




ABSTRACT 

ROBOTICS AND CHILDREN: 

THEIR RELATIONSHIP TO SCIENCE ACHIEVEMENT, 

PROBLEM SOLVING, ADHD RATING SCALE SCORES, AND 

· LEARNING STYLES 

Susan Preston Wagner, Ph.D. 

Major Professors: Robert H. Fronk, Ph.D. 

Phillip B. Horton, Ph.D. 

This study investigated whether robotics could 

significantly improve science achievement scores or problem 

solving scores as compared to battery powered manipulatives 

or an untreated traditionally taught control. Also examined 

was whether there were interactions between treatment group 

membership and ADHD Rating Scale scores, and treatment group 

membership and the learning styles subscales auditory, 

visual, tactile, and kinesthetic. Fifteen fourth through 

sixth grade classes, involving 364 students from three 

schools participated in this study. A fifth grade science 

unit on force, motion, and machines was taught for 20-30 

minutes daily, followed by a 50-60 minute robotics session. 

The treatments lasted for 1 or 2 weeks, with the 1 week 

treatments using a counterbalanced design. 
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There were no significant differences on the science 

achievement scores for the 1 or 2 week treatments, for both 

the battery and untreated controls. Overall problem solving 

showed no significant differences between the robotics and 

the battery control for both the 1 and 2 week treatment. A 

significant difference favoring the battery and treatment 

groups and the combined battery/treatment set was found in 

overall problem solving. Problem solving 1 programming 

logic showed a significant difference favoring the robotics 

groups when compared to both the battery and the untreated 

controls. 

No interaction was found between treatment mode and 

either ADHD Rating scale scores (high scores being defined 

as two standard deviations above the mean for age and sex) 

or the set of kinesthetic, tactile, auditory, and visual 

learning styles. Lack of significant interaction was 

consistent for both the 1 and 2 week treatments on all 3 

posttests (science achievement and both problem solving 

tests). 

These results suggest that robotics may be no more 

effective than battery powered manipulatives or traditional 

science enrichment on science achievement. Overall problem 

solving results suggest that some form of manipulative 

(battery or robotics powered) task is effective than 

traditional reinforcement. Programming problem solving 

appears to need robotics opportunities. Students with 
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all four learning styles and various ADHD Rating Scale 

scores did equally well in both treatments. Recommendations 

included replicating the study with no pretreatment 

"lecture", use of nonpaperjpencil tests, and extended 

treatment time. 
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CHAPTER 1 

INTRODUCTION 

Does interfacing an exploratory programming language 

with a manipulative, to create the ability to perform 

robotics, have a greater effect on children's achievement of 

science concepts and problem solving abilities than the use 

of battery powered motorized manipulatives alone? If so, is 

there a relationship between the robotics experience and 

certain groups of children? 

Since the advent of the microcomputer, educators have 

debated how best to apply the technology and capabilities to 

the classroom. Teaching programming was proposed as not 

only preparing students to work with the technology, but as 

a way to teach problem solving. Manipulatives, basically 

any objects students can reorganize by physically moving 

them, have a long history of educational value, especially 

in the elementary grades. It would seem reasonable then, 

that when a manipulative and a programming language are 

combined, might benefit twice as much. 

Seymour Papert, the creator of the Logo programming 

language, has espoused how useful the computer and a 

programming language are for problem solving (Orlando, 

1990). Logo is based on theories of Piaget and teaches 

mathematical abstractions and programming concepts using 

exploratory discovery learning and graphic representation 

(Clithero, 1987; Huber, 1985). Papert feels that one of the 
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most valuable parts of the Logo programming experience is 

that it encourages exploratory self-learning in such an 

engrossing manner that the child hardly considers learning 

(Papert, 1986). The successor to Logo, or the second 

generation, is LogoWriter which adds a word processor, 

shapes table, animation, four turtles (graphic cursers), and 

an easy editor. Teachers can now use the LogoWriter 

language to deal with language concepts, as well as 

mathematical and science domains (Papert, 1986). 

Manipulatives have been used in math and science 

curricula with much success. Manipulatives enhance 

achievement at every grade level (Weiss, 1985). Active 

manipulation of a concrete model is Bruner's "enactive" 

learning, involving direct "hands on" experience which is a 

foundation to readiness (Schultz, 1986). Using 

manipulatives in structured situations helps students 

organize their thinking so they can follow the flow of a 

computational procedure or begin to see relationships 

(Thornton, 1986). Manipulatives are valuable tools for a 

full range of children from those with special learning 

needs to children ·wha are gifted. Manipulatives can have at 

least six functions: "1) build concepts and related 

vocabulary; 2) improve spatial visualization; 3) allow 

discovery of patterns and relationships; 4) provide problem-

solving experiences; 5) teach the essence of verification or 

proof; and 6) promote creativity" (Thornton, 1986, p. 40). 



Concrete to abstract functioning is a continuum. 

Accommodation and assimilation, or to use Piaget's term 

equilibration, are two processes of interaction between 

reality and the mind (Reddens, 1986; Huber, 1985)). 

Learning theorists, including Piaget (1964), suggest that 

"children whose mathematical learning is firmly grounded in 

manipulative experiences will be more likely to bridge the 

gap between the world in which they live and the abstract 

world of mathematics" (Kennedy, 1986, p. 6). 

Robotics combines a programming language with a 

manipulative. Until recently, robotics has been used 

exclusively by industry for the purpose of specific tasks, 

usually involving automation or heavy lifting. Seymour 

Papert simplified the robotics concepts to the educational 

setting, by applying his Logo programming language and 

interfacing with the traditional LEGO building blocks, 

gears, motors, etc. Robotics combines the strengths of 

using manipulatives in the educational and the 

assets of a computer language. Computer conferences across 

the nation are offering sessions showing how robotics might 

be used in an setting from elementary to senior 

high. LEGO TC Logo, also called LEGO/LOGO, is the robotics 

product which is most often cited as being used in the 

elementary classroom. 

3 

The LEGO TC Logo learning environment provides students 

with the opportunity to problem solve in a realistic 



way: defining a problem, brainstorming for the best 

solution, and programming the tested model while 

constantly evaluating immediate feedback from the 
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computer. This procedure models a valuable process for 

solving problems in real life situations. Along with 

this, students discover and apply basic mechanical and 

programming principles, along with fundamental control 

technology, also reflective of real life situations. 

LEGO TC logo is a wonderful learning tool that has much 

potential in the world of education. (Shimabukuro, 

1989, p. 39) 

Despite the praise and anecdotal positive responses of 

all the authors and editors who have written reviews on the 

use of robotics, there were almost no published quantitative 

research reports found to support the value of robotics in 

intermediate aged elementary student education. If 

robotics, used in an educational setting, does enhance 

problem solving and science concepts, does it do so more 

than the use of either manipulatives or the language alone? 

Do certain groups of children respond more favorably than 

others? Does the child' 's activity level influence the 

effectiveness of robotics? Do children with certain 

learning styles respond more beneficially than others? 
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Statement of the Problem 

The entire October, 1990 issue of Education Leadership 

was devoted to learning styles and the brain. Author after 

author espoused that students have different learning styles 

and therefore, some teaching approaches are more effective 

than others for individual students. While several learning 

style assessments were advocated, there seemed to be 

agreement that for the optimal learning environment to be 

established, the teacher must first know the sociological 

and biological preferences of the child. Rita Dunn, author 

of .multiple books and articles on learning styles (Dunn, 

1990), recommend identifying the learning styles of children 

in grades 3 through 12 and then acknowledging and respecting 

their diversity. 

Stephen Garger (1990) conducted research on hyperactive 

children using the learning style inventory created by Dunn, 

Dunn, and Price and found them to prefer tactile and 

kinesthetic stimulation and mobility. It was strongly felt 

that schools had a responsibility of recognizing and 

accommodatin9 the learning style preferences of these 

children who where having difficulty with their 

neurophysiology and learning processes. 

The robotics experience offers a multisensory approach 

to learning and therefore could be a useful tool for many 

learning styles and activity levels. This study attempts to 
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discover: 

Do intermediate aged elementary students who work with 

computerized robotics do better on science achievement 

tests and problem solving tests than they would using 

motorized manipulatives? 

Hypotheses 

Providing computers and manipulatives to teach robotics 

to children involves a sizeable investment of classroom 

teaching time, teacher training, and funds. It seems 

worthwhile to investigate what the robotics experience can 

and cannot be expected to deliver and to whom. This 

research attempted to discover the effects of the mode of 

treatment on science achievement scores and problem solving 

scores. It was anticipated that: 

Research Hypothesis 1: Intermediate elementary aged 

children, when taught a physics concept using robotics, 

will have higher science posttest scores than children 

using motorized manipulatives or no manipulative. 

Research Hypothesis· 2: Intermediate elementary aged 

children, when taught a physics concept using robotics, 

will have higher problem solving posttest scores than 

children using motorized manipulatives or no 

manipulative. 

The activity level of the child is felt to influence 
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their response to stimuli. The child who scores high on an 

attention deficit hyperactive screening tool, demands 

stimuli, and follows directions poorly, can be successful 

without depending on reading or listening skills (Aman, 

1986). Since it is agreed that children with high attention 

deficit hyperactivity scores are very responsive to stimuli, 

(deHaas, 1986; Parker, 1988; Wender, 1987; Barkley, 1990), 

then robotics should have an effect on their attention, and 

therefore, their learning of science concepts and problem 

solving skills (Caine, 1990). It was expected that: 

Research Hypothesis 3: There will be an interaction 

between scores on an attention deficit hyperactivity 

rating scale and the mode of treatment on science 

achievement scores. 

Research Hypothesis 4: There will be an interaction 

between scores on an attention deficit hyperactivity 

rating scale and the mode of treatment on problem 

solving achievement scores. 

students• learning styles influence how they process 

information and learn. The four learning styles identified 

as kinesthetic, t ·actiLe, visual, and auditory are met in 

various ways during the robotics experience. The creating 

of the robot is very "hands on" and visual. In the small 

groups in which robotics are usually built, the programming 

is highly communicative (Clements, 1988). It was predicted 

that: 



Research Hypothesis 5: A significant amount of the 

variance in science achievement posttest scores will 

be accounted for by the student's learning style and 

the interaction with the mode of treatment. 

Research Hypothesis 6: A significant amount of the 

variance in problem solving posttest scores will be 

accounted for by the student's learning style and the 

interaction with the mode of treatment. 

Operational Definitions 

8 

Robotics: any form of machine which could be built and 

controlled by a computer language. 

Motorized manipulative: any form of machine which 

could be built and propelled by a battery powered, low 

voltage motor(s). 

Attention Deficit Hyperactive Disorder (ADHD or ADD): 

The diagnostic criteria for Attention Deficit Disorder, with 

or without hyperactivity, requires observing specific 

behaviors in considerably greater frequencies than people of 

the same mental age (DSMIII-R, 1987). The diagnostic 

criteria for ADD is having at least eight of the following 

behaviors for more than six months (with an onset before age 

7) : 

1) often fidgets with hands or feet or squirms in seat 

2) has difficulty remaining seated when it is required 

3) is easily distracted by extraneous stimuli 



4) has difficulty awaiting turn in games or group 

situations 

5) often blurts out answers to questions before they 

have been completed 

6) has difficulty following through on instructions 

from others (not due to oppositional behavior or 

failure of comprehension) 
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7) has difficulty sustaining attention in tasks or play 

activities 

8) often shifts from one uncompleted activity to 

another 

9) has difficulty playing quietly 

10) often talks excessively 

11) often interrupts or intrudes on others 

12) often does not seem to listen to what is being said 

to him or her 

13) often loses things necessary for tasks or activities 

at school or at home 

14) often engages in physically dangerous activities 

without considering possible consequences. 

(DSMIII-R, 1987, - p. 52) 

Learning Style: for the purpose of this study was 

isolated as four of the subscales (kinesthetic, tactile, 

visual, and auditory) on the Learning Styles Inventory by 

Dunn, Dunn, and Price. 
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Significance of the Study 

Based on the information available, this research is 

among the early experimental research on the combined use of 

manipulatives and a computer language in the classroom. 

This research examined the relationship between the mode of 

treatment and achievement of science concepts and problem 

solving. The research should improve understanding of how 

adding a programming language to a manipulative can enhance 

its role in education more than adding a simple battery 

source. 

This research bridges the body of knowledge and 

learning theories about how manipulatives improve problem 

solving skills and the research on using programming skills 

educationally. It will help to establish whether 

improvement in achievement of physics concepts and problem 

solving skills is due to the lesson being reinforced by the 

use of a motorized manipulatives only or whether improvement 

occurs due to the robotics (a combination of the 

manipulative&· with the programming language) in the 

intermediate aged student: -· 

The research study should add to our understanding of 

how robotics affects specific groups of that might 

be drawn to the experience due to the neurophysiology of 

hyperactivity (Zametkin, 1991) or specific learning styles. 

Minimal research was found that examines the computer as a 



teaching tool for hyperactive children. No experimental 

research was found specifically using robotics with high 

activity levels as identified by an attention deficit 

hyperactivity scale. 

11 

Lastly, this study will add to the body of information 

about learning styles. It will look at the contribution 

learning styles interacting with treatment mode, make to 

science achievement and problem solving scores. 

Summary 

Problem solving, science and math are viewed as 

difficult to teach. American children traditionally score 

low in these areas. This research has practical educational 

implications. With robotics, children use all their mental 

skills in solving problems and learning experientially. 

However, is it possible to create equivalent experiences 

with motorized manipulatives and get the same results? This 

study attempted to examine that issue. If so, using 

motorized manipulatives would noticeably reduce the costly 

investment of time, money, and equipment required for 
' robotics. If not, is the robotics experience a situation 

where the whole is greater than the parts? Is the robotics 

experience more favorable for one type of child over 

another? This research attempts to look for interactions 
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between the experimental treatment and specific groupings of 

children. 

The literature suggests that robotics greatest strength 

may be that teachers and students both find robotics 

exciting due to its versatility and endless possibilities. 

This study should shed light on whether there are other 

concrete gains from robotics. 



CHAPTER 2 

REVIEW OF LITERATURE 

The review of literature is concerned with 

robotics (manipulatives combined with a programming 

language), and the use of the robotics with high ADHD 

children and specific learning styles. These topics are 

related to the current study because they support the 

overall purposes of this research project. The 

interrelationship of these topics is one of the focuses of 

the research. 

Robotics 

Robotics involves two areas of education that have been 

studied to various degrees for their usefulness in teaching 

science concepts and problem solving. First, a robot must 

be created using some form of manipulative. Manipulatives 

and the computer are viewed as a powerful partnership for 

learning at all ages (Perl, 1990). Alma Wright was a 

finalist for the 1988 McAuliffe Educators' MentorjMentee 

award. She uses both created manipulatives, that are 

independent of the computer, and robotics in the form of 

Lego bricks serving as . the manipulative and being powered by 

the computer. "The key is to set up an environment and let 

children discover. Don't tell, tell, tell. Expose students 

to learning situations and be available to answer 

questions." (Wright, 1989, p. 8 Spec. Sup). 

13 
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Secondly, the robot must be able to be controlled by 

some form of computerized -language. While any computer 

language could be used with an interface box to create 

robotics, due to the philosophy of discovery learning, the 

Logo computer language (Yoder, 1990-91) parallels the goals 

of educational robotics. Seymour Papert, the creator of the 

Logo programming language, has espoused how useful the 

computer is for problem solving (Orlando, 1990). Logo 

teaches mathematical abstractions and programming concepts 

using exploratory discovery learning and graphic 

representation (Clithero, 1987). Logo is a graphic language 

that simplifies syntax and primitives to words that make 

sense to a child. Research is mixed, and varies in quality, 

as to whether Logo can actually improve problem solving as 

reported (Maddux, 1989; Keller, 1990). Logo was originally 

created to allow students to discover concepts rather than 

being taught them (Yoder, 1990-91). 

Robotics uses the idea of concrete , objects teaching 

abstract ideas (Weisman, 1991). Robotics encourages the 

concept o-f looking at a problem from many perspectives 

(Carpenter, 1990). 

Little experimental research was found using robotics. 

Janice Flake (1990) worked with two fifth grade classes of 

27 students each at the Florida State University 

Developmental Research School. There was an even 

distribution of males and females, and the population of the 
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school matched the population of the state in ability, race, 

and socioeconomic status. Lego TC Logo was used in one 

class, the other class served as the control. The treatment 

group worked with the robotics for four months, beginning in 

October, 1988. The duration of each robotics session was 

not stated. Scores from the math section of the 

Comprehensive Assessment Program (CAP) were used to measure 

achievement. CAP is an annual standardized test given at 

their school. Also, the students took the Wheatley Spatial 

Ability Test (WSAT), which is an 8 minute test that assesses 

a student's ability to form and transform figures. 

A strong relationship was found between spatial 

ability, robotics, and math problem solving and conceptual 

development. Girls were found to be lower in spatial 

ability and problem solving. It should be noted however, 

that the researcher drew these conclusions even though "the 

overall growth in standardized tests for the two classes was 

the same (.7). While the growths were statistically 

significant (R<.05), the interesting part was where the 

growth occurred" (Flake, 1990, p. 19). The control class 

growth was in computation, ·while the treatment class grew 
' 

more in problem solving and conceptual development. 

Laura Winer presented an unpublished.qualitative study 

at the 1989 Minnesota Educational Computer Company 

Conference (Winer, 1989). This study was an 18 month 

qualitative research project at an alternative school in 
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Montreal, Canada. The research took place in three phases 

from January, 1988 through June, 1989. The children self 

selected the robotics experience and were given two robotics 

sessions per week each lasting one and one-half hours. A 

resource person was available for questions in one session, 

while the children worked alone in the other session. There 

were usually four girls and four boys per session and the 

project ranged from 8 to 18 sessions, with 12 sessions 

being the most common. 

students in the school. 

The sessions were open to all 

The average enrollment of the 

school was 85. The children's ages ranged from 7 to 11 

years old. Overall, 18 girls and 19 boys participated. 

Nine girls and ten boys were in more than one session. 

Legos were used to build the robots, however a different 

interface than Lego TC Logo was used. 

Winer's research, "Children in an Educational Robotics 

Environment" (Winer,1989), documented progress in the 

children's problem solving skills through the use of still 

photos and comments the students wrote about participating 

in various robotics experience. The qualitative analysis 

suggested an advanced understanding of physical science 

concepts. Problem solving skills were observed through the 

comments of the children. 

Gini Shimabukuro, a thinking skills teacher, reports on 

an eighth grade pilot project she conducted with a team of 

teachers in Hayward, California (Shimabukuro, 1989). Thirty 
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two students were enrolled in a two semester course designed 

to stimulate students to use problem solving skills in 

planning and executing Lego TC Logo projects. The students 

were expected to define the problem, brainstorm for 

solutions, test the proposed solution, program the testing 

model in Logo and evaluate the feedback. After initial 

orientation, the class worked in small groups to create an 

amusement park. 

Through qualitative analysis, the author felt the 

students learned better and were more satisfied, when they 

were allowed to work with task cards that directed their 

activities, prior to being asked to create on their own. It 

was felt girls started out less adept with the building 

process, but increased their confidence over the months. 

The girls also seemed to use their time to assess outward 

appearance of their rides, whereas the boys were more 

analytical about the mechanical processes. The children 

complained of being frustrated with the once per week, one 

and a half hour time limitation, and the teacher concurred. 

It was also felt there was a relationship between student 

self-esteem and ·creativity, and that creating rules 
' regarding respecting other students ideas, was a first 

priority. Shimabukuro summarized the experience as being a 

valuable process for problem solving in real life and found 

robotics to be a wonderful educational tool. 
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Faulkner and Anderson describe gender differences they 

found between males and females in the robotics process-

learning inter-disciplinary environment. The authors teach 

in New Jersey at a private middle school for intellectually 

strong and well motivated students in fourth through eighth 

grade (Faulkner, 1991). They observationally report on 3 

years of seasonal after-school classes that offered separate 

times for boys and girls. The females were felt to approach 

the robotics building methodically and to have quick success 

creating task card models. It took time for their 

creativity to emerge. The boys confidently built with the 

materials, rarely referred to the booklets, and used battery 

rods to keep their cars constantly moving. 

The girls approached programming the robotics passively 

until the teacher had them articulate their goal and then 

helped them as necessary. The boys were slower than the 

girls to become involved with the computer because they were 

content to power their creations with the battery rods. It 

was felt that those boys who repeated robotics, embraced the 

computer enthusiastically. overall, the robotics experience 

was felt to be highly worthwhile, and has become a 

comprehensive part of the school's curriculum, beginning in 

the fourth grade and continuing through eighth grade as an 

elective. Similar gender experiences were reported by Lough 

and Harris (Lough, 1988). 
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Marian Rosen's article on "LEGO Meets LOGO" (Rosen, 

1988) expounds on how enticing robotics can be while still 

encompassing math, science, and problem solving. She is 

involved in using robotics with children in a St. Louis, 

Missouri school district who attend first through eighth 

grade. The children are encouraged to build machines, test 

them, and then revise their creations. The children analyze 

the common factors of machines that performed best, then 

continue in scientific testing. Rosen feels based on her 

own background, skills, and goals that she steers children 

toward use of scientific methodology, creativity, 

cooperative skills, and computer programming. She reports 

much success with multiple ages of children and in teaching 

teachers with many different backgrounds to successfully use 

it in their own teaching environments. 

Rosen's experience is shared by Lyn Chan, the National 

1988 Christa McAuliffe Educator. "How exciting learning 

becomes when you can actually command your creations to 

move!" (McCarthy, 1989. p. 12). Both of these teachers 

spoke enthusiastically about their use of robotics in the 

classroom; however, they were reporting anecdotally. 
' Many other robotics articles (Adams, 1988; Barnett, 

1984; Campbell, 1988-9; Friedman, 1986; Gray, 1988; Heckard, 

1986; Slesnick, 1984) referred to robotics in education in a 

positive light. In these articles, the authors shared their 

experiences using robotics, and their opinions as to the 
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influential value of robotics in the educational setting. 

similar excitement was shown by conference participants at 

the Florida Educational Technology Conference, 1991, when 

teachers shared experientially their observations from 

working with Lego TC Logo. The potential of integrating 

math, science, and problem solving through a creative, 

hands-on medium is reportedly meeting with much success and 

was presented by teachers using it in types of 

classes ranging from computer applications, to math and 

science classes, to vocational technology. One teacher who 

worked with potential high school dropouts, felt the 

improved self esteem, the classes' enthusiasm, and the 

before and after school interest shown towards the robotics 

creations, might rival the scholastic importance of working 

with robotics. 

Robotics being used in the elementary setting is new 

enough that research is just beginning to be conducted and 

reported. However, even advocates of robotics, such as Dr. 

sandy Dawson a Canadian professor and researcher from 

British Columbia who writes columns for the Logo Exchange, 

the question is being asked as to how robotics fits into the 

curriculum (Dawson, 1988). Judith Menken shares how she 

uses robotics in a small alternative schopl in East Harlem, 

New York City (Menken, 1991). In her school, she taught 

with robotics, with the same children for three years. The 

children began her class at age six. She presents one 
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overview of how robotics overlaps many areas of the 

curriculum, and as such, becomes the curriculum. She shares 

an example of how one of the strengths of robotics is the 

way it draws out the perseverance and ingenuity of children. 

The picture of watching Ricky deep in concentration for 

well over an hour as he made page after page of complex 

models will always be with me. Knowing that Ricky had 

terrible attention problems, was a beginning reader who 

could not focus on an assignment problem, was a 

beginning reader who could not focus on an assignment 

at all, and had a host of birth and home conditions 

that made success in school difficult at best, just did 

not fit with the sight before me. The schools must 

diversify what is considered "curriculum" if these 

children - and there are more like Ricky than not 

in our city's schools -are to find real 

achievement and self-esteem in our system. (Menken, 

1991, p. 16). 

It seems little can be found definitively as to whether 

robotics improves science and problem solving test scores. 

However, there seems to be agreement that the robotics 

experience is not a neutral one and that it crosses gender 

lines and reaches special types of learners. Teachers who 

use robotics seem to feel it applies to many subject areas 

at once, and that it leaves both the teacher and the student 
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desiring more exposure. Most frequently, robotics is 

mentioned as being effective in the areas of science, math, 

and problem solving. Improved cooperation skills, self 

esteem, and creative expression are often cited also. 

Children and ADHD Rating Scale Scores 

Children who frequently are restless or overactive, 

excitable or impulsive, who disturb other children, who 

constantly fidget, who have short attention spans, are 

easily distracted, cry often or easily, quickly change 

moods, andjor have temper outbursts have a more difficult 

time functioning in the traditional classroom (Parker, 

1988). Frequently, these children are diagnosed as having 

an Attention Deficit Disorder (ADD) with or without 

hyperactivity (Barkley, 1981). ADD is also referred to as 

an Attention Deficit Hyperactive Disorder (ADHD) and is a 

clinical diagnosis. Often teachers are asked to use various 

teacher rating scales to help describe a child's behavior in 

the nonclinical academic setting so that the clinician can 

consider those behaviors in view of other data and input. 

Children who score very high on the various teacher rating 

scales include the ADHD children. 

Children with high attention deficit hyperactivity 

scores have been shown to be highly sensitive to stimuli 

(Wender, 1987), colors (Armstrong, 1987), foods (Rapp, 
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1986), time of day (Parker, 1988), and seasons (Rapp, 1986). 

They may or may not be hyperkinetic. (Barkley, 1990; Brown, 

1985). There is a gender correlation, strongly favoring the 

male (Barkley, 1981). Frequently they have accompanying 

learning disabilities, poor self esteem, and discipline 

problems. (Wender, 1987) These children seem especially 

drawn to the color, action, touch, and consistent structure 

of the computer and the various educational software 

(Draeger, 1986; Terwilliger, 1987; Voelker, 1989; Zentall, 

1986). Most research that has been done using the computer 

with ADD children has tried to use the computer to measure 

and increase length of attention task (Huguenin, 1987; 

Gordon, 1987), to use a computer program to sift diagnostic 

data and confirm the diagnosis of ADD or associated 

disabilities (Thompson, 1988; Ashbrook, 1985), or to compare 

computer performance with or without the child on medication 

(Rice, 1988; Vyse, 1987; White, 1986). The computerized 

continuous performance test (CPT) assesses attention by-

recording the errors of omission and commission generated 

when the child presses a key in response to a targeted 

sequence of letters (Seidel; 1989; Klee, 1983; Eliason, 

1987). Several studies found correlations between 

performance scores of ADD children on a CPT. No study was 

found to suggest any negative effects from any type of 

educational use of computers with ADD children. 
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One CPT study compared the error patterns of 18 males 

and 12 females with learning disabilities to the performance 

of nondisabled children using the computerized CPT. These 

researchers found that the learning disabilities group made 

more omission errors and responded slower, but did not make 

more commission (impulsive) errors, "a pattern reported for 

children with Attention Deficit Disorder" (Eliason & 

Richman, 1987, p. 616). However, in all CPT studies, the 

computer is being used in an evaluative rather than 

educational role. 

Cynthia Terwillinger's dissertation study investigated 

how 30 ADD children would benefit from computer assisted 

instruction in applying problem solving strategies 

(Terwilliger, 1987). Fifteen children were trained in small 

groups using teacher-led instructions in mnemonic strategies 

for problem solving. Fifteen children were not trained. 

Both groups received supplemental computer assisted 

instruction. Solomon Four-Group statistical techniques were 

used. The differences between the control and experimental 

pretest groups was not found to be significant. The 

analysis of variance attributable to the administration of 

the pretest did not have a statistically significant effect. 

"The analysis of variance also found differences in mean 

scores attributable to the mnemonic training effect (F 

(1,26) = 16.29, p<.01) (Terwillinger, 1989, p. 59). 

Results supported the hypothesis that computer assisted 
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instruction can be a useful instructional media for students 

who have severe problems focusing their attention. 

This study rendered interesting conclusions. A 

confounding variable not addressed was that the computer 

assisted instruction software selected is heavily dependent 

on short term memory. Ideally, the sample size should have 

been larger (n=JO) and the same treatment should have been 

given to non ADD children. It is questionable whether 

analysis of covariance, rather than analysis of variance, 

should have been performed. Since it took 14 months to 

collect the data, maturation might be considered a threat to 

internal validity. It would also be interesting to see if 

the same results would be found if children had been tested 

in a normal classroom or lab setting rather than in a 

private, tutorial setting. 

Research supports the fact that ADHD is a 

neurophysiology problem. The November, 1990, issue of the 

New England Journal of Medicine reports that the newest 

research has documented differences in the ADHD brain versus 

the non ADHD brain through CAT scans (Zametkin, 1991). The 

biochemistry has recently been shown to be different. While 

no one knows exactly why there are differences, or even what 

those differences mean, all would agree t .hat the ADHD 

syndrome can clearly manifest itself as creating 

difficulties in the academic setting. Stephen Garger 

reports children diagnosed with ADHD have been shown to have 
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learning styles that identify a preference for sound, 

kinesthetic and tactile stimuli, mobility, and intake while 

learning (Garger, 1990). Professionals continue to argue 

over the merits of one medical or educational 1 behavioral 

treatment over another. However, application of learning 

style theories would seem without negative side effects. 

Because ADHD represents multiple and varied combinations of 

behaviors and educational needs, robotics (which is viewed 

as being multi-sensory) might be predicted to have a 

positive educational effect. 

Learning Styles 

The National Association of Secondary School Principals 

in 1979 gave the following explanation of learning styles: 

"Learning styles are charact'eristic cognitive, affective, 

and physiological behaviors that serve as relatively stable 

indicators of how learners perceive, interact with, and 

respond to the learning environment." (NASSP, 1979). 

According to James Keefe, director of research for the NASSP 

and author of the NASSP Learning style Profile, concepts 

that are elements of learning style appeared as early as 

1892 in research literature. The term "learning style" was 

probably first used in relationship to group dynamics in 

1954. Educational researchers through the last three 

decades have sought a "best" way to improve learning. 



Research specifically into learning styles has been 

primarily conducted since the late 1970's (Keefe, 1987). 
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Several learning style models have been proposed. They 

vary in areas of assessment, but "no matter how similar or 

different will contribute substantially toward understanding 

how students learn •.. helping students achieve more easily 

through, rather than in spite of, their many individual 

differences" (Dunn, 1981, p. 373). Bloom theorizes that the 

greatest degree of variance in student learning can be 

accounted for by three interdependent variables. Two of 

these are within the realm of the teacher's control: the 

extent the student can be motivated to engage in the 

learning process and the extent that instruction is 

appropriate to the learner. The third, the extent the 

learner already knows the information, is outside the 

teacher's auspices. (Keefe, 1987). Applying information 

learned from learning styles seeks to fine tune teaching 

methodology to improve motivation and make the learning 

tasks more appropriate to the learner (Griggs, 1989). 

Teachers have traditionally been aware of student 

differences and that ·one teaching style does not effectively 

reach all students. However, the question becomes deciding 

what to do once a student's learning style is known. "If 

learning styles theory doesn't catch on, part of the reason 

may be the lack of unity among key advocates and researchers 

about how styles should influence the way teachers teach or 
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curriculums are presented" (O'Neil, 1990, p. 8). A number 

of researchers have sought to assess what has been effective 

in applying the field of learning theories. 

Bernice McCarthy proposed the 4MAT System, a model that 

recommends that all styles should be taught to by 

accommodating and challenging the learner through the design 

of the presentation. Thereby, their strengths and 

accustomed learning styles would be appealed to, while 

stretching the student to function in other less comfortable 

modes (McCarthy, 1990). This has become a major 

interdisciplinary approach to learning style application 

(Blair, 1990; Kelley, 1990; Kelly, 1990; Weber. 1990). 

Despite much literature on learning style concepts, both 

advocates and critics are quick to point out that learning 

styles are being applied to a very limited number of 

classrooms for a variety of reasons (Brandt, 1990; Curry, 

1990) . 

The model most often referenced i,s the one proposed by 

Dunn and Dunn in which the students self-identify 

environmental, emotional, sociological, physical, and 

psychological preferences. The majority of the research 

that has been conducted on this model supports that students 

learn and retain information more effectively, and feel more 

positively toward the learning environment when their areas 

of strong preferences and strong dislikes are honored 



(Annotated Bibliography, 1990; Cuccia, 1985; Lemon, 1985; 

Keefe, 1990). 
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One project studied the effects of matching and 

mismatching student's mobility preferences on recognition 

and memory tasks (Della Valle et al., 1986). Forty students 

were selected to be in the study from 417 seventh grade 

students tested using Dunn's Learning Style Inventory. 

Twenty students in the sample were identified as having a 

preference for passivity. Each preference group was divided 

approximately equally. The passive environment replicated a 

conventional classroom with assigned seats that faced 

forward. Fifteen word-pairs were flashed at 4 second 

intervals. For the mobile environment, the same 40 students 

walked around the perimeter of the room picking up index 

cards for 4 seconds that had 15 word-pairs written on them. 

Immediately after exposure to each environment, the students 

were administered a 60 word-pair test and asked to identify 

those word-pairs to which they had just been exposed. 

Students were scored based on the number of correct pairs 

identified from each environment. 

The data were analyzed by a split-plot analysis of 

variance. A statistically significant interaction was found 

between the type of environment and learning style 

preference. This indicated that students who rated 

themselves as preferring mobility retained more in the 

mobile environment and students who rated themselves passive 
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learned more in the passive environment. The study appears 

to have been well designed. However, a better choice for 

statistical analysis would seem to be the use of 

hierarchical multiple regression. 

Learning styles appear to affect achievement over a 

wide range of ages. In 1986, a study was performed using 

100 military personnel with a mean age of 19. A learning 

styles inventory (by Canfield, 1980) and a vocational 

aptitude test were administered, as well as pre and post 

reading tests and achievement tests. One group was taught 

material from the normal curriculum in the traditional self-

paced mode and the other was taught using computer assisted 

instruction. An analysis of covariance, a form of multiple 

regression that partials out variance caused by the pretest, 

was used to analyze the data. The researchers report that 

the traditional self-paced group had a statistically 

significant higher relationship between achievement scores 

and their identified learning mode preference, reading. The 

same group also had significant correlations with 

professions which worked with people (Enoch, 1986) 

Dunn, Gemake, Jalali, and Zenhausern (1990) researched 

cross-cultural differences in learning styles of elementary 

aged students from four ethnic All students 

were American intermediate aged elementary students who 

attended schools in Texas and New York. They came from 

African, Chinese, Greek, and Mexican backgrounds. Twenty 



five students from each background and each grade were 

tested using the Learning styles Inventory and the Group 

Embedded Figures Test. 
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Greeks were found to have the highest means, and 

African the lowest means. Fifteen out of 21 LSI elements 

were found to be significantly different when African and 

Chinese were compared. Africans and Greeks were 

significantly different on 9 subscales, Chinese and Greeks 

were significantly different on 13 elements, while Chinese 

and Mexicans were significantly different on 9 subscales. 

Greeks and Mexicans had the smallest number of significant 

differences, six subscales. The authors felt that the most 

important conclusion from their study was that children from 

different ethnic backgrounds have different patterns of 

preferred learning styles. While the authors may have drawn 

the correct conclusion, use 'of ANOVA followed by multiple 

comparisons using Tukey's HSD Test, seems a questionable 

choice when 21 elements are being 

It is reported that learning style research has been 

conducted at over 60 universities over the past decade. 

"Survey of Research on Learning Styles" (Dunn, 1989) 

contains multiple summary tables comparing various 

researchers' studies using learning styles. All show a 

positive relationship between achievement and being taught 

through the student's preferred learning styles. Learning 



styles theories appear to have much to offer the student 

when applied to their learning environment. 

Summary 

Robotics have been reported to be highly advantageous 

in teaching science concepts and encouraging higher level 

problem solving in students from kindergarten through high 

school. Hyperactive children have a need for educational 
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stimuli that will help improve their attention skills and 

learning processes and have kinesthetic and tactile learning 

styles. Students who are taught through their preferred 

modality can be expected to achieve higher scores. 

My research investigates whether robotics (the 

combination of manipulatives and a computer language) can 

objectively, as well as subjectively, make a significant 

difference in science achievement and problem solving 

scores. If so, does it have educational value specifically 

associated with the high ADHD child or children with 

specific learning styles? This research should begin to 

identify if and with whom robotics is most effective. 



CHAPTER 3 

EXPERIMENTAL DESIGN 

Population and Sample 

This research was targeted for intermediate elementary 

aged children who attend non-specialized/ general 

classrooms. The sample consisted of fourth, fifth, and 

sixth grade students who attended regular classrooms in the 

same elementary school, and all fifth grade students who 

attended science classes at two other elementary schools. 

The schools each had a specialty subject science teacher 

assigned to the fifth and sixth grade classes who taught 

three periods of science each day for 40 to 45 minutes per 

class. The fourth grade teachers taught all subjects, 

rather than specialized. The accessible population attended 

classes in Indian Harbour Beach, Melbourne, and Melbourne 

Beach, Florida. All schools were samples of convenience 

located in south Brevard County which supports a number of 

high technology industries. The schools represent mixed 

ability levels, mixed socioeconomic levels, and are 

predominantly 

Two of the schools' (School B and C) fifth grades were 

used as a traditional control group and received no robotics 

or novelty exposure. They were taught by their regular 

science teachers using the same methodology that those 

33 
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teachers had used in previous years to teach the same 

science unit to the same grade level. In the other school 

{School A), the science unit was taught to three grade 

levels by the researcher. In classes receiving the robotics 

treatment, the entire class received the lecture then 

divided into two groups, with an even number of males and 

females, and an even number of gifted students in each 

group. Groups were randomly assigned on the first day of 

treatment and remained stable throughout the treatment 

period. One group was assigned the robotics treatment 

(manipulatives powered by the computer/language) and the 

other group acted as a control (with novelty), i.e. 

manipulatives powered by battery rods. 

A total of 15 classes involving 364 students (197 

males, 167 females) from 3 schools participated in the 

study. School B had 3 fifth grades {36 males, 34 females, 70 

students total) that were used as traditional controls for 

the one week treatment. School c had 3 fifth grades -(46 

males and 31 females for a total of 77 students) that were 

used as traditional controls for the two week treatment. 

School A had 3 fourth, 3 fifth, and 3 sixth grade classes 

(115 males, 102 females, 217 students total) who were 

involved in experimental (computer) or battery (control) 

treatments. Since the 1 week treatment classes used a 

counterbalanced technique, the grand total of subjects for 

the study became 453 students (244 males, 209 females). 



Table 1 provides a detailed breakdown of the classes for 

School A which received the treatment. Table 2 provides a 

breakdown by sex of the fifth graders who attended the 

traditional classes used as controls from Schools . B and c. 
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Table 1 

1 week treatment subjects for school A (counterbalanced 

design> 

Gr 4 #1 

Gr 5 #1 

Gr 6 #1 

Gr 6 #2 

Total (1 week) 

School A 

Sex 

M 

12 

10 

15 

10 

47 

F 

9 

12 

11 

10 

42 

9 

15 

0 

0 

0 

15 

2 week treatment subjects for school A 

Gr 4 #1 14 12 20 

Gr 4 #2 16 9 13 

Gr 5 #1 12 14 1 

Gr 5 #2 12 15 0 

Gr 6 #1 14 10 0 

Total (2 week) 

School A 68 60 34 

Age in Years 

10 

6 

13 

1 

0 

20 

6 

12 

16 

17 

0 

51 

11 

0 

8 

16 

6 

30 

0 

0 

9 

7 

10 

26 

12 

0 

1 

9 

12 

22 

0 

0 

0 

3 

14 

17 

36 

13 

0 

0 

0 

2 

2 

0 

0 

0 

0 

0 

0 



Table 2 

Traditionally Taught Fifth Grade Classes at School B and 

School C 

School B 

School c 

Science Classes Sex 

M F 

3 

3 

36 

46 

34 

31 

Total 

n 

70 

77 

37 

The total number of subjects used in both the one week 

and two week treatments exceed the numbers Cohen and Cohen 

require for the pre-planned power of .8 (beta at .2), alpha 

at .OS, and small effect size (delta at .2), (Cohen, 1977, 

p. 314) • 



Figures 1, 2, and 3 show the different ways the data were 

analyzed for the various hypotheses. 
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( Hypothesis 1 and 2) 

Figure 1 
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Figure 2 
ADHD Rating Scale Score 

1 week Treatment: 

H" ADHD 
(> 2 S.d.) 

A HD Rating Scale 
(L ss than 2 s.d.) 

Figure 3 
Learning Styles 

1 week Treatment: 
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(Hypothesis 3 and 4) 
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Instruments 

Dependent Variables for All Hypotheses 

Science Achievement. The pretestjposttests for physics 

concepts were the chapter and unit tests on force, motion 

and machines that are provided with the fifth grade 

Macmillan science book and teacher's guide. All pretests 

and posttests used a form and reading level which are 

familiar to the students. According to Kevin Gormley, head 

of the New York school division of the MacMillanjMcG.raw-Hill 

Publishers, reliability and validity figures were 

established on the fifth grade science tests provided with 

their series (Journeys in Science, 1988). However since the 

materials were bought from the original creators, Laidlaw 

Educational Publishers, that information is no longer 

available. Available information on the Learner 

Verification Process for the MacMillan series (Journeys in 

Science, 1988) indicates that the process was carried out 

over a nine month period in 1986-87. Twenty three teachers 

and their students from five states, including Florida, 

participated in the verification process. 

Problem Solving COverall). The pretestjposttest 

questions for problem solving were a combination of 

questions which came from problem solving activity sheets 
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prepared by the University of South Florida (USF), by the 

Brevard County Computer Literacy Task force, and questions 

prepared by the researcher. Problem solving questions from 

the USF and Brevard county activity sheets have no direct 

data available regarding their reliability or validity; 

however, USF activity sheets are used throughout the state 

of Florida to teach and prepare students for the problem 

solving section of the Florida Computer Literacy Test. The 

objectives for the three equivalent forms of the problems 

solving tests were shown to five teachers and all concurred 

that the tests, as created, met the objective criteria, 

thereby supporting face and content validity. 

Problem Solving I Computer Programming Logic. A short 

programming question (see Appendix A for question) was also 

created to test for problem solving using a computer 

language. All definitions, commands, and their purpose and 

function were given. The solution (talkto 4, on, talkto 2, 

on, talkto 4, off) was given credit if the logic and order 

were correct, whether the syntax was perfect or not. This 

was developed for the specific purpose to assess whether 

simple problem solving using a computer language actually 

needs "hands-on" at the computer. Five teachers were shown 

the question and concurred that it met its objective 

criteria, thereby supporting face and content validity. 
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Group Membership for Hypothesis 3 and 4 

ADHD Rating Scale. The ADHD (Attention-Deficit 

Hyperactive Disorder) Rating Scale by Dr. George J. DuPaul 

was chosen because it included all the current DSMIII-R 

criteria for ADHD and was not considered to be identifying 

conduct disorders also. "The ADHD Rating Scale was found to 

be a highly reliable questionnaire which demonstrated 

adequate criterion-related validity" (DuPaul, in press). 

Average interobserver reliability of 90% were reported 

(DuPaul, in press). Internal consistency of the teacher 

ratings had Cronbach's alpha coefficients obtained as 

follows: ADHD Total Score =.96; Inattention-hyperactivity 

=.95; and Impulsivity-hyperactivity =.94. Test-retest 

reliability data at two weeks using Pearson product-moment 

correlation coefficients for teacher ratings were nearly 

identical, demonstrating ADHD behavior was internally 

consistent and stable over time. (DuPaul, in press). 

The ADHD Rating Scale and the Abbreviated Conners 

Teacher Scale ratings showed a strong correlation 

with direct observation of on-task behavior and were highly 

negatively associated with academic efficiency. "These 

correlations were in the expected directi9n and indicated 

that higher ADHD scores were associated with higher ACTRS 

ratings and lower levels of on-task behavior, academic 

achievement, and academic efficiency" (DuPaul, in press). 
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No singular source or scale should be considered clinically 

diagnostic of hyperactivity; however, "scores that are two 

standard deviations above the mean are considered 

significant for further screening and evaluation for ADHD 

andjor related learning or behavioral problems." (DuPaul, in 

press). 

Group Membership for Hypothesis 5 and 6 

Learning Styles. The Learning Styles Inventory (LSI) 

by Dunn, Dunn, and Price was chosen because it was designed 

for use with third through twelfth grade students. The 

norming sample consisted of 1836 subjects, in grades 1 - 12, 

tested in 5 central and eastern states. Factor analysis was 

based on 1000 subjects• answers on 100 items on the LSI. 

"From this analysis 32 factors ... explained .615 cumulative 

proportion of total variance on the LSI for the 1000 

subjects." (Price, 1977, p. 5). For each subscale of the 

LSI an analysis of variance was used to estimate 

reliability. "Of the 48 reliability analyses calculated, 

33% were greater than .70, 25% were between .50 and .69, 23% 

were between .30 and .49 and 19% were less than .29." 

(Price, 1977, p. 9). The authors of the LSI consider these 

reliabilities to be very good since there are a maximum of 

seven items per subscale. Product moment correlation 

coefficients were also computed and intercorrelations were identified. 
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Procedures 

A pretest of basic physics concepts and a pretest of 

problem solving ability were administered to all children in 

regular (non-self contained) classrooms a minimum of five 

days prior to the actual experiment. Science achievement 

and problem solving posttests occurred at one week and two 

week intervals. Both pretests and posttests were graded in 

a double blind manner. The ADHD Rating Scale was completed 

by the researcher and research assistant within two weeks of 

the last day of treatment. The Learning style Inventory was 

administered after all treatments were completed. 

Pretreatment Period (Lecture) 

In the experimental classes, each day the entire class 

received a 20-30 minute presentation of science concepts 

related to force, motion, and machines. The total class 

also received their activity sheets and homework assignments 

relating to the concepts taught in Unit 4: "Force, Motion, 

and Machines" in the fifth grade Macmillan science textbook. 

Chapter 8, "The Way Things Move", was taught the first week. 

Chapter 9, "Machines for Moving Things", was taught the 

second week. The presentation period covered the material 

in a traditional manner: an anticipatory set, input (actual 

concepts), and modeling, feedback and assignments of 



independent practice (homework assignments using the 

packaged Macmillan materials). 
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Specifically, every page of both chapters was made into 

an overhead. Each paragraph was read aloud by a different 

student. Specific sentences; concepts were underlined on 

the overhead and required to be copied as notes by each 

student. All note material was expounded on by the teacher, 

multiple examples were given either by the students or 

teacher, and summarized at the end of the presentation of 

one session and reviewed at the beginning of the next 

session. All activity sheets were completed in class in 

small groups, on the days recommended by the MacMillan 

publishers. Students were free to ask for reading assistance 

at all times, including during tests. The chapters were 

covered in the order they were presented in the MacMillan 

text, except for the text and activity sheet on gears. 

Gears were presented on the second day of Chapter 9, so the 

concepts could be applied to creating machines with more 

force/strength. 

Treatment Period 

Group Assignments. After the joint group presentation 

period, the class was then divided into treatment and 

control groups. On the first day both computer and battery 

groups were randomly subdivided (with an equal number of 
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each sex and academically "gifted" students in each group). 

Then the treatment and control groups were divided into 6 

smaller groups (3 computer, 3 battery), with the regular 

classroom teacher making a few rare changes if the random 

selection had left any subgroup with known personality 

clashes or skewed academic abilities compared to the other 

subgroups. Subgroups ranged in size from three to five 

members depending on the original class size. 

Each group worked separately creating machines that 

would apply to the chapter currently being taught. The 

groups were physically spread out as far as possible on 

their computer or battery side of the room, so that they had 

maximum space to build and test, without mixing up Lego 

pieces. When Chapter 8 was being taught, the students were 

assigned to create machines that had the most speed and to 

time each machine created. When Chapter 9 was taught, each 

group created the machines that were strongest 1 had the 

most force. Both weeks, all machines expected to be 

able to move in a forward and reverse direction and to be 

able to stop when a red "traffic" light was turned on. 

On day one, the experimental groups were given a brief 

introductory explanation of how to power their machines 

using the programming language (specifically the primitives: 

talkto, on, off, onfor, reverse direction, name page) and 

how procedures could be created, if and when any individual 

or their group wanted to learn and use them. (The slot 
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which always has power without being programmed (slot 0) and 

the emergency stop button were taped over with masking tape 

for the duration of this experiment so that the computer 

groups were forced to use the programming language at ALL 

times) . The control groups were given battery rods to power 

their machines and were expected to experiment to see how 

they worked. 

Both groups were given full use of all the Legos, and 

booklets which come with the Lego TC Logo starter pack (thus 

6 subgroups utilized 6 complete Lego TC Logo starter packs) . 

Both groups could create any form of moving machine as long 

as they could calculate its speed or force depending on the 

week of treatment. The two groups worked on opposite sides 

of the room for 50-60 minutes. They could observe and 

consult other battery or computer groups only if they were 

the same type group, and their assigned group agreed they 

could leave for a few minutes, and the group they wanted to 

observe agreed they could watch/ ask questions for a few 

minutes. Minimal time was used observing other groups, 

since each group was eager to make their own creations work. 

Treatment verification was constantly monitored. The 

computer (treatment) users were more often standing or 

sitting in chairs compared to the battery. (control) group 

which would tend to stay on the floor while powering their 

machines. 
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Individual Responsibilities 

Both groups had all science questions answered 

reflectively or with rhetorical lead questions by the 

researcher or research assistant. Only questions relating 

to syntax for the computer groups, or questions relating to 

what they had permission to do, were answered directly. A 

tally was kept of the number of science questions asked by 

the children, the number of times they answered their own 

questions, and the number of times the children had to be 

reminded to be "on task". Beginning on day 1, both computer 

and battery subgroups were assigned daily rotating tasks: 

keyboard/battery operator, measurer (used stopwatch andjor 

newton scale, calculator, and meter stick to measure time or 

force and calculate speed or work), recorder (daily index 

cards describing design, changes, what worked, and measuring 

information), narrator (described all machines made by the 

subgroup for the videocamera), and parts manager (kept the 

materials in general order for fast pick-up and 

organization). Most subgroups were composed of four 

students, so frequently parts manager or keyboard/battery 

operator were combined with narrator. 

Classroom lights were flickered off and on at 

approximately 15 minutes and 7 minutes prior to the end of 

the experimental time to remind students to record their 

measurements and to begin clean-up respectively. Cardboard 

trays were provided for each subgroup, so that disassembly 
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of machines was never required and parts that were already 

laid out could be ready for the next session. All students 

at all times were expected to either be directly building or 

actively at their assigned jobs. Groups could make as many 

machines as they could agree upon, realizing that there were 

only two motors per group and one computer or battery rod 

per group. 

Discipline 

The gravest threat was foreseen as potential 

overstimulation of the children and resultant misbehavior 

(often more frequent in high ADHD children) when they sense 

a breakdown of structure or begin new experiences; however 

this was controlled by tightly structured tasks and was 

never a problem. A simple, consistent discipline policy was 

established from the beginning and acknowledged and agreed 

on by all parties involved. After the first day, the major 

obstacle was getting the students not to run to their groups 

and to promptly and totally stop their building for the 

session; thereby keeping the experimental times consistent 

(and the next class from beginning late). Students or 

subgroups that did an exceptionally poor or good job of 

prompt and completed tasks were given praise or penalty 

tokens which were effective the next robotics session. 

Praise tokens allowed the individual or group to go to their 

building group 30 to 60 seconds ahead of the rest of the 
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class. The penalty tokens worked just the opposite. 

Although this was a very small amount of time, it was a well 

accepted acknowledgement that although the students were 

intensely involved in their learning and creations, that the 

researcher was serious about the individuals and groups 

showing responsibility and self discipline. Tokens were 

required very minimally. 

Length of Treatment 

This research studied the effectiveness of using 

robotics under the typical time restraints of regular 

classroom teachers, the treatment lasted over the same 

number of days given to the same science chapters in 

previous years, i.e. one chapter per week. Any unit or 

chapter tests normally accompanying this same MacMillan 

science unit were given at their normally scheduled 

intervals; however, only the scores at the end of 

experimental treatment period for the achievement 

posttest and the problem solving tests were used as data for 

this experiment. 

To test for the effects of length of treatment, in half 

the classes, the experimental group received the treatment 

for 5 days (one chapter). In the other half of the classes, 

the experimental group received the treatment for 10 days (2 

chapters). Teachers were given their request for length of 

treatment if they stated a preference, otherwise they were 
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randomly assigned. In the classes receiving one week 

treatments, their control · (battery) groups switched with the 

experimental group after one week using counterbalance 

design techniques, followed by equivalent experiences. In 

classes receiving two weeks of experimental treatment, the 

control and experimental groups remained unchanged 

throughout both weeks. After the complete experimental 

period, the control groups of the two week treatment classes 

were offered an alternative robotics experience such as free 

after school robotics classes. 

Qualitative Self Evaluation 

At the end of each week of the experiment, all classes 

were given a process writing assignment to describe their 

favorite machine, what they liked best during the 

experiment, what they learned most from, and what they 

would change. These data were used to qualitatively 

evaluate the effectiveness of the experience for the 

treatment and control (battery) group. Written assignments 

were not graded for the purposes of this research. 

Data Collection/Analysis 

This was a true experimental design. Descriptive 

statistics, including mean, standard deviation, and minimum 

and maximum scores were found for each class and each 
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treatment group. Inferential statistics, Analysis of 

Covariance (ANCOVA), was used to analyze whether there was a 

significant difference between pretest and posttest scores 

in the areas of science achievement and problem solving. 

ANCOVA is a form of multiple regression/correlation analysis 

(MRC) and was chosen to control for any covariance with the 

pretest. ANCOVA enters data hierarchically, including any 

interaction between the pretest and group membership. 

Because ANCOVA is considered a more sensitive statistical 

test than ANOVA, it was used in all cases unless otherwise 

stated. Factorial Analysis of Variance (ANOVA) was used 

when only posttest scores were available for analysis (due 

to confounding variables in the administration of certain 

pretests). 

In the 1 week treatment group, a counterbalanced design 

was chosen. Therefore the separate science achievement pre 

and post chapter test scores were converted to standard t 

scores for comparisons. Pre and post problem solving test 

scores were also converted to standard T scores. In the 

case of the programming problem solving question, the 

counter balanced design reflects the specific week the 

subjects were given the treatment. In the 2 week treatment 

group, equivalent forms were used for the pre and post 

science achievement unit scores and for the pre and post 

problem solving scores, thereby eliminating any need for 

conversion to standard T scores. 
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Hypothesis 1 

The first research hypothesis stated that intermediate 

elementary aged children, when taught a physics concept 

using robotics, would have higher science posttest scores 

than children using motorized manipulatives or no 

manipulative. 

Null Hypothesis 1: Intermediate elementary aged 

children, when taught a physics concept using robotics, 

will not have significantly higher science posttest 

scores than children using a battery powered 

manipulative or no manipulative. 

Multiple regression/correlational analysis was used to 

test for the proportion of variance of the science 

achievement posttest scores accounted for by the treatment 

{manipulative powered by a computer language) or control 

groups. Using ANCOVA {a hierarchical regression technique), 

the proportion of variance due to pretest scores was 

removed. The experimental group was dummy coded and the 

battery motorized manipulative was used as the control 

{Computer=1, Battery=O). Then the experimental group, the 

battery group and the traditional {no manipulative) groups 

were used in multiple regression/analysis of variance, as 

three treatment modes, and with computer/battery groups 

combined as a set and compared against traditional groups 

{Clark, 1986). For all tests in this research, alpha was 

pre-set at .05, beta at .2 {Cohen, 1983). 
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Hypothesis 2 

The second research hypothesis expected intermediate 

elementary aged children, when taught a physics concept 

using robotics (manipulatives powered by a computer 

language), would have higher problem solving posttest scores 

than children using motorized manipulatives only or no 

manipulatives. 

Null Hypothesis 2: Intermediate elementary aged 

children, when taught a physics concept using robotics 

(manipulatives powered by a computer language), will 

not have significantly higher problem solving posttest 

scores than children using motorized manipulative& or 

no manipulatives. 

The same statistical procedures were followed to evaluate 

this hypothesis. Multiple regression/correlational analysis 

was used to test for the proportion of variance of the 

problem solving posttest scores accounted for by the 

treatment (manipulatives powered by a computer language) or 

control groups. Using ANCOVA (a hierarchical regression 

technique), the proportion of variance due to pretest scores 

was removed. The experimental group was dummy coded and the 

battery motorized manipulative was used as the control 

(Computer=!, Battery=O). Then the experimental group, the 

battery group and the traditional (no manipulative) groups 

were used in multiple regressionjanalysis of variance, as 

three treatment modes, and with the computer/battery groups 



combined as a set and compared against the traditional 

groups. 
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ANOVA, rather than ANCOVA, was used to compare the 

traditional groups to the battery and the computer groups. 

Greater than 25% of the traditional (untreated) students did 

not attempt at least half of the pretest resulting in a 

significant difference between the pretests, thereby 

violating the primary purpose of accurately assessing pre 

versus posttest knowledge. 

Two testing instruments were used to evaluate problem 

solving. The first evaluated overall problem The 

second was a single programming question relating to 

stopping and starting a machine. 

Hypothesis 3 

The third research hypothesis was as follows: 

Null Hypothesis 3: There is no statistically 

significant interaction between science achievement 

posttest scores and scores on the ADHD Rating Scale. 

The students at School A, where the researcher 

personally taught, were scored on the ADHD Rating Scale. 

High (2 standard deviations above the norm) ADHD Rating 

Scale scores/Non-High Rating Scale Scores (less than 2 

standard deviations above the norm) were then dummy coded. 

of the interaction term was evaluated after the high 

ADHD scores, treatment mode, and interaction term were 



entered hierarchically. The null hypothesis was supported 

or rejected on the basis of the significance of the sr2 of 

the interaction term. 

Hypothesis 4 

The fourth research hypothesis was the same as the 

third hypothesis, except that there was an expected 

difference between the problem solving posttest scores of 

students who scored high on the ADHD Rating Scale. It was 

tested in the same manner as Null Hypothesis 3. 

Null Hypothesis 4: There will be no significant 

interaction between elementary students' problem 

solving posttest scores and scores on the ADHD 

Rating Scale. 
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The data for this hypothesis were examined in the exact same 

statistical multiple regression/correlation analysis as 

Hypothesis 3. 

Hypothesis 5 and Hypothesis 6 

The fifth and sixth hypotheses were added after the 

study began. It was felt that what the researcher had 

originally hypothesized might be a relationship between ADHD 

Rating Scale students and the robotics experience, could 

include a non-auditory learning style (kinesthetic, tactile 

or visual). 
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Null Hypothesis 5: There will be no significant 

interaction between science achievement posttest scores 

of intermediate aged elementary children identified as 

auditory, visual, tactile or kinesthetic. 

Null Hypothesis 6: There will be no significant 

interaction between problem solving posttest scores of 

intermediate aged elementary children identified as 

auditory, visual, tactile or kinesthetic. 

To evaluate if the effects of the treatment interacted 

with the preferred learning style and could thus account for 

a greater amount of the variance than the learning styles 

alone, the four learning styles were entered as a set in a 

hierarchical fashion and an R2 determined. Next the 

experimental/control (dummy coded) was added to the 

regression analysis creating a new R2 • Then the interaction 

terms were added last. The sr2 for the interaction term was 

calculated and an determined to test for statistical 

significance. 

Limitations to current Study 

Potential Threats to Internal and External Validity 

Possible confounding variables have been considered and 

controlled as much as possible. The following measures have 
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been taken to control for threats to internal and external 

validity. 

History and Maturation. Major historical events could 

not be controlled; however, traditional events (seasons) 

such as Thanksgiving and Christmas, were avoided due to 

their disruptive effects in changes of structure, content 

and foods. It should be noted however, that the United 

States participated in a major war effort, beginning January 

15, 1991, which was during the last two classes taught. All 

data were collected in the fall and early winter (early 

September, 1990 through mid February, 1991) to avoid 

maturation problems. 

Novelty. Hawthorne and John Henry Effects. Hawthorne or 

John Henry effects are limited since the computer and 

battery group's experiences are exploratory and involve some 

form of novelty. In classes receiving the experimental 

treatment, novelty has been decreased by giving the control 

group Legos powered by battery rods, rather than only a 

traditional lecture/ paper; pencil/ activity. When the 

traditionaLly taught classes (from Schools B and C) were 

used as controls it is possible that some form of 

competitiveness and desire to show one's "best self" 

occurred. Because of the pretesting and extra problem 

solving test, Schools B and C were aware they were being 

compared "against" other schools. School A only knew they 

were being tested so they could use the Legos. 
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Surprisingly, few children cared which group they were 

assigned. However, the some complaints were registered. 

These included computer group members that believed they had 

to "think more" or take more time than the battery group in 

order to power their machine, or battery group members who 

might think the computer powered the machines faster than a 

battery rod. 

Experimenter Bias, Pretest/Posttest Interaction. 

Experimenter bias was eliminated by using publisher 

developed testing materials when possible, precise criteria 

for the grading of all essay type answers, written lesson 

plans (for consistency), and no coding of group membership 

until after all tests were graded and recorded. 

PretestjPosttest Interaction was reduced by administering 

all pretests in the early fall. This of course helped the 

latter classes more than the earlier classes. 

Regression. Regular, as opposed to self-contained 

special classrooms, were used, so regression shouid be 

minimized by eliminating the identifiable extremes. The use 

of ANCOVA should also reduce the effects of preexisting 

differences. 

Instrumentation. The ADHD Rating Scale and the LSI have 

acceptable validity established. However, it was felt by 

the researcher and science teachers at the other schools, 

that the MacMillan science tests are adequate, but not as 

reflective of true student learning as might be desired. 
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Also, the problem solving test was created by the researcher 

and therefore has certain limitations. 

Subjects. Selection of subjects for the traditionally 

taught controls might be considered a weakness of this 

study. Ideally, the untreated control classes (Schools B 

and C) would not have known they were in a comparative study 

and would have been taught using the same exact 

presentation, overheads, examples, and full group 

experiences as School A (where the treatment occurred). Use 

of three grade levels, rather than just the fifth grade 

which had the book and the materials originally designed for 

them, might be seen as a weakness. However, ANCOVA should 

control for the preexisting differences due to grade level. 

Treatment fidelity and verification. The researcher and 

assistant randomly floated between the experimental and 

treatment groups improving treatment fidelity and 

verification. Since it is very difficult to describe in 

words how a Lego machine is built, shared 

enthusiasm between the experimental and control groups was 

not seen as a problem. However, visually shared 

observations frequently happen in classes and was something 

in which the students take pride. For this reason, both 

groups' creations were videotaped daily, for the students• 

later viewing. This pictorial recording also served to 

record stages of problem solving and was evidence that 

students might be applying concepts, such as friction or 
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gear ratio, yet still not be able to correctly answer a 

written question regarding the same information. The 

videotape further insured treatment fidelity and 

verification. 

Mortality. Mortality was considered to have occurred 

when any child missed more than forty percent of the actual 

experiment or could not take the tests within three days of 

when it was administered. At School A, in the 1 week 

treatment classes, 7 students were missing a prescore (due 

to being new to the class or being absent from class at the 

time of administrations) and 2 students were missing a 

posttest scores (due to extended absence). In the 2 week 

treatment classes, 1 student was missing a prescore (due to 

being new to the class or being absent from class at time of 

administration) and 2 students were missing posttest score 

(due to extended absence). At School B, 12 students were 

missing either a pretest or posttest score. At School c, 4 

students were missing data. 

After an analysis of variance between the treatment 

mode and the pretest scores was performed and found to be 

nonsignificant (R<.05), the missing data was replaced by the 

mean of the pretest. This was chosen in lieu of listwise 

deletion, which would lose the remainder of the subjects' 

data. By replacing the missing data with the mean of the 

test, the overall inferential statistics were not affected. 

The same statistical process was used for the missing 
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posttest scores. It was also decided to keep those subjects 

in the study, and replace the missing data with the mean of 

the posttest. School B and School C were treated similarly. 



CHAPTER 4 

RESULTS 

This chapter is divided into two parts. The first 

section reviews the descriptive statistics of the subjects. 

Means, standard deviations, minimums and maximums, and 

sample sizes are given for each class and grade level 

science achievement pre and posttest scores and problem 

solving pre and posttest scores. The second section deals 

with the inferential statistics used in testing the six 

hypotheses. 

Descriptive Statistics 

The experimental and novelty control groups for this 

study attended a single public elementary school and came 

from 3 fourth grade classes, 3 fifth grade classes, and 3 

sixth grade classes. All students who were enrolled 

obtained signed permission slips and participated in the 

study. The 1 week treatment subjects used a counterbalanced 

design. It was also decided to use traditionally taught 

classes as untreated control groups. The traditionally 

taught subjects came from two additional schools which had 

teachers who taught multiple classes of fifth grade science. 

Between both the 1 week and 2 week treatments {School 

A), four students missed the posttests and 8 students missed 

the pretests. At School c, 12 students were missing either 
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a pretest or posttest. At School B, 4 students were missing 

data. After an analysis of variance was performed between 

the treatment mode and the pre and posttest scores and found 

to be not significant (Q>.05), the group means were 

substituted for the missing data. This was chosen in lieu 

of listwise deletion, which would eliminate the remainder of 

the subjects' data (Cohen & Cohen, 1983). It was possible 

to use this technique since only four percent of the data 

were missing, and since the missing data could be attributed 

to student illness and other routine cases. 

Table 3 and Table 4 summarizes the raw data from the 1 

week treatment classes for the science achievement and 

problem solving tests. Because a counterbalanced design was 

used with the 1 week treatment group, in order to compensate 

for any differences between chapter tests, the raw scores 

were converted to their equivalent standard T scores. Then 

the standard T scores for the two science achievement 

chapters were combined for use as single science achievement 

pretest and posttest scores to compare against group 

membership using multiple regression/correlational analysis. 

Analysis of covariance was used to remove preexisting 

differences. The same procedure was followed for the two 

problem solving tests. Table 5 summarizes the standard T 

scores for the combined science achievement tests and for 

the combined problem solving tests. 
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Table 3 

1 week treatment science achievement pretests and posttests 

(100 points possible raw score means and standard deviations 

on for computer and battery groups 

Grade 

Computer 

Pretest 

n 

Sci Ret Quiz 1 

4th 21 42.4 

5th 22 59.4 

6th 46 59.7 

Sci Ret Quiz 2 

4th 21 24.0 

5th 

6th 

22 37.1 

46 36.7 

17.7 

11.4 

12.7 

11.7 

8.7 

9.1 

Battery 

Post test Pretest 

63.4 

76.4 

78.7 

53.0 

62.7 

60.3 

14.0 

11.3 

29.0 

56.0 

9.4 

19.7 

6.6 57.2 16.2 

14.6 32.7 15.0 

18.8 33.0 6.3 

11.7 36.5 12.7 

Post test 

59.3 

82.3 

11.1 

9.4 

76.3 12.3 

54.5 10.1 

57.0 12.3 

56.7 12.0 
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Table 4 

1 week treatment overall problem solving pretests and 

posttests (100 points possible) raw score means and standard 

deviations for computer and battery groups 

Computer Battery 

Grade Pretest Posttest Pretest Posttest 

n 

Prob Solv Quiz 1 

4th 21 60.2 

5th 22 72.7 

6th 46 74.6 

Prob Solv Quiz 2 

4th 21 44.5 

5th 22 77.0 

6th 46 74.1 

23.2 

13.1 

15.2 

15.0 

12.5 

20.5 

83.3 

84.4 

82.3 

76.2 

82.7 

84.3 

11.3 

11.0 

44.5 

77.0 

15.0 

12.5 

10.6 74.1 20.5 

12.6 

10.1 

11.4 

60.2 

72.7 

74.6 

23.2 

12.5 

15.2 

76.4 

86.4 

82.7 

82.2 

80.7 

82.6 

12.6 

11.0 

8.7 

9.3 

9.3 

8.4 
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Table s 

1 week treatment combined/counterbalanced science 

achievement and problem solving pretests and posttests T 

score means and standard deviations for computer and battery 

groups 

Computer 

Grade Pretest Posttest Pretest 

n 

Science Achievement 

4th 42 

5th 44 

6th 94 

All 178 

42.6 

53.0 

52.5 

50.5 

Problem Solving 

4th 

5th 

6th 

All 

42 52.7 

44 52.8 

92 52.5 

89 50.0 

10.0 43.8 

11.2 52.8 

9.0 52.8 

9.1 50.7 

10.9 

6.5 

9.1 

10.0 

47.6 

51.2 

52.5 

51.0 

11.7 42.8 

11.7 50.3 

7.3 52.5 

10.1 49.5 

11.7 

8.8 

9.0 

10.8 

11.9 52.7 20.9 

8.4 52.8 6.5 

9.6 52.5 9.1 

10.0 50.0 10.0 

Battery 

Post test 

M 

43.1 

52.9 

50.5 

49.3 

9.2 

9.0 

9.4 

9.9 

47.2 11.0 

51.2 10.1 

54.8 8.4 

50.3 9.5 



69 

Table 6 and Table 7 report the raw data means and 

standard deviations for the 2 week treatment groups science 

achievement test and the problem solving test. 

Table 6 

2 week treatment science achievement pretest and posttest 

(100 points possible)raw score means and standard deviations 

on the for computer and battery groups 

Computer 

Grade Pretest Posttest 

n M 

4th 51 39.1 

5th 53 46.6 

6th 24 58.8 

All 128 45.3 

M 

16.2 65.5 

12.5 70.6 

8.9 72.6 

14.7 68.9 

16.4 

17.8 

14.9 

16.5 

Battery 

Pretest Posttest 

40.9 

47.7 

58.1 

47.0 

11.9 

14 ·. 7 

12.4 

14.4 

M 

72.3 

73.9 

83.5 

75.1 

11.5 

16.6 

12.2 

14.4 
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Table 7 

2 week treatment overall problem solving pretest and 

posttest (100 points possible)raw score means and standard 

deviations the for computer and battery groups 

Grade 

Computer 

Pretest 

n 

4th 51 62.2 

5th 53 69.9 

6th 24 76.7 

All 128 68.1 

19.9 

17.4 

12.5 

18.2 

Post test Pretest 

79.3 

82.5 

90.1 

82.7 

13.7 65.0 17.8 

13.0 76.4 14.3 

5.1 83.0 7.9 

12.8 73.2 

Inferential Statistics 

Battery 

Posttest 

79.1 12.7 

83.7 14.1 

91.1 5.1 

83.3 12.8 

This section presents the statistics applied and the 

results obtained when each hypothesis was tested. For all 

tests, alpha was preset at .05, which represents the 

probability of making a Type I error (incorrectly rejecting 

a null hypothesis). The sample size for all tests was more 

than sufficient to maintain a power of .8 (Cohen, 1977). 

Unless otherwise stated, all statistical analyses for null 
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hypotheses 1 and 2 used analysis of covariance (ANCOVA). 

Simple regression or analysis of variance (ANOVA) was 

performed where identified. Simple regression or ANOVA were 

chosen because of the confounding factors that resulted when 

the pretests were given at Schools B and C (traditional 

classes). For null hypotheses 3 through 6, the multiple 

regressions were performed using a hierarchical strategy in 

the order specified. All statistical procedures were 

performed using StatView and SuperAnova on the Macintosh SE 

computer. For simplicity, the null hypotheses have been 

restated. 

Treatment Mode and Science Achievement 

Hypothesis 1 was tested for both the 1 week and 2 week 

treatment groups in the following manner. First, the mode 

of treatment (experimental computer group versus the battery 

control group) for each grade level was entered 

categorically and the F ratio was compared for Quiz 1, Quiz 

2 and the combined data set on science achievement using 

analysis of covariance. Next, all the fourth, fifth, and 

sixth grade classes in the 1 week treatment and then the 2 

week treatment were combined as a data set for individual 

grade levels and the total treatment (computer) group was 

compared to the total control (battery) group. 
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Finally, the same procedure was performed using 

analysis of variance to compare the traditionally taught 5th 

grade classes as an untreated control against the 5th grade 

experimental (computer) groups and against the 5th grade 

battery (novelty control) groups. The 5th grade computer 

and battery groups were also combined as a set, and compared 

against the 5th grade traditionally taught classes. 

Null Hypothesis 1: Intermediate elementary aged 

children, when taught a physics concept using robotics 

(a manipulative powered by a language), will not have 

significantly higher science posttest scores than 

children using a battery powered manipulative or no 

manipulative. 
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Tables a, Table 9 and Table 10 present the results of 

the analysis of covariance for the 1 week and 2 week 

treatment groups when tested for the effects of mode of 

treatment as experimental (computer) or control (battery) on 

science achievement test scores. The science achievement 

pretest was used as the covariate. 

Table 8 

ANCOVA results for computer versus battery powered robotics 

on 1 week treatment Quiz 1 and Quiz 2 science achievement 

scores for intermediate aged elementary students 

Grade n 

1 Week Treatment Quiz 1 

4th 21 ' .002 .9646 

5th 22 2.263 .1499 

6th 46 .343 .5612 

1 Week Treatment Quiz 2 

4th 21 .016 .9010 

5th 22 .034 .8558 

6th 46 .139 .7107 
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Table 9 

ANCOVA results for computer versus battery powered robotics 

on 1 week treatment combined quiz scores for science 

achievement 

Grade 

4th 

5th 

6th 

All Grades Combined 

n 

42 

44 

92 

178 

.028 

1.472 

.240 

.228 

.8690 

.2321 

.6256 

.6337 
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Tabla 10 

ANCOVA results for computer versus battery powered robotics 

on 2 week treatment science achievement scores 

Grade 

4th 

5th 

6th 

All Grades Combined 

n 

51 

53 

24 

128 

.563 

.658 

2.798 

.254 

.4566 

.4212 

.1099 

.6149 

For both the 1 week and 2 week treatments, at all grade 

levels, and combination of grade levels, no statistically 

significant differences were fourid between the experimental 

(computer) and control (battery) groups. Therefore, the 

statistical decision was failure to reject the null 

hypothesis. 

Table 11 shows the posttest scores on the science 

achievement test of the fifth grade 1 week treatment and 2 

week treatment groups compared to the traditionally taught 

fifth grades. A regression was performed using the science 

achievement posttest scores and the mode of treatment as 

computer, battery or traditional. Another regression was 

performed combining the computer and battery modes together 



as a set and comparing them against the traditional class 

science achievement posttest scores to analyze the effects 

of a manipulative (powered by either a battery rod or a 

computer language) compared to an untreated (traditional) 

control. 

Table 11 

Multiple regression/ANOVA results for the computer versus 

battery versus traditional and computer/battery versus 

traditional mode of treatment and science achievement 

posttest scores 

Comparison 

1 week Treatment 

Camp vs Bat vs Trad 2,89 2.570 .0822 

Camp/Bat vs Trad 1,90 3.747 .0560 

2 week Treatment 

Camp vs Bat vs Trad 2,127 .754 .4724 

CompjBat vs Trad 1,128 .788 .3764 
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Comparing the science achievement posttest scores of the 

fifth grade classes for the effects of group membership in 

either the experimental (computer) andjor battery or 

traditional group, no statistically significant differences 



were found for either the 1 week or 2 week treatment. 

Therefore, the decision was failure to reject the null 

hypothesis. 
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Hypothesis Dealing with Treatment Mode and Problem Solving 

Hypothesis 2 was tested in the same manner as 

Hypothesis 1, except there were 2 separate measures of 

problem solving, one measure specifically assessing problem 

solving logic as demonstrated in programming. Hypothesis 2 

was also tested individually for both the 1 week and 2 week 

treatment groups. First, each individual class and then each 

grade level experimental (computer) group was compared to 

the battery group which was used as the control. Next, the 

fourth, fifth, and sixth grade classes were combined and the 

treatment (computer) group was compared to the control 

(battery) group. Then, the same procedure was performed 

using the traditionally taught 5th grade classes as the 

control and comparing it to the 5th grade experimental 

(computer) and battery groups. Finally, the 5th grade 

computer and battery groups were combined as a set, and 

compared against the 5th grade traditionally taught classes. 
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Null Hypothesis 2: Intermediate elementary aged 

children, when taught a physics concept using robotics 

(manipulatives powered by a computer language), will 

not have significantly higher problem solving posttest 

scores than children using battery powered 

manipulatives or no manipulatives. 

Table 12, Table 13 and Table 14 present the results of 

the analysis of covariance for the 1 week and 2 week 

treatment groups when tested for the effects of mode of 

treatment as experimental (computer) or control (battery) on 

overall problem solving test scores. The overall problem 

solving pretest was used as the covariate. 
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Table 12 

ANCOVA results for computer versus battery powered robotics 

on 1 week treatment Quiz 1 and Quiz 2 overall problem 

solving achievement scores for intermediate aged elementary 

students 

Grade n 

1 Week Treatment Quiz 1 

4th 21 .692 .4169 

5th 22 .049 .8279 

6th 46 3.064 .0873 

1 Week Treatment Quiz 2 

4th 21 .128 .7246 

5th 22 .171 .6843 

6th 46 ' 2.279 .1386 
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Table 13 

AHCOVA results for computer versus battery powered robotics 

on 1 Week treatment combined quiz scores for overall problem 

solving scores 

Grade 

4th 

5th 

6th 

All Grades Combined 

n 

42 

44 

92 

178 

.217 

.153 

2.028 

.348 

.6441 

.6975 

.1580 

.5561 
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Table 14 

AHCOVA results for computer versus battery powered robotics 

on 2 Week treatment overall problem solving achievement 

scores 

Grade 

4th 

5th 

6th 

All Grades Combined 

n 

51 

53 

24 

128 

.002 

3.093 

.462 

1.107 

.9673 

.0849 

.5043 

.2948 

For both the 1 week and 2 week treatments, at all grade 

levels, and combination of grade levels, no statistically 

significant differences were found between the experimental 

(computer) and control (battery) groups. Therefore, the 

statistical decision was failure to reject the null 

hypothesis. 

Table 15 shows the posttest scores on the overall 

problem solving test of the fifth grade 1 week treatment and 

2 week treatment groups compared to the traditionally taught 

fifth grades. A regression was performed using the overall 

problem solving posttest scores and the mode of treatment as 

computer, battery or traditional. Another regression was 
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performed combining the computer and battery modes together 

as a set and comparing them against the traditional class 

overall problem solving posttest scores. 

Table 15 

Multiple regression/ANOVA results for the computer versus 

battery versus traditional and computer/battery versus 

traditional mode of treatment and overall problem solving 

posttest scores 

Comparison 

1 week Treatment 

Comp vs Bat vs Trad 2,89 4.448 .0144** 

Comp/Bat vs Trad 1,90 8.877 .0037* 

2 week Treatment 

Comp vs Bat vs Trad 2,127 9.831 .0001** 

Comp/Bat vs Trad 1,128 19.746 .0001* 

*R<.05 ** Tukey post hoc test performed 

Comparing the overall problem solving posttest scores 

of the fifth grade classes for the effects of group 

membership in either the experimental (computer) and/or 

battery or traditional group, statistically significant 

differences were found for both the 1 week and 2 week 
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treatments. A Tukey post hoc test was performed on the 1 

week and 2 week comparisons that compared 3 treatment modes. 

For the 1 week treatment, a significant difference 

(Q<.05) was found between the traditional and computer 

groups (difference=11.364, critical difference=11.089). For 

the 2 week treatment, a significant difference (Q<.05) was 

found between the traditional and computer groups 

(difference=13.422, critical difference= 9.570) and between 

the traditional and battery groups (difference=14.627, 

critical difference=9.436). In all cases, the significance 

favored the computer and battery groups or the 

computer/battery group. 

The decision was to reject the null hypothesis when the 

traditionally taught class was used as an untreated control. 

Problem Solving/ Programming Logic 

A final comparison is shown in Table 16 and Table 17 of 

the type of treatment compared to problem solving as 

demonstrated by computer programming logic. 
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Table 16 

ANCOVA results for computer versus battery powered robotics 

on 1 week treatment and 2 week treatment problem 

solving/programming logic scores 

1 week treatment 

Quiz 1 

Quiz 2 

2 week treatment 

*R<.05 

89 

89 

128 

15.729 

.391 

7.943 

.0002* 

.5336 

.0056* 

These results at first may appear mixed. However, on 

closer investigation it becomes evident that when a 

counterbalanced design is used (1 week treatment) that the 

effects of learning to program are retained and carried over 

into the second week of teaching. 

When quiz 1 was administered, the battery group had 

received no hands on exposure to programming logic/ problem 

solving and there was a significant difference between the 

computer and battery groups, favoring the computer 

(robotics) group. When the groups were counterbalanced, the 

new battery group shows retention of their previous week's 

computer experience resulting in no significant difference 



in the scores between the new battery and computer groups. 

The 2 week treatment was unaffected by this phenomena. 

The decision was made to reject the null hypothesis 

when a student has had no previous computer programming 

logic/ problem solving experience within a 2 week period. 

Table 17 

Multiple regression/ANOVA results for the computer versus 

battery versus traditional and computer/battery versus 

traditional mode of treatment and problem solving/ 

programming logic scores 

Comparison 

1 week Treatment (Combined Quiz Scores) 

Comp vs Bat vs Trad 2,89 · 10.902 .0001** 

Comp/Bat vs Trad 1,90 21.526 .0001* 

2 week Treatment 

Comp vs Bat vs Trad 2,127 19.117 .0001** 

Comp/Bat vs Trad 1,128 37.165 .0001* 

*p<.05 ** Tukey post hoc test performed 
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In all forms of comparisons, for both the 1 week and 2 week 

treatment groups, statistically significant differences in 

problem solving/ programming logic were found resulting in a 
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decision to reject the null hypothesis when the mode of 

treatment includes the traditionally taught class. 

Tukey post hoc tests were performed for the 1 week and 

2 week treatments on the 3 treatment modes comparisons. For 

the 1 week treatment, significant differences (Q<.05) were 

found between the traditional and the computer groups 

(difference=4.919, critical difference=3.842) and between 

the traditional and battery groups (difference=6.282, 

critical difference=3.842). For the 2 week treatment, a 

significant difference (Q<.05) was found between the 

traditional and computer groups (difference=7.047, critical 

difference=3.082) and between the traditional and battery 

groups (difference=5.434, critical difference=3.039). Those 

groups which included the computer (robotics) were favored. 

The decision was to reject null hypothesis 2 when the 

traditionally taught class was used as an untreated control. 

Hypothesis Dealing with Science Achievement and ADHD Scores 

Null Hypothesis 3: There is no statistically 

significant interaction between science achievement 

posttest scores and scores on the ADHD Rating Scale. 

To evaluate hypothesis 3 and hypothesis 4, students in 

the experimental treatment, both computer and battery, were 

r 
I 

11
1 
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scored on the ADHD Rating Scale by the researcher and 

assistant. The ADHD Rating Scale scoring was based on 

behaviors observed at any time in the classroom: during the 

preparation of equipment, pretest administration, full class 

presentation of physics concepts using the MacMillan text 

and activity sheets, actual experimental treatment time, 

inventory and removal of equipment, and follow-up 

activities, including preparation for administration of the 

Learning Style Inventory. 

For purposes of consistency, no behaviors were 

considered other than those which occurred in the primary 

classroom in the presence of the researcher; no medical 

histories, nor information from the classroom teachers or 

student files were used. From the nine classes taught by 

the researcher, twenty two students had scores above two 

standard deviations on the ADHD Scale for their age 

and sex. Dummy coding was used to identify group 

membership. 

Table 18 and Table 19 present hierarchically entered 

multiple regressions of the science achievement posttest 

scores. The 1 week treatment uses combined standard T 

scores. First, group membership based on high/normal ADHD 

scores was entered, next the mode of treatment was entered 

(computer/battery) and next, the interaction term for ADHD 

group membership and treatment mode. The squared semi-
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partial regression coefficient (sr2 ) for the interaction was 

determined. A model I E test was used to test for the 

significance of the sr2 • 

Table 18 

ANCOVA results for interaction of ADHD Rating Scale scores 

and mode of treatment on science achievement posttest scores 

in a 1 week treatment 

Overall 

R2 

1 week Treatment (Combined Quiz Scores) 

ADHD 1,176 1.38E-4 .024 

Trmt mode 

ADHD*Trmt 

2,175 

3,174 

.005 

.005 

.404 

.283 

.8763 

.6682 

.8376 .000 

Mod I 

:E 

.000 

No statistically significant differences were found for 

group membership based on ADHD Rating Scale scores, on 

treatment mode, or on the interaction between membership in 

both groups. Therefore, the decision was failure to reject 

the null hypothesis for the 1 week treatment group. 
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Table 19 

Interaction of ADHD Rating Scale scores and mode of 

treatment on science achievement posttest scores in a 2 week 

treatment 

2 week Treatment 

ADHD 

Trmt mode 

ADHD*Trmt 

*}2<.05 

1,126 

2,125 

3,124 

Overall 

R2 

.036 

.079 

.087 

4.756 .0311* 

5.354 .0059* 

3.944 .01 * .008 

Mod I 

.E 

.429 

The sr2 for the interaction term equaled .008, with a 

calculated ,E of .429 which is not significant at }2=.05. The 

data did not support rejection of the null hypothesis. 



Hypothesis Dealing with Problem Solving and ADHD Scores 

Null Hypothesis 4: There will be no significant 

interaction between elementary students' problem 

solving posttest scores and scores on the ADHD Rating 

Scale. 
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Again, students were scored on the ADHD Rating Scale as 

previously detailed for hypothesis 3. students were then 

dummy coded as to group membership based on ADHD Rating 

Scale scores. Table 20 and Table 21 present hierarchically 

entered multiple regressions of the overall problem solving 

posttest scores. First, group membership based on ADHD 

scores was entered, next the mode of treatment was entered 

(computer/battery) and finally, the interaction term between 

the ADHD group membership and treatment mode. The squared 

semi-partial regression coefficient for the 

interaction was determined and tested for significance. 

Problem solving was assessed as both overall problem solving 

and problem solving as shown in programming/logic. Results 

are presented for both the 1 week and 2 week treatment 

groups. 



Table 20 

The interaction of ADHD Rating Scale scores and mode of 

treatment on overall problem solving scores in a 1 week 

treatment 

Overall 

R2 

1 week Treatment (Combined Quiz Scores) 

ADHD 1,176 1.63E-6 2.86E-4 .9865 

Mod I 

1: 
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Trmt mode 2,175 

ADHD*Trmt 3,174 

.001 

.002 

.129 

.128 

.8794 

.9437 .001 .057 

No statistically significant differences were found on 

overall problem solving scores based on group membership 

from high ADHD Rating Scale scores, on treatment mode, or on 

the interaction scores. The for the interaction term 

was calculated as less than .01 and found to be 

nonsignificant. Therefore, the decision was failure to 

reject the null hypothesis for the 1 week treatment group. 



Table 21 

The interaction of ADHD Rating Scale scores and mode of 

treatment on overall problem solving scores in a 2 week 

treatment 

2 week Treatment 

ADHD 1,126 

Trmt mode 

ADHD*Trmt 

2,125 

3,124 

Overall 

R2 

.010 

.010 

.010 

1. 267 

.652 

.431 

.2644 

.5227 

.731 .000 

Mod I 

.[: 

.000 
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No statistically significant differences were found for 

group membership based on high ADHD Rating Scale scores, on 

treatment mode, or on the interaction between membership in 

both groups. The for the interaction term was found to 

be nonsignificant. Therefore, the decision was failure to 

reject the null hypothesis for the 2 week treatment group. 

Problem Solving/ Programming Logic 

Table 22 and Table 23 present the interaction of ADHD 

Rating Scale scores and mode of treatment on problem 

solving/ programming logic scores in a 1 week treatment. 
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The interaction of ADHD Rating Scale scores and mode of 

treatment on problem solving/ programming logic scores in a 

1 week treatment 

Overall Mod I 

Quiz 1 

ADHD 1,87 .009 .793 .3758 

Trmt mode 2,86 .126 6.145 .0032* 

ADHD*Trmt 3,85 .129 4.147 .0086* .003 .083 

Quiz 2 

·ADHD 1,87 .027 2.429 .1227 
' 

Trmt mode 2,86 .029 1.291 .2802 

ADHD*Trmt 3,85 .030 .884 .4531 .001 .028 

*R<.05 

In both Quiz 1 and Quiz 2 for the 1 week treatment, the 

of the interaction terms were nonsignificant. The data 

failed to produce sufficient evidence to reject the null 

hypothesis. 
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Table 23 

The interaction of ADHD Rating Scale scores and mode of 

treatment on problem solving/ programming logic scores in a 

2 week treatment 

2 week Treatment 

ADHD 

Trmt mode 

ADHD*Trmt 

*p<.05 

1,126 

2,125 

3,124 

overall 

R2 

.014 

.059 

.059 

1. 743 

3.928 

2.600 

.1892 

.0222* 

.0552 .000 

Mod I 

1: 

.000 

No statistically significant differences were found for 

interaction of group membership based on high ADHD Rating 

Scale scores and the mode of treatment. There was no 

for the interaction term (sr2=o, F=O). The 

decision was failure to reject the null hypothesis for the 2 

week treatment group. 
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Learning Style and Science Achievement 

Null Hypothesis 5: There will be no significant 

interaction between intermediate aged elementary 

science achievement posttest scores of children 

identified as auditory, visual, tactile or kinesthetic. 

To evaluate hypothesis 5 and hypothesis 6, students in 

the experimental treatment, both computer and battery, were 

scored on the Learning Styles Inventory. The four LSI 

subscales of auditory, visual, tactile, and kinesthetic were 

entered as a set, then the mode of treatment was dummy coded 

and entered, and lastly, a set consisting of the 

interactions between the learning styles and the treatment 

mode were entered. The squared semi-partial regression 

coefficient for the interaction was determined and 

tested for significance. 
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Tables 24 and 25 present the result of performing 

multiple regressions in the hierarchical manner described 

above. 

Table 24 

The interaction of the combined learning styles and 

treatment mode on science achievement posttest scores in a 1 

week treatment 

Dep. Variable (Y): Combined science achievement quiz scores 

overall 

Independent Variable df R2 

(X1)Lrning Styles 

(X2)Trmt Mode 

(X3)LStyle*Trmt 

4,157 3.12E-3 

5,156 .007 

9,152 .019 

.120 • 9740 

. 225 . 9511 

Mod I 

l: 

.323 .9664 .012 .199 

No significant interaction was found in the 1 week science 

achievement posttest scores when the learning styles, 

treatment mode, and interaction were entered hierarchically. 

The interaction sr2=.012, f=.199 was not significant at 

alpha=.OS. The statistical decision was failure to reject 

the null hypothesis for the 1 week treatment. 
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Table 25 

The interaction of the combined learning styles and 

treatment mode on science achievement posttest scores in a 2 

week treatment 

Dep. Variable (Y): Combined science achievement quiz scores 

Overall 

Independent Variable 9I R2 

Mod I 

(X1)Lrning Styles 

(X2)Trmt Mode 

(X3)LStyle*Trmt 

*:2<.05 

4,116 

5,115 

9,111 

.091 

.131 

.136 

2.907 .0247* 

3.463 .0059* 

1.937 .0537 .005 .532 

No significant interaction was found in the 2 week science 

achievement posttest scores. The interaction was not 

significant at the preselected alpha of .05. The 

statistical decision was failure to reject the null 

hypothesis for the 2 week treatment. 
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Learning Style and Problem Solving 

Null Hypothesis 6: There will be no significant 

interaction between intermediate aged elementary 

problem solving posttest scores of children identified 

as auditory, visual, tactile or kinesthetic. 

As with the other hypotheses, problem solving was 

assessed in two ways: overall problem solving and problem 

solving as demonstrated by programming/logic. First, the 

results of comparing the four learning styles to overall 

problem solving are presented, then the equivalent results 

and tables are presented for problem solving/ programming 

logic. 

Tables 26 and 27 present the result of performing 

multiple regressions in a hierarchical manner to assess the 

variance in overall problem solving posttest scores 

accounted for by the interaction term. The four learning 

style subscales were entered as the first set, then the mode 

of treatment and the last set entered contained all the 

interactions between learning style and treatment mode. 

Then the for the interaction term was calculated and the 

E tested for significance. 
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Table 26 

The interaction of the combined learning styles and 

treatment mode on overall problem solving posttest scores in 

a 1 week treatment 

Dep. Variable (Y): overall problem solving scores 

Overall 

Independent Variable df R2 r 

3.041 .0190* 

2.474 .0346* 

Mod I 

r 

(X1)Lrning Styles 

(X2)Trmt Mode 

(X3)LStyle * Trmt 

4,157 .072 

5,156 .073 

9,152 .107 2.034 .0391* .034 .572 

*J2<.05 

A significant interaction was not found in the 1 week 

science achievement posttest scores. When the sr2 was 

obtained to account for the proportion of the variance 

uniquely caused by the interaction term, beyond the other 

two individual sets, it was found to be non significant 

.[:=.666). Therefore the decision was failure to 

reject the null hypothesis for the 1 week treatment. 
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Table 27 

The interaction of the combined learning styles and 

treatment mode on overall problem solving scores in a 2 week 

treatment 

Dep. Variable (Y): Overall problem solving scores 

Overall 

Independent Variable 9I Rz 

1.802 .1332 

1.429 .2189 

Mod I 

srZ .[ 

(X1)Lrning styles 

(X2)Trmt Mode 

(X3)LStyle*Trmt 

4,116 

5,115 

9,111 

.058 

.059 

.069 . 911 . 5188 • 010 . 450 

No significant interaction was found in the 2 week science 

achievement posttest scores when the learning styles, 

treatment mode, and interaction were entered hierarchically. 

The interaction term sr2=.01, .[=.450 was not significant. 

The decision was failure to reject the null hypothesis for 

the 2 week. 
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Problem Solving/ Programming Logic 

Tables 28 and 29 present the results of performing 

multiple regressions in a hierarchical manner to assess the 

total variance in overall problem solving posttest scores 

accounted for by the four learning style subscales entered 

as the first set, then the mode of treatment and the last 

set contained all the interactions between learning style 

and treatment mode. 



Table 28 

The interaction of the combined learning styles and 

treatment mode on problem solving/ programming logic 

posttest scores in a 1 week treatment 

Dep. Variable (Y): Quiz 1 and Quiz 2 scores 

Overall 

Independent Variable 

Quiz 1 

(X1)Lrning Styles 4,75 .209 4.94 .0014* 

(X2}Trmt Mode 5,74 .323 7.068 .0001* 

(X3)LStyle*Trmt 9,70 .362 4.404 .0001* 

Quiz 2 

(X1)Lrning styles 4,75 .107 2.277 .0686 

(X2)Trmt Mode 5,74 .107 1.802 .1226 

(X3)LStyle*Trmt 9,70 .165 1.556 .1456 

*R<.05 

.039 

.058 
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Mod I 

.r 

.293 

.445 

For both Quiz 1 and Quiz 2 the calculated sr2 terms were not 

significant at R<.05 (Quiz 1 sz-2=.039, .r= .. 293; Quiz 2 

sr2=.058, .r=.445) indicating the proportion of variance in 

each quiz associated with the interaction term beyond that 

accounted for by the other sets did not account for a 
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significant amount of the variance in either quiz. 

Therefore, the decision was failure to reject the null for 

the 1 week treatment. 

Table 29 

The interaction of the combined learning styles and 

treatment mode problem solving /programming logic scores in 

a 2 week treatment 

Dep. Variable (Y): Problem solving 1 programming scores 

overall Mod I 

Independent Variable g{ R2 E 

(X1)Lrning styles 4,116 

(X2)Trmt Mode 5,115 

(X3)LStyle*Trmt mode 9,111 

.008 .224 

.056 1.370 

.089 1.210 

.9243 

.2407 

.2964 .033 .402 

No significant interaction was found in the 2 week science 

achievement posttest scores when the learning styles, 

treatment mode, and interaction were entered hierarchically. 

(interaction The statistical decision 

was failure to reject the null hypothesis for the 2 week 

treatment. 
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For the reader's convenience, Table 30 summarizes the 

statistical decisions for each of the inferential statistics 

that was performed for hypothesis 1 through 6. 
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Table 30 

Summary Table for all hypotheses testing 

Comparison Dep. Var. Length p<.05 Table 

Hypothesis 1 (Treatment Mode) 

Comp vs Battery Sci Achvmnt 1 wk no 9 

Comp vs Battery Sci Achvmnt 2 wk no 10 

Comp vs Bat vs Trad Sci Achvmnt 1 wk no 11 

CompjBat vs Traditional Sci Achvmnt 1 wk no 11 

Comp vs Bat vs Trad Sci Achvmnt 2 wk no 11 

CompjBat vs Traditional Sci Achvmnt 2 wk no 11 

Hypothesis 2 (Treatment Mode) 

Overall 

Comp vs Battery Pr Solv Ovrall 1 wk no 13 

Comp vs Battery Pr Solv Ovrall 2 wk no 14 

Comp vs Bat vs Trad Pr Solv ovrall 1 wk yes 15 

CompjBat vs Traditional Pr Solv Ovrall 1 wk yes 15 

Comp vs Bat vs Trad Pr Solv ovrall 2 wk yes 15 

Comp/Bat vs Traditional Pr Solv ovrall 2 wk yes 15 

(table continues) 
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Comparison Dep. Var. Length R<.05 Table 

Programming Logic 

Comp vs Battery Pr Solv Progrm 1 wk#1 

Comp vs Battery Pr Solv Progrm 1 wk#2 

Comp vs Battery Pr Solv Progrm 2 wk 

Comp vs Bat vs Trad Pr Solv Progrm 1 wk 

CompjBat vs Traditional Pr Solv Progrm 1 wk 

Comp vs Bat vs Trad Pr Solv Progrm 2 wk 

Comp/Bat vs Traditional Pr Solv Progrm 2 wk 

Hypothesis 3 (Interaction Trmt & ADHD Rating) 

Trmt Mode * ADHD Rating Sci Achvmnt 

Trmt Mode * ADHD Rating Sci Achvmnt 

1 wk 

2 wk 

Hypothesis 4 (Interaction Trmt & ADHD Rating) 

overall 

Trmt Mode * ADHD Rating Pr Solv Ovrall 1 wk 

Trmt Mode * ADHD Rating Pr Solv Ovrall 2 wk 

yes 16 

no 16 

yes 16 

yes 17 

yes 17 

yes 17 

yes 17 

no 18 

no 19 

no 20 

no 21 

(table continues) 

.I 
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Comparison Dep. Var. Length R<.05 Table 

Programming Logic 

Trmt Mode * ADHD Rating 

Trmt Mode * ADHD Rating 

Trmt Mode * ADHD Rating 

Pr Solv Progrm 

Pr Solv Progrm 

Pr Solv Progrm 

1 wk#1 

1 wk#2 

2 wk 

Hypothesis 5 (Interaction Trmt & Learning Styles) 

Trmt Mode * Lrn Styles Sci Achvmnt 1 wk 

Trmt Mode * Lrn Styles Sci Achvmnt 2 wk 

Hypothesis 6 (Interaction Trmt & Learning Styles) 

Overall 

Trmt Mode * Lrn Styles 

Trmt Mode * Lrn styles 

Program 

Trmt Mode * Lrn Styles 

Trmt Mode * Lrn Styles 

Trmt Mode * Lrn Styles 

Pr Solv ovrall 1 wk 

Pr Solv ovrall 2 wk 

Pr Solv Progrm 1 wk#1 

Pr Solv Progrm 1 wk#2 

Pr Solv Progrm. 2 wk 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

22 

22 

23 

24 

25 

26 

27 

28 

28 

29 



CHAPTER FIVE 

DISCUSSIONS AND CONCLUSIONS 

This experimental research sought to explore whether 

there was a significant difference in science achievement 

scores and in problem solving scores when a student was 

taught physical science concepts reinforced by a robotics 

experience versus a motorized manipulative. The study also 

examined the relationship between robotics and children with 

ADHD Rating Scale scores and between robotics and the 

perceptual learning styles: tactile, kinesthetic, visual, 

and auditory. No previous research has concentrated on 

these issues. Research does show that preferred learning 

styles can be identified (Dunn, 1983) and that when children 

are taught using their preferred modalities that performance 

scores increase and children feel more positive about 

learning (Cuccia, 1986; Dunn, 1983; Keefe, 1987; Lemon, 

1985). ADHD children have been found to have kinesthetic 

and tactile learning styles (Garger, 1990) and to be highly 

sensitive to stimuli, color, action, and touch (Armstrong, 

1987; Barkley, 1990; Wender, 1987). 

The use of robotics in educational settings has been 

highly praised by those who actively use it and is reported 

to be very beneficial for teaching science and math concepts 

and problem solving (Carpenter, 1990; Lough, 1988; Perl, 

1990; Shimabukuro, 1989; Winer, 1989; Wright, 1989). 

However, nothing was found that evaluated if all the 
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components of the robotics (a manipulative powered by a 

computer language) experience are necessary. Considering 

the cost and limited access to computers in most elementary, 

middle, and secondary schools and the relatively high cost 

of robotics (which must include some type of computer 

interface), the researcher felt there was a need to identify 

the actual value of the computerized robotics experience 

over simple battery powered manipulatives. 

In order to examine the data for an aptitude treatment 

interaction, 217 children from the fourth, fifth, and sixth 

grade classes at one school were formally taught the fifth 

grade MacMillan science unit on "Force, Motion, and 

Machines" followed by a robotics or motorized manipulative 

experience. Their learning styles (physical 1 perceptual) 

were determined and then their ADHD Rating scale scores were 

determined. Another 147 fifth grade students from two other 

schools were taught by their regular science teachers in the 

traditional manner and were used as untreated (non-novelty) 

controls for comparison against the mode of treatment. 

Children received 1 week or 2 week treatments. A 

counterbalanced technique was used for those receiving the 1 

week treatment. Science achievement tests and problem 

solving tests were used to assess achievement. 

This chapter reports the principal findings and 

conclusions resultant from the statistical analyses 



presented in Chapter 4, proposes implications and 

applications, and recommends related areas and topics of 

future research. 

Principal Findings and Conclusions 
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This section is 'divided into three parts. The first 

part focuses on the specific mode of treatment (Hypothesis 1 

and 2). It is further broken down into two areas: the 

effects on science achievement and the effects on problem 

solving. One week and two week treatments are reviewed for 

each area. The second focus is on whether there is an 

interaction between children with high ADHD Rating scale 

scores and the mode of treatment (Hypothesis 3 and 4). It 

is reviewed similarly to the first part. The last area 

addressed is the relationship of ' learning styles and the 

mode of treatment (Hypothesis 5 and 6). It also follows the 

same format. 

Treatment Mode 

Science Achievement 

Hypothesis 1 (in the null form) stated there would be 

no significant difference in science achievement scores 

between students who were taught a physics concept 

reinforced by robotics (a manipulative powered by a computer 
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language) and students reinforced by a battery powered 

manipulative. The null hypothesis could not be rejected. 

Science achievement scores were obtained using the standard 

testing materials provided with the MacMillan Journeys in 

science (1988) text on force, motion, and machines. The 

analysis of covariance found no significant differences 

between the 1 week or 2 week treatments (robotics versus 

motorized manipulatives) overall or for any specific grade 

level. Nor did the analysis of variance find any 

significant differences when the mode of treatment was 

expanded to include the traditional classes (traditional 

versus robotics/battery or traditional versus robotics 

versus battery). Several explanations might be proposed. 

First, the treatment groups were identical in every way 

except the method of powering the manipulative. In review 

of the literature, Clark (1983) strongly feels the reason 

most computer assisted instruction studies find significant 

results is because they compare a novel treatment (the 

computer) against a traditional paper I pencil approach or 

more instruction against less instruction. This study used a 

control group for novelty effects (the battery powered 

manipulative) as opposed to just the non-novelty traditional 

class. The same r.esults were found for both types of 

controls, lending support to the validity of the results 

obtained. 
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Secondly, the prescribed science tests that accompany 

the MacMillan science text were used. While application of 

science concepts were tested, they had to be articulated in 

written detail. Recall and recognition of vocabulary and 

definitions were necessary to demonstrate science 

achievement. Perhaps potentially discernible differences 

obtained from the robotics experience are lost when the 

child must demonstrate science achievement through 

recognition and use of the written language (McCarthy, 

1989). This most likely reflects the extreme difficulty of 

using a paper 1 pencil test to evaluate a primarily hands-on 

treatment experience. 

Third, the actual text material and science concepts 

were presented to the entire class before the treatment 

period. The entire class was required to take notes and 

participate in all activity sheets and homework. Thus, the 

science base of information was equally laid for both 

groups, essentially as advance organizers (Mayer, 1979). 

Had the research been totally experiential, without any 

fundamental concepts covered first, the results might have 

differed. 

The fact that the traditionally taught class was not 

significantly different from the groups receiving the 

treatments (either computerized robotics or battery powered 

manipulatives), suggests that the text and materials as 

presented by MacMillan publishers sufficiently cover the 
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tested material and could be used without reinforcements or 

that the traditional classes (which have science specialty 

teachers) are providing reinforcement experiences that are 

as effective as the treatment. Discussions with the science 

specialty teachers involved suggest that over the years 

these teachers have discovered and apply very effective 

"hands-on" experiences and demonstrations for the material 

as tested, supporting the value of the individual teacher in 

the effective delivery of any given curriculum (Barbour, 

1989) • 

Of course in any study, a type II error (failure to 

reject the null hypothesis when there actually was a 

difference between the treatments) is a possibility. The 

limitations of a textbook publisher's science achievement 

test to comprehensively test an exploratory, application 

experience must be considered as possible contributor to a 

failure to reject a false null hypothesis. 

In summary, when the treatment groups received 

equivalent experiences, except for the method of powering 

their manipulatives, there were no significant differences 

in their ability to demonstrate on a paper and pencil 

science test their understanding of the physics concepts and 

vocabulary covered. These findings were true whether the 

length of treatment was for one week or two weeks. 
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Problem Solving COverall) 

Hypothesis 2 (in the null form) stated that there would 

not be a significant difference in problem solving 

achievement scores between students who received the 

robotics experience (a manipulative powered by a computer 

language) and those who used a battery powered manipulative. 

The analysis of covariance found no significant differences 

between the 1 week or 2 week treatments (robotics versus 

battery powered motorized manipulatives) for any specific 

grade level or for the combined grade levels. Therefore, 

the null hypothesis could not be rejected. 

However, when the mode of treatment was expanded to 

include the traditional classes (traditional versus 

robotics/battery or traditional versus robotics versus 

battery) an analysis of variance did find significant 

differences on both comparisons for both the 1 week and 2 

week treatments. Under these conditions, the decision was 

to reject the null hypothesis. Several explanations might 

be proposed. 

When the treatment groups were totally equal except for 

the method of powering the manipulative, there were not a 

significant difference in their overall problem solving 

achievement. The opposite occurred when the experimental 

treatment and battery powered manipulative were compared 

against the traditionally taught class, suggesting that it 

was the structured experience using the manipulatives 
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(regardless of method of power) that caused the improvement 

(Maddux, 1989). 

These results could also reflect Clark's (1983) and 

Smith's (1988) findings that something compared against 

nothing is probably going to show better results. However, 

if that were true in this case, the traditional class 

experience should have shown a significant difference in 

both science achievement posttest scores and in overall 

problem solving posttest scores. The reader is reminded 

that a significant difference was not found in the science 

achievement scores. 

Another causative factor may have been the assigned 

problem solving tasks (speed and force) were the same for 

both groups. This was not a task that had a single right 

answer, so all group members' ideas had potential of merit, 

not just the "smart" kids. Problem solving was being done 

at all times, by all group members whether in the form of 

building, measuring, or operating the robotics using the 

programming language. Both the robotics and battery groups 

were actively engaged in a cognitive problem solving task. 

Reportedly, robotics is very good at stimulating ideas, and 

therefore problem solving tasks (Shimabukuro, 1989); but 

these research results suggest that the teacher can 

structure equivalent experiences using battery powered 

motorized manipulatives rather than computerized robotics 

and accomplish the same results (Barbour, 1989). However, 
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it seems reasonable that at some point, the limited on 1 off 

ability of the battery powered manipulative would not be 

able to foster the higher levels of reasoning that might be 

taught using the full range of the computer powered 

robotics. 

Perhaps potential improvements in problem solving due 

to time spent programming the robotics (computer) are offset 

by the same time being freed to apply problem solving skills 

on the building (manipulative) level. 

Also, for a significant difference between treatment 

modes to be identifiable, perhaps more than a 50-60 minute 

treatment period per session is needed or maybe a treatment 

length greater than 2 weeks is needed. Papert points out 

that "most professionals would not stop working after forty 

or fifty minutes and start a new job. Why should teachers 

or students?" (Papert, 1986, p. 36). However, the purpose 

of this research was to identify the effectiveness of the 

treatment under typical time and resource restraints of 

current public school curriculums. 

The fact that there was a significant difference found 

between the treatment groups and the traditionally taught 

classes might reflect the fact that while the MacMillan 

science materials give specific problems and examples to be 

applied, they are more for the purpose of finding the 

"right" answer than for open ended exploration of the 

problem solving process. 
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This study assigned specific analytic responsibilities 

for both groups. By research design, all children were 

rotated through the various roles/ steps involved in the 

scientific investigative process. Had the treatment 

experience been nonstructured, the robotics group may have 

shown more differences (Keller, 1990). Robotics problems 

have to be analyzed as to whether they were caused by 

mechanical design or programming (Rosen, 1988; Winer, 1990). 

This might inherently challenge the children more. 

It is interesting to note that when the untreated 

traditional class was used as a control, there was a 

significant difference favoring the computer and battery 

groups. This may be because the traditional classes did not 

think they would be graded on this "extra" test that they 

were doing for another teacher. or it may be that the 

children did not try as hard on a problem solving test that 

they felt had nothing to do with their science lesson. 

However, it seems reasonable that the differences reflect 

the time the computer and battery groups spent on problem 

solving application. 

Problem Solving (Programming Logic> 

Problem solving was also examined as. it specifically 

related to programming logic. As might be expected, there 

was a significant difference in the problem solving I 

programming logic achievement scores when a physics concept 
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was reinforced by a robotics experience rather than a 

battery powered motorized manipulative. Using analysis of 

covariance, the significant difference found for Quiz 1 of 

the 1 week treatment was not found on Quiz 2 of the 1 week 

treatment . This suggests when using a counterbalanced 

technique, the effects of learning a programming language 

are retained at least into the second week. Therefore, when 

the groups were counterbalanced, the new battery group 

continued to remember how to program, while the new computer 

group learned to program. Thus by Quiz 2 there is no longer 

a significant difference. 

In the 2 week treatment, no counterbalanced techniques 

were used; thus there was only one group that received the 

computer treatment and a significant difference was found. 

A significant difference was also found using an analysis of 

variance when the traditional class was compared to the 

computer/battery groups combined or to the computer and 

battery groups separately. This might be expected since the 

traditional classes, like the battery group had no computer 

experience through robotics. However, as previously stated, 

all commands and how to use them were given along with the 

problem. 

These results concur with previous studies (Clements, 

1985; DuBoulay, 1981; Hooper, 1990; Mayer, 1981; Papert, 

1980) that reported a programming language is best learned 

through hands-on experiences. 
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To summarize, there is a significant difference in 

problem solving, as demonstrated by programming logic, when 

only one group has been taught robotics within a 2 week 

period. There is not a significant difference in .overall 

problem solving between treatments that involve a problem 

solving task whether robotics or a motorized manipulative. 

There is a significant difference in overall problem solving 

when some form of manipulative (computer or battery powered) 

was used versus none. 

Mode of Treatment and ADHD Rating Scale Scores 

Science Achievement and ADHD 

Null hypothesis 3 states that there will not be a 

statistically significant interaction between science 

achievement scores and scores on the ADHD Rating Scale. 

Using hierarchical multiple regression (ADHD, then treatment 

mode, and finally interaction), no significant interaction 

was found for the 1 week or the 2 week length of treatment. 

The data did not provide sufficient evidence to reject the 

null hypothesis for either length of treatment. 

The nonsignificant interaction indicates that both high 

and nonhigh ADHD students performed the same in either 

treatment. These findings may be considered in a positive 

light. This suggests that either form of manipulative, 

whether computerized robotics or battery powered 
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manipulatives can be used to facilitate learning for these 

students. This would concur with Garger's (1990) observation 

that ADHD children learn best by touching. 

In any study, a type II error must also be considered. 

This type error might be caused by the limitations of the 

testing instrument, too large a pre-set effect size, or too 

small a sample size. 

Problem Solving coverall> and ADHD 

Null hypothesis 4 states that there will not be a 

statistically significant interaction between problem 

solving achievement scores and scores on the ADHD Rating 

Scale. Using multiple regression entered hierarchically 

(ADHD, then treatment mode, and finally the interaction term 

resultant from multiplying the first two sets together), an 

was obtained for the interaction term. No significant 

proportion of the variance in overall problem solving scores 

beyond that accounted for by the other two sets was found 

for either the 1 week or the 2 week treatments. 

The fact that there was not a significant interaction 

between the mode of treatment and ADHD scores, again 

indicates that these students can perform in either group. 

It has been difficult for education to positively reach and 

teach children with high ADHD Rating Scale scores (Barkley, 

1990; Parker, 1988; Wender, 1987). These results suggest 



that both modes of treatment are effective for teaching 

them. 
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Of course, in all research, there may actually be 

differences in the actual population (a Type II error), but 

the current research failed to find them. 

Problem Solving I Programming Logic and ADHD 

The same results were obtained for problem solving as 

demonstrated by programming logic as were obtained for 

overall problem solving. Using multiple regression entered 

hierarchically (ADHD, then treatment mode, and finally the 

interaction term resultant from multiplying the first two 

sets together), an was obtained for the interaction 

term. No significant proportion of the variance in problem 

solving 1 programming scores beyond that accounted for by 

the other two sets was found for either the 1 week or the 2 

week treatments. 

These problem solving I programming logic results 

indicate that ADHD Rating Scale scores do not interact with 

the treatment mode. As in the previous interaction findings, 

children who were scored on the ADHD Rating Scale perform 

similarly under either treatment conditions. Programming 

requires analyzing and breaking down problems into smaller 

problems and algorithms (Clements, 1984; Nickerson,1984). 

Since difficulty with attention skills is inherent in 

children with high ADHD scores, the fact that no difference 



was found on achievement between treatments might be 

considered positively. 
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As mentioned previously, failure to reject the "false" 

null hypothesis is always a possible explanation. An effect 

could exist in the population, but this experiment did not 

find it. A smaller effect size might be needed or a larger 

sample. Also the testing instrument could be insufficient 

to detect smaller differences. 

Mode of Treatment and Learning Style 

Science Achievement and Learning Style 

Null hypothesis 5 examined whether there was a 

significant interaction between the physical/ perceptual 

mode learning styles (kinesthetic, tactile, visual, and 

auditory) and the mode of treatment. The learning styles 

were hierarchically entered as a set, followed by the 

treatment mode and then the interaction term. Next the 

squared semi-partial coefficient for the interaction term 

was obtained. The was used to assess if there was a 

significant amount of the variance in science achievement 

scores accounted for by the interaction terms (above that 

associated with the learning style set and the treatment 

mode). No significant interaction was found between the 

learning style and the mode of treatment in the 1 week or 

the 2 week treatments (sr2 for each length of treatment 
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equalled .01). Therefore the decision was failure to reject 

the null hypothesis. 

These findings were somewhat surprising. The treatment 

(robotics powered by a computer language) was expected to 

show a relationship with the kinesthetic and tactile 

learning styles, due to the hands-on components of robotics. 

Visual learning styles were also felt to have a positive 

relationship to the spatial, three dimensional building 

aspects of robotics. Auditory learning styles were not 

expected to be a significant factor except in the 

pretreatment "lecture" period. 

Several possibilities might be proposed to account for 

the lack of interaction. Perhaps because both the treatment 

and the control used the same manipulatives, both modes of 

treatment interact with the same learning styles; therefore, 

there is no statistically significant interaction 

discernible. Or possibly the pretreatment "lecture" period, 

combined with the mode of treatment involves all four 

learning styles in a way that there is no significant 

interaction. Since there was no difference, it appears that 

all modalities were addressed. 

Possibly, the test instrument itself, which is 

representative of elementary science test.s, leans toward 

testing specific learning styles (namely auditory and 

visual) while the treatment was more kinesthetic/ tactile 
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and visual. Therefore, potential interactions would not be 

found statistically significant. 

Secondly, the current research may not have found 

evidence to reject the "false" null hypothesis, however an 

interaction may actually exist in the population (a Type II 

error). Or thirdly, as concluded, no significant interaction 

exists between science achievement scores and the physical 1 

perceptual mode learning styles. 

Lastly, some students reported irritation at being 

asked the same question in different parts of the Learning 

Style Inventory. Lack of maturity may have resulted in 

their inaccurately reporting their own preferences. 

Problem Solving coverall) 

Null hypothesis 6 is concerned with whether a 
' 

significant interaction exists between problem solving 

achievement scores and physical/ perceptual mode learning 

styles. 

The data were evaluated for an interaction between 

learning styles and mode of treatment (Null Hypothesis 6). 

The learning styles set, treatment mode, and interaction 

terms were entered hierarchically; then the srZ for the 

interaction terms were calculated. The srZ was not found to 

have a significant l value. Therefore, there was no 

significant interaction between the learning style and mode 

of treatment for the 1 week treatment (sr2=.04,f=.666). The 



2 week treatment also showed no significant interaction 

between learning styles and mode of treatment 

(sr2=.01,E=.111) in overall problem solving scores. 
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Lack of an interaction between overall problem solving 

and mode of treatment was likely influenced by the same 

potential factors as proposed above for learning styles and 

science achievement (Hypothesis 5). 

Again, these results were surprising. Woldman and 

Barnett (1989) listed factors that should be considered when 

selecting problem solving situations for children. Robotics 

potentially encompasses all of those factors: age and 

experience appropriateness, learner control, problem solving 

process, and learning style. They stated "in planning any 

problem solving activities, it is crucial to take into 

account each child's learning stxles" (Woldman, 1989, p. 

50). This current research did not support the need to 

consider learning styles. 

However, Smith and Renzulli (1984) point out that 

aptitude treatment interaction research has generally been 

disappointing. "Only a small percentage of the studies 

carried out over the past two decades of ATI research have 

found teaching methods to be differentially effective for 

students with differing characteristics. This is not to say 

differences do not exist" (p. 46). 

The same considerations discussed under science 

achievement and learning styles are potential reasons for 

I 

I 
I 



lack of interaction between learning styles and treatment 

mode as demonstrated on problem solving (overall) scores. 

Problem Solving (Programming Logic> 
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When analyzing the data for an interaction between the 

learning styles and the mode of treatment using problem 

solving/ programming logic scores, the same results were 

found as for overall problem solving. When the for the 

interaction term was calculated, the r was found to be non 

significant for quiz 1 or quiz 2 (1 week treatment) and for 

the 2 week treatment. 

Again, all learning styles appear to be effectively 

taught whether in the experimental (robotics) or the control 

(battery powered manipulatives) group. Of course it is also 

possible that an interaction is present in the population, 

but was not found in this study. 

In summary, the data did not provide evidence to 

support rejecting the null hypothesis for interactions 

between learning styles and the mode of treatment for either 

science achievement scores (hypothesis 5) or for hypothesis 

6, problem solving scores (overall or programming logic). 

Thus the research found that the combined set of the 

physical 1 perceptual mode learning styles (kinesthetic, 

tactile, visual, and auditory) do equally well on science 

achievement and problem solving tests whether they use 

battery powered manipulatives or computerized robotics. 



Implications and Applications 

Robotics has been heralded for its value across many 

fields. This study looked at two of those areas, science 

achievement and problem solving. Also investigated was 

whether certain activity/attention levels of children or 

learning styles showed significant interactions with the 

mode of treatment as demonstrated by scores on science 

achievement and problem solving posttests. 

Because robotics involve finding time, space and 
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financial resources for manipulatives, computers, interfaces 

and learning a programming language, robotics represents a 

commitment of personnel and facility resources. However, 

working with a battery powered motorized manipulative 

requires a minimum of prepatory training and resources. 
' Therefore, these findings have potential monetary 

considerations, as well as implications for science 

curriculums. 

science Achievement 

Based on the findings, little support can be given to 

the unique value of robotics for improving the science 

achievement scores as tested on a traditional science 

textbook publisher's test. These results suggest that a 

teacher might be disappointed if robotics were purchased and 



taught for the sole purpose of improving science 

achievement. 

Our educational system seems faced with a dichotomy. 
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On one hand, more hands-on and application lessons are being 

seen as compulsory for our children to have any real, long 

term and abstract understanding of the sciences (Kruger, 

1990). Qualitatively, robotics appears to provide that. 

Using robotics, "students are encouraged to use the 

scientific method, creative problem solving, and higher 

level thinking skills. Building a science and math 

vocabulary, where words are not meaningless definitions but 

concrete concepts, enables students to understand abstract 

terminology" (Campbell, 1988-89, p. 11). 

On the other hand, the federal, state, and local 

authorities continue to administer traditional test forms 

that reflect rote memory and recitation of concepts. "They 

(teachers) must also keep in mind accountability factors 

such as whether or not their students can meet criteria on 

required achievement tests. These conditions often dictate a 

more directed, structured approach to teaching required 

skills ••• " (Roblyer, 1989). 

Children with ADHD Rating Scale scores did not show an 

interaction with the treatment mode on achievement 

suggesting that some manipulative experience (robotics or 

battery powered manipulative) equally meet the needs of all 

students. Considering children with high ADHD scores 
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behaviors and needs differ by at least two standard 

deviations from the norm, it would seem that creating 

experiences similar to the treatment modes would be useful 

in helping the high ADHD child function similarly to their 

peers on science achievement tests. 

No interaction was found between learning styles and 

treatment mode on science achievement tests. This finding 

suggests that either robotics or battery powered 

manipulatives, may be used effectively with all of the 

physical I perceptual mode learning styles. This was also 

supported by the children's qualitative statements. 

Problem Solving (Overall): 

It appears that even if the robotics or battery powered 

manipulative is only used for a 1 week length of treatment 

to reinforce the science lesson, that a significant 

difference in problem solving is gained over the 

traditionally taught science class and nothing is lost in 

actual science achievement. This suggests that the effort 

to use either the robotics or battery powered manipulative 

is worth the time and resources. Research could be 

conducted to investigate the value of beginning the 

manipulative experience in the primary elementary grades, 

since no reading or abstract reasoning is required. 

Again, children with ADHD Rating Scale scores did not 

show an interaction with the treatment mode on problem 



130 

solving scores, again suggesting that either manipulative 

experience (robotics or battery powered manipulative) 

equally met the needs of all students. These findings do 

not necessarily conflict with Flake {1990). She reported the 

value of robotics for the very active child on problem 

solving (overall) tests; however, she did not use a novelty 

1 manipulative control. 

The results for interaction between learning styles and 

treatment mode on overall problem solving tests were similar 

to the results above. Again, it appears some manipulative 

experience, whether robotics or a battery powered 

manipulative, meets the needs of all of the physical 1 

perceptual mode learning styles. 

Problem Solving (Programming Logic) 

The current research results support that robotics 

improved programming problem solving, but did not improve 

overall problem solving. Several possibilities might be 

offered to explain these results . 

"Problem solving allows children to apply skills and 

become involved in intriguing situations that demand careful 

and creative thinking (Shaw, 1990). Speedie, Treffinger, 

and Houtz {1976) point out that there is no unitary problem 

solving ability. The overall problem solving test used in 

the current research involved the areas of sequencing, 

prediction, analyzing and planning, logic, missing 
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information, and multiple solution problem solving. It 

appears that the problem solving (overall) skills considered 

prerequisite to problem solving (programming) may not be as 

transferable as anticipated or that actual hands-on 

experience in problem solving (programming) is needed to 

solidify those skills to a demonstrable degree (Mayer, Dyck, 

& Vilberg, 1986). 

Is the reverse true? Since there was not a 

demonstrable difference in overall problem solving, but 

there was a significant difference in programming skills, 

either the overall problem solving test was not sensitive 

enough to identify this added problem solving skill, or 

problem solving as demonstrated by programming logic is not 

effectively being transferred into overall problem solving. 

Much has been written about the benefits of programming 

to improve problem solving (Grimmett, 1990; Horton, 1986; 

McCoy, 1989; Soloway, 1986). Dr. Robyler extensively 

analyzed research results on computer assisted instruction 

as it pertained to attitudes and achievement. She spoke for 

the United States at the Fifth International Conference on 

Education and Technology in Edinburgh, Scotland in 1988. She 

concluded that there were "some surprisingly good results 

using Logo to teach problem-solving skills and also some 

consistently high results on the effects of Logo on 

creativity" (Conference report, 1988, p. 25). 

I 

I 

I 
I 
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McCoy (1989-90) suggests that programming alone will 

not improve overall problem solving. What seems to be 

needed is bridging one's understanding from one form to 

another. "In order to promote problem solving, there are 

three essential components that must be taught in computer 

programming classes: metacognition, planning, and 

debugging ... students must be aware of their own problem 

solving behavior while they are solving problems" (p. 46). 

It has been demonstrated that abstract reasoning can be 

taught to children as young as second grade when 

relationships between ideas and the decision making process 

are made clear (Tamashiro, 1991). Programming seems ideal 

as a medium for identifying and applying bridging and 

transference techniques, but research suggests that 

transference skills must be specifically taught and not 

considered inherent in the analysis process 

(Keller, 1990). This current research seems to support this 

final premise. 

In summary, in this research study, a quantitative 

evaluation failed to show statistical significance in any 

area except problem solving (programming logic) when 

compared against a novelty or non-novelty control and 

problem solving (overall) when the traditional class was 

used as the control. Perhaps a multimodal experience such 

as robotics does not lend itself to being effectively 

analyzed using classical statistical techniques. "We need 
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to recognize that a phenomenon such as creativity is also 

too complex for representation by a single score or index. 

One productive alternative, for example, may be •.. 

documenting various components of students' creative talent 

through a portfolio or profile" (Treffinger, 1980, p. 28). 

However, it is my personal observation and belief, that 

the research design and analysis as carried out for the 1 

week and 2 week treatments, accurately reflects the robotics 

experience compared to the battery powered motorized 

manipulative and traditionally taught class, on traditional 

science test scores and on overall and programming problem 

solving scores. These results might differ if this had been 

a longitudinal study or if there had been an accurate way to 

reflect depth of knowledge that did not involve reading and 

writing skills. 

Regarding special groups of ' children, children with 

high ADHD scores in either treatment mode were perceived by 

their teachers as more actively involved in their lear ning 

experience than was their norm. Also they were not 

identifiable from their peers in either science achievement 

scores or in problem solving, suggesting that the use of 

both the robotics and the battery powered motorized 

manipulatives deserve more investigation .(Cohen, 1984). Any 

experience where a child with high ADHD scores is not 

significantly different that their peers should be 
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considered in a positive light and studied further (O'Brien, 

1986) • 

In this study, learning styles did not produce a 

significant interaction with the treatment mode. However, 

sufficient evidence to identify which type of learner might 

do best using robotics may still be a valid question, but 

this needs to be tested in a design where there is no 

pretreatment "lecture" period. 

Recommendations for Future Study 

As with much research, the findings of this current 

research create more questions than answers. A valuable 

piece of the puzzle concerning the objective educational 

value of robotics has been contributed; however, these 

results represent a single study. Also, it should 

be noted that this was a classical statistical analysis of 

an educational area, robotics, that is most often reported 

in qualitative terms (Campbell, 1988-89; Menken, 1990; 

Shimabukuro, 1989; Winer, 1989). 

Based upon the results of this study, the following 

questions deserve further attention: 

* Is there a length of treatment that will cause the 

robotics treatment to show greater science achievement and 

overall problem solving than the battery powered 

manipulative group? 



* Would a longer duration for each robotics session 

produce different results? 
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* What is the minimum length of treatment (robotics or 

battery powered manipulative) that results in significantly 

different results in problem solving over the traditionally 

taught science class? 

* What is the specific value of the problem solving 

(programming logic) gained from learning robotics and does 

it require teacher intervention to be transferable to 

overall problem solving? 

* Is there a difference in science achievement scores 

or in problem solving scores between robotics and battery 

powered manipulatives when no pretreatment science concept 

foundation is laid? 

* Are robotics more effective with certain groups of 

children when they receive no pretreatment foundation of 

information? 

* Do robotics interact with specific learning styles 

when the control group does not also involve a hands on 

manipulative? 

* Do robotics interact with ADHD scores when the 

control group does not also involve a hands on manipulative? 

* Would a demonstration 1 application test of science 

concepts result in different findings than the traditional 

paper 1 pencil test published by the science text publisher? 
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* Would problem solving results differ using a problem 

solving test with an unlimited range for identifying overall 

problem solving abilities? 

* Do robotics significantly differ from battery 

powered manipulatives in their effect on children's 

creativity, self-esteem, or some other area that might be 

classified as enrichment versus academic achievement? 

Robotics continues to be worthy of more experimental 

research focusing on the specific components that contribute 

to the full robotics experience that is so often reported 

qualitatively. The specific value of programming to overall 

problem solving needs to be articulated, especially if it 

requires a teacher to bridge transference. As educators 

strive to find better ways to help children reach their 

potential in the areas of science and problem solving, the 

need for systematic research intQ the field of robotics will 

continue to grow. 
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APPENDIX A 

Science Achievement and Problem Solving Tests 



SCIENCE ACHIEVEMENT 

Chapter and Unit tests were used from: 

Journeys in Science, 5th grade edition 

Unit 4: Force, Motion, and Machines 

Chapters 8 and Chapter 9 

copyright 1988 

MacMillan Publishing Company 

866 Third Avenue 

New York, New York 1022 
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OVERALL PROBLEM SOLVING 

Overall problem solving was evaluated in the following 

manner: 

* Identify the problem to be solved in a given situation 

(e.g. Read the following problem situations. Circle the 

letter of the question which best describes the 

problem to be solved). 
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* Tell what will happen when given a set of instructions 

(e.g. Read the following sets of instructions. Circle the 

letter of the most likely outcome if the instructions are 

followed in order). 

* Put in correct order the .steps. for a given set of 

instructions (e.g. For each problem below, number the steps 

to the solution in a logical sequence using 1 for the first 

thing you would do, 2 for the second thing, and so on. Then 

tell what you think the problem is.) 

* Follow a set of if 1 then instructions (e.g. Read each 

sentence and do what it tells you to do) 

* Find and correct errors in a simple set of instructions 

which contains insufficient or extraneous information (e.g 

Read the following problems and decide what information is 

needed to solve the problem. On the line write what else 

you need to know in order to solve the problem). 



Questions were used from: 

Computer Literacy 

Standard F: Problem Solving 

copyright 1987, 1988 

UCF/DOE Instructional Computing Resource Center 

University of Central Florida 

College of Education 

Orlando, Fla. 

Dr. Donna Baumbach, Director 

and 

Computer Literacy Basic Skills. Curriculum K-6 

Standard F: Problem Solving 

Sections 4 and Section 6 

copyright 1985 

School Board of Brevard County 

Viera, Fla. 

Raymond E. Rogers, Director Elementary Programs 

Carolyn Hecker, Computer Resources Instructional Services 
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The overall problem solving test also included: 

Two questions which referred to a detailed 4 X 6 

picture of a Lege car that resembled the old "Tin Lizzy". 

The students were asked to: "Write your solution to the 

following problems. (Note: More than one correct answer is 

possible.) 

* What could you change on this machine to improve its 

speed? (The focus of Chapter 8) 

* What could you change on this machine to improve 

force or strength? (The focus of Chapter 9) 

PROBLEM SOLVING / PROGRAMMING LOGIC 

This test was a single programming question. The same Lege 

car was shown, as above and a Lege stoplight was also shown. 

The student's were asked: "Using the following commands, 

write a short sequence of commands that will make the 

machine go FORWARD and STOP after the red traffic light 

turns on. Assume the machine is plugged into slot 4 and the 

red traffic light is plugged into slot 2. (You do not need 

to turn on the other lights.) 
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Commands were also included: 

Talkto 

On for 

On 

Off 

= causes that slot to do the commands that follow 

= causes the slot to turn on for a specific 

length of time. (The sequence or program MUST 

WAIT for the given amount of time, BEFORE it 

will do the commands that follow.) 

= turns on the slot permanently until it is told 

to turn off. (The sequence or program goes 

on WITHOUT waiting or pausing, after it turns 

the slot on.) 

= turns off the slot permanently until it is 

told on or onfor ___ • (The sequence or 

program goes on WITHOUT waiting or pausing, 

after it turns the slot off). 



APPENDIX B 

Written sample of commands that were taught 

verbally and demonstrated for programming robotics 
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Walkthrough for Loading disk & Preparing Disk to save programs & power robotics: 158 

1. lrisert the disk into the disk drive and close door. 

2. Turn on computer and monitor (&/or power surge). 

3. The title screen will appear. Press Return . 

4. The Main Menu will now appear on the screen: 

5. Choose New Page. Press Return. 

6. A blank screen divided into 2 parts will appear. The top of the screen will show a line 

that will show your page name after you name it. Below the thick line at the bottom third 

of the page is the area you will type in your commands one at a time using the blinking 

square cursor in that same lower area. In the upper two thirds of the page is a cursor square 

that is NOT blinking, you will use it to create sequences of commands (procedures) which 

will be used as if they were a part of the original language (primative commands). You 

change between the upper screen and the lower screen by holding down the apple key while at 

the same time pressing the u key (u for up). To return down to the lower screen/ command 

area, hold down the apple key while pressing the d key (d for down). No commands or 

procedures will actually happen (be executed) unless they are correctly 

typed in the command area (lower third) of the screen. 

7. Type NP "mypagename (note there is no closing quote and a space is required 

between the p and the • No other spaces are allowed when naming the page). Press 

Return. 

8. At the top of the screen, the name you named the page should appear. Any work 

you want to save will be saved under this name. 

To test how saving a page works ... 

9. Press ESC. In the robotic computer language (which shares most of the same commands 

as LogoWriter), pressing ESC one or two times will save your work. 

10. When your work is saved, your page name will appear as a choice on the Main 

Menu. 

11. Use your down arrow key, and highlight the name of your named page. Press Return. 

12. You should now be back on the page you started from (the page name will appear at the 

top of the page). Your blinking cursor square will be in the same area of the screen that you 

left it, & any commands that you had been working with will still be there. 



Sample turn: Tutorial teaches TTO _a single numbered slot, TTO _a lettered slot 159 

On, Off, Onfor _ a specific amount of time, RD reverse direction, TTO [2 4] 

multiple numbered slots 

Demonstrates TTO ON OFF 

1. Plug your creation (motor or light) into slot 2. 

2. Below the thick line, in the command area type TTO 2 Press Return 

3. Below the thick line, in the command area type ON Press Return 

4. Your creation should turn on. 

5. Below the thick line, in the command area type off Press Return 

6. Your creation should stop moving or the light turn off 

7. Plug another creation (motor or light) into slot 4. 

8. Below the thick line, in the command area type TTO 4 Press Return 

9. Below the thick line, in the command area type ON 

1 0 . Your second creation should turn on. 

11 .. Below the thick line, in the command area type off 

Press Return 

Press Return. 

12. Your 2nd creation should stop moving or the light turn off 

Demonstrates ONFOR TTO[ ] 

13. With both creations plugged in (one in slot 4 and one in slot 2) 

14. Below the thick line, in the command area type TTO [4 2] Press Return 

15. Below the thick line, in the command area type ONFOR 30 Press Return. 

16. Your creation in slot 4 and in slot 2 should turn on for 3 seconds and then 

automatically turn off. Note the onfor command uses a 1 to 10 ratio, but does not 

use any decimal point. 20=2 sec., 60=6 sec., 600=60 sec. or 1 min., etc. 

Demonstrate ITO "(a lettered slot) R D 

17. Plug in a MOTORIZED creation into slot "B and your light creation into slot 2. 

18. Below the thick line, in the command area type TTO "B (note there is a space & 

then a quote mark • before and beside the B. Letter slots require this single quote, 

numbered slot require no quote). Press Return 

19. Below the thick line, in the command area type ON Press Return. 

20. Observe which direction the motor is turning. If you have a made a 

motorized car, your car will now be moving forward or backward. Also note that one of 

the numbered slots (2 or 3) above the lettered slot has been actively turned on 



automatcally. If the red light is on for slot 2 , both creations should also be on at this 16 0 

time. If slot 3's light is on, only the motorized creation in slot B should be on. 

21. Below the thick line, in the command area type R D Press Return. 

22. Your motor should have reversed direction and your motorized creation should now 

be moving in the opposite direction. Also note that the other one of the numbered 

slots (2 or 3) above the lettered slot has been actively turned on automatically. The 

light plugged into slot 2 will be on or off depending if slot 3 or slot 2 is now 

automatically on in addition to slot •b 

23. Below the thick line, in the command area type RD again. 

24. Your motor should have reversed directions again and your motorized creation 

should now be moving in the original direction and the numbered slot above the 

lettered slot, has automatically changed again. 

25. Below the thick line, in the command area type Off Press Return. 

26. No lights or motors should be on or moving. 

Additional Comments: 

• The very last slot or slots you talkto will be the one that will perform your 

commands. If you want to talkto just one slot or any group of slots !hen you must TTO those 

specific slots right before you begin commanding them. 

• Commands do not h.ve to actually be retyped. You can simply scroll back to a 

command using the up arrow key. Leave the blinking square cursor on your selected command 

and press Return. 

• The programming language does not care whether the commands are typed in upper or 

lower case or a mixture of upper & lower case. 

• Required single spaces must be carefully observed. As a rule of thumb, no letter ever 

touches directly beside a number. 

• Look at the slot you have plugged your motor or light into. If you plugged into slot o, 1, 2, 

3, 4, or 5 you will only be able to control the electricity to that slot by turning it on and ott. 

Only it you plugged into slot •A, •e, or ·c you will have the option of making your motor reverse 

direction (and therefore your machine will go backward). You will talkto (TTO) the slot(s) you 

are plugged into. 



Trouble shooting: 

1. Confirm interface card is in computer slot 3 (for Apple II E) or appropriate slot for 

your computer. See booklet for exceptions. 

2. Confirm interface card cable is securely connected to right side of black interface box. 

3. Confirm interface box power cord is plugged into the right side of the black interface box 

and into a "live· electrical source. (A small red light on the right side of the interface box 

will confirm the power to the interface box is on.). 

4. Confirm the RED STOP button on the right side of the black interface box is in the UP 

postion. 

5. Plug the end of the wire attached to the motor or to the light into any slot 0 through slot 5 

or A, B or C. Do NOT plug into slot 6 or slot 7 without using the manual. 
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APPENDIX C 

Data 



I Week Treatment School A (Treatment/Novelty) 

I.D. Pre ScAch: PST ScAd Pre ScAch2 PST ScAch2 Pre PSI PST PSI Pre PS2 PST PS2 
I 57 75 39 60 86.5 100 86.5 93 
2 60 72 32.5 55 
3 74 63 47.5 55 
4 65 79 37 58 
5 62 70 42.5 62.5 
6 47 79 25 67.5 
7 63 88 22.5 80 
8 
9 

IO 
11 
I2 
I3 
14 
15 
I6 
17 
I8 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

85 
6I 
22 
64 
40 
66 
64 

60 
42 
76 
34 
73 
48 
79 
68 
79 
51 
69 
72 
40 
36 
30 
10 
34 
34 
10 
35 
43 
18 
29 
39 
39 
37 
33 
28 

83 
74 
88 
85 
79 
75 
79 
74 
77 
80 
74 
77 
82 
89 
83 
95 
83 
78 
78 
71 

60 
40 
65 
79 
65 
44 
52 
75 
63 
74 
51 
58 
50 
54 
52 

57 
39 

42.5 
49.5 

22 
39 
40 
39 

37.5 
39 

27.5 
55 

47.5 
52.5 

40 
47.5 

7.5 
37.5 
49.5 

21 
36 
10 

18.5 
43.5 
18.5 
2.5 
10 

47.5 
33.4 
18.5 

36 
30 

22.5 
25 
35 

72.5 
50 

52.5 
77.5 
57.5 

42 
56 

42.5 
35 
67 
42 

62.5 
47.5 
77.5 

55 
62.5 
49.5 
57.5 
74.5 

65 
49.5 

30 
52.5 
62.5 
54.5 

47 
45 
55 

37.5 
72.5 
37.5 

64 
52.5 

60 
40 

94 80 94 82 
85 
89 
85 

72.5 
86.5 

84 
69 
74 

100 
79.25 

80 
69 

86.5 
86.75 

85 
84 
85 

73.75 
96.5 
84.5 

80 
85.5 

75 
88 

39.5 
48 

22.5 
40 
45 

59.75 
53.5 

43 
93 

44.25 
65 

47.5 
46.5 

35 
60.25 
48.5 

80 
80.5 

80 
97.5 
77.5 
100 
76 
90 

85 
89 
85 

72.5 
86.5 

84 
69 
74 

85 100 

85 79.25 
85 80 
80 69 
83 86.5 
82 86.75 
93 85 
82 84 

82.5 85 
68.5 73.75 

95 96.5 
90 84.5 
85 80 
80 85.5 
80 75 
85 88 
80 39.5 

66.25 48 
70.5 22.5 

80 40 
95 45 
90 59.75 
65 53.5 

76.5 43 
100 93 
88 44.25 
94 65 

80.5 47.5 
81.5 46.5 

65 35 
73.5 60.25 

74 48.5 

95.5 
82 
90 
97 
93 
97 

81.25 
83 

86.25 
82 

92.5 
89.5 

67 
80 
85 

87.5 
98 

78.75 
83 
73 

91.25 
79.5 

82 
87.5 

79 
61 
82 

77.75 
86.25 

83.5 
63.75 

82 
88 
87 

97.5 
70.75 

81 
68.5 

81 
59.5 
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1 Week Treatment School A (Treatment/Novelty) 

I. D. Pre ScAch: PST ScAct Pre ScAch2 PST ScAch2 
43 45 49 15 57.5 

44 

45 
46 
47 

48 
49 
50 
51 
52 
53 

54 
55 
56 

57 
58 
59 
60 
61 
62 

63 
64 

65 
66 
67 
68 
69 
70 
71 

72 
73 
74 

75 
76 
77 
78 
79 
80 

81 
82 
83 

84 

61 

80 
49 

25.5 

56 
51 
76 

69 
51 
60 

59 
51 
57 

69 
53 
54 

5 
77 
34 
56 
75 
53 

61 
77 
65 
60 
50 
85 
56 
47 

64 

52 
70 
60 
61 
71 
55 
46 
42 
60 

43 

73 

90 
59 
66 

90 
85 
87 
78 

79 
86 

78 

62 
61 

88 
76 
91 
76 
80 
59 

82 
90 
84 

72 
98 
81 

63 
75 

94 
83 
57 
88 
64 
86 
79 
81 
85 
74 

55 
85 
97 

58 

43.5 

53.5 
45 

35 
38.5 
32.5 

45 

32.5 
27.5 
42.5 

32.5 
36 

23.5 
35 
35 

27.5 

28.5 
26 
31 

35 
52.5 
28.5 

30 
50 

43.5 

37.5 
20.5 
48.5 

40 
38.5 
38.5 

6 
40 
30 
25 

52.5 
30 

24.5 
32 

32.5 
34.5 

76.5 

47.5 
52.5 

70 

83.5 
30.5 
56.5 
44.5 

75 
70 

52 
57.5 

36 

775 
445 
47.5 

58.5 
595 

57 

52.5 
92.5 

52 

535 
825 

71 

62 
72 
75 

64 
60 
75 

47.5 
625 

50 
55 
70 

475 

42 

72 
72.5 
42.5 

Pre PSI PST PSI Pre PS2 PST PS2 
40.5 72.5 40.5 73.75 

95.5 93.5 95.5 94 

87.5 95 87.5 98 
74.5 

17 
73.5 

61.25 
77.5 
77.5 

84 
81.25 

62 
82.5 

55 
90 

67.5 
50 

82.5 
86.5 

66.25 
78.75 

95 
67 

61.5 

99 
70.25 

78 

62.5 
80 

84 
47.5 
61.5 

40 
84 
77 
64 
70 

74 

57.5 
74 

90.5 

65.5 

85 
54.5 

93 
92 
95 

85 
82.5 

85 

95 

90 
83 

95 
68.5 

76.25 
78 

88.25 
70.75 

86 
89 
67 

91 
100 

78.25 

90.25 

94 
89 

90.25 
77.5 

71 
57 
81 

785 
83 
98 

87.5 

74 

92 
88.5 

77 

74.5 
17 

73.5 
61.25 
77.5 
77.5 

84 
81.25 

62 
82.5 

55 
90 

67.5 
50 

82.5 
86.5 

66.25 
78.75 

95 
67 

61.5 
99 

70.25 
78 

62.5 
80 

84 
47.5 
61.5 

40 
84 
77 
64 
70 

74 
57.5 

74 

90.5 
65.5 

84.5 

68 

82 
80 
85 

84.5 
77.5 
83.5 

95 

90 
63 

100 
61.5 

80 
85 
78 
78 

78.75 

90 
77 

74 

99 
77.75 

77.5 

90 
98 

79 
60 

81.5 
77 
85 
81 

94.5 

90 
80 

79.5 
88 
88 
75 
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1 Week Treatment School A (Treatment/Novelty) 

I. D. Pre ScAch: PST ScAct Pre ScAch2 PST ScAch2 
85 60 71 31 62.5 
86 65 76 37.5 49 
87 53 76 34 67.5 
88 20 54 32.5 45 
89 46 70 39.5 40 

Pre PS1 PSTPS1 
67.5 77 

50 73.5 
69 82 

0 64 
36.5 58 

Pre PS2 
67.5 

50 
69 

0 
36.5 

PSTPS2 
90.5 
83.5 
69.5 

54 
59.5 
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II 

I 
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1 Week Treatment School A (freatment/Novelty) 166 

I.D. Pre Pgm1 PSTPgrnl PST Pgm2 GRADE 1st Meth SEX 

1 0 17 0 42 6 BAT F 
2 0 0 0 0 6 BAT F 
3 0 0 0 25 6 BAT F 
4 25 17 25 0 6 BAT F 
5 0 0 0 0 6 BAT F 
6 0 25 0 42 6 BAT F 
7 0 0 0 0 6 BAT M 

8 25 25 25 0 6 BAT M 

9 0 17 0 25 6 BAT M 

10 0 0 0 0 6 BAT M 

11 0 50 0 50 6 BAT M I I 
12 17 0 17 0 6 BAT M 
13 50 50 50 25 6 BAT M 
14 0 0 0 25 6 COMP F 
15 17 17 17 0 6 COMP F 
16 0 25 0 17 6 COMP F 
17 0 0 0 25 6 COMP F 
18 0 0 0 0 6 COMP F 
19 0 50 0 75 6 COMP M 
20 25 25 25 25 6 COMP M 
21 50 50 50 50 6 COMP M 
22 0 17 0 0 6 COMP M 
23 0 25 0 25 6 COMP M 
24 0 33 0 0 6 COMP M 
25 17 17 17 0 6 COMP M 

' 26 0 8 0 8 6 COMP M 
27 0 0 0 50 4 BAT M 
28 0 25 0 17 4 BAT M 
29 0 0 0 25 4 BAT F 
30 0 42 0 58 4 COMP F 
31 0 83 0 83 4 COMP M 
32 0 17 0 42 4 BAT M 
33 0 0 0 33 4 BAT M 
34 0 0 0 0 4 COMP M 
35 0 67 0 67 4 COMP F 
36 0 0 0 33 4 BAT F 
37 0 42 0 58 4 BAT F 
38 0 17 0 17 4 COMP M 
39 0 0 0 25 4 BAT F 
40 0 0 0 0 4 COMP M 
41 0 33 0 50 4 COMP M 
42 0 0 0 33 4 BAT M 



1 Week Treatment School A (Treatment/Novelty) 167 

I. D. PrePgm1 PSTPgm1 PrePgm2 PST Pgm2 GRADE 1st Meth SEX 

43 0 42 0 33 4 COMP F 
44 0 25 0 58 4 COMP F 

45 0 67 0 83 4 COMP M 
46 0 25 0 33 4 COMP F 
47 0 0 0 33 4 BAT M 

48 0 0 0 0 5 BAT M 
49 0 8 0 0 5 BAT F 
50 0 0 0 0 5 BAT M 

51 0 25 0 25 5 COMP M 

52 0 0 0 25 5 BAT F 
53 0 0 0 0 5 COMP M 
54 0 0 0 0 5 BAT M 
55 0 0 0 0 5 COMP F 
56 0 50 0 17 5 COMP F 
57 0 17 0 0 5 COMP M 
58 0 8 0 17 5 BAT F 
59 0 25 0 75 5 COMP F 
60 0 0 0 17 5 BAT F 
61 0 33 0 58 5 COMP F 
62 0 0 0 50 5 COMP F 
63 0 42 0 25 SCOMP M 
64 50 58 50 42 5 BAT M 
65 0 0 0 0 5 BI\T M 
66 0 33 0 0 5 COMP F 
67 0 75 0 100 5 BAT F 
68 0 3 0 0 5 COMP M 

69 0 8 0 0 5 BAT F 
70 0 25 0 0 6 COMP F 
71 0 17 0 67 6 BAT M 
72 0 42 0 25 6 COMP M 
73 0 0 0 17 6 BAT F 
74 0 0 0 25 6 BAT M 
75 0 0 0 0 6 COMP M 
76 0 0 0 33 6 BAT M 
77 0 42 0 25 6 COMP F 
78 0 0 0 33 6 BAT F 
79 0 67 0 25 6 COMP M 
80 0 17 0 0 6 COMP F 
81 0 17 0 17 6 BAT F 
82 0 17 0 58 6 COMP F 
83 0 0 0 0 6 BAT M 
84 0 8 0 0 6 BAT F 



1 Week Treatment School A (freatment/Novelty) 168 

I.D. Pre Pgml PSTPgml Pre Pgm2 PST Pgm2 GRADE 1st Meth SEX 
85 0 25 0 17 6 COMP F :I 
86 0 0 0 17 6 COMP F 
87 0 0 0 42 6 BAT F 
88 0 0 0 0 6 BAT M 
89 0 17 0 25 6 COMP F 

I 

II 



1 Week Treatment School A (Treatment/Novelty) 169 

I.D. ADHD Auditory Visual Tactile Kinesthetic 

1 NO 72 26 42 53 
2 HIGH 61 45 62 55 
3 NO 51 45 64 48 
4 NO 33 60 49 53 
5 NO 65 30 52 58 
6 NO 58 37 49 53 
7 NO 58 45 49 50 
8 NO 65 45 52 58 
9 NO 44 34 49 48 

10 NO 54 52 49 60 

11 NO 65 45 62 68 
12 NO 9999 9999 9999 9999 
13 NO 69 34 62 58 
14 NO 29 60 54 58 
15 NO 51 26 39 60 

16 HIGH 58 34 49 48 

17 NO 51 52 49 60 

18 NO 29 49 49 48 
19 NO 54 45 52 46 

20 .NO 51 52 44 41 
21 NO 51 41 64 68 
22 NO 29 67 47 65 
23 NO 40 41 44 60 
24 NO 51 49 49 43 
25 NO 65 49 64 68 
26 NO 40 60 62 48 
27 NO 54 30 42 43 
28 NO 36 52 47 48 
29 NO 9999 9999 9999 9999 
30 NO 44 49 57 55 
31 NO 40 37 69 50 
32 NO 54 45 59 60 

33 NO 44 71 59 75 
34 NO 58 56 47 53 
35 NO 58 45 59 72 

36 NO 51 41 49 43 
37 NO 54 45 54 50 

38 NO 54 41 49 58 
39 NO 9999 9999 9999 9999 
40 NO 9999 9999 9999 9999 
41 NO 58 41 44 46 

42 NO 34 52 64 60 



1 Week Treatment School A (freatment/Novelty) 170 

I.D. ADHD Auditory Visual Tactile Kinesthetic 
43 NO 36 49 49 53 
44 NO 65 45 64 70 
45 NO 54 49 59 55 
46 NO 44 52 47 43 
47 NO 51 49 54 58 
48 NO 54 52 47 46 
49 NO 61 52 62 46 
50 NO 47 34 47 31 
51 HIGH 61 37 59 50 
52 NO 47 63 62 60 
53 NO 51 56 49 36 
54 NO 9999 9999 9999 9999 
55 NO 58 52 49 38 
56 NO 61 34 54 58 
57 HIGH 36 60 64 65 
58 NO 44 45 37 29 
59 NO 40 52 42 48 
60 HIGH 61 52 49 60 
61 NO 61 41 59 58 
62 NO 40 52 49 43 
63 NO 58 45 47 55 
64 NO 61 41 59 50 
65 HIGH 61 63 62 58 
66 NO 51 67 64 65 
67 NO 29 23 20 20 
68 NO 54 56 44 55 
69 NO 9999 9999 9999 9999 
70 NO 36 37 54 53 
71 NO 44 45 37 48 
72 NO 72 41 64 58 
73 NO 40 45 32 38 
74 NO 54 45 47 43 
75 NO 40 49 42 58 
76 NO 36 49 52 63 
77 NO 36 49 59 53 
78 NO 40 60 67 63 
79 NO 69 34 62 65 
80 NO 44 49 64 70 
81 NO 61 26 59 60 
82 NO 44 56 69 58 
83 NO 47 45 34 41 

I 84 NO 9999 9999 9999 9999 

I[ I 
I 



1 Week Treatment School A (Treatment/Novelty) 171 

I , 

I. D. ADHD Auditory Visual Tactile Kinesthetic 

I 
85 NO 54 41 52 20 
86 NO 9999 9999 9999 9999 
87 NO 40 37 24 33 
88 NO 44 34 32 26 
89 NO 54 49 57 41 



2 Week School A (freatment/Novelty) 

1.2 
2.2 
3.2 
4.2 
5.2 

6.2 
7.2 
8.2 
9.2 

10.2 
11.2 
12.2 
13.2 
14.2 
15.2 
16.2 
17.2 
18.2 
19.2 
20.2 
21.2 
22.2 
23.2 
24.2 
25.2 
26.2 
27.2 
28.2 
29.2 
30.2 
31.2 
32.2 
33.2 
34.2 
35.2 
36.2 
37.2 
38.2 
39.2 
40.2 
41.2 
42.2 

Pre ScAch PST ScAch 
44 90 

31.5 61 
37.5 96.5 

23 62 
36 66 

29.5 
48 

35.5 
58.5 

41 
40 
40 

37.5 
24 
36 
62 
53 

37.5 
53.5 

40 
45 
0 

39 
35 
15 
24 
43 

40.5 
62 
33 

42.5 
16 

43.5 
63 

57.5 
36 
42 

47.5 
46 
51 

36.5 
64 

72 
75.5 
69.5 

75 
81 

77.5 
56 
48 
80 

65.5 
72 

89.5 
78 

77.5 
52 
55 

48.5 
85.5 
65.5 

51 
83 
74 
64 

78.5 
n.s 

64 
62 

67.5 
95 

82.5 
66 
80 
52 
38 
72 
76 
93 

Pre PSolv 
90 

72.5 
75 
63 

43.5 
77 
89 

58.5 
66.25 

60 
85 

70.5 
775 

50 
61.25 

92 
84 

835 
51.25 

74 

56 
66.5 

70 
67 
78 
40 

725 
52 
83 

53.5 
80.25 

65 
60 
90 

92.5 
27.5 

33 
58 
36 
82 

375 

84 

PSTPSolv 
98 
80 

96.5 
79 

65.5 
78.25 
92.25 

64 
69 

73.75 
68.5 

88 
74 

90 
74.25 

88 
85.5 

95 
51.25 
76.5 
76.5 

50.25 
97.5 

75 
86 

85.5 
83 

53.25 
90 
73 

92.5 
85.75 

82 
92.5 

83 
79.5 

89 
955 
70.5 

80 
905 
87.5 

Pre Prgm PST Prgm Grade 
50 75 

0 0 
0 25 
0 0 
0 0 

25 17 
0 17 

25 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 25 
0 25 
0 33 

17 25 
0 50 
0 0 
0 33 
0 0 

25 25 
0 50 
0 67 
0 25 
0 0 
0 0 
0 0 

25 10 
0 0 

17 25 
0 0 
0 0 
0 0 
0 33 
0 0 
0 0 

17 0 
0 0 
0 50 
0 33 

17 50 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

172 



2 Week School A (Treatment/Novelty) 

ID# Pre ScAch PST ScAch Pre PSolv 
43.2 44 40 35 
44.2 0 51 41 
45.2 46.5 50 62.5 
46.2 
47.2 
48.2 
49.2 
50.2 
51.2 
52.2 
53.2 
54.2 
55.2 
56.2 
57.2 
58.2 
59.2 
60.2 
61.2 
62.2 
63.2 
64.2 
65.2 
66.2 
67.2 
68.2 
69.2 
70.2 
71.2 
72.2 
73.2 
74.2 
75.2 
76.2 
77.2 
78.2 
79.2 
80.2 
81.2 
82.2 
83.2 
84.2 

53.5 
32 
26 

58.5 
51 
36 

72.5 
71.5 

49 
64.5 
48.5 

29 
57 

31.5 
44.5 
38.5 

54 
45 

53.5 
42 
41 
65 
53 
57 
53 

60.5 
51.5 

50 
28 
45 
43 
46 
43 
40 

62 
35.5 
39.5 
49.5 

41 

73.5 
67 

41.5 
62 
86 

64.5 
77 
90 
74 

77.5 
78 
78 
80 
68 
87 
80 
80 
80 

37.5 
85 
79 
50 
96 
80 

84.5 
63.5 

61 
67 
34 

46.5 
63 
86 

61.5 
61.5 
74.5 

72 
84 
83 
49 

57.25 
56 

47.5 
52.5 
73.5 

10 
83 

87.5 
32.5 

75 
81.25 
66.5 
64.5 

70 
54 
59 
60 

46.5 
79 

81.5 
86.5 

65 
84 

64.5 
74 
79 

76.25 
89 

38.5 
55 

51.5 
70.5 
66.5 
65.5 

95 
89 
95 
89 

85.5 

PST PSolv Pre Prgm PST Prgm Grade 
76 0 0 

49.75 0 0 
59.25 0 0 

77.5 0 50 
77 0 42 

80.5 0 0 
53.75 17 0 
95.5 0 83 

83 0 67 
91 0 100 
99 25 50 

88.5 
90 

76.75 
91 
80 

77.5 
82 

90.5 
88 

77.5 
77.5 

99 
81 
78 
91 
80 

74.5 
71.5 

82 
80.5 

42.75 
73 
85 
82 
73 

72.25 
85 
83 
93 

97.5 
90.25 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

25 
25 

8 
0 

58 
2 
8 

17 
17 
0 
8 

17 
0 

17 
17 
50 
33 
5 

58 
17 
33 
25 

8 
0 
8 

17 
17 
25 
17 
0 

58 
0 
0 
5 

25 

4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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2 Week School A (Treatment/Novelty) 174 

[I 

ID# PreScAch PST ScAch Pre PSolv PSTPSolv PrePrgm PST Prgm Grade 

85 .2 35 44 65.5 78.25 0 33 5 
86.2 39 35 74 73.5 0 0 5 
87.2 45.5 72 94 88 0 50 5 

II 88.2 51 80.5 78 75.25 0 0 5 
' 91 5 89.2 64 71.5 82.5 0 0 

11\ 
90.2 58 95 90 99 0 100 5 

91.2 53 94.5 85.5 86.25 0 33 5 

II 
92.2 55.5 57.5 71.25 76 0 25 5 
93 .2 59 80 85 93 0 0 5 

1\

1 
94.2 22 70 83 100 0 33 5 
95.2 29 52 52.25 77 0 25 5 

96.2 80 99 85 100 17 100 5 
1\ 97.2 46.5 83 64 90.5 33 0 5 

98.2 59 95 99 94.5 0 67 5 

99.2 29 75.5 47.5 89.25 0 50 5 
100.2 24 55 61.25 49.25 0 0 5 
101.2 30 96.5 85 95 0 0 5 
102.2 35 60.5 83.25 94 0 33 5 
103.2 62 96.5 95 99 0 58 5 
104.2 18 50 41.5 31.75 0 0 5 
105.2 56 68 83 87.5 0 33 6 
106.2 43 99 88 100 25 75 6 
107.2 64.5 87.5 82.5 100 0 33 6 
108.2 61.5 100 72.5 91 0 33 6 
109.2 67 73.5 73 93 0 33 6 
110.2 45 79 67.5 86.5 25 0 6 
111.2 53 80 77.5 88.5 0 0 6 
112.2 88 88 95 94 25 83 6 
113.2 54 69.5 89.5 89.5 0 0 6 
114.2 40 57 87.5 84.5 0 0 6 
115.2 60 91 85 94 0 100 6 
116.2 63.5 85 86.5 87.75 0 0 6 
117.2 74 61 88 92 0 0 6 
118.2 51 88 84 95 0 50 6 
119.2 60 86 60 90 0 50 6 
120.2 55 99 95 95.5 0 0 6 
121.2 55 68 75 97 17 0 6 
122.2 52.5 53 66.25 79.25 0 0 6 
123.2 49 80 80.5 83 0 17 6 
124.2 43 77.5 87.5 90 0 17 6 
125.2 59 51 81.5 90 0 0 6 
126.2 65 89 71.25 88 0 0 6 
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2 Week School A (Treatment/Novelty) 175 

ID# Method ADHD SEX Auditory Visual Tactile Kinesthetic 
43.2 COMP NO M 65 30 69 53 

.44.2 COMP NO F 61 37 57 60 
45.2 COMP IDGH M 36 56 42 33 
46.2 COMP IDGH M 47 60 52 60 

I 
47.2 COMP NO F 36 60 52 48 
48.2 COMP NO F 54 52 62 53 
49.2 COMP NO M 51 49 52 50 

I 
50.2 COMP NO M 22 52 52 36 
51.2 COMP NO M 58 45 44 60 

I 
52.2 COMP NO M 61 37 39 53 
53.2 BAT NO M 44 49 54 46 

I 
54.2 COMP NO M 47 56 57 46 
55.2 BAT NO M 54 45 47 38 
56.2 BAT NO M 40 49 49 53 

I I 57.2 BAT NO M 65 34 44 46 
58.2 COMP NO M 9999 9999 9999 9999 

I 59.2 BAT NO M 61 37 54 55 
60.2 COMP NO M 58 56 49 58 

II 61.2 BAT NO M 33 71 39 41 
62.2 COMP NO M 54 45 67 63 
63.2 COMP NO M 69 45 57 58 

II 64.2 COMP NO F 9999 9999 9999 999 
65.2 BAT IDGH F 61 41 59 58 
66.2 COMP NO F 54 37 54 60 
67.2 BAT IDGH F 99 49 59 58 
68.2 COMP NO F 44 56 39 41 ' 
69.2 BAT NO F 22 63 54 46 
70.2 COMP IDGH F 61 34 52 46 
71.2 BAT NO F 40 63 57 50 
72.2 COMP NO F 33 67 57 60 
73.2 BAT NO F 69 60 52 72 
74.2 COMP NO F 40 49 49 55 
75.2 BAT NO F 65 26 67 60 
76.2 COMP IDGH F 33 63 54 41 
77.2 BAT NO F 44 52 64 60 
78.2 COMP NO F 51 41 52 60 
79.2 BAT IDGH F 69 34 59 60 

I 
80.2 COMP NO M 65 34 64 58 
81.2 BAT NO F 29 56 34 41 
82.2 BAT NO F 22 67 69 70 
83.2 BAT IDGH M 33 60 64 48 
84.2 COMP IDGH F 54 45 37 36 



2 Week School A (Treatment/Novelty) 

ID# Pre ScAch PST ScAch Pre PSolv PST PSolv Pre Prgm 
127.2 48.5 60 52.5 87 
128.2 59 835 87.5 100 

PST Prgm Grade 
0 0 
0 50 

6 
6 
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2 Week School A (Treatrnent:/N ovelty) 

ID# Method ADHD SEX Auditory Visual Tactile 

1.2 COMP NO M 22 71 64 

2.2 BAT NO F 47 71 47 

3.2 BAT NO M 40 49 52 

4.2 BAT NO F 36 34 49 

5.2 BAT NO M 47 34 52 

6.2 BAT NO M 44 49 44 

7.2 BAT NO F 72 49 54 
8.2 BAT NO M 51 49 47 

9.2 BAT NO F 40 37 54 

10.2 BAT NO F 9999 9999 9999 
11.2 BAT NO F 36 52 57 

12.2 COMP NO F 54 56 39 

13.2 BAT NO M 9999 9999 9999 
14.2 COMP HIGH M 51 41 64 

15.2 COMP NO M 29 37 20 

16.2 COMP NO F 54 34 44 

17.2 COMP NO F 36 63 64 

18.2 COMP NO F 65 41 37 
19.2 BAT NO M 40 34 49 
20.2 COMP NO F 40 60 44 

21.2 COMP NO F 51 26 47 

22.2 COMP NO M 69 26 59 
23.2 COMP NO M 58 49 47 

24.2 COMP NO M 9999 9999 9999 
25.2 COMP NO M 65 41 59 
26.2 BAT HIGH M 33 63 57 

27.2 BAT NO M 44 49 52 
28.2 BAT NO M 44 63 47 
29.2 BAT NO M 65 34 57 

30.2 BAT NO F 41 52 59 
31.2 BAT NO F 40 52 42 
32.2 BAT NO M 44 49 41 
33.2 BAT NO M 54 31 59 
34.2 BAT NO M 36 61 44 
35.2 BAT NO F 36 63 44 
36.2 BAT NO F 54 60 51 
37.2 BAT NO M 40 52 54 
38.2 BAT NO M 51 45 51 
39.2 COMP NO F 47 63 47 
40.2 COMP NO M 47 67 44 
41.2 COMP NO M 54 34 57 

42.2 COMP NO F 58 49 64 

Kinesthetic 
65 
43 
48 
26 
41 
36 
70 
46 
41 

9999 
38 
48 

9999 
63 
29 
48 
58 

50 
50 
58 
38 
43 
38 

9999 
53 ' 
46 
43 
58 
55 
50 
41 
41 
58 
41 
50 
58 
50 
43 
43 
43 
58 
55 
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2 Week School A (Treatment/Novelty) 178 

ID# Method ADIID SEX Auditory Visual Tactile Kinesthetic 

85.2 COMP NO F 51 56 44 48 

86.2 BAT HIGH F 51 49 47 41 

87.2 BAT NO F 47 45 57 48 

88.2 BAT NO M 33 71 44 36 

89.2 BAT NO F 65 30 59 68 

90.2 BAT NO M 44 49 52 43 

91.2 COMP NO M 9999 9999 9999 9999 
92.2 COMP NO F 47 37 49 60 
93.2 COMP NO M 54 41 57 55 
94.2 COMP NO M 36 52 57 43 
95.2 BAT NO F 51 45 34 43 
96.2 BAT NO M 58 49 59 55 
97.2 COMP NO F 51 49 54 55 
98.2 BAT NO F 29 49 59 41 

99.2 COMP NO F 44 60 42 46 
100.2 COMP NO M 9999 9999 9999 9999 
101.2 BAT NO M 72 34 54 75 
102.2 COMP NO M 65 49 69 65 
103.2 COMP NO M 33 71 67 53 
104.2 BAT HIGH M 44 37 37 20 
105.2 COMP NO F 33 52 52 55 
106.2 COMP NO M 58 41 54 55 
107.2 BAT NO F 47 45 52 58 
108.2 BAT NO M 51 49 49 50 
109.2 COMP NO F 47 52 52 43 
110.2 COMP NO M 47 45 49 55 
111.2 BAT NO F 58 37 44 46 
112.2 BAT NO M 61 41 42 36 
113.2 COMP NO M 58 41 47 60 
114.2 BAT HIGH M 69 30 62 60 
115.2 BAT NO M 36 63 59 58 
116.2 BAT NO M 47 52 62 58 
117.2 COMP NO M 58 34 47 60 
118.2 COMP NO M 44 26 32 53 
119.2 COMP NO F 58 41 47 63 
120.2 BAT NO F 47 49 39 43 
121.2 BAT HIGH F 33 60 57 58 
122.2 COMP HIGH M 58 45 44 46 
123.2 BAT NO F 51 49 67 65 
124.2 BAT NO M 40 49 57 50 
125.2 COMP NO F 65 34 52 53 
126.2 BAT NO M 33 56 39 48 



2 Week School A (Treatment/Novelty) 

ID# Method ADHD SEX Auditory Visual Tactile Kinesthetic 
127.2 COMP NO M 58 37 42 48 
128.2 COMP NO F 20 71 42 46 
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180 
1 Week School B (Untreated Traditional Control) 

ID# Sex ScienceAchievement ProbSolv(Overall) PrgmPrSolv GRADE 
lB F 65 71.5 0 5 
2B F 65 71.5 0 5 
3B M 58.5 89.5 0 5 
4B M 62.5 90 0 5 
5B F 62.5 86.75 0 5 
6B F 59.5 93 0 5 
7B F 37.5 19.75 0 5 
8B F 67 60 0 5 

I 

9B F 72.5 52 0 5 
I lOB F 57.5 78.75 0 5 

llB M 65 71.5 0 5 
12B M 62.5 76 0 5 
13B M 75 92.5 0 5 I I 

14B F 85 82 0 5 
15B F 44.5 72.5 0 5 
16B F 85 84 0 5 
17B M 77 54 0 5 
18B F 70.5 56.5 0 5 
19B M 65 58.25 0 5 
20B F 80 68.5 0 5 
21B F 60 82 0 5 
22B M 59 58.5 0 5 
23B F 55 66.5 0 5 
24B F 60 73.5 0 5 
25B M 50 85 0 5 
26B M 62.5 62.5 0 5 
27B M 55 44 0 5 
28B F 60 90 0 5 
29B M 65 45 0 5 
30B F 64.5 62.5 0 5 
31B F 64.5 82 0 5 
32B M 80 71.25 0 5 
33B M 60 83 0 5 
34B M 87.5 83.5 0 5 
35B M 65 71.5 0 5 
36B F 72.5 76 0 5 
37B F 77.5 72 0 5 
38B M 72.5 82 0 5 
39B F 60 62 0 5 
40B F 62 85 0 5 
41B M 52 71.25 0 5 
42B F 64.5 49 0 5 



1 Week School B (Untreated Traditional Control) 181 

ID# Sex ScienceAchievement ProbSolv(Overall) PrgmPrSolv GRADE 
43B M 77.5 77.5 0 5 

44B F 52.5 95 0 5 

45B F 75 88 0 5 

46B F 59.5 69 0 5 

47B M 70 83 0 5 

48B M 61 82.5 0 5 

49B F 65 61.5 0 5 

50B M 85 88 25 5 

51B M 57.5 85 0 5 

52B F 67.5 53.5 0 5 
53B M 70 85 0 5 

54B F 47.5 58.5 0 5 
55B M 60 63.75 0 5 
56B F 69 72 0 5 

57B F 67.5 61 0 5 
58B F 72.5 65 0 5 
59B M 57.5 62.5 0 5 
60B F 70 97.5 17 5 

II[ 61B M 60 79.5 0 5 
62B F 59.5 78 0 5 I 
63B M 82.5 90 83 5 
64B F 67 49 0 5 
65B M 65 68 0 5 
66B M 62.5 30 0 5 
67B M 72.5 78 0 5 
68B M 72.5 55 0 5 
69B F 65 72.5 0 5 
70B M 50 57.5 0 5 



2 Week School C (Untreated Traditional Control) 182 

ID# Sex ScienceAchievment ProbSolv(Overall) ProgramPSolv Grade 

lC F 40.5 0 0 5 

2C F 76 82.5 0 5 

3C M 64 83.5 0 5 

4C M 82.5 79.5 0 5 

5C M 81 61 0 5 

6C F 66 70 0 5 

7C M 68 85 0 5 

8C F 69.5 62 0 5 

9C M 70 77 0 5 

lOC M 56 70 33 5 

llC F 69.5 65.5 0 5 

12C F 72.5 77.5 0 5 

13C M 69.5 62 0 5 

14C M 69 54.25 0 5 

15C M 73.5 35 0 5 

16C F 78 62 0 5 

17C M 69.5 62 0 5 

18C M 88 29 0 5 
19C M 66 40 0 5 
20C F 69.5 62 0 5 
21C M 69.5 62 0 5 

22C M 63 68 0 5 

23C M 98 87.5 0 5 

24C M 92 97.5 25 5 
25C M 55 25 0 5 

26C F 69.5 62 Q 5 

27C M 74 75 0 5 

28C F 53 91 17 5 
29C M 89.5 84 0 5 

30C M 83 62.5 17 5 

31C M 99 90 33 5 
32C M 69.5 62 0 5 

33C F 74 82.5 33 5 

34C M 79 56.75 0 5 

35C M 83 86 17 5 

36C F 88 87 0 5 
37C F 89 87 0 5 

38C M 84.5 87.5 0 5 

39C M 84 92 58 5 
40C F 71.5 78.5 0 5 
41C F 99 98 0 5 

42C F 88.5 88 0 5 



2 Week School C (Untreated Traditional Control) 183 

ID# Sex ScienceAchievment ProbSolv(Overall) ProgramPSolv Grade 

43C F 88 80 25 5 

44C M 69.5 62 0 5 

45C F 79 87 17 5 

46C F 91 88 25 5 

47C F 86 74 0 5 

48C F 73 73 33 5 

49C F 78.5 89 0 5 

50C F 96.5 83 17 5 

51C M 94 81.25 0 5 

52C F 95 5 0 5 

53C M 69.5 62 0 5 

54C F 73 62.5 0 5 

55C M 79 37 0 5 

56C F 87.5 85 0 5 

57C F 83 75.5 0 5 

58C M 74 87.5 0 5 
59C F 69.5 62 0 5 
60C M 58 79.5 0 5 
61C F 56 53.5 0 5 

62C M 76 45 0 5 
63C F 43 69.5 0 5 
64C M 60 62 0 5 

65C F 45 70 0 5 
66C M 90 90 ' 0 5 

67C F 80 92.5 0 5 
68C F 56 66 0 5 
69C M 76 53 0 5 
70C F 66 78 17 5 
71C M 74 77 0 5 
72C M 47 19.5 0 5 
73C M 69.5 62 0 5 
74C M 69.5 62 0 5 

75C M 66.5 90 17 5 

76C F 66 61 0 5 

77C M 77.5 71.25 0 5 
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