total time 

spent in laboratory work F (1,180) = 45.16, p < .001 between Design and non-

Design group. Design students were able to better perform and identify relevant 

assumptions of the theoretical model that they used in the laboratory, χ2 (3, N = 178) 

= 68, p < .001, for the physics drag force lab; and χ2 (3, N = 181) = 120, p < .001 for 

the biology transpiration lab.  

Finally, several additional studies used final exam scores, but not lab scores, 

as dependent measures of student achievement. Such as, Morote, and Pritchard 

(2009)’s study indicated that for conducting posttest (Final exam) the normalized 

gain was significant for comparing interactive course elements on myCyberTutor (g 
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= < 0.551>, p < 0.010) with n = 64 as compared to traditional written homework 

approach (g = <0.055>. p < 0.690). Similarly, Wilson (1994) suggested that on the 

final exams, students in studio courses performed better, compared to students who 

took traditional courses, despite a one-third reduction in class contact time. Wilson 

(1994) further stated that final exams were matched in terms of difficulty, length, and 

test content from previous years as those given the year of the study in the traditional 

course.  

The results regarding the final academic achievement were contrary to the 

results of previous research whereas the results on students’ success in the lab were 

consistent with the previous research, as mentioned in Chapter 2. The possible 

reasons of the contrary results on students’ academic achievement (Final exam score) 

with previous research might be a difference in the pattern and content of 

examinations between the final exams in the physics lecture classes and physics 

laboratories. In the previous literature, most studies used physics lecture class final 

exam results, but this study used physics lab Final exam scores which were 20 

percent of total scores achieved in the physics lab course. The final exam of physics 

lecture classes covers the whole course of college physics-1. It is a very 

comprehensive exam, which assesses both content knowledge and conceptual 

understanding of physical processes related to the course, including their qualitative 

and mathematical explanations. The physics lab exam is quite different from the 

physics lecture exam. The physics lab exam very narrowly focusses on applications 

of physical concepts relevant to the lab experiments. The physics lab exam assesses 

the students’ scientific abilities related to a few selected experiments performed in 
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the lab. For example, the scientific abilities students developed in the physics lab 

included the ability to represent physical processes in multiple ways: the ability to 

design an experimental investigation; the ability to devise and test a qualitative 

explanation or quantitative relationship; the ability to collect and analyze data; the 

ability to evaluate errors and conclude their findings; and the ability to communicate 

scientific knowledge. Another plausible explanation related to the results in the final 

exams might be the length of time the DL-SCL approach was used in the lab. The 

DL-SCL approach was used for quite a short period of six weeks in the physics lab 

during the middle of the semester. By taking the final exam at the end of the 

semester, the effect of the DL-SCL might be masked by the traditional approach of 

teaching, which was also noted in between the MBT and FCI gain scores.  

Most literature in physics education (Hazari, Tai, & Sadler, 2007) suggested 

that male students overall had a better conceptual understanding of physics and 

engineering-related concepts as compared to the female students.  The similar results 

were noticed in this study when investigating the effects of academic factors on FCI 

and MBT scores in the Treatment group. Students with other engineering subject 

majors (Biology, Oceanography, and Environmental Sciences) had performed lower 

on MBT and FCI scores as compared to Mechanical, Aerospace, Science, and 

Mathematics majors in the Treatment group.  

Implications related to prior research on students’ epistemological beliefs 

and attitude in terms of students’ expert-like thinking and expectation about the 

course. Students’ attitudes were very lightly affected by the DL-SCL approach. 

There was no significant difference in students’ expert-like thinking between the 
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Treatment and Control group on the following subscales of the E-CLASS: (a) What 

students think when performing experiments for class (students’ personal 

epistemology) versus what students think regarding what an expert would say about 

their research (students’ perceived professional epistemology), (b) how students’ 

personal views change from pretest to posttest, and (c) how important are students’ 

views of different activities for earning good grades in physics laboratory?  

Assessment of students’ attitude in physics has become a recent trend in 

physics education research. Previous research studies in physics education, which 

used different tools and methods to assess overall student attitude and 

epistemological beliefs, presented mixed results. The results of this study were 

somewhat similar to Chini et al. (2013).  Chini et al. (2013) suggested investigating 

the pedagogical expectancy violation assessment (PEVA) questions about course 

satisfaction. Students in the SCALE-UP course experienced more expectancy 

violations and more frequently reported negative opinions about those expectancy 

violations. 

Their results for both treatment and control groups showed a relatively high 

fraction of expert-like thinking when students were asked to answer on behalf of a 

physicist (professional epistemology). This indicated that both treatment and control 

group students were aware of the expected responses of a physicist but they just did 

not hold the same attitude in their own response, as in personal epistemology. The 

fractional expert-like thinking regarding both students’ personal and professional 

epistemologies in the treatment group was higher and more strongly correlated than 

in the control group.  
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These results had been suggested by Lark (2014). Lark conducted an E-

CLASS to assess the students’ attitudes in Scientific Community Laboratories 

(SCL). Lark stated that students in SCL both understood the answers an experimental 

physicist would give and reflected those answers in their own attitudes, indicating 

that students’ attitudes were consistent with their version of the expert-like physicist. 

Moreover, Lark (2014) indicated that students’ answers regarding their opinion of a 

physicist deviated from their own responses less in the SCL and were highly 

correlated as compared to those of students in traditional labs. 

In this study, students’ current level of interest in physics on the posttest and 

their interest level in physics during the semester indicated that 21% of students in 

the Treatment group had a very high level of interest, while only 9% of students in 

the Control group had a very high current level of interest in physics on the posttest. 

Similarly, 38% of students in the treatment group indicated that their level of interest 

during the semester had increased and 29% of students in the control group 

mentioned that their level of interest during the semester had increased. Moreover, 

only 9% of students in the treatment group indicated that their level of interest in 

physics had decreased during the semester and 18% of students in the control group 

indicated that their level of interest had decreased. The decrease in level of interest in 

physics during the semester in the control group is double that of the treatment 

group. These results were similar to previous research. These findings coincide with 

the results of the following studies. Beichner et al. (2007) indicated that the SCALE-

UP classes improve student’ attitude towards learning physics and exhibited less 

attrition than for students in traditional courses. According to Lippmann (2003), 
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students who exhibit sense making in physics lab had different expectations and 

attitudes about laboratory settings than those students who were involved in logistics 

and off-topic conversation.  

Implication related to prior theories. This section discusses the theatrical 

framework used to ground this study. The study was grounded based on the theories 

as discussed in Chapter 2, Constructivism and Social Cognitive Theory (SCT).  The 

significant findings of this study are discussed as they relate to these theories. 

The traditional instructional approach was compared with the DL-SCL 

approach in physics lab teaching. The traditional labs are based on instruction in 

which a teacher acts as a model and expert. This type of instruction provides 

primarily vicarious learning, whereas the DL-SCL, which is an inquiry-based 

approach, is primarily focused on constructivism and social constructivism. The 

motivation for inquiry-based instruction in physics laboratories is largely built on the 

foundation of constructivism. Inquiry is related to theories of constructivism and 

conceptual change because students who engage in inquiry are exposed to a different 

kind of scaffolding than is used in more traditional forms of instruction (e.g., greater 

scaffolding prior to each lab). Lippmann (2003) stated that there are two theories 

used in physics lab: empiricism and constructivism. Empiricism dictates the 

formation of a particular idea or knowledge that leads to concepts. Traditional 

laboratories follow empiricism, in which students memorize particular types of 

knowledge, which leads students to think of scientific knowledge as infallible 

(Lippmann, 2003). In contrast, the discovery-based laboratories (such as DL-SCL) 

are designed based on constructivism.  
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Specific to this study, both individual and social (group) constructivism were 

used to investigate the relationship between DL-SCL and non-DL-SCL approaches 

of physics instruction. According to Piaget’s theory of cognitive development, each 

person must actively process information provided to them and construct their own 

knowledge (Piaget, 1953). Piaget further suggested that humans start learning by 

discovery of their environment through their senses and physical activities, 

constructing their schema through the process of assimilation and accommodation 

(Piaget, 1953). This approach to individual constructivism guided the design of the 

DL-SCL approach to physics teaching. One week ahead of the next lab, students in 

the DL-SCL approach were provided the objectives and a brief theoretical 

demonstration about the next week’s experiment. Students then were asked to devise 

their own design of the experiment for the next week. Because of this, DL-SCL 

students were expected to learn and assimilate the basic conceptual understanding of 

the experiment before actually coming to the lab. In addition, when they performed 

their experiment in the lab, they were expected to accommodate their conceptual 

inconsistencies by comparing their experimental results with their prior schema. This 

was indirectly observed in students’ lab performance, in which students exposed to 

the DL-SCL approach had higher lab scores as compared to students in the non-DL-

SCL approach. The results indicated that average lab scores on DL-SCL labs were 

significantly higher in DL-SCL approach than in the labs that had the non-DL-SCL 

approach t (112) = 2.404, p < .0018. Moreover, the average normalized conceptual 

gain in the DL-SCL approach < g > = .1461 was significantly higher t (130) =5.055, 

p < .0001 than the conceptual gain in the non-DL-SCL approach < g > = .0259.  
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The DL-SCL approach was also guided by social (group) constructivism, as 

mentioned in Vygotsky’s research.  This included: interaction with surroundings, 

language development as a cognitive dialogue, the zone of proximal development 

(ZPD), social interaction, and culture (Vygotsky, 1962). According to Vygotsky, 

cooperative learning is an integral part of social constructivism. Vygotsky also 

introduced scaffolding in his theories. Following the context of Vygotsky’s theories, 

students in the DL-SCL approach were required to work in a group of three students 

and attend group meetings before coming to lab. The DL-SCL approach facilitated 

group work in terms of group discussions, group presentation at the end of the lab, 

and group lab reports. Students were encouraged in the DL-SCL approach to interact 

with others and share the workload with the group as teamwork. Student interviews 

and feedback surveys indicated that students liked to work in groups and learned 

better when working in a group. Students were satisfied with the TAs’ scaffolding, 

which was provided collectively to the class before starting the lab and individually 

in small groups within the class during the lab. TAs guided and helped students as 

per Vygotsky’s ZPD during the lab as TAs visited the individual groups when 

students were performing the experiments and provided feedback on their lab 

reports.   

One other theory, which is more dominantly applied in the traditional 

approach (non-DL-SCL approach in the context of this study) is Social Cognitive 

Theory (SCT). SCT addresses human behavior and motivation, as proposed by 

Canadian psychologist, Albert Bandura (Bandura, 1977b, 1986). Bandura stated that 

humans learn behaviors from the environment through observation, modeling, and 
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motivation (i.e., intrinsic and extrinsic reinforcement). According to Ormrod (2008), 

SCT focuses on what and how people learn from one another through observational 

learning, imitation, and modeling. In the context of this theory, the traditional 

approach of teaching (non-DL-SCL approach), the teacher acts as a model or expert 

and students learn through vicarious learning by following and imitating the teacher. 

The theoretical framework was used in the DL-SCL approach by using technology 

and providing students brief video lectures to help them understand and vicariously 

learn the concept by watching it before coming to the lab. When students were 

actually in the lab, they tried to model their experiments based on the concept 

provided in the video lecture. Moreover, according to SCT, technology is an 

effective medium for actively engaging students in class as well as outside of class. 

Technological tools such as computers, Internet resources, and online video lectures 

encourage students to reflect and share, constructing meaning from what they have 

learned.  

Implication for educational practices.  The overall purpose of this study 

was to explore the value of transforming traditional content and labs using a 

discovery-based scientific community learning (DL-SCL) approach. The results of 

this study indicated that the students exposed to the DL-SCL approach scored 

significantly higher on measures of conceptual understanding and academic 

performance.  These results have several implications for educational practice. The 

broadest of these implications is that transforming traditional laboratories into 

discovery learning social community laboratories (DL-SCL) has the potential to 
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increase students’ content and conceptual knowledge, students’ performance in the 

laboratories, and students’ overall interest in learning physics.  

A more specific implication of this study is that these reforms can come 

about with small changes in a department’s laboratory offerings. Most of the 

previously designed experiments were upgraded and only a few labs were newly 

designed. In addition, a department wishing to implement these laboratories may 

have many of the materials needed (e.g., Spark Generator, Stopwatches, apparatus 

for simple and physical pendulum, known masses, springs, force meter, motion 

sensor, photogate with Software (LogerPro), projectile launcher, string, and pulleys). 

Most of these materials are the same as those needed for Modern Traditional Physics 

Laboratories or other previously used laboratories, such as Microcomputer-Based 

Laboratories (MBT) designed by Thornton & Sokoloff (1990) and RealTime Physics 

labs (Sokoloff, 2012).  

As discussed in Chapter 3 (see Appendix A.9), the primary change in the DL-

SCL approach is the way of teaching and of using these materials. For example, in 

the DL-SCL approach, students used the same material to investigate their own 

designed experiments without the instructor providing them with a completely 

assembled apparatus. Students in the DL-SCL approach select their required 

apparatus and assemble it by themselves to perform the experiment. Thus, the DL-

SCL approach provided students with opportunities for open-ended investigation 

without providing step-by-step instructions as in the traditional laboratory, so they 

need to be prepared before coming to the lab. Students in DL-SCL labs need to 

design their experiment and attend a group meeting before coming to the lab.  
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Unfortunately, two items were difficult to manage during the implementation 

of DL-SCL. First, scheduling and attending the group meetings out of lab were 

difficult and sometimes it was not possible for students due to their time and 

schedule conflicts. Second, during the lab, a few groups did finish their experiment 

quickly and were waiting for the others to finish their experiment so they could start 

the group presentations. Those students who finished their experiment early were 

supposed to help the remaining groups, but sometimes the other students did not 

need any help from other groups. In such a situation, students who finished early 

needed to involve themselves in planning for the next week or to discuss their lab 

report. Sometimes, students got frustrated if they had waited for a long time. In 

summary, the DL-SCL approach helped students improve their conceptual 

understanding and interest in learning physics but had minor difficulties with the 

implementation of experiment and the day-to-day logistics. 

These reforms can come about with modest changes in a department’s 

laboratory organization.  The use of DL-SCL laboratories would require weekly 

meetings, led by the director or the instructor who is head of the laboratory, in which 

training and reflection and would occur. Specifically, new TAs require training in lab 

content and procedures, as well as but in how to teach these labs using discovery and 

inquiry-based teaching. On most of the experiments, students do a lot of extra work 

before coming to the lab, so the workload should be adjusted by allowing students to 

work in groups for their lab reports. Most of the time, the overall workload of 

teaching assistants and the laboratory organizer increases as a result of pre-lab 

quizzes, group discussions during each lab, and a brief demonstration of the next 
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week’s experiment at the end of each lab.  As a result, less course material is 

possibly covered. In the DL-SCL approach, the content related to kinematics, 

projectile motion, energy, circular motion, momentum, and oscillation is covered. 

However, content related to fluids, thermodynamics, and optics is not considered due 

to time constraints (i.e., there is some trade off in content coverage in favor of depth 

of learning via discovery and inquiry).    

Study Delimitations, Limitations, and Generalizability 

The findings reported in this dissertation were subject to several delimitations 

and limitations which have an impact on the internal validity and generalizability of 

research results. Such impacts are discussed below in regards to the results of this 

research study.   

Study limitations and delimitations. The results of this study were 

presented in Chapter four and their corresponding interpretation are outlined in the 

same chapter.  Those results are confined by the limitations and delimitations 

described below. The study delimitations are discussed first and then its limitations 

are outlined. 

Delimitations. As discussed in Chapter One, delimitations of this study 

included study sample, location, variables with their interpretations, and chosen 

instruments. For any interpretations, explanations, or generalizations of this study, 

the following delimitations should be taken into consideration. 

1. Campus Location. The study was conducted in the Physics Department at 

a private scientific and technical university in central Florida, whose 

student population was more diverse than at other universities. It is 
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possible that the results of the study could be different if it were done at a 

different location and university. This particular nature of the study could 

limit its generalizability.   

2. Academic Unit and Course. This study was conducted in PHY 209: 

Physics Laboratory 1, a course offered by the Physics and Space Sciences 

Department. Studies conducted for an upper level physics laboratory or 

course could produce the results than those of this study.    

3. Semester. This study was conducted in only one semester, the Fall 

semester, rather than for the whole school year.  

4. Selection of Five Laboratories. Five laboratories from the Physics Lab-1 

course were selected for use with treatment and control lab sections. Out 

of these five labs, only two labs were newly designed for DL-SCL and 

three traditional labs were modified for DL-SCL. Studies assessing the 

whole physics introductory lab course may have different results.  

5. Sections of PHY 2091: There were 12 sections during the fall semester 

2016. A total of nine (9) sections were involved in this study; five 

sections were assigned to the treatment and four were assigned to the 

control group. The three remaining sections were considered as 

traditional sections and were used only for initial comparison purposes 

between the study groups.  

6. Attitude and Epistemology of the Students towards Physics or Science. 

This study used the MBT to measure students’ conceptual understanding 

and used the E-CLASS to measure students’ understanding, attitude, and 
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epistemology towards physics learning. Using the E-CLASS, students’ 

personal and professional epistemologies were assessed in terms of 

students’ expert-like thinking. Studies using different tools and 

instruments may not have the same results.  

7. DL-SCL and Student Feedback Surveys. The two survey results were 

manually tabulated, coded, scored, and entered into a spreadsheet; JMP 

was used for data analysis.  In contrast, the E-CLASS was conducted 

online and students’ responses were directly received in tabular form 

from the website as provided by the University of Colorado.  

Limitations. For any study, limitations are the features, conditions, and 

situations outside the researcher’s control that limit the generalization of results. 

Both the internal and external validity (population and ecological generalizability) of 

the study be affected by limitations. The following limitations were considered for 

any interpretation and explanation of the results of this study.   

1. Section and Subject Selection. For this study, selection of the subjects was not 

purely randomized. Five strata of subjects (lab sections) were conveniently 

selected for the treatment group (DL-SCL), whereas four strata of subjects were 

conveniently selected for the control group (non DL-SCL). Three remaining 

sections were considered as the traditional lab group and were used for initial 

comparison between the groups without having any treatment. The convenient 

selection of the subjects in stratified clusters might not produce the best-matched 

samples, but the results of this study indicated that the groups were considered 

equal as a result of an overall initial comparison using the pretest.    
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2. Sample Size and Demographics of the Students. The initial sample size of 175 

was composed of 69% male and 31% female. The average age of the population 

was M = 19.92 years with a SD = 2.32. Sixty-two percent of the students were 

White American, 13% were Asian, 9.5% African American, 6.5% Hispanic, and 

13% were others. Fifteen percent of the students were athletes. There were 63.6% 

from the U.S., including 36% from Florida, and 37% were international in the 

sample. More than half of this sample (57%), were Sophomores, while 25% were 

Freshmen, 13% were Juniors, and 5% were Seniors. Among these students, 10% 

had never taken a physics course prior to this study, while 81% had taken a 

physics course in high school, and 22% had taken physics during their college 

education. All students but one had taken calculus or pre-calculus previously. 

Sixty-nine percent of the students were majoring in engineering, 18% were 

Physics, Mathematics, or Computer Sciences majors, and 13% were majoring in 

Chemistry, Biology, and Environmental Science. The details on these 

demographics are provided to help interested readers in making comparisons to 

other settings and samples (i.e., for generalizability purposes).  

3. Experimental Mortality. Mortality refers to the loss of subjects in experimental 

groups, which may occur during an experiment (e.g., students dropping a course) 

or may occur after an experiment (e.g., the researcher’s removal of subjects from 

a data set due to invalid and/or incomplete responses). Due to the fact that this 

study employed surveys plus assessment pretests and posttests as data collection 

instruments, it was important that all surveys and assessments that were 

administered were completed and returned. The threat was mitigated by the 
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presence of the primary researcher at each instrumentation administration to 

ensure the return of fully complete forms from each subject.   Moreover, a total 

of eight students dropped or did not continue the course at the beginning or 

around the middle of the semester. It did not affect the required power for the 

study due to the reasonably large sample size. Additionally, after the sessions 

commenced, students were encouraged not to drop out of or withdraw from the 

course.  

4.  Experimenter Effects. Implementation refers to the extent to which instructor 

differences are likely to influence posttest results. In this study, teaching 

assistants (TAs) were responsible for lab instruction in PHY 2091. Different TAs 

for PHY 2019 were responsible for the sections of PHY 2091 that were selected 

into this study in all three groups: treatment, control, and traditional. For this 

reason, it was possible that differences in TA characteristics (e.g., background 

and ability in physics, in physics labs, and in teaching) could influence the results 

of this study. The following steps were taken to limit the influence of TA 

characteristics on study results: (a) materials and rubrics for treatment and 

control group sections were provided to those TAs in an effort to standardize lab 

instruction and procedures; (b) each TA took at least one section in each group: 

treatment and control; (c) for treatment fidelity and verification purposes, I 

observed, rated, and recorded notes on the extent to which each TA who was 

responsible for lab sections in the treatment and control groups implemented the 

study procedures as planned; (d) if my ratings and observations indicated that 

TAs were not following study plans and procedures, I included those as 
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additional data in my analysis of data (e.g., as additional covariates); and (e) one 

TA, whose instructional style was fairly different from the other TAs who 

participated in the treatment and control groups, was assigned to the traditional 

group only to minimize the experimenter effects on other study groups. This one 

TA did not teach any section of the treatment and control groups.     

5. History. History refers as any unfavorable or unforeseen event that emerges 

during the study and may potentially influence the DVs.  It also may serve as a 

potential validity threat (Ary, Jacobs, Sorensen, & Walker, 2013). For example, 

in the context of this study, if NASA were to launch its new test flight to Mars or 

test Orion with a crewmember during the same semester, it might create a history 

threat. This type of event may allow students in the control group to improve 

their attitude towards physics learning in the same course. Nothing like this 

happened during this study, but it is pertinent to mention here that towards the 

end of the treatment, there were a few minor modifications made in the treatment 

group due to the Hurricane Matthew. The last week of the treatment was shifted 

one week later because the university was closed for a few days and those 

scheduled treatment labs were shifted to the next week. After this one-week 

break, the group presentations at the end of each lab were not included in the last 

week of treatment due to these three reasons: (a) lower attendance in the lab just 

after Hurricane Matthew, (b) students’ request to save some time in lab, and (c) 

an easy adjustment of the change of schedule. 

6. Testing: Testing threat refers to situations in which the subjects are administered 

a pre-test prior to treatment and then administered the same test a second time. If 
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the time between the pre-test and post-test administration is not sufficient, then 

participants may know what is expected from them on the posttest. The 

Department administered the FCI in the first and last week of the course in all 

Physics Lab-1 sections.  I planned and administered both the MBT and E-CLASS 

as a pretest one week before treatment and posttest the week after the treatment. 

The total time for the treatment was six weeks. There are two ways to control the 

testing effect: (a) one way to control for potential testing effects is the use of pre-

test scores as a covariate in comparisons of post-test scores based on group 

membership; (b) the other way the researcher can control testing effects is by 

allowing a suitable time (a minimum of a one-month gap) between the pretest 

and posttest. Based on these guidelines, the researcher concluded that the time 

between the pretest and posttest in the treatment group was adequate to change 

students’ conceptual understanding and increase overall interest in learning 

physics, but it was not enough to change students’ attitudes about personal and 

professional epistemologies, which are usually deeply rooted and link with 

students’ previous history and experiences. Thus, six weeks is a short period of 

time and was not enough to change students’ attitudes and develop expert-like 

thinking.   

7. Physics Lecture Classes. This study was conducted in only the physics laboratory 

and was not included in physics lecture classes. It was not possible to control 

students who participated in the treatment outside of the laboratory; specifically, 

it was not possible to separate them during the lecture classes from other students 

who were attending laboratory as part of the control group. It was most likely 
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possible that the students were mixed in the lecture classes and shared the 

information among each other about the difference in teaching in laboratory in 

the treatment group as compared to the control group (i.e., a type of multiple 

treatment interference). For this study, it was not possible to arrange separate 

physics lecture classes for students in the treatment and control groups; thus, it is 

considered as a limitation of the study. However, from a practical perspective it 

is unlikely that interactions between students in the Treatment and Control group 

had a large influence due to the statistically significant group differences found. 

Generalizability. The generalizability or the external validity involves: (a) 

population generalizability, which refers to the degree to which a sample represents 

the population of interest and (b) ecological generalizability, which refers to the 

degree to which a study can be extended to other settings.     

First, this study can be generalized to the accessible population due to 

similarity between the sample and the accessible population of the university’s 

undergraduate students with similar demographic and academic characteristics, as 

given in Table 4.1 (pp.134-135).  The sample in the study was roughly 20% of the 

total undergraduate population that was accessible. The study carries a moderate 

degree of generalizability to the population on age, gender, and ethnicity, as well as 

to difference between the study sample and both accessible population on subject 

majors (for example, Engineering, Natural Sciences, Computing, etc.) and current 

school year status (Freshman, Sophomore, Junior, and Senior). The differences were 

due to the nature of the course (PHY-2091) from which sample was drawn and from 

whom the data for this study was collected.  
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Further, the sample of this study contained 36% of students who graduated 

from high school in Florida (these students were considered as Florida residents); 

29% of the students graduated high school from all over the U. S. (these students 

were considered as U. S. residents); and the remaining 35% of the students graduated 

from high school outside of the U. S. (these were considered as international 

students). Having this very diverse population, the study may be generalized to the 

target population (for example, undergraduate students studying particularly in 

Eastern and Central Florida, but more generally, in U. S. universities) to a moderate 

degree, due to similarities between the sample to target population on age, gender, 

ethnicity, area of study, and school year status. Beyond this, the results from this 

study appear to be generalizable to other international populations and other settings 

with similar characteristics, at least to a degree. 

Recommendations for Research and Practice  

 The study provides a few preliminary findings related to the effect of my 

independent variables (DL-SCL versus non-DL-SCL group membership) on 

students’ conceptual understanding, final academic achievement, and success in the 

lab. The study also investigated students’ attitude, beliefs, and epistemology in terms 

of their expert-like thinking. Findings of the research study ultimately drive 

educational practices in an effort to provide and foster a more effective educational 

environment. Based on these findings and implications of this study, including 

personal observations of the researcher, the following are recommendations for 

future research and practice related to the same area. 
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Recommendations for further research.   

1. This study was conducted at a private technological university in Physics 

Lab-1. The majority of students (70%) were majoring in engineering and 

57% were sophomores. Sophomores responded better to DL-SCL as 

compared to freshmen. I suggest to replication DL-SCL at the same 

university, same laboratory course, and with comparable accessible 

population and sample to increase the confidence in the study findings. 

2. A major recommendation is that a natural extension of this research would be 

to conduct studies using the DL-SCL approach in other physics labs at the 

same university on upper-class laboratories, for example, Physics Lab-2. In 

Physics Lab-2, there are usually more junior and senior students as compared 

to sophomores and freshmen. Senior students do things in laboratory are 

likely aligned with their career goals and aspirations.  

3. I also suggest replicatations of DL-SCL by other researchers within Physics 

labs-1 and in upper-class laboratories at other colleges and universities with 

having similar accessible population and sample in undergraduate classes.  

4. This study used convenient sample selection strategy by using intact classes. 

I suggest to use a different sampling strategy for further research – such as 

simple or stratified random (stratified on the basis of the results on 

demographic, parental, and academic factors as mention in Table 4.48 p. 245) 

–  and if that is not possible, using a matching design by using those same 

factors. 

 



 

295 
 

5. Instrumentation –Future studies should consider an additional and/or 

alternate measure of students’ attitudes and epistemological views due to 

difficulties inherent in scoring and interpretation of results. The E-CLASS 

authors (Zwickl et al., 2014) have suggested that researchers should examine 

each question individually for information about student attitudes, rather than 

attempting to categorize these questions. This analysis leads to give the 

fraction of expert like thinking on each question. In addition to Zwickl et al.’s 

method this study also investigated the student’s individual expert-like 

thinking in term of both personal and professional epistemologies towards 

physics laboratory. Students’ expert-like thinking on all thirty items of E-

CLASS from 0 to 30 points (non-expert response = 0 to 30 = expert 

response) for each student in the group. The proportion of student’s 

individual expert-like thinking was calculated by dividing the number of total 

expert-like answer with the total number of items on E-CLASS (30). 

6. I suggest modifying and improving DL-SCL by addressing the study 

limitations identified by TAs and students (e.g., ID limitations - how to help 

get student teams/groups together for pre-lab group meeting, group 

presentation. and group lab reports) and then designing a new study with 

these modifications in mind. 

Recommendations for practice 

7. I suggest designing a complete DL-SCL curriculum for both labs: Physics 

Lab-1 and Physics Lab-2. In such a way, it would be possible to conduct the 

treatment for the whole semester. I suggest making the new curriculum more 
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diversified and including the concepts from different subjects, combining 

mathematical, physical, and biological conceptual models into one 

experiment. This would help to improve students’ attitude and epistemology 

in learning physics.  

8. I suggest combining Physics Lab-1 and Physics Lab-2 into one physics lab 

with a total of three credit hours. The course could be spread to two semesters 

in parts if needed, but in each semester, students would need to complete a 

minimum number of experiments. Usually, students do more work in lab as 

compared to the physics lecture classes and get demotivated if they earn just 

one credit hour for that amount of effort.  

9. The full implementation of each experiment is suggested to be in two parts. 

Part one would include the introduction, scaffolding basic models and 

concepts, and improving computational skill of students, whereas part two 

should be more open ended, allowing majority of choices to be made by the 

students. Moreover, group lab reports would help to adjust the extra workload 

as a result of the new curriculum. 

10. I suggest to include orientation and training session for new TAs before 

starting teaching in physics laboratory. Once the course started the new TAs 

need to work with a senior TA for couple of weeks. For the most new TAs it 

is really hard to teach in laboratory even after having orientation and training 

sessions. They need couple of weeks’ training while working under or with a 

senior TA to get assimilate with both the class and course content. 

11. When assessing learning outcomes, I suggest to continue to use multiple 
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measures for baseline and treatment effects purposes including existing valid 

and reliable measures as well as qualitative data collection opportunities. 

12. Finally, on the E-CLASS survey, the majority of students split their answers 

when asked what an expert would say about their research and what they 

would say. Students both in the Treatment and Control groups were aware of 

what an expert-like physicist would say about their research or what an 

expert-like physicist’s answers would be; however, students’ own attitudes 

were separated from those known answers. A follow-up to this would be 

finding out on which specific questions students split more often and why 

they split their answer. This investigation may show some specific areas in 

which students’ split attitudes could be improved.  

Concluding Remarks 

  The study aims to understand and determine the relationship of two different 

instructional approaches – Discovery Learning Scientific Community Laboratories 

(DL-SCL; experimental) and non-DL-SCL laboratories (control) – to students’ 

epistemological beliefs or attitudes, conceptual understanding, and achievement in a 

physics lab. The DL-SCL approach in teaching Physics Lab-1 significantly improved 

students’ conceptual understanding (measured by average normalized gain on MBT 

scores) and students’ overall success in the lab (measured by average lab scores on 

each lab) as compared to the traditional approach. When investigating students’ 

personal and professional epistemology and attitudes towards learning physics, there 

was no significant difference detected between DL-SCL and non-DL-SCL students. 

Student feedback surveys indicated that the DL-SCL improved students’ interest in 
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learning physics. Subsequent studies for replicating and extending this research are 

planned in the future with the ultimate goal of improving students’ interest and 

training students to become future physics experts as well as experts in STEM fields 

while presenting traditional content in an interactive environment. Improvements 

also are planned to use DL-SCL to alter the traditional physics lab curriculum and to 

test the extent to which it improves the expert-like thinking among students. Ideally, 

any such improvement would increase particularly the retention rate of students in 

physics as a subject major and in the STEM fields.   
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A2. ECLASS – Pre and Post -Test 

INTRODUCTION 

The E-CLASS survey asks students to express their attitudes about doing 

experimental physics. As in the example shown in following, most statements have 

three parts: 

1.  What do YOU think when doing experiments for class? (A personal statement) 

2.  What would experimental physicists say about their research? (A statement about 

how students perceive professional physics) 

3.  How important for earning a good grade in this class was...? (A statement about 

how students perceive their laboratory course) 

We ask "What do YOU think when doing experiments for class?" and "What would 

experimental physicists say about their research?" in both the pre-survey and post-

survey, while the question about earning a good grade is asked only during the post-

survey. By asking all three questions we can evaluate how personal views change 

during a course, how their view of a professional physicist changes, and how those  

Example: When doing a physics experiment, I don't think much about sources of 

systematic error. 

What do YOU think when doing experiments for class?                                                                         

Strongly Disagree  1    2    3    4    5  Strongly Agree  not 

answered 

What would experimental physicists say about their research?                                                                       

Strongly Disagree  1    2    3    4    5  Strongly Agree  not 

answered 

How important for earning a good grade in this class was understanding how the 

experimental setup works? Unimportant  1    2    3    4    5  Very Important 

E-CLASS Survey Statements 

1. When doing an experiment, I try to understand how the experimental setup works. 

2. If I wanted to, I think I could be good at doing research. 

3. When doing a physics experiment, I don't think much about sources of systematic 
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error. 

4. If I am communicating results from an experiment, my main goal is to have the 

correct sections and formatting. 

5. Calculating uncertainties usually helps me understand my results better. 

6. Scientific journal articles are helpful for answering my own questions and 

designing experiments 

7. I don't enjoy doing physics experiments. 

8. When doing an experiment, I try to understand the relevant equations. 

9. When I approach a new piece of lab equipment, I feel confident I can learn how to 

use it well enough for my purposes. 

10. Whenever I use a new measurement tool, I try to understand its performance 

limitations. 

11. Computers are helpful for plotting and analyzing data. 

12. I don't need to understand how the measurement tools and sensors work in order 

to carry out an experiment. 

13. If I try hard enough I can succeed at doing physics experiments. 

14. When doing an experiment I usually think up my own questions to investigate. 

15. Designing and building things is an important part of doing physics experiments. 

16. The primary purpose of doing a physics experiment is to confirm previously 

known results. 

17. When I encounter difficulties in the lab, my first step is to ask an expert, like the 

instructor. 

18. Communicating scientific results to peers is a valuable part of doing physics 



 

329 
 

experiments. 

19. Working in a group is an important part of doing physics experiments. 

20. I enjoy building things and working with my hands. 

21. I am usually able to complete an experiment without understanding the equations 

and physics ideas that describe the system I am investigating. 

22. If I am communicating results from an experiment, my main goal is to make 

conclusions based on my data using scientific reasoning. 

23. When I am doing an experiment, I try to make predictions to see if my results are 

reasonable. 

24. Nearly all students are capable of doing a physics experiment if they work at it. 

25. A common approach for fixing a problem with an experiment is to randomly 

change things until the problem goes away. 

26. It is helpful to understand the assumptions that go into making predictions. 

27. When doing an experiment, I just follow the instructions without thinking about 

their purpose. 

28. I do not expect doing an experiment to help my understanding of physics. 

29. If I don't have clear directions for analyzing data, I am not sure how to choose an 

appropriate analysis method. 

30. Physics experiments contribute to the growth of scientific knowledge. 



 

330 
 

Tabular format of List of all Statements in E-CLASS survey with question 

number 

Number Personal/Professional 

Statement 

How important for earning a good grade 

in this class was... 

1 When doing an experiment, I try to 

understand how the 

experimental setup 

works. 

... understanding how the experimental 

setup works? 

2 I don't need to understand how the 

measurement tools and sensors 

work in order to carry out an 

experiment. 

... understanding how the measurement 

tools and sensors work? 

3 When doing a physics experiment, 

I don't think much about 

sources of systematic 

error. 

... thinking about sources of systematic 

error? 

4 
 

It is helpful to understand the 

assumptions that 

go into making 

predictions. 

... understanding the approximations and 

simplifications that are included in 

theoretical predictions? 

5 Whenever I use a new 

measurement tool, I try to 

understand its 

performance limitations. 

... understanding the performance 

limitations of the measurement tools? 

6 Calculating uncertainties usually 

helps me 

understand my 

results better. 

... calculating uncertainties to better 

understand my results? 

7 If I don't have clear directions for 

analyzing data, I am not sure how to 

choose an appropriate analysis 

method. 

... choosing an appropriate method for 

analyzing data (without explicit direction)? 

9 
I am usually able to complete an 

experiment without understanding 

the equations and physics ideas 

that describe the ... 

... understanding the equations and physics 

ideas that describe the system I am 

investigating? 

10 When doing an experiment, I try 

to understand 

the relevant 

equations. 

 

... understanding the relevant equations? 

11 
 

Computers are helpful for plotting 

and analyzing data. 

... using a computer for plotting and 

analyzing data? 

12 When I am doing an 

experiment, I try to make 

predictions to see if my 

results are reasonable. 

... making predictions to see if my results 

are reasonable? 

13 When doing an experiment I 

usually think up my 

own questions to 

investigate. 

... thinking up my own questions to 

investigate? 

14 When doing an experiment, 

I just follow the instructions 

without thinking about their 

purpose. 

... thinking about the purpose of the 

instructions in the lab guide? 

15 Designing and building things is 

an important part of 

doing physics 

experiments. 

 

... designing and building things? 

16 When I encounter difficulties in the 

lab, my first step is to ask 

an expert, like the 

instructor. 

... overcoming difficulties without the 

instructor's help? 

17 
A common approach for fixing 

a problem with an experiment 

is to randomly change things 

until the problem goes away. 

 

... randomly changing things to fix a 

problem with the experiment? 

18 Communicating scientific results to 

peers is a valuable part of 

doing physics 

experiments. 

... communicating scientific results to 

peers? 

19 Scientific journal articles are helpful 

for answering my own 

questions and designing 

experiments 

 

... reading scientific journal articles? 
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20 Working in a group is an 

important part of 

doing physics 

experiments. 

 

... working in a group? 

21 
If I am communicating results from 

an experiment, my main goal is to 

make conclusions based on my data 

using scientific... 

 

... making conclusions based on data using 

scientific reasoning? 

22 
If I am communicating results from 

an experiment, my main goal is to 

create a report with the correct 

sections and f... 

 

... communicating results with the correct 

sections and formatting? 

23 I enjoy building things and working 

with my hands. 

NA 

24 I don't enjoy doing physics 

experiments. 

NA 

25 Nearly all students are capable 

of doing a physics 

experiment if they 

work at it. 

 

NA 

26 If I try hard enough I can 

succeed at 

doing physics 

experiments. 

 

NA 

27 If I wanted to, I think I could be good 

at doing research. 

NA 

28 
When I approach a new piece of lab 

equipment, I feel confident I can 

learn how to use it well enough for 

my purposes. 

 

... learning to use a new piece of laboratory 

equipment? 

29 I do not expect doing an 

experiment to help 

my understanding 

of physics. 

 

NA 

30 The primary purpose of doing a 

physics experiment is to 

confirm previously known 

results. 

 

... confirming previously known results? 

31 Physics experiments 

contribute to the 

growth of 

scientific 

knowledge. 

 

NA 
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A. 3 Demographic Survey 
 

Please selection your answer using the provided options that is most relevant to you 

in the following question. Student name:  _________________Student 

ID__________________ 

  

What is your present school year status?  

Freshman___  Sophomore___     Junior___       Senior___       Post-bac___ 

 

Have you taken a Physics class before and if so when? 

Never___  High School___  College/University___ 

 

Have you taken Calculus/Pre-Calculus and if so where? 

Never__  High School__  College/University__ 

 

What is your race/ethnicity? Mark one or more. 

American Indian or Alaska Native___  Asian___      Black or African 

American___ 

Hispanic or Latino___   Native Hawaiian or Other Pacific Islander___    white___ 

other___ 

 

What is your yearly family income? (k = 1000) 

less than 40k__   41k to 60k__    61k to 100k__   101k to 150k__    more than 

150k__   

 

What is the highest level of education of either of your parents?  

less than middle school__    high school level__   college level__    university 

level__   

uneducated 

 

What is your sex?   Male__ Female__ 

 

What is your age? ____________________ 

 

What is your major? ____________________ 

 

In which state, or country, did you receive your school education? 

________________________ 

 

How many physics courses have you taken in school/college/university thus for? 

________ 

(Please mention the title of the course, if you remember). 

 

What is your athletic status?   Athlete _____  Nonathletic______  
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A. 4 Open-Ended Surveys about DL-SCL 
 

(Part 1)  
Student name: _____________________________Student ID__________________ 

  

(Part-1) 

Please indicate your level of agreement according to the rating scale provided 
below. 
SD = Strongly Disagree     D = Disagree      N= Neutral        A = Agree     SA = 
Strongly Agree 
 

1 The connections between the prelab homework and laboratory work were 

always very clear and apparent.   SD      D      N      A      SA   
2  The connections between the laboratory work and its applications in real life 

were always very clear and apparent.   SD      D      N      A      SA   
3 The connections between laboratory work and the video lectures were always 

very clear and apparent.    SD      D      N      A      SA   
4 I am satisfied with the level of use of computers (and technology) in Physics 

Lab-1.  

SD      D      N      A      SA   
5 There is more to physics than problem solving in Physics Lab-1.  

SD      D      N      A      SA   
6 The integration of problem solving and laboratory work helped me learn 

physics. 

SD      D      N      A      SA   
7 I am satisfied with the amount of interaction I had with my instructors. 

SD      D      N     A      SA  
8 Prelab work helped me to understand the concept of the experience.   

SD      D      N      A      SA  
9 Video lectures helped me to understand the concept of the experiment.   

SD      D      N      A      SA  
10 I felt comfortable working on the experiments in lab after completing my 

prelab home assignment.   SD      D      N      A      SA   
11 The frequency with which my group interacted with the lab assistant in each 

lab was satisfactory.    SD      D      N      A      SA   
12 Reading and understanding each experiment from the lab manual for my 

prelab assignment and prelab experiment design, was difficult to manageable   

SD      D      N      A      SA   
13 Feedback from TAs on submitted lab report were helpful in understanding 

concepts.     SD      D      N      A      SA   
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A. 4 Open-Ended Surveys about DL-SCL 
 

 (Part-2) 

Please answer the following questions briefly. 

1. What did you like about Physics Lab -1? 

2. What did you dislike about Physics Lab -1? 

3. What did you like about working in groups for pre lab work? 

4. What did you dislike about working in groups for prelab work? 

5. For next semester, what would you definitely change about the way Physics 

Lab -1 is taught? 

6. What would you definitely keep the same about the way Physics Lab -1 is 

taught? 

7. As you know, each Physics Lab -1 section has an instructor. How helpful was 

your physics lab -1 instructor? Please comment below on the type and level 

of help that you received from him/her. 

8. What advice would you give a friend who is taking physics lab -1 next 

semester?  
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A. 5 
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PHY 2901              Student ID: __________________________________ 
Summer 2016  

A 6 Student Feedback on PHY 2091 Labs   Students Name: _____________________________ 

 
Directions: Please rate each of the 11 labs in PHY 2091 in each of the three columns using the rating scale provided below (SD to SA). 
 
Rating Scale:            SD = Strongly Disagree           D = Disagree          N= Neutral          A = Agree          SA = Strongly Agree 
                Each of these labs was …. 
      Interesting       Challenging      A useful learning   Comments  

experience    (Please clarify low and high ratings) 
      

Labs: Title       
 

Lab 1: Vectors and Statistics SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA __________________________________________ 

Lab 2: Measurements and Error SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  __________________________________________ 

Lab 3: Motion in 1D   SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  __________________________________________ 

Lab 4: Newton’s Laws  SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  ___________________________________________ 

Lab 5: Simple Pendulum  SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  ___________________________________________ 

Lab 6: Simple Harmonic Motion SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  ___________________________________________ 

Lab 7: Conservation of Energy SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA ____________________________________________ 

Lab 8: Physical Pendulum   SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA ____________________________________________ 

Lab 9: Centripetal Force   SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA ____________________________________________ 

Lab 10: Collision in 2 D  SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA ____________________________________________ 

Lab 11: Torque and Angular  SD     D     N     A     SA   SD     D     N     A     SA   SD     D     N     A     SA  ____________________________________________ 

                Acceleration   

A. 7 Physics Lab-1 (PHY-2019): DL-SCL Data Collection Timeline 



 

 
 

 

 

 

Weeks Week-1 Week-2 Week-3 Week-4 Week-5 Week-6 Week-7 Week-9 Week-10 Week-11 Week-12 Week-13 Week-15 Week-16 

Date / 
Monday 

22-Aug. 29-Aug. 05-Sept. 12-Sept. 19-Sept. 26-Sept. 3-Oct. 17-Oct. 24-Oct. 31-Oct. 7-Nov. 14-Nov. 28-Nov. 
10/12-

Dec. 

Lab1 
Exp. 

1:Vec 
sta. 

cLab. 
Rept. 1 

            

Lab2   
Exp. 2: 

Mea Err 
            

Pre-Test   
a PRE-
Test  

c Lab 
Rept. 2 

          

Lab3    
Exp. 

6:New 
Law 

cLab. 
Rept. 6 

         

Lab4     
Exp. 3: 

Mo in1D 

cLab. 
Rept. 3 

     
 

  

Lab5   
 

  
Exp. 4: 

Sim Pen 

cLab. 
Rept. 4 

       

Lab6       
Exp. 11: 

SHM 

cLab. 
Rept. 11 

      

Lab7        
Exp. 13: 

 Phy Pend 

cLab. Rept. 
13 

     

Lab8         
Exp. 12: 

CoE 

cLab. Rept. 
12 

    

Lab9          
Exp. 7: 

Cen. Forc. 
    

Post Test         
  

b POST 
Test 

cLab. 
Rept. 7 

  Related to DL-SCL 

Related to Traditional lab 

Related to Traditional lab 
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A. 7 Physics Lab-1 (PHY-2019): DL-SCL Data Collection Timeline (Cont.) 

Lab10            
Exp. 8: 

Coll in 2D 

cLab. 
Rept. 8 

 

Lab 11             
Exp. 9: 

Torq Anq 

cLab. 
Rept. 9 

              
Final 
Exam 

Note.  (1)  a PRE-Test include (MBT, FB-S1, and E-CLASS-online). b POST Test include (MBT, FB-S2, and E-CLASS-online). c Lab- Repo 1-11 = Lab-Report Score (use to assess- 

Achievement) Due Before Next Lab.  

(2)  MBT = Mechanics Baseline Test (use to assess - Conceptual Understanding). E-CLASS = The Colorado Learning Attitudes about Science Survey for Experimental Physics                          

(use for assess - Attitude)  

FB-S1/2= Feedback Survey1/2. Lab-Repo = Lab Reports.    

 

A. 8 Data Collection Point and Other Important Events Schedule 

 

Note. BIS=Background Information Survey. FCI = Force Concept Inventory.  

 

 

 

 

  

Aug. 8/9, 2016 Meeting with Lab Director 
Sept. 6-9, 

2016 

Pre-Test in lab (MBT and FB-

S1),  

Pre-Test Online (E-CLASS) 

Nov. 14/28, 

2016  

Personal Interviews (Selected 

Volunteers) 

Aug. 15/16, 

2016 
TAs Orientation and Training  

Oct. 10/11, 

2016 
Columbus Day and Fall Break Nov. 21, 2016 Thanksgiving Day 

Aug 22, 2016 

First day of the Laboratory, Consent 

Form, and BIS, and Pre-Test FCI 

(By Department) 

Nov. 11, 

2016 
Veterans Day (no Lab ) Nov. 28, 2016 

Posttest FCI (By Department) 

Last day of the Laboratory  

and FB-S2 

Sept. 5, 2016 Labor Day 
Nov. 7, 

2016 

Posttest in lab (MBT) 

Posttest Online (E-CLASS) 
Dec. 12, 2016 Final Exam  
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A. 9 Observation Form for Treatment Verification: Treatment Group (DL-SCL) 

B.  
TA and Section: _________________          Weeks & Labs________________ 

 
 

 

 

 8/22 8/29 9/12  9/19 9/26 10/3 10/17 10/24  10/31 11/14 11/28 

 Traditional Labs  DL-SCL Labs  Traditional Labs 

TA Practices Exp. 1 Exp. 2 Exp. 6  Exp. 3 Exp. 4 Exp. 11 Exp. 12 Exp. 13  Exp. 7 Exp. 8 Exp. 9 

1. Pre-Lab Practices              

 

a. Readings Assigned  
             

 

b. Video Lectures Distributed 
             

2. Day of Lab Practices              

 

a. Take Attendance 
             

b. Collect Worksheets for This  

     Week at Start of the Lab 
             

c. Return Worksheets from 

Last 

    Week at Start of the Lab 

             

d. Collect Lab Report for Last 

     Week at the Start of the 

Lab 

             

 

e. Present Introductory 

Lecture 

             

f. Facilitate Gr. 

Review/Revision 

    of Lab Design & Math. 

Model 

             

349 

 



 

 
 

A. 9 Observation Form for Treatment Verification: Treatment Group (Cont.) 

 

Note. Key:  Y = Yes or N = No, and Any related observations/comments  

 

A. 10 Observation Form for Treatment Verification: Control Group (DL-SCL)  
TA and Section:  ______________________________        Weeks & Labs 

 8/22 8/29 9/12  9/19 9/26 10/3 10/17 10/24  10/31 11/14 11/28 

 Traditional Labs  DL-SCL Labs  Traditional Labs 

TA Practices Exp. 1 Exp. 2 Exp. 

6 

 Exp. 3 Exp. 4 Exp. 11 Exp. 12 Exp. 13  Exp. 7 Exp. 8 Exp. 9 

1. Pre-Lab Practices              

 

a. Readings Assigned  
             

 

  

g.  Visit & Support Lab 

Groups 
             

h. Facilitate Gr. Presentation 

of 

    Lab Methods, Results & 

Conc.  

             

3. Next Week’s Lab 

Practices 

             

a. Review Objectives of the 

Next 

     Lab 

             

b. Give Brief Demonstration 

of  

     Equipment for the Next 

Lab 
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A. 10 Observation Form for Treatment Verification: Control Group (Cont.)  
  

   

 

 

b. Video Lectures 

Distributed 

              

2. Day of Lab Practices               

 

a. Take Attendance 
              

b. Collect Worksheets for 

This  

     Week at Start of the Lab 

              

c. Return Worksheets from 

Last 

    Week at Start of the Lab 

              

d. Collect Lab Report for 

Last 

     Week at the Start of the 

Lab 

              

 

e. Present Introductory 

Lecture 

              

f. Facilitate Gr. 

Review/Revision 

    of Lab Design & Math. 

Model 

              

 

g.  Visit & Support Lab 

Groups 
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 A. 10 Observation Form for Treatment Verification: Control Group (Cont.)   
 

 

Note. Key:  Y = Yes or N = No, and Any related observations/comments    

  h. Facilitate Gr. Presentation 

of 

    Lab Methods, Results & 

Conc.  

             

3. Next Week’s Lab 

Practices 

             

a. Review Objectives of the 

Next 

     Lab 

             

b. Give Brief Demonstration 

of  

     Equipment for the Next 

Lab 
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A. 11 CONSENT FORM For Treatment and Control Groups 

(Students 18 and older) 

 

1. EXPLANATION OF RESEARCH: 

 You are invited to participate in a pilot study on the relationship of different 

instructional approaches to investigate students’ epistemological beliefs or attitudes, 

conceptual understanding, and achievement in a physics laboratory course (PHY-

2091). 

 Your role in this study is to complete two surveys: laboratory assessment survey and 

E-CLASS. The laboratory assessment survey will be completed in-class and E-

CLASS will be administered online.    

 

2. YOUR RIGHT TO PARTICIPATE, SAY NO OR WITHDRAW:  

 Participation in this research study is completely voluntary. You have the 

right to say no. You may change your mind at any time and withdraw. You 

may choose not to answer specific questions or to stop participating at any 

time. 

 The data collected from each student will be accessible to the primary 

researcher and thus anonymity will be preserved.   

 

3. BENEFITS AND RISKS ASSOCIATED WITH PARTICIPATION:  

 Your participation is important to understand students’ perceptions about learning 

physics in the laboratory course and their academic achievement. You will be 

provided to express your views with the aim to improve the laboratory instruction.   

 You will receive up to 05 extra credit points for these surveys after it has been 

completely submitted.  

 There are no anticipated risks associated with your participation in this survey. 

Your responses will be assigned to an anonymous unique identifier and will be 

kept strictly confidential. Using unique ID will hide/mask provided personal 

information from others involved in this research (e.g., PSS faculty and 

Laboratory Teaching Assistant).  

 Students less than 18 years old will participate fully in all labs and course 

exercises, but can’t participate in this pilot study.  

 

4. CONTACT INFORMATION FOR QUESTION AND CONCERNS: 

 If you have questions or concerns about this study, please contact the researcher:  

 Mr. Raja Muhammad Riaz  

 150 West University Blvd,                       mriaz2012@my.fit.edu 

 Melbourne, FL 32901 

 

5. DOCUMENTATION OF INFORMED CONSENT:  

 Your signature below means that you voluntarily agree to participate in this research 

study. 

Printed Name: _______________________            Signature: 

____________________ 

Student ID: __________________________  Date: ____/____/ ____ 
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A. 12 CONSENT FORM for Traditional Group 
(Students 18 and older) 

 

1. EXPLANATION OF RESEARCH: 

 You are invited to participate in a research study on the relationship of different 

instructional approaches to investigate students’ epistemological beliefs or attitudes, 

conceptual understanding, and achievement in PHY 2091, a physics laboratory 

course.  

 The only thing you are asked to do is to grant permission to me to access and use 

your scores on lab reports and on the final exam in this study.  

 

2. YOUR RIGHT TO PARTICIPATE, SAY NO OR WITHDRAW:  

 Participation in this research study is completely voluntary. You have the 

right to say no. You may change your mind at any time and withdraw. If you 

choose not to participate, this will have no effect on your grade(s) in this 

course.  

 The data collected from each student will be accessible only to the primary 

researcher, so your responses will remain anonymous and confidential. 

 

3. BENEFITS AND RISKS ASSOCIATED WITH PARTICIPATION:  

 Your participation is important to help both the PSS Department and me to better 

understand students’ perceptions about learning physics in the laboratory course and 

their academic achievement. Your lab-report scores, and score on the final exam will 

be accessible to the researcher for the same purpose.   

 Students less than 18 years old will participate fully in all labs and course 

exercises, but are not eligible to participate in this study.  

 

4. CONTACT INFORMATION FOR QUESTION AND CONCERNS: 

 If you have questions or concerns about this study, please contact: (a) the 

researcher,  

            Mr. Riaz, at mriaz2012@my.fit.edu, (b) his advisor, Dr. Marcinkowski, at  

            marcinko@fit.edu, or (c) the IRB Chair, Dr. Steelman, at lsteelma@fit.edu.  

  

5. DOCUMENTATION OF INFORMED CONSENT:  

 Your signature below means that you voluntarily agree to participate in this study. 

Printed Name: _______________________       Signature:__________ 

Student ID: __________________________  Date: ____/____/ ____ 

 

mailto:marcinko@fit.edu
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Appendix B  

Summary of Pilot Study and its IRB Approval  

B. 1 Table for Student Feedback on PHY 2091  

B. 2 Table for t-Test Table for MBT score 

B. 3 Table for Learning Gain in MBT score  

B. 4 Table for Items Responses on Treatment (DL-SCL) surveys 

B. 5 Table for the Average Lab Scores in each Lab and Average Score in Final 

Exam  

B. 6 Summary of Results for the E-CLASS  

B. 7 IRB Approval and Application for the Pilot Study 
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Pilot Study Summary, with Recommendations 

 

The Pilot study was conducted during summer 2016. The purposes of the 

pilot study was: a) to determine if the recently acquired equipment and materials for 

the two new labs would work as planned; b) To determine if the DL-SCL materials 

and procedures developed by the researcher would function as intended; and c) to 

obtain a preliminary set of results for the treatment approach (DL-SCL) for 

subsequent comparison purposes.  

A mixed method, dominantly quasi experiment with involving qualitative 

date was used for pilot study conducting a comparative study of the treatment 

Discovery Learning Scientific Community Laboratories (DL-SCL) and control group 

(non-DL-SCL) in the Physics Department at a private, independent, scientific and 

technological university. The quasi-experimental methodology was dominantly 

involved by administering of pre-tests and post-tests to participants in intact classes. 

The study was conducted in the Summer semester 2016 in the Physics Department at 

a private, independent, scientific and technological university. The target population 

for this study was the undergraduate students who were enrolled for the Summer 

semester 2016 at the university. The accessible and selected population of the study 

was those students who registered for physics lab-1 course (PHY 2091).  

The samples size of the study was n = 13 and the selection of sample was 

based on convenient sampling. There was only one lab section was available and 

selected as sample for the study as an intact class. There were 30.3% of population 

female and 69.7% were male. The average age of the population was M = 22.38 
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years with SD = 5.16. Forty six percent of students were White American, 23% were 

Asian, and 31% were others, including African American and Hispanic. More than 

half of students’ population 55% were Sophomore, 15% were Freshmen, 15% were 

Junior, and 15% were Senior. Among these students 15% never took physics course 

prior to this study, while 85% took physics course at High School, and 23% took 

physics during College education. Almost everyone took calculus or pre-calculus in 

High School or at College. Fifty four percent of the students were having 

Engineering major and 46% were having natural sciences as their major. Fifty four 

percent of the students either parents were having University Education. Five out of 

thirteen (38.4) were Florida resident and rest eight (61.6%) students were 

international.  

The data collection involved following instruments, surveys, and assessment 

lab reports.  

1) A demographic survey which was administered in the beginning of the 

summer semester 2016.  

2) The Mechanics Baseline Test (MBT) was conducted as a pre and post 

basis. 

3) The Colorado Learning Attitudes About Science Survey for Experimental 

Physics (E-CLASS) was conducted before the treatment as pretest and 

after the treatment as posttest. 

4) Student success in each lab and their achievement in the final exam were 

assessed by their lab scores in each lab and scores in the final exam. 

5) Open-ended surveys were used to gather student experiences, feedback, 
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and views associated with pilot study purposes (a) and (b), above.  

6) Few selected students were interviewed at the end of course to get detail 

feedback.  

At the end of semester Summer 2016 data collection was completed. I 

transform these students’ paper data forms to digital data in spreadsheet using 

Microsoft Excel. This data was then transformed into JMP -13-Pro for further 

analysis.  

The results pertaining to each measurement are given in following tables. The 

Tables B.1 describes the students’ feedback on each lab in terms of interesting, 

challenging, and a useful experience. Most feedbacks on students’ surveys revealed 

that the DL-SCL labs are interesting and a useful experience of learning source. It 

also indicated that these labs were less challenging however, only the lab 8, which 

was the physical pendulum experiment was revealed as more challenging and 

difficult.   

Table B.2   

T-Test Table for MBT score 

__________________________________________________________________

  M   SD  t Ratio  Confidence* Prob < t 

Pre-test 10.0000 4.08248 0.991  0.95  0.1658 

Posttest 11.6923 4.60769          

* Note:  α = 0.05 
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Table B.1 

Student Feedback on PHY 2091 Labs 

Labs: Title 

Each of these labs was …. 

Interesting Challenging 
A useful learning 

experience 

M SD 
min-

max 
M SD 

min-

max 
M SD 

min-

max 

Lab 1: Vectors and Statistics 3.46 0.97 2-5 2.69 1.03 1-5 4.23 0.60 3-5 

Lab 2: Measurements and Error 3.77 0.60 3-5 3.31 1.25 1-5 4.31 0.75 3-5 

Lab 3: Motion in 1D  3.92 0.64 3-5 3.31 0.85 2-5 4.23 0.93 2-5 

Lab 4: Newton’s Laws 3.85 0.55 3-5 3.15 1.07 2-5 4.54 0.66 3-5 

Lab 5: Simple Pendulum  4.23 0.73 3-5 2.77 1.17 1-5 4.31 0.63 3-5 

Lab 6: Simple Harmonic Motion 4.31 0.48 4-5 3.31 0.95 2-5 4.62 0.65 3-5 

Lab 7: Conservation of Energy 4.00 0.82 2-5 3.31 0.85 2-5 4.38 0.96 2-5 

Lab 8: Physical Pendulum 4.15 0.80 3-5 4.00 1.15 1-5 4.23 0.83 2-5 

Lab 9: Centripetal Force 4.15 0.90 3-5 3.62 1.12 1-5 4.38 0.65 3-5 

Lab 10: Collision in 2 D 4.00 1.08 2-5 3.00 1.35 1-5 4.00 1.15 1-5 

Lab 11: Torque and Angular 

acceleration  
4.00 0.71 3-5 3.08 1.55 1-5 3.92 0.86 2-5 

Note.  (a) Rating scale for each of the 11 labs in PHY 2091 in each of the three categories: Interesting, 

Challenging, and A useful learning experience are provided below (SD to SA).   Rating Scale: Strongly Disagree 

(SD) =1    Disagree (D) =2     Neutral (N) = 3       Agree (A) = 4    Strongly Agree (SA) = 5. (b) Lab titles related to 

DL-SCL approach, have been bolded. 
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Table B.3 

Learning Gain in MBT score  

Pretest Posttest 
difference  

(post –pre) 

g = (post-

pre)/(26-pre) 

9.000 11.000 +2 +0.118 

10.000 10.000 0 0.000 

11.000 14.000 +3 +0.200 

8.000 13.000 +5 +0.278 

16.000 18.000 +2 +0.200 

5.000 5.000 0 0.000 

17.000 19.000 +2 +0.222 

6.000 7.000 +1 +0.050 

6.000 10.000 +4 +0.200 

6.000 9.000 +3 +0.150 

10.000 8.000 -2 -0.125 

10.000 9.000 -1 -0.063 

16.000 19.000 +3 +0.300 

 Average gain  +1.692 +0.118  

 

The results on MBT pretest and posttest indicated that there was no 

significant difference between the students conceptual understanding before and 

after the treatment, t (12) = .991, p < .1658. The Table B.2 presents the MBT t-

test results between MBT pretest and posttest scores. Table B.3 shows that the 

average again in the conceptual change from MBT pretest to post test is +0.118, 

which is a low gain value. According to Hake (1998), a high gain is greater than 

or equal to 𝑔 ≥ 0.7, medium gain is 0.7 ≥ 𝑔 ≥ 0.3, and low gain is 𝑔 ≤ 0.3. 

Students’ feedback on DL-SCL labs on the post surveys revealed that the 

students were less agree with an average value of 3.69 on the Likert scale about 

the connection between the pre-lab work and laboratory work. Similarly, students 

were agreed about the connections and relationship between laboratory work and 

real-life examples were clear and apparent. Moreover, students were agreed and 

satisfied with video lectures, use of technology and computers, pre-lab work,
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Table B.4 

Items Responses on Treatment (DL-SCL) surveys 

DLSCL Surveys 

Questions  N M SD 

Q1 13 3.69 0.85 

Q2 13 3.62 0.65 

Q3 13 3.92 0.86 

Q4 13 4.00 1.08 

Q5 13 4.23 0.60 

Q6 13 4.00 0.82 

Q7 13 4.08 0.76 

Q8 13 3.31 1.32 

Q9 13 3.46 1.13 

Q10 13 4.00 0.71 

Q11 13 3.08 1.12 

Q12 13 4.15 0.90 

Note. Response - scale (SD = 1 D = 2 N = 3 A = 4 SA = 5).  

group interaction, feedback given by the TA on submitted lab reports. These 

Results are shown in Table B.4. Students Lab scores in each lab and scores in the 

final Exam were assessed in this pilot study. The results about the students’ lab 

scores and for the final exam are provided in Tables B.5. The Results pertaining 

to E-CLASS are presented at the end of this pilot study.  

The instruments (MBT and E-CLASS) conducted in the pilot study had 

been previous used and established validity and reliability. Due to relatively 

small number of sample in this study I decided not to run validity and reliability 

analysis for my surveys. Rather preferred to corroborate and verify the results and 

data manually. It was also decided not to use the missing data analysis, 

imputation, and outliers due to very small sample size. The results and data 

analysis were mostly descriptive based analysis. 

In summary, this pilot study provided the opportunity to test the research 

method and measuring instruments as well as the newly available apparatus 

acquired for the purpose of this research study. This primary research provided 
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Table B.5 

Average Lab Scores in each Lab and Average Score in Final Exam  

Labs N M SD 

Lab Report 1 13 94.23 5.86 

Lab Report 2 13 88.38 6.12 

Lab Report 3 13 86.77 13.04 

Lab Report 4 13 92.92 3.40 

Lab Report 5 13 92.00 5.43 

Lab Report 6 13 97.54 1.66 

Lab Report 7 13 93.15 4.39 

Lab Report 8 13 85.23 26.71 

Lab Report 9 13 85.77 26.36 

Lab Report 10 13 87.54 27.27 

Final Exam 13 90.62 4.07 

Lab Reports Final Score 13 90.35 8.82 

Final Score 13 89.77 7.22 

Note. All Labs and the final exam were graded out 100 point.  

 

with information necessary to improve the research design and modify the 

surveys and other concerns raised by the researcher. A major concern of the 

primary researcher was: a) to determine if the recently acquired equipment and 

materials for the two new labs would work as planned; b) to determine if the DL-

SCL materials and procedures developed by the researcher would function as 

intended; and c) to obtain a preliminary set of results for the treatment approach 

(DL-SCL) for subsequent comparison purposes. All above three major goals were 

achieved. Based on the recommendation and suggestion given, minor 

modification were made in the procedural implementation of the study; printed 

material and lab reports were revised and made corrections; videos lectures and 

pre lab work sheets were updated; and the newly available equipment were 

tested.  
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E-CLASS Summary of Pilot Study for 2016 Summer Semester  

 The Table B.6 presents overall summary of participant in E-CLASS. 

There were total 13 students, out of 13 there 10 valid responses in pretest, 8 

responses in posttest, and 7 were matched pairs. Comparison between overall pre 

and post scores for students' personal views on what do YOU think when doing 

experiments for class, is given in Figure1.   

Table B.6  

Summary of Class Participation in E-CLASS.  

Overall Results for your class  

Number of valid pre-responses  10 

Number of valid post-responses  8 

Number of matched responses  7 

Reported number of students in class  13 

Fraction of class participating in pre 

and post  
0.54 

 

FIGURE 1. Comparison between overall pre and post scores for students' 

personal views on what do YOU think when doing experiments for class? Your 

class (Red) is compared with all students in similar level classes (Grey), (i.e., 

either introductory- or advanced-level physics labs). The overall mean shown 

here averages over all students and all statements on the survey. The error bars 

represent one standard error of the mean. 
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How do students' personal views change in your course compared to other 

courses?  

FIGURE 2. Pre/Post changes in students' personal views about "What do YOU think 

when doing experiments for class?" for your class (Red) and all students in similar level 

classes (Grey). The circles show the pre-survey values. The arrows indicate the pre to 

post changes. The shaded bars indicate a 95% confidence interval. The responses are 

ordered by the expert-like fraction in the pre-survey from similar level courses. 

Questions which show up on (or shift towards) the right side of the graph are "good" as 

they indicate a large (or increasing) fraction of students with expert-like views.  
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FIGURE 3. Comparison for your class (Blue) between changes in the students' views 

about professional physicists and students in similar level classes (Grey). The circles 

show the pre-survey values. The arrows indicate the pre to post changes. The shaded 

bars indicate a 95% confidence interval. The responses are ordered by the expert-like 

fraction in the pre-survey. Questions which show up on (or shift towards) the right side 

of the graph are "good" as they indicate a large (or increasing) fraction of students with 

expert-like views. 
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FIGURE 4. Comparison for your class between changes in students' personal views 

versus their views about professional physicists. What do YOU think... (Red) shows the 

change in students' response to "What do YOU think when doing experiments for class?" 

This red data is the same as the red data in Figure 2. "What would experimental 

physicists say..." (Blue) shows the change in students’ response to "What would 

experimental physicists say about their research?" The circles show the pre-survey 

values. The arrows indicate the pre to post changes. The shaded bars indicate a 95% 

confidence interval. Questions which show up on (or shift towards) the right side of the 

graph are "good" as they indicate a large (or increasing) fraction of students with expert-

like views.  
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What did students think was important for earning a good grade in your 

course and other similar courses?  

FIGURE 5. An ordered plot of students' views of importance of different activities for 

earning a good grade in your class (Red) and in similar level classes (Grey). The circles 

show the pre-survey values. The arrows indicate the pre to post changes. The shaded 

bars indicate a 95% confidence interval. Questions which show up on (or shift towards) 

the right side of the graph are "good" as they indicate a large (or increasing) fraction of 

students with expert-like views.  
 



 

368 
 

 

Follow-up questions about course interest and career plans 

 

 

FIGURE 6. Distribution of students by current declared major for your class (Red) 

and similar level classes (Grey).  
 

 
FIGURE 7. Students' current interest in physics for your class (Red) and similar level 

classes (Grey).  
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FIGURE 8. Change in students' interest in physics for your class (Red) and similar 

level classes (Grey). 

FIGURE 9. Gender distribution for your class (Red) and similar level courses (Grey). 

 
FIGURE 10. Future plans reported by your students (Red) and by students in similar 

level courses (Grey). 
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B. 7 IRB Approval and Application for the Pilot 

Study 
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Appendix D 

Results and Tables for Outliers and Qualitative Analysis 

 

D. 1 Results on DVs with Outliers 

D. 2 Results on DVs without Outliers  

D.3 Most Frequently Used Phrases in Each Item in Treatment Open-Ended Survey 

(Part-2)  

D.4 Most Frequently Used Word Cloud of Treatment (DL-SCL) Open-Ended Survey 

(Part-2) 

D. 5 Most Frequently Used Phrases in Students’ Interviews for Treatment and Control 

Group 

D. 6 Most Frequently Used Word Cloud of Students’ Interviews for Treatment and 

Control Group 
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Table D.1 

Results on DVs with Outliers 

 

  

FCI Pretest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 2 32.4151 16.2076 0.3953 0.6741 0.004 

 Error 172 7052.9230 41.0054    

 Total N 174 7085.3381     

FCI Posttest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 2 25.4633 12.7316 0.2643 0.7681 0.003 

 Error 172 8285.8022 48.1733    

 Total N 174 8311.2654     

MBT Pretest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 1 27.7548 27.7548 1.3354 0.2499 0.009 

 Error 135 2805.8765 20.7843    

 Total N 136 2833.6313     

MBT Posttest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 1 112.4024 112.402 5.0157 0.0268* 0.035 

 Error 135 3025.3649 22.410    

 Total N 136 3137.7673     

Final Exam Scores 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 2 8.634 4.3170 0.0472 0.9539 0.0005 

 Error 168 15377.050 91.5301    

 Total N 170 15385.684     
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Table D.2 

Results on DVs without Outliers  

 

 

 

 

 

FCI Pretest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob. > F R2 

 Group 2 50.7403 25.3702 0.8397 2 0.01 

 Error 165 4984.9512 30.2118  165  

 Total N 167 5035.6915   167  

FCI Posttest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 2 40.5736 20.2868 0.4855 0.6163 0.005 

 Error 165 6894.2977 41.7836    

 Total N 167 6934.8713     

        

        

Final Exam Scores 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob. > F R2 

 Group 2 2.377 1.1887 0.0151 0.9850 0.0001 

 Error 165 12971.617 78.6159    

 Total N 167 12973.994     

MBT Pretest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob. > F R2 

 Group 1 7.6161 7.6161 0.4105 0.5228 0.003 

 Error 133 2467.8880 18.5555    

 Total N 134 2475.5041     

MBT Posttest 

 Source DF Sum of 

Squares 

Mean 

Square 

F Ratio Prob.  > 

F 

R2 

 Group 1 140.0423 140.042 6.3644 0.0128* 0.045 

 Error 133 2926.5490 22.004    

 Total N 134 3066.5914     
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Table D.3  

Most Frequently Used Phrases in Each Item in Treatment (DL-SCL) Open-Ended Survey Part-2 (n = 69)  

Common Phrases in each Item 
Coun

t (n) 
Common Phrases in each Item 

Count 

(n) 
Common Phrases in each Item 

Count 

(n) 
Common Phrases in each Item 

Count 

(n) 

Item 1: What did you like about Physics Lab -1? 
Item 4: What did you dislike about working 

in groups? 

Item 6: What would you keep the same about 

the way Physics Lab -1 is taught? 

Item 8: What advice would you give a 

friend who is taking physics 

lab -1 next semester? 

experiments were interesting 3 time to meet 4 group lab 10 make sure 7 

working in group 3 group members 3 lab report 8 pre lab 7 

hands on lab 2 lab report 3 group lab report 7 lab reports 6 

data analysis 2 find time to meet 2 lab reports 6 pay attention 6 

physics lab 2 time to meet outside 2 pre lab 5 lab manual 4 

 difficult to coordinate 2 group work 4 read lab manual 3 

Item 2: What did you dislike about Physics Lab 

1? 
find time 2 group lab reports 3 

error propagation 3 

lab report 7 lab reports 2 working in group 3 lab work 3 

lab manual 3 meet outside 2 beginning of the lab 2 read lab 3 

error propagation 2 one sided 2 explanation at the beginning 2 pre lab work 2 

lab reports 2 scheduling conflicts 2 lecture before lab 2 manual before coming 2 

long time 2     pre lab lecture 2 

Item 3: What did you like about working in 

groups? 

Item 5: For next semester, what would you 

modify about the way Physics Lab -1 

is taught? 

Item 7: How helpful was your physics  

lab -1 instructor? 

  

pre lab 4 lab report 7 instructor was very helpful 8   

made it easier 3 pre lab 6 good instructor 4   

working in group 3 group lab 5 10 by 10. 3   

lab report 3 group lab report 2 always available 3   

helped with understanding 2 group lab reports 2 always willing 3   

understand my lab 2 every lab 2 always willing to help 2   

understand the lab 2 first lab 2 ranked him 10 10. 2   

group members 2 lab reports 2 willing to answer 2   

lab partner 2 prelab worksheet 2 willing to help 2   

lab reports 2  answer questions 2   

post lab 2   explain everything 2   



 

 
 

 

Table D.4 

Most Frequently Used Word Cloud of Treatment (DL-SCL) Open-Ended Survey (Part-2)  

Word Cloud of Treatment (DL-SCL) open-ended survey (Part-2) 

Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 

Words n RD Words n RD Words n RD Words n RD Words n RD Words n RD Words  n RD Words n RD 

experiments 16 16 lab 19 16 lab 24 21 nothing 16 16 lab 30 21 lab 41 36 helpful 57 54 lab 43 35 

lab 13 12 nothing 10 10 work 14 12 time 12 11 nothing 13 13 group 23 20 lab 24 17 make 11 11 

physics 10 8 time 9 9 group 13 13 group 8 8 group 11 10 keep 9 9 instructor 22 21 time 9 9 

work 10 8 error 7 6 understand 11 11 lab 8 8 make 7 7 report 8 8 help 14 14 read 8 8 

group 8 8 report 7 7 easier 8 7 meet 8 8 pre 7 7 experiments 7 7 good 13 13 reports 8 8 

hands 7 7 calculations 5 5 help 7 7 meetings 5 5 report 7 6 reports 7 6 always 12 11 work 8 7 

interesting 6 6 labs 5 5 helped 7 7 sometimes 5 5 experiments 6 5 way 7 6 us 11 9 pre 7 7 

labs 6 6 long 5 5 made 6 5 difficult 4 4 equations 5 4 lecture 6 6 answer 9 9 sure 7 7 

working 6 6 reports 5 5 working 6 6 everyone 4 4 groups 5 5 working 6 6 questions 8 8 attention 6 6 

class 5 4 class 4 4 ideas 5 5 one 4 4 labs 5 3 everything 5 5 explain 6 6 coming 6 6 

experiment 5 3 group 4 4 report 5 5 schedule 4 4 less 5 5 helpful 5 5 helped 6 6 don 6 6 

good 4 3 like 4 4 understanding 5 5 work 4 4 change 4 4 pre 5 5 10 by 10 5 4 pay 6 6 

helpful 4 4 boring 3 3 able 4 4 class 3 3 every 4 3 work 5 5 explaining 5 5 early 5 5 

learning 4 4 difficult 3 3 didn’t 4 4 coordinate 3 3 students 4 4 beginning 4 4 instructors 5 4 group 5 4 

like 4 3 dislike 3 3 discuss 4 4 didn’t 3 2 anything 3 3 explanation 4 4 question 5 5 instructor 5 4 

understand 4 4 manual 3 3 experiment 4 4 find 3 3 concepts 3 1 students 4 3 willing 5 5 procedure 5 4 

data 3 3 physics 3 3 good 4 4 hard 3 3 don 3 3 class 3 3 able 4 4 report 5 5 

easy 3 3 pre 3 3 helpful 4 4 meeting 3 3 end 3 3 definitely 3 3 available 4 4 take 5 5 

enjoyed 3 3 procedure 3 3 pre 4 4 members 3 3 everything 3 3 done 3 3 everything 4 4 class 4 4 

fun 3 3 propagation 3 3 really 4 4 outside 3 3 good 3 3 good 3 3 experiment 4 4 error 4 4 

   Note. Items are the open-ended questions in the DL-SCL survey. All items from 1 to 8 are same as mentioned in D3. RD = Records. 
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Table D.5 

Frequently Used Phrases in Students’ Interviews in Treatment and Control Groups 

(n=21) 

Control Group Treatment Group 

Common Phrases in each Item Count 

(n) 

Common Phrases in each Item Count 

(n) 

 

Item 1: What did you like about Physics Lab -1? 

 0 video lectures 6 

  group lab 5 

  lab report 5 

  group lab report 4 

  like the group 2 

  work and group 2 

  like group 2 

 

Item 2: What did you dislike about Physics Lab -1? 

lab report 2 least helpful 3 

  lab report 2 

  pre lab 2 

 

Item 3: What did you like about working in groups?  

working in groups 2 group lab reports 4 

cross check 2 group lab 4 

group work 2 lab reports 4 

lab partner 2 working in group 3 

lab work 2 group meetings 3 

like working 2 lab work 3 

  pre lab 3 

  group meetings were good 2 

  easy to manage 2 

  meetings were good 2 

  one student 2 

 

Item 4: What did you dislike about working in groups? 

one person 3 lab report 4 

  work is little 2 

  individual lab 2 

  little difficult 2 

  pre labs 2 
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Table D.5 (Cont.) 

Frequently Used Phrases in Students’ Interviews in Treatment and Control Groups 

(n=21) 

Item 5: For next semester, what would you modify about the way Physics Lab -1 is taught? 

concept is repeated to find 2 groups should not be 

changed 

2 

constant and the same 

concept 

2 pre lab worksheet need 2 

focused on calculating 

gravitational constant 

2 lab worksheet need 2 

give any idea of learning 2 pre lab worksheet 2 

labs have focused on 

calculating 

2 lab groups 2 

procedural step does not 

give 

2 lab manual 2 

repeated to find the slope 2 lab worksheet 2 

focused on calculating 

gravitational 

2 need modification 2 

learning in the experiment 2 pre lab 2 

slope of the curve 2 taking physics 2 

step does not give 2 worksheet need 2 

calculating gravitational 

constant 

2   

 

Item 6: What would you keep the same about the way Physics Lab -1 is taught? 

lab report 5 group lab 4 

lab manual 4 group lab reports 3 

lab manual and lab report 2 lab manual 3 

lab manual and lab 2 lab report 3 

manual and lab report 2 lab reports 3 

manual and lab 2 procedural steps 2 

use excel sheet 2   

excel sheet 2   

use excel 2   

 

Item 7: How helpful was your physics lab -1 instructor?  

good and helpful 3 helpful and fairly grading 2 

good and helpful she 

grades 

2 helpful and fairly 2 

grades our lab report 

fairly 

2 fairly grading 2 

helpful she grades our lab 2 lab report 2 

grades our lab report 2   
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Table D.5 (Cont.) 

Frequently Used Phrases in Students’ Interviews in Treatment and Control Groups 

(n=21) 

 

Control Group Treatment Group 

Common Phrases in each Item Count (n) Common Phrases in each Item Co

unt 

(n) 

instructor is really good 2   

lab report fairly good 2   

really good and helpful 2   

helpful she grades 2   

lab report fairly 2   

report fairly good 2   

fairly good 2   

lab report 2   

really good 2   

report fairly 2   

 

Item 8: What advice would you give a friend who is taking physics lab -1 next semester?  

coming to the lab 2 lab report 3 

sample lab report 2 phy-I and phy-II 2 

lab report 2   

sample lab 2   

    

Item 9: How you rank the experiments by the level of difficulty and interesting 

Difficult     

Exp 13 3 Exp 8 5 

Exp 1 2 Exp 13 2 

Exp 3 1 Exp 1 1 

Exp 4 1 Exp 3 1 

Exp 8 1 Exp 6 1 

  Exp 11 1 

  Exp 12 1 

Interesting     

Exp 8 8 Exp 13 4 

Exp 13 1 Exp 8 3 

  Exp 7 2 

  Exp 4 1 

  Exp 3 1 

  Exp 11 1 
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Table D.6 

Most Frequently Used Word Cloud of Students’ Interviews for Treatment and Control Groups (n = 21)  

 Notes. Items are the open-ended questions in the interview. All items from 1 to 8 are same as mentioned in D5. RD = Records.

Word Cloud of Students Interviews for Control Group 

Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 

Words n 
R

D 
Words n 

R

D 
Words n 

R

D 
Words n 

R

D 
Words n 

R

D 
Words n 

R

D 
Words  n 

R

D 
Words n 

R

D 
experiments 7 5 experiment

s 

3 
16 

lab 7 5 group 4 4 lab 7 5 lab 10 6 good 8 6 lab 9 5 

lab 5 5 lab 3 10 work 6 4 one 4 3 physics 5 2 report 5 4 helpful 5 5 experiment 3 2 

experiment 3 3 report 3 9 working 6 4 work 4 2 class 4 2 manual 4 4 fairly 4 4 read 3 1 

apparatus 2 2 difficult 2 6 group 3 3 person 3 3 learning 4 2 course 2 2 grades 4 4 coming 2 2 

concept 2 2 morning 2 7 help 3 3 just 2 2 major 4 2 excel 2 1 grading 3 2 difficult 2 2 

equipment 2 1 straight 2 5 helped 3 3 lab 2 2 experiment 3 2 instruction 2 2 instructor 3 3 first 2 2 

gsa 2 2 time 2 5 check 2 1 nothing 2 2 report 3 2 modification 2 2 lab 3 3 major 2 1 

helpful 2 2 based 1 5 cross 2 1 working 2 2 calculating 2 2 sheet 2 1 lecture 3 3 report 2 1 

learning 2 2 calculating 1 
1 

groups 2 2 along 1 1 concept 2 2 use 2 1 knowledg-

eable 

2 2 sample 2 1 

stuff 2 2 categorize 1 1 individually 2 2 big 1 1 constant 2 2 collected 1 1 long 2 1 understand 2 2 

Word Cloud of Students Interviews for Treatment Group 

Item1 Item2 Item3 Item4 Item5 Item6 Item7 Item8 

Words n 
R

D Words n 
R

D 
Words n 

R

D 
Words n 

R

D 
Words n 

R

D 
Words n 

R

D 
Words  n RD Words n 

R

D 
group 11 9 lab 8 6 group 15 11 lab 8 5 lab 11 10 lab 15 10 good 7 7 lab 9 4 

lab 10 8 helpful 5 3 lab 13 8 group 6 4 group 5 4 group 8 4 helpful 7 7 experiment 4 2 

like 10 8 group 4 4 work 10 6 difficult 4 2 class 3 2 experiments 4 4 fairly 3 3 phy 4 1 

experiments 7 7 analysis 3 3 good 5 4 little 4 4 clear 3 2 manual 3 3 grading 2 2 course 3 2 

lectures 7 7 easy 3 2 working 5 5 nothing 4 4 groups 3 2 report 3 2 lab 2 1 report 3 3 

helpful 6 6 least 3 3 helps 4 4 report 4 3 need 3 3 reports 3 3 lectures 2 2 beforehand 2 2 

report 6 6 students 3 3 making 4 3 time 4 4 changed 2 2 students 3 3 report 2 1 helpful 2 1 

video 6 6 understan

d 

3 2 pre 4 3 data 3 2 experiment

s 

2 2 given 2 2 well 2 2 nothing 2 2 

interesting 5 4 concept 2 2 reports 4 4 work 3 3 good 2 1 good 2 2 writing 2 2 physics 2 2 

work 5 4 discussion 2 2 beforehand 3 2 working 3 3 helpful 2 2 little 2 2 able 1 1 section 2 2 
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Appendix E 

Results and Tables for E-CLASS Data Analysis 

E. 1 Fractional average of expert-like responses regarding students’ opinion of 

themselves (personal) and students’ view of expert (professional) 

epistemologies on E-CLASS for Control Group. 

E. 2 Fractional average of expert-like responses regarding students’ opinion of 

themselves (personal) and students’ view of expert (professional) 

epistemologies on E-CLASS for Treatment Group. 

E. 3 Overall Results for E-CLASS pre and posttest 

E. 4 How do students' personal views change in your course compared to other 

courses? 

E. 5 What did students think was important for earning a good grade in your course 

and other similar courses? 

E. 6 Follow-up questions about course interest and career plans  

E. 7 Average responses of students’ personal epistemology on E-CALSS items from 

pretest to posttest for both members of the group (CT = Control and TR = 

Treatment) 

E. 8 Average responses of students’ professional epistemology on E-CALSS items 

from pretest to posttest for both members of the group (CT = Control and TR = 

Treatment) 

E. 9 Average responses of students about what did students think was important for 

earning a good grade in your course on E-CALSS items from pretest to posttest 

for both members of the group (CT = Control and TR = Treatment) 
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Appendix E 

Table E.1 

Fractional Average of Expert-like Responses for Students’ Opinion of Themselves 

(Personal) and Students’ View of Expert (Professional) Epistemologies on E-CLASS 

Control Group. 

 

Items 

E-CLASS Pretest  E-CLASS Posttest 

a* (M) b* (M) a* (M) b* (M) c* (M) 

Q01 0.893 0.857 0.895 0.964 0.842 

Q02 0.768 0.855 0.684 0.893  

Q03 0.625 0.732 0.596 0.821 0.035 

Q04 0.054 0.089 0.107 0.125 0.053 

Q05 0.593 0.889 0.632 0.875 0.772 

Q06 0.643 0.875 0.456 0.857 0.281 

Q07 0.589 0.768 0.464 0.836  

Q08 0.911 0.929 0.786 0.945 0.825 

Q09 0.696 0.821 0.839 0.927 0.825 

Q10 0.714 0.911 0.764 0.870 0.825 

Q11 0.911 0.929 0.965 0.946 0.895 

Q12 0.786 0.857 0.737 0.875 0.175 

Q13 0.839 0.911 0.930 0.911  

Q14 0.339 0.804 0.228 0.893 0.386 

Q15 0.714 0.784 0.684 0.786 0.561 

Q16 0.357 0.321 0.228 0.268 0.089 

Q17 0.161 0.286 0.175 0.309 0.193 

Q18 0.875 0.893 0.860 0.929 0.667 

Q19 0.714 0.661 0.825 0.764 0.684 

Q20 0.768 0.839 0.842 0.714  

Q21 0.554 0.643 0.393 0.571 0.070 

Q22 0.875 0.821 0.842 0.893 0.860 

Q23 0.839 0.875 0.719 0.875 0.754 

Q24 0.750 0.786 0.825 0.821  

Q25 0.786 0.786 0.702 0.750 0.596 

Q26 0.839 0.839 0.807 0.875 0.836 

Q27 0.625 0.875 0.625 0.800 0.123 

Q28 0.714 0.875 0.579 0.750  

Q29 0.268 0.554 0.281 0.500 0.105 

Q30 0.927 0.945 0.930 0.946  

Note.  * Each item in E-CLASS pretest has two parts and each item in posttest has three 

parts. The ‘a’ students’ represents personal epistemology (students’ views about 

themselves), the ‘b’ represents students’ professional epistemology (students’ views 

of what experts say about their research), and the ‘c’ represents students’ expectation 

about the course (students’ views of different activities for earning good grades 

in physics lab).   
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Table E.2 

Fractional Average of Expert-like Responses for Students’ Opinion of Themselves 

(Personal) and Students’ View of Expert (Professional) Epistemologies on E-CLASS 

for Treatment Group. 

 

Items 

E-CLASS Pretest E-CLASS Posttest 

a* (M) b* (M) a* (M) b* (M) c* (M) 

Q01 0.957 0.928 0.947 0.982 1.000 

Q02 0.884 0.899 0.862 0.964  
Q03 0.529 0.750 0.586 0.754 0.017 

Q04 0.119 0.134 0.103 0.088 0.017 

Q05 0.735 0.912 0.759 0.947 0.897 

Q06 0.725 0.913 0.655 0.929 0.431 

Q07 0.580 0.797 0.534 0.825  
Q08 0.913 0.956 0.828 0.947 0.983 

Q09 0.841 0.971 0.793 0.912 0.828 

Q10 0.797 0.971 0.690 0.982 0.845 

Q11 0.971 0.942 0.966 0.965 0.983 

Q12 0.826 0.841 0.754 0.836 0.017 

Q13 0.897 0.910 0.930 0.945  
Q14 0.536 0.870 0.448 0.965 0.414 

Q15 0.667 0.735 0.649 0.768 0.466 

Q16 0.309 0.338 0.293 0.333 0.052 

Q17 0.087 0.217 0.070 0.232 0.121 

Q18 0.884 0.928 0.786 0.982 0.690 

Q19 0.776 0.776 0.842 0.875 0.879 

Q20 0.826 0.754 0.776 0.789  
Q21 0.603 0.721 0.509 0.661 0.034 

Q22 0.913 0.870 0.879 0.947 0.948 

Q23 0.928 0.957 0.741 0.930 0.741 

Q24 0.855 0.899 0.897 0.860  
Q25 0.739 0.768 0.638 0.684 0.655 

Q26 0.897 0.912 0.879 0.947 0.845 

Q27 0.623 0.855 0.638 0.842 0.034 

Q28 0.739 0.870 0.690 0.842  
Q29 0.132 0.412 0.293 0.544 0.086 

Q30 0.957 0.942 0.931 0.947  
Note.  * Each item in E-CLASS pretest has two parts and each item in posttest has three 

parts. The ‘a’ students’ represents personal epistemology (students’ views about 

themselves), the ‘b’ represents students’ professional epistemology (students’ views 

of what experts say about their research), and the ‘c’ represents students’ expectation 

about the course (students’ views of different activities for earning good grades 

in physics lab).   
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E. 3 Overall Results for E-CLASS pretest and posttest 

 

Table E.3. Summary of class participation. For a description of what qualifies as a 

valid response, see the "How to read this report" tab.  

 

Number of valid pre-responses 122 

Number of valid post-responses 108 

Number of matched responses 97 

Reported number of students in class 175 

Fraction of class participating in pre and post 0.55 

 

 

 
FIGURE 1. Comparison between overall pre and post scores for students' personal 

views on What do YOU think when doing experiments for class? Your 

class (Red) is compared with all students in similar level classes (Grey), 

(i.e., either introductory- or advanced-level physics labs). The overall 

mean shown here averages over all students and all statements on the 

survey. The error bars represent one standard error of the mean. 
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E. 4 How do students' personal views change in your course compared to other 

courses? 

 
FIGURE 2. Pre/Post changes in students' personal views about "What do YOU think when 

doing experiments for class?" for your class (Red) and all students in similar level 

classes(Grey). The circles show the pre-survey values. The arrows indicate the pre to post 

changes. The shaded bars indicate a 95% confidence interval. The responses are ordered 

by the expert-like fraction in the pre-survey from similar level courses. Questions which 

show up on (or shift towards) the right side of the graph are "good" as they indicate a 

large (or increasing) fraction of students with expertlike views. 
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FIGURE 3. Comparison for your class (Blue) between changes in the students' views 

about professional physicists and students in similar level classes (Grey). The circles 

show the pre-survey values. The arrows indicate the pre to post changes. The shaded bars 

indicate a 95% confidence interval. The responses are ordered by the expert-like fraction 

in the pre-survey. Questions which show up on (or shift towards) the right side of the 

graph are "good" as they indicate a large (or increasing) fraction of students with expert-

like views. 
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FIGURE 4. Comparison for your class between changes in students' personal views 

versus their views about professional physicists. What do YOU think... (Red) shows the 

change in students' response to "What do YOU think when doing experiments for class?" 

This red data is the same as the red data in Figure 2. "What would experimental 

physicists say..." (Blue) shows the change in students response to "What would 

experimental physicists say about their research?" The circles show the pre-survey 

values. The arrows indicate the pre to post changes. The shaded bars indicate a 95% 

confidence interval. Questions which show up on (or shift towards) the right side of the 

graph are "good" as they indicate a large (or increasing) fraction of students with expert-

like views. 
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E. 5 What did students think was important for earning a good grade in your course 

and other similar courses? 

FIGURE 5. An ordered plot of students' views of importance of different activities for 

earning a good grade in your class (Red) and in similar level classes (Grey). The circles 

show the pre-survey values. The arrows indicate the pre to post changes. The shaded bars 

indicate a 95% confidence interval. Questions which show up on (or shift towards) the 

right side of the graph are "good" as they indicate a large (or increasing) fraction of 

students with expert-like views. 
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E. 6 Follow-up questions about course interest and career plans 

 
FIGURE 6. Distribution of students by current declared major for your class (Red) 

and similar level classes (Grey). 

 

 
FIGURE 7. Students' current interest in physics for your class (Red) and similar level 

classes (Grey). 
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FIGURE 8. Change in students' interest in physics for your class (Red) and similar 

level classes (Grey). 

 

 
FIGURE 9. Gender distribution for your class (Red) and similar level courses 

(Grey). 

 



 

402 
 

 
FIGURE 10. Future plans reported by your students (Red) and by students in similar 

level courses (Grey). 

 

 

FIGURE 11.  Correlation between students’ personal epistemology (your opinion of yourself and 

it is represented by ‘a’) and professional epistemology (your opinion of an expert and it is 

represented by ‘b’) in posttest and posttest. Group 1 = Control and group 2 = Treatment.  
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E. 7 Average responses of students’ personal epistemology on E-CALSS items from pretest 

to posttest for both members of the group (CT = Control and TR = Treatment) 
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E. 8 Average responses of students’ professional epistemology on E-CALSS items from 

pretest to posttest for both members of the group (CT = Control and TR = Treatment) 
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E. 9 Average responses of students about what did students think was important for earning 

a good grade in your course on E-CALSS items from pretest to posttest for both members of 

the group (CT = Control and TR = Treatment) 
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APPENDIX F     

Regression and ANOVA Assumptions  

 

F. 1 ANOVA Assumptions for E-CLASS Variables  

F. 2 Regression Assumptions for variables used in Research Question 5 

F. 3 Results regarding the assumptions: Normality, Multicollinearity, and 

Homoscedasticity for ANOVA and Regression Analysis 
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F. 1 ANOVA Assumptions for E-CLASS 
 

Assumptions for E-CLASS expert like thinking responses regarding: ‘a’ students’ represents 

personal epistemology (students’ views about themselves), ‘b’ represents students’ professional 

epistemology (students’ views of what experts say about their research), and the ‘c’ represents 

students’ expectation about the course (students’ views of different activities for earning 

good grades in physics lab).   

 

Pre-a Expert-like score 

 

  Normal(21.5446,3.84354) 

 

Diagnostic Plot 

 
  

Summary Statistics 
 

Mean 21.544643 

Std Dev 3.8435353 

Std Err Mean 0.36318 

Upper 95% Mean 22.264308 

Lower 95% Mean 20.824978 

N 112 

Pre-b Expert-like score 

 

  Normal(24.3304,2.80729) 

 

Diagnostic Plot 

  
Summary Statistics 
 

Mean 24.330357 

Std Dev 2.8072891 

Std Err Mean 0.2652639 

Upper 95% Mean 24.855995 

Lower 95% Mean 23.804719 

N 112 
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 Post-a Expert-like score 

 

  Normal(20.7476,4.2971) 

 

Diagnostic Plot 

  
 

Summary Statistics 
 

Mean 20.747573 

Std Dev 4.2970999 

Std Err Mean 0.4234058 

Upper 95% Mean 21.587396 

Lower 95% Mean 19.907749 

N 103 

 Post-b Expert-like score 

 

  Normal(24.5446,2.88279) 

 

 

Diagnostic Plot 

 
  

 

Summary Statistics 
 

Mean 24.544554 

Std Dev 2.8827929 

Std Err Mean 0.2868486 

Upper 95% Mean 25.113654 

Lower 95% Mean 23.975455 

N 101 



 

409 
 

Post-c Expert-like score 

 

  Normal(12.0388,2.09538) 

 

Diagnostic Plot 

  

Summary Statistics 
 

Mean 12.038835 

Std Dev 2.095384 

Std Err Mean 0.2064643 

Upper 95% Mean 12.448356 

Lower 95% Mean 11.629314 

N 103 

 

Predicted Pre-a Expert-like score By Residual Pre-a Expert-like score 
 

 

 

 

 
Local Smoother 
R-Square 0.003864  

Sum of Squares Error 0.166764  

Local Fit (lambda) Mean  

Weight Function Tri-cube  

Smoothness (alpha): 0.7567  

Robustness None  
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Predicted Pre-b Expert-like score By Residual Pre-b Expert-like score 
 

 

 
 

Local Smoother 
 

R-Square 0.003638  

Sum of Squares Error 0.960778  

Local Fit (lambda) Mean  

Weight Function Tri-cube  

Smoothness (alpha): 0.77785  

Robustness None  

 

 

Predicted Post-a Expert-like score By Residual Post-a Expert-like score 
 

 

 
 

Local Smoother 
 

R-Square 0.004559  

Sum of Squares Error 2.716151  

Local Fit (lambda) Mean  

Weight Function Tri-cube  

Smoothness (alpha): 0.78894  

Robustness None  

 

Predicted Post-b Expert-like score By Residual Post-b Expert-like score 
 

 

 
 

Local Smoother 
 

R-Square 0.012025  

Sum of Squares Error 2.952735  

Local Fit (lambda) Mean  

Weight Function Tri-cube  

Smoothness (alpha): 0.77852  

Robustness None  
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F. 2 Regression Assumptions for variables used in Research 

Question 5 
 

 Normality of Residual and QQ plot of MBT posttest 

  

  Normal(3.1e-15,14.1115) 

 

 
Summary Statistics of Residuals of MBT posttest 

 

M 0.000 Upper 95% Mean 2.595 

SD 14.112 Lower 95% Mean  -2.595 

Std Err Mean 1.310 N 116 

 

Bivariate Fit of Predicted MBT posttest by Residual MBT posttest 
 

  
FIT by Linear Tri-cue with alpha   =0.5 

 

After Smoother fit by Mean with alpha = 

0.799. 
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Leverage Plot by Demographics and Academic factors versus MBT Posttest

  

 

 

 

 

 

 

 

 

 

 

 

 

Normality of Residual and QQ plot of Final Exam Score  
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  Normal(5e-16,7.10842) 
 

Summary Statistics 
 

M 0.000 Upper 95% Mean 1.184 

SD 7.108 Lower 95% Mean  -1.184 

Std Err Mean 0.599 N 141 

Bivariate Fit of Predicted Final Exam Score versus Residual Final Exam Score  
 

 

 
FIT by Linear Tri-cue with alpha =0.5 
 

 

 

 
After Smoother fit by Mean with alpha = 

0.798. 
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Leverage Plot by Demographics and Academic factors versus Final Exam Score   
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F. 3 Normality, Multicollinearity and Homoscedasticity for ANOVA / Regression 

Analysis  

 

a) Normality  
  

Residual FCI Pretest 

 

  Normal(-9e-16,21.0473) 

 

Diagnostic Plot 

  
Summary Statistics 

Mean  -0.000 

Std Dev 22.801 

Skewness 0.505 

Kurtosis  -0.625 

N 179.000 

 

 Residual FCI Posttest 

 

  Normal(-6e-16,22.801)  

Diagnostic Plot  

  Summary Statistics 
Mean  -0.000 

Std Dev 21.047 

Skewness 0.934 

Kurtosis 0.513 

N 179.000 
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Residual MBT Pretest 

 

  Normal(-1e-15,17.2626) 

 

Diagnostic Plot 

   

Summary Statistics 
Mean  -0.000 

Std Dev 17.263 

Skewness 0.791 

Kurtosis 0.080 

N 141.0 

 

Residual MBT Posttest 

 

  Normal(1.3e-15,17.9126) 

 

 

Diagnostic Plot 

 
 

Summary Statistics 
Mean 0.000 

Std Dev 17.913 

Skewness 0.542 

Kurtosis  -0.480 

N 141.000 
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Residual Final Exam  

 

  Normal(0.3109,9.23092) 

 

Diagnostic Plot 

 
 

Summary Statistics 
 

Mean 0.311 

Std Dev 9.231 

Skewness  -0.431 

Kurtosis  -0.038 

N 160.000 

 

Residual average score before TR 

 

  Normal(0.65273,7.56713) 

 

Diagnostic Plot 

 
 

 

Summary Statistics 
 

Mean 0.653 

Std Dev 7.567 

Skewness  -1.106 

Kurtosis 1.655 

N 164.000 
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Residual Average score in TR 

 

  Normal(0.08906,7.98575) 

 

Diagnostic Plot 

  

Summary Statistics 
 

Mean 0.089 

Std Dev 7.986 

Skewness  -0.544 

Kurtosis 0.004 

N 164.000 

 

Residual Average after TR 

 

  Normal(0.79801,6.5902) 

 

Diagnostic Plot 

 
 

Summary Statistics 
 

Mean 0.798 

Std Dev 6.590 

Skewness  -1.108 

Kurtosis 1.664 

N 162.000 
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 Residual Cumulative Average 

 

  Normal(0.40918,6.11555) 

 

Diagnostic Plot 

Summary Statistics 
Skewness  -0.727 

Kurtosis 0.203 

N 164.000 

 

 

b) Multicollinearity  

VIF  

 VIF 

FCI Pretest 1.124 

FCI Posttest 1.124 

MBT Pretest 1 

MBT Posttest 1 

Avg bef-TR 1.124 

Avg TR 1.124 

Avg aft-TR 1.129 

Final Exam 1.122 

Cum Avg 1.124 

 

Mean 0.409 

Std Dev 6.116 
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c) Homogeneity of variance (Homoscedasticity) and Independence of residual 

FCI Pretest 

Residual by Predicted Plot 

 
Residual by Row Plot 

  

FCI Posttest 

Residual by Predicted Plot 
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Residual by Row Plot 

  

MBT Pretest 

Residual by Predicted Plot 

 

Residual by Row Plot 
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MBT Pretest 

Residual by Predicted Plot 

 
Residual by Row Plot 

 

 

Average scores in labs before treatment (Avg_bef_TR) 

Residual by Predicted Plot 
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Residual by Row Plot 

  

 

Average scores in labs as part of treatment (Avg_TR) 

 

Residual by Predicted Plot 

 
Residual by Row Plot 
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Average scores in labs after the treatment (Avg_aft_TR) 

 

Residual by Predicted Plot 

 
Residual by Row Plot 

  

 

Final Exam score 
Residual by Predicted Plot 
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Residual by Row Plot 

 
 

Cumulative score in course (Cum Avg) 

Residual by Predicted Plot 

 
Residual by Row Plot 
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d)  Additional Analysis for unequal Variances in groups 
 

Oneway Analysis of Avg_TR By Group 

 

 

Analysis of Variance 
 

Source DF Sum of Squares Mean Square F Ratio Prob > F 

Group 2 2001.599 1000.80 15.2978 <.0001* 

Error 169 11056.145 65.42   

C. Total 171 13057.744    

 

Means for Oneway Anova 
 

Level Number Mean Std Error Lower 95% Upper 95% 

1 62 87.3708 1.0272 85.343 89.399 

2 74 92.1358 0.9402 90.280 93.992 

3 36 83.3750 1.3481 80.714 86.036 

 

Std Error uses a pooled estimate of error variance 

Tests that the Variances are Equal 
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Level Count Std Dev MeanAbsDif to Mean MeanAbsDif to Median 

1 62 8.16582 6.666801 6.549059 

2 74 5.51600 4.400858 4.296622 

3 36 11.67110 9.779167 9.619444 

 

 

Test F Ratio DFNum DFDen Prob > F 

O'Brien[.5] 16.6789 2 169 <.0001* 

Brown-Forsythe 14.4425 2 169 <.0001* 

Levene 17.5361 2 169 <.0001* 

Bartlett 14.3995 2 . <.0001* 
 

Welch's Test 

Welch Anova testing Means Equal, allowing Std Devs Not Equal 

 

F Ratio DFNum DFDen Prob > F 

14.2977 2 75.956 <.0001* 

 

 

Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
 

Level Count Score Sum Expected Score Score Mean (Mean-Mean0)/Std0 

1 62 4721.50 5363.00 76.153  -2.045 

2 74 7836.50 6401.00 105.899 4.439 

3 36 2320.00 3114.00 64.444  -2.987 

 

1-Way Test, ChiSquare Approximation 
 

ChiSquare DF Prob>ChiSq 

20.9751 2 <.0001* 

 

After removing the traditional group the from the model the results changes and Brown-

Forsythe’s test and Lavene’s test were not significant that means the variance across the 

groups becomes equal. Results are given below.  

 

 

Test F Ratio DFNum DFDen p-Value 

O'Brien[.5] 1.940 1 111 0.167 

Brown-Forsythe 1.948 1 111 0.166 

Levene 2.116 1 111 0.149 

Bartlett 2.081 1 . 0.149 

F Test 2-sided 1.484 43 68 0.143 

 

Level Count Std Dev MeanAbsDif to Mean MeanAbsDif to 

Median 

CT 44 6.067180 4.866985 4.794129 

TR 69 4.980408 3.967150 3.848551 
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Welch's Test 

Welch Anova testing Means Equal, allowing Std Devs Not Equal 

 

F Ratio DFNum DFDen Prob > F t Test 

5.299 1 78.704 0.024 2.302 

 

Oneway Analysis of Cum Avd By Group 

 

Analysis of Variance 
 

Source DF Sum of Squares Mean Square F Ratio Prob > F 

Group 2 739.7143 369.857 8.8763 0.0002* 

Error 169 7041.8873 41.668   

C. Total 171 7781.6017    
 

Means for Oneway Anova 
 

Level Number Mean Std Error Lower 95% Upper 95% 

1 62 88.8874 0.8198 87.269 90.506 

2 74 90.3732 0.7504 88.892 91.855 

3 36 84.8615 1.0758 82.738 86.985 

 

Std Error uses a pooled estimate of error variance 
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Tests that the Variances are Equal 

 
 

 

Level Count Std Dev MeanAbsDif to Mean MeanAbsDif to Median 

1 62 5.970051 4.942576 4.791775 

2 74 5.745900 4.518624 4.410371 

3 36 8.379624 6.971310 6.832492 

 

 

Test F Ratio DFNum DFDen Prob > F 

O'Brien[.5] 5.1661 2 169 0.0066* 

Brown-Forsythe 4.3023 2 169 0.0151* 

Levene 5.6429 2 169 0.0042* 

Bartlett 4.0917 2 . 0.0167* 

 

Welch's Test 
Welch Anova testing Means Equal, allowing Std Devs Not Equal 

 

F Ratio DFNum DFDen Prob > F 

6.3990 2 83.274 0.0026* 

 

Wilcoxon / Kruskal-Wallis Tests (Rank Sums) 
 

Level Count Score Sum Expected 

Score 

Score Mean (Mean-Mean0)/Std0 

1 62 5317.50 5363.00 85.7661  -0.144 

2 74 7304.50 6401.00 98.7095 2.793 

3 36 2256.00 3114.00 62.6667  -3.228 

 

1-Way Test, ChiSquare Approximation 
 

ChiSquare DF Prob>ChiSq 

12.7099 2 0.0017* 
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APPENDIX G 

     

Introduction to Statistical Power 

 

G. 1 Concept of Power in term of Type I error and Type II error 

G. 2 ES Indexes and Their Values for Small, Medium, and Large Effects     

G. 3 N for Small, Medium< large ES at Power = .80 for α = .01, .05, and .10 

G.4 G*Power 3 Computational Models for T test, ANOVA, and Multiple Regression  
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Statistical Power  

 Any new research require statistical power analysis in order to decide on how 

many sample size (or subjects) are needed, that gives the ability to detect what the 

researcher is looking for significant effect due to the treatment in the population. In 

other words, statistical power is the probability of not missing an effect, due to 

sampling error, when there really is an effect to be found. Before calculating 

statistical power (1- β) following four terms are needed to be defined in the context 

of the research study.    

1. The null hypothesis H0,  

2. Significant level of α  

3. Type I Error. 

4. Type II Error. 

These concepts are summarized in the following Table G.1 

Table G.1 

Concept of Power in term of Type I error and Type II error 

Decision  
H0 is really true. (i.e., there is  

really no effect to find) 

H0 is really false. (i.e., there is  

really is an effect to be found) 

Retain H0 
Correct decision: probability = 

1- α 
Type II error. probability = β 

Reject H0 Type I error. probability = α 
Correct decision. probability = 1- 

β 

 

Calculation of Power using Effect Size, sample Size and T Test. 

For a comparison of two groups (i.e., an experimental and control group) the 

measurement of effect size is defined as Cohen’s d. this is measured as the difference 

between the means for the two groups, divided by an estimated of the standard 
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deviation in the population (i.e., used as average standard deviation). According to 

Cohen (1992) the Cohen’s d is define as  

𝑑 =  
µ1−µ2

𝜎
, 

Where, d is Cohen’s d, the effect size and 𝜎𝑝𝑜𝑜𝑙𝑒𝑑 is the standard deviation of 

the population. The standard deviation 𝜎𝑝𝑜𝑜𝑙𝑒𝑑 is defines  

𝜎𝑝𝑜𝑜𝑙𝑒𝑑 =  √(
(𝑛1 −  1 )𝜎1

2 + (𝑛2 −  1)𝜎2
2 

𝑛1 +  𝑛2 − 2
  

Moreover, the Cohen’s d in term of the t test is defined as  

𝑑 =  𝑡√(
(𝑛1 +   𝑛2)

𝑛1𝑛2
) (

(𝑛1 +  𝑛2)

𝑛1 + 𝑛2 − 2
)  

Where t is the t statistics, and n is the sample size of each group.  If both groups have 

same sample size (n = 𝑛1 =   𝑛2) then the Cohen’s d will be come 𝑑 =  
2𝑡

√𝑛−2 
 

Similarly, in ANOVA tests, the value of the F-ratio identifies the size of the 

treatment effect when F > 1, which is constructed as fellow.  

 

𝐹 =  
variance between groups 

variance within group  
 

𝐹 =  
Treatments effect +  Individual (group) differnce + Experimental error 

𝐼𝑛𝑑𝑖𝑣𝑖𝑎𝑙 (𝑔𝑟𝑜𝑢𝑝) 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 +  𝐸𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑒𝑟𝑟𝑜𝑟
 

 

If there is no treatment effect, then F = 1, which implies that the treatment 

effect approaches 0. If there is a treatment effect, then F > 1. The denominator of the 

F ratio is call the error term, which is a measure of the variance due to random, 
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unsystematic differences. The effect size (𝑓) for ANOVA is defined by two ways: (a) 

calculating the effect size between the groups and (b) effect size within the groups. 

The effect size (f ) between the groups is calculated as 

𝑓  =  
 sum of squares between groups  

total sum of square  
. 

Similarly the effect size (f ) within the group is calculated as 

𝑓 =  
 sum of squares within the group +  experimental error within group +  total error between the groups 

total sum of square between the group 
 

Where the variance is define in the term of sum of square as   

𝑠2 =  
∑(𝑥𝑖 − 𝑀)

𝑛 − 1

2

=  
𝑠𝑠

𝑛 − 1
  =  

𝑠𝑠

𝑑𝑓
 

Where s2 is the variance, xi is an individual score, M is mean score of the 

group, n is the number of scores within the group, and ss is the sum of squares, and 

df is degrees of freedom.     

According to the Cohen, (1992), the following Table G.2 demonstrates the 

ES index for small, medium and large effect sizes for different kinds of statistical 

analyses and research questions.  
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Table G.2 

ES Indexes and Their Values for Small, Medium, and Large Effects     

 

 
Note. P = population proportion and g = departure of a population proportion (P) from .50, which is 

used for nonparametric sign test for differences between paired observations. The k is the number of 

cells and Poi and Poi are the H0 and H1 population proportions in the cell i. The table is provided by 
Cohen, (1992).   

 

 

Using three different values of α, the Cohen, (1992) provided the following 

Table G.3 to calculate the N for small, medium, and large ES at power = .80 for 

difference of means in T test, ANOVA, Chi square, and in multiple regression with 1 

through 6 degree of freedom.   
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Table G.3 

N for Small, Medium< large ES at Power = .80 for α = .01, .05, and .10 

 

Note. ES = population effect size, Sm = small, Med = medium, Lg = large, diff = difference, P = 

population proportion, and g = departure of a population proportion (P) from .50, which is used for 

nonparametric sign test for differences between paired observations. Test numbers follow the 

sequence as described in Table G.1 (p.) above.  
a
g = number of groups. bk = the number of independent variables. The table is provided by Cohen, 

(1992).   
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The following Table G.4 summarizes the power analysis procedures for all T tests 

on means, ANOVA analysis, and multiple regression analysis.   

Table G. 4 

G*Power 3 Computational Models for T test, ANOVA, and Multiple Regression  

Design Test  Null 

Hypothesis  

Effect Size Degree of freedom  

Inequality of two 

dependent means 
t test µ𝑥−𝑦 = 0 

𝑑𝑥 =  
µ𝑥−𝑦

𝜎𝑥−𝑦
  

Where 𝜎𝑥−𝑦 =

 √( 𝜎𝑥
2 + 𝜎𝑦

2 − 2𝜌µ𝑥µ𝑦 

δ = 𝑑𝑥 √𝑁 

df = N -1 

Inequality of two 

independent 

means 

 

t test 
µ1 = µ2 
 

𝑑 =  
µ1 − µ2

𝜎
 

δ = 𝑑𝑥 √
𝑛1𝑛2

𝑛1+𝑛2
 

df = N -2 

ANOVA fixed 

effect, one way 

ANOVA: 

inequality of 

multiple means 

F 

test 

µ𝑖 −  µ = 0 

Where i =1, 

…., k 

𝑓 =   
𝜎µ 

𝜎
 

Where 𝜎µ =

 
∑ 𝑛𝑗  (µ𝑖− µ)2𝑘

𝑖=1

𝑁
 

 

λ =  (𝑓)2𝑁 

df = N -k 

ANOVA 

repeated 

measures, 

between effect 

 

F 

test 

µ𝑖 −  µ = 0 

Where i =1, 

…., k 

  

𝑓 =   
𝜎µ 

𝜎
 

 

λ =  (𝑓)2µ𝑁𝜀 

µ = 
𝑚

1+(𝑚−1)𝜌
 

df1 = k-1 

df2 = N -k 

ANOVA 

repeated 

measures, within 

effect 

F 

test 

µ𝑖 −  µ = 0 

Where i =1, 

…., k 

𝑓 =   
𝜎µ 

𝜎
 

 

λ =  (𝑓)2µ𝑁 

µ = 
𝑚

1−𝜌
 

df1 = (k-1) 𝜀 

df2 = (N –k) (k-1) 𝜀 

Multiple 

Regression 

deviation of R2 

from zero 

F 

test 
𝑅𝑌.𝐴

2 = 0 
𝑓2 =   

𝑅𝑌.𝐴
2

1 − 𝑅𝑌.𝐴
2  

 

λ =  (𝑓)2𝑁 

df1 = q 

df = N –p-1 

Note. Where, µ𝑖(µ)= population mean (in group i),  µ𝑥−𝑦  = population mean of difference, N = total sample 

size, ni  = sample size in group i, 𝜎 = standard  deviation in the population, 𝜎µ = standard deviation of the 

effect, 𝜎𝑥−𝑦 =  standard deviation of the difference, λ = non-centrality parameter of the concenter F, δ =   

non-centrality parameter of the concenter  t distribution, df1, and df2  = numerator and denominator degree 

of freedom respectively, 𝜌 = population correlation (in group),   𝑅𝑌.𝐴
2 =  square multiple correlation 

coefficient, corresponding to the proportion of Y variance that can be accounted for by multiple 

regression on the set of predictor variable A, 𝜀 =  correction factor in multiple regression, k = the 

number of independent variables, and p is the rank of the matrix  

 


