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Abstract 

A Quantitative Analysis of Errors during Conditional Discriminations: Changing Sample-

Stimuli Disparity in Delayed Matching-To-Sample Task with Children Diagnosed with 

Autism Spectrum Disorder 

Author: Tiara Rahadian Putri 

Advisor: Christopher A. Podlesnik, Ph.D., BCBA-D. 

Conditional discrimination skill is foundational in teaching many other functional skills in 

children diagnosed with Autism Spectrum Disorder (ASD) and error occur during training. 

Antecedent- and consequence-based intervention are commonly used without the 

understanding of underlying behavioral mechanism responsible for these errors. A 

quantitative framework based on choice- and signal-detection analyses (Davison & Tustin, 

1978) was used to quantify and categorize errors. Three children diagnosed with ASD 

participated. The current study used an automated 0-s delayed matching-to-sample 

(DMTS) procedure on an iPad Pro® 9.7”. Four experimental conditions were arranged 

successively, wherein each corresponded with a level of sample stimuli disparity: high, 

low, and zero, and high disparity. Results showed that changes in sample disparity 

reflected corresponding changes in discriminability (log d) and possibly modulated 

changes observed in stimulus bias (log b stimulus) and location bias (log b location). 

Further correlational analyses confirmed that accuracy (percent correct) was found to have 

strong and positive correlation with discriminability, but weak correlation with stimulus 

and location bias. Clinical practice and research implications were discussed.  

Keywords:  conditional discrimination, bias responding, discriminability, error, autism  



 

iv 

Table of Contents 

Table of Contents ................................................................................................... iv	

List of Figures .......................................................................................................... v	

List of Tables .......................................................................................................... vi	

Acknowledgement ................................................................................................. vii	

Dedication ............................................................................................................. viii	

Introduction ............................................................................................................. 1	

Conditional Discriminations .............................................................................................. 2	

Errors as Discriminability and Bias ................................................................................... 7	

Current Study .................................................................................................................. 11	

Method ................................................................................................................... 13	

Participants ...................................................................................................................... 13	

Setting and Materials ....................................................................................................... 14	

Dependent Variables ....................................................................................................... 14 

Statistical Analysis .......................................................................................................... 14	

Procedure ......................................................................................................................... 14 

Results .................................................................................................................... 21	

Discussion ............................................................................................................... 26	

References .............................................................................................................. 32	

 



 

v 

List of Figures 

Figure 1   — Scheme of DMTS .............................................................................. 41 

Figure 2   — Trial Sequence in DMTS ................................................................... 42 

Figure 3   — Sceme of DMTS on the Experimental Conditions ............................ 43 

Figure 4   — Summary Graphs ............................................................................... 44 

Figure 5   — Results for Warren ............................................................................. 45 

Figure 6   — Results for Arron  .............................................................................. 46 

Figure 7   — Results for Nino ................................................................................. 47 

Figure 8   — Log Reinforcer Ratio for Warren ...................................................... 48 

Figure 9   — Log Reinforcer Ratio for Arron ......................................................... 49 

Figure 10 — Log Reinforcer Ratio for Nino .......................................................... 50 

 
 



 

vi 

List of Tables 

Table 1 — Sessions Numbers Conducted at Home ................................................ 51 

Table 2 — Spearman's Correlational Analysis ....................................................... 52 

 



 

vii 

Acknowledgement 

Dr. Christopher A. Podlesnik, thank you for pushing me to get better at conducting 

research in every component and process involved. Thank you for showing me the 

joy of learning and helping me experience the joy of discovering. Thank you for 

your patience, support, encouragement, advice, and for everything. I sincerely, 

thank you.  

 

Dr. Corina Jimenez-Gomez, thank you for your inputs, support, and encouragement 

during this project. Importantly, thank you for guiding me to be a little better at a 

time at conducting research and telling the stories behind it. Thank you, very much.  

 

Dr. Darby Proctor, thank you for your detailed inputs regarding procedures, 

writing, presenting, and overall insights about the topic. Although I still have a lot 

of learning to do, your inputs are all very helping me becoming a better academic 

writer and presenter. I greatly appreciate it. 

 

Dr. Shawn P. Gilroy, thank you for the time and effort you put into developing and 

adjusting the software and programming according to the needs of this project. 

Thank you for your prompt response and help during the study when I encountered 

any issues with the software. This project could not have done without you. Thank 

you very much.  

 

Ashley A. Felde, thank you for your support, company, encouragement, jokes 

lesson and tips, and endless ice cream scoops. I would not have done this project 

without you.  

 



 

viii 

Dedication 

To my mother, for everything.  

To Niruban, for all your support in every step of the way.  

 

 

 

 



1 

 

A Quantitative Analysis of Errors during Conditional Discriminations:  
Changing Sample-Stimuli Disparity in Delayed Matching-To-Sample Task with 
Children Diagnosed with Autism Spectrum Disorder A Quantitative Analysis of 

Errors during Conditional Discriminations 

Autism Spectrum Disorder (ASD) is a complex disorder that affects mainly 

behavior and other functional skills (e.g., communication, occupational, social 

skills) and typically emerges in early age (American Psychiatric Association, 

2013). Applied Behavior Analysis (ABA)-based intervention is effective (Eikeseth, 

Smith, Jahr, & Eldevik, 2002; Peters-Scheffer, Didden, Korzilius, & Sturmey, 

2011) and serves as a congregate group of learning-based methods for young 

children diagnosed with ASD (Matson & Smith, 2008). It focuses on language, 

imitation, self-help, pre-academics, and social skills (Sturmey & Fitzer, 2007), in 

which every skill targeted is broken down into components and is defined as clearly 

and objectively as possible (Green, 2001). Being able to identify differences and 

similarities among various types of stimuli is a fundamental skill of learning for 

any individual before developing more advanced skills (Lovaas, 1981), such as 

receptive language, academic work (Grow & LeBlanc, 2013), social skills, and 

self-help skills (Lovaas, 1981). Therefore, it is common in many behavior analytic 
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curricula to incorporate discrimination training in any skill acquisition with this 

population.  

Conditional Discriminations 

Conditional discriminations are one way to teach discrimination skill by 

reinforcing a response contingent upon certain antecedent stimuli but not others 

(Grow, Carr, Kodak, Jostad, & Kisamore, 2011). In other words, individuals will 

engage in a particular response contingent upon the presence of a particular 

antecedent stimulus but not in the presence of another. For example, in the presence 

of a vocal stimulus “head” by a teacher, touching one’s own head is reinforced 

while touching the stomach is not; following “stomach” from the teacher, touching 

one’s own stomach is reinforced while touching head is not reinforced. This skill 

facilitates individuals to engage in more complex functional behaviors and promote 

appropriate responses according to the context in the natural environment. For 

instance, one would say “six” when was asked, “how old are you?” and not “what 

is your name?”. Likewise, one would say, “Brandon” when was asked, “what is 

your name?” and not “how old are you?”. 

Matching-to-sample (MTS) procedures are often used to teach conditional 

discriminations in individuals diagnosed with ASD. For example, Slocum, Miller, 

and Tiger (2012) taught children diagnosed with ASD identity matching using red 

and yellow colors. In each trial, the participant was presented with comparison 
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stimuli (i.e., red and yellow circles) on the table, then presented with a sample 

stimulus (i.e., either red or yellow circle) held by the instructor. Finally, 

participants were instructed to match the sample to the appropriate comparison. 

Placing sample stimuli on the corresponding color (i.e. red circle to red circle, 

yellow circle to yellow circle) resulted in praise and edible delivery. Otherwise, the 

instructor physically guided them to engage in the correct response. This procedure 

resulted in the acquisition of color discrimination in all participants. A similar 

procedure was also effective in teaching  adults diagnosed with intellectual 

disabilities to match by touching the comparison picture to the corresponding 

sample picture presented (Gutowski & Stromer, 2003). In basic research, Blough 

(1959) trained pigeons to peck a key illuminated with flickering light following a 

presentation of flickering light on the sample key. In contrast, they trained pigeons 

to peck a key illuminated with steady light following a presentation of steady light 

on the sample key. When pigeons correctly pecked the flickering key following 

flickering sample or steady key following steady sample, they received food on 

those trials; otherwise, no food was delivered. This procedure resulted in the 

acquisition of matching behaviors in all subjects. These studies show that MTS 

procedures are effective for teaching conditional discrimination skill. 

Performance during conditional-discrimination tasks depends on antecedent 

stimuli, responses, and reinforcement, in which each component is interrelated with 

another (Davison & Nevin, 1999). Studies have examined how antecedent- and 



4 

 

consequence-based manipulations affect conditional discrimination performance. 

Green (2001) reviewed the literature on teaching conditional-discrimination skill 

during applications and proposed several antecedent manipulation strategies. 

Antecedent-based strategies minimize errors that might come from faulty stimulus 

control, which may arise from any extraneous teaching components. For example, a 

correct responding may be controlled by the arrangement of comparison stimuli or 

the sequence of sample stimulus presentation (Harrison & Green, 1990; Johnson & 

Sidman, 1993). Placing the correct comparison stimulus relatively more often on 

the right side may control responding instead of the feature similarity of sample and 

comparison stimulus. Clinicians typically use stimuli from a deck of cards to obtain 

distractors (i.e., incorrect comparison stimulus). Presenting the same distractors 

repeatedly with the correct comparison stimulus may signal which one is the 

correct comparison stimulus. It may seem that the participant differentiates among 

stimuli, but what may actually happen is the participant avoids nonreinforced cards 

(i.e., SD) by exclusion and touch another comparison stimulus (Green, 2001). 

Therefore, one of the antecedent-based strategies is balanced teaching, which 

manipulates the number of comparison-stimulus presentations, position, and the 

number of arrays. Other strategies are errorless-teaching methods that use prompts 

to evoke correct responses (Touchette & Howard, 1984) and teaching differential-

observation response (DOR) that aim for individuals to engage in active responses 

toward differences between or among sample stimuli (Doughty & Hopkins, 2011; 
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Farber, Dickson, & Dube, 2016). In contrast, consequence-based interventions 

typically are described as error-correction procedures. Examples of this strategy are 

repeated trial until correct responding occurred (Kangas & Branch, 2008), verbal 

feedback such as saying ‘no’ or ‘that’s not right’ (Rodgers & Iwata, 1991), and 

modeling the correct response (Smith, Mruzek, Wheat, & Hughes, 2006).  

Unfortunately, research on both antecedent and consequence manipulation 

yield idiosyncratic results across participants (e.g., Carroll, Joachim, St. Peter, & 

Robinson., 2015; Rodgers & Iwata, 1991). This suggests that problems in 

conditional-discrimination performance are largely a result of one or more 

uncontrolled variables at an individual level. While a large body of research on 

both antecedent and consequence manipulations has been conducted in addressing 

errors in conditional-discrimination performance (e.g., Gollin & Savoy, 1968; 

Rodgers & Iwata, 1991; Touchette & Howard, 1984; Carr, 2003; Worsdell et al., 

2005; Smith, Mruzek, Wheat, & Hughes, 2006; Fisher, Kodak, Moore, 2007; 

Grow, Carr, Kodak, Jostad, & Kisamore, 2011; Kisamore, Karsten, Mann, & 

Conde, 2013; Farber, Dickson, & Dube, 2016), little research has been devoted to 

understanding the environmental variables responsible for errors in the first place.  

In clinical setting, implementation of interventions addressing errors may be 

based on observed performance and behavior analysis concept or theoretical 

framework, while not necessarily based on research on underlying behavior 

mechanism. Although it could be effective and appear to improve performance, 
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there is no guarantee that clinicians are actually addressing the responsible 

variables for the errors. In the case of treating self-injurious behavior, Azrin, 

Gottlieb, Hughart, Wesolowski, and Rahn (1975) mentioned that at the time, the 

most effective intervention was pain shock therapy. Starting from the discussion by 

Carr (1977) and finally, the publication of seminal work in functional analysis 

(Iwata et al., 1982/1994), most clinicians now approach such cases with function-

based interventions. This shows that by identifying reliable patterns in problem 

behavior, they were able to identify more effective treatment procedures targeted at 

specific problem behaviors. Also, the development of targeted interventions relies 

on the identification of reliable behavior patterns.   

Likewise, understanding reliable error patterns is essential for practitioners 

to develop or select appropriate teaching and correction procedures to mitigate 

particular patterns of errors. In the example of teaching red and yellow colors to 

children diagnosed with ASD, a participant is presented with a red circle, sample 

stimulus, and instructed to match to the following comparison stimuli, a yellow and 

red circle, on the table. When the participant repeatedly erred, understanding what 

types of errors occur reliably is important to determine an appropriate intervention. 

If the participant erred due to a location bias, manipulating the size of the circle 

may not be the most effective option. If the participant erred due to a limited ability 

to distinguish comparison stimuli, thus manipulating size, position, or brightness of 

the colored circle would likely be more effective than providing a physical prompt.  
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Errors as Discriminability and Bias  

 Davison and Tustin (1978) proposed a model based on the application of 

the generalized matching law to the signal-detection matrix to identify the source of 

errors in conditional discrimination training (see the top of Figure 1). One source of 

error is stimulus discriminability, which means errors occurred due to the lack of 

ability to differentiate between stimuli. For example, a red house and a red barn 

might be less distinctive compared to a brown house and a red barn. A red house 

and a red barn share similar properties, such as shape, color, for instance. In 

contrast, a brown house and a red barn look more distinct because of the color 

contrast; therefore it can be said that a brown house and a red barn are less similar, 

or have a greater level of stimulus disparity than a red house and a red barn. In the 

context of conditional discriminations, performance accuracy would likely to 

decrease when the level of stimulus disparity is low (more similar) and, therefore, 

less discriminable (Davison & Nevin, 1999). 

 Conditional discriminations involve the presentation of one or the other of 

at least two sample stimuli while a choice between at least two comparison stimuli 

is made available. Figure 1 shows the matrix of conditional discriminations where 

sample stimuli are labeled S1 and S2, comparison stimuli are labeled C1 and C2, and 

the 2 x 2 matrix illustrates the events of response-stimulus combination. Selecting 

C1 in the presence of S1 produces reinforcement in a certain schedule (Correct11), 

as well as when selecting C2 in the presence of S2 (Correct22). In contrast, selecting 
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C2 the presence of S1 does not produces reinforcement (Error12), as well as when 

selecting C1 in the presence of S2 (Error21). These errors may come from imperfect 

discriminability between samples or comparisons and/or bias toward a particular 

comparison location and/or stimulus.  

Integrating theory on operant-choice performance and signal-detection 

theory, Davison and Tustin (1978) proposed a quantitative model to examine 

discriminability and bias during conditional discriminations. Discriminability is 

expressed as log d by the equation: 

𝑙𝑜𝑔𝑑=.5𝑙𝑜𝑔[)
*+,,-./00

1,,+,02
3)
*+,,-./22

1,,+,20
3],    (1) 

where correct and error responses are described as above. The value of log d ranges 

from negative to positive infinity, and it shows response allocation assumed to be 

independent of the reinforcer distribution arranged during the comparison. A log d 

value of zero indicates no discrimination between sample stimuli, and increases in 

log d indicates greater discrimination between sample stimuli. Note that all 

logarithms are base 10. 

Another source of errors is bias, which is persistent allocation of choices 

toward one comparison stimulus or location independent from levels of 

discriminability, and is expressed as log b. According to the model proposed by 

Davison and Tustin (1978; see Jones & White 1992), any bias between comparison 

stimuli is expressed as: 
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𝑙𝑜𝑔𝑏(𝑠𝑡𝑖𝑚𝑢𝑙𝑢𝑠)=	.5𝑙𝑜𝑔>)
*+,,-./00

1,,+,02
3)

1,,+,20

*+,,-./22
3?,   (2) 

where correct and error responses are described as above for Equation 1. Equation 2 

measures stimulus bias or persistent responding towards one comparison stimulus 

over another (e.g., S2 over S1). In this equation, when the value of log b equals zero, 

there is no bias toward a specific comparison stimulus. Meanwhile, when the value 

of  log b equals  less  or  greater  than  zero,  it  indicates  a  bias  toward  a  specific 

comparison stimulus. 

According to the model proposed by Davison and Tustin (1978; see Jones & 

White 1992), any bias between comparison locations is expressed as: 

𝑙𝑜𝑔𝑏(𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛)=	.5𝑙𝑜𝑔CD
*+,,-./EFGH

*+,,-./IJKLH
MD
1,,+,EFGH

1,,+,IJKLH
MN,   (3) 

where Correctleft and Correctright refer to the correct comparison responses when 

either S1 or S2 located on the left or right side, respectively. Similarly, Errorleft and 

Errorright refer to incorrect comparison responses when either S1 or S2 on the left or 

right side, respectively. This equation measures location bias or the response 

allocated towards one location of comparison stimuli more frequently regardless of 

which stimulus is presented on that side. When the value of log b equals zero, it 

indicates that there is no bias toward a specific location. Meanwhile, when the 

value of log b is less or greater than zero, it indicates a bias toward a specific 

location regardless of which sample stimulus is presented. 
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 The model proposed by Davison and Tustin (1978) has been used widely in 

basic research on conditional discriminations (McCarthy & Davison, 1984; Wixted, 

1989; Hartl & Fantino, 1996; White, 2001; Hutsell & Banks, 2015). However, 

Davison and Tustin’s (1978) model has received little attention in applied research. 

In one relevant laboratory study with a clinically relevant population, Hannula 

(2018) used Davison and Tustin’s (1978) model to categorize errors of 

discriminability and bias in children diagnosed with ASD during conditional 

discriminations.  

Hannula manipulated sample disparity across three successive experimental 

conditions: high disparity (easy task), low disparity (difficult task), and returned to 

the high disparity. They found a decrease in accuracy during the difficult task 

relative to the easy task across all three participants. As accuracy decreased, 

discriminability was also found to decrease while stimulus and location remained 

near the chance level for two of the three participants. Interestingly, one participant 

showed a large decrease in stimulus bias during the difficult task only. It may 

indicate that bias increased toward one comparison stimulus when the sample 

disparity was low. The bias observed in this participant suggests that decreasing the 

level of stimulus disparity affected not only accuracy but also bias. Importantly, 

this participant scored the lowest on discriminability compared to other 

participants, suggesting he likely switched strategies from solving the 

discrimination task to primarily choosing one comparison stimulus. 
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Current Study 

 Hannula (2018) found that manipulating the level of stimulus disparity 

affects discriminability and, in some cases, bias. In their review, Davison and 

Nevin (1999) suggested that the value of log d can be affected by variables other 

than how difficult the conditional discrimination is. When sample or comparison 

stimuli are not distinct enough to discriminate, errors occur. Errors do not result in 

reinforcer delivery; therefore, participants might switch strategies to increase the 

likelihood of obtaining the reinforcer. These strategies could include allocating 

choices to both locations randomly or toward a particular comparison location or 

stimulus. Because selecting one comparison stimulus or location would by chance 

be correct every other response, on average, but random responding might not, 

biases might be particularly likely to develop during very difficult discriminations.  

 The current study examined whether stimulus or location biases would 

become more likely as a result of decreases in sample disparity. Sample disparity 

was manipulated by adjusting the level of color similarity in both sample stimuli. In 

addition to High and Low Disparity conditions (see Hannula, 2018), this study 

added a condition where sample stimuli were identical, thereby making it 

impossible to perform accurately based on the samples. This condition tested 

whether participants switched patterns of responding exclusively to a particular 

comparison location or stimulus. In contrast with Hannula’s experiment that used a 

fixed level of sample disparity across participants, the current study adjusted the 
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level of sample disparity in each condition per participant, to yield the same range 

of accuracy across all participant. Based on this criterion, we assumed that the task 

had a comparable difficulty level across participants within each condition.  
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Method 

Participants 

Three children diagnosed with Autism Spectrum Disorder (ASD) 

participated in the study. Warren, Arron, and Nino were 7-year-old triplets. Warren 

is fraternal while Arron and Nino are maternal twins. All had received early 

intensive behavioral intervention for 30 hours per week for two years and two 

months, at a university-based clinic prior to this study was conducted. During the 

study, they were attending elementary school. Warren was diagnosed with Autism 

Spectrum Disorder (ASD; F84.0). He scored 21 out of 22 on Perceptual Learning 

Skills on PEAK Relational Training System-Direct Training (PEAK-DT) 

Assessment (Dixon, 2014), deviates from his typical age group by 1 point. Arron 

was diagnosed with Autism Spectrum Disorder accompanied by language 

impairment requiring very substantial support (ASD; F84.0) and 

Avoidant/Restrictive Food Intake Disorder (F50.89). He also scored 21 out of 22 

on Perceptual Learning Skills, deviates from his typical age group by 1. Nino was 

diagnosed with Autism Spectrum Disorder (ASD; F84.0) and Avoidant/Restrictive 

Food Intake Disorder (F50.89). He scored 22 out of 22 on Perceptual Learning 

Skills, does not deviates from his typical age group. They were able to follow 

simple instructions (e.g., sit down, stand up), work on a desk for at least 5 minutes 
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at a time, identify different shapes, and demonstrate gross motor skills (i.e., 

touching objects in iPad Pro® 9.7”).  

Setting and Materials 

The study was conducted at a university-based behavioral service provider 

and the participants’ home. In both settings, sessions were conducted at a room 

equipped with a table and at least two chairs. Table 1 indicates sessions that were 

run at participant’s home.  

Stimuli were presented on an iPad Pro® 9.7” with the highest brightness 

screen and a minimum of 50% volume. This experiment used the Visual 

Discrimination App version 1.25 (0.0.2.5) that compatible with iOS 8.0 or later. 

The application software was equipped with a widget where the experimenter 

adjusted the difficulty level by increasing or decreasing sample disparity level. 

Preferred edibles were used as a consequence for correct responses for all 

participants. All sessions were recorded using a video camera. 

Dependent Variables 

The dependent variables were percent correct responses (accuracy), 

discriminability (log d), location bias (log b location), and stimulus bias (log b 

stimulus). A correct response was defined as touching the corresponding 

comparison stimulus with the sample stimulus (e.g., light sample goes with light 

comparison, dark sample goes with dark comparison). Discriminability was 
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calculated using the Equation 1, stimulus bias was calculated using the Equation 2, 

and location bias was calculated using the Equation 3.  

Statistical Analysis  

We conducted Spearman’s correlation analysis on four dependent variables 

in addition to visual analysis. Spearman’s correlation measures the consistency of a 

relationship regardless of its form and therefore, makes fewer assumptions about 

the variables (Gravetter & Wallnau, 2016).  

Procedure 

The experiment started with the Training condition and progress to the 

Experimental condition. Preference assessment was conducted in every session 

across all conditions. Each session consisted of 24 trials in all training and 

experimental conditions. Correct responses (as defined in each condition) resulted 

in the 2-s presentation of a star picture, praise, and preferred edible delivery, while 

errors were followed by a 1-s black screen. Following every consequence for 

correct responses and errors, 1-s of black screen was presented before the next trial 

begins. Trials were perfectly counterbalanced by shuffling a list of trials. The list 

had a mix of 12 correct responses on the left side and 12 correct responses on the 

right side. Within each location, six stimuli were dark-colored, and six other stimuli 

were light-colored. This way, the order of trials was random, but the location and 
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stimuli arrangement was not; therefore, no possibility to train stimulus or location 

bias. Detailed procedures in each condition are described below.  

Preference Assessment. A list of preferred edibles for each participant was 

obtained through the caregiver’s report prior to the study. At the beginning of each 

session in all conditions, the experimenter conducted one stimulus array 

presentation of Multiple Stimulus without Replacement (MSWO). Each session 

began by placing at least four edibles in a line on the table equidistant from the 

participant while the participant was seated at the table.  The experimenter 

instructed the participant to select one of them. Once a selection was made, the 

remaining edibles were removed and then represented in the same format in a 

quasi-randomized manner. This step was repeated until the participant selects the 

last edible or stops selecting edibles (Paramore & Higbee, 2005; see also DeLeon 

& Iwata, 1996). The first two items picked were delivered randomly upon correct 

responses to mitigate satiation (Egel, 1981).  

Training Conditions. The experimenter taught participants to engage in responses 

required in the experimental conditions. Sample and comparison stimuli used in 

this condition were obtained through Flutter (https://api.flutter.dev/flutter/dart-

ui/Color/lerp.html), Google’s open-source mobile application development 

framework (Google, n.d.). They were blue (Colors.blue, HEX: #2196F3; RGB: 

33,150,243) and yellow (Colors.yellow, HEX: #FFFFEB3B; RGB: 255,235,59) 

two-dimensional squares. Training conditions consisted of two phases (see 
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Hannula, 2018). In the first phase, participants were presented with a single sample 

stimulus and a single comparison stimulus. They were taught to touch the 

comparison stimulus following the presentation of the sample stimulus in a 

modified identical MTS task (i.e., touching the yellow square following the 

presentation of a yellow square). This phase aimed to train the touching response of 

the comparison stimulus following the sample stimulus presentation. Once they 

demonstrated the skill, training progressed into the second phase. In this phase, 

participants were presented with a single sample stimulus and two comparison 

stimuli (see Figure 2). They were taught to touch the comparison stimulus that 

corresponds to the preceding sample stimulus in an identical MTS task (i.e., 

touching yellow comparison instead of blue comparison following the presentation 

of a yellow sample). This phase aimed to train matching responses when 

participants were presented with two comparison stimuli following a sample 

stimulus.  

An errorless-learning strategy of delayed prompting (Mueller, Palkovic, & 

Maynard, 2007) was used during training conditions. Zero-second delay prompts 

were delivered at the beginning of some trials in the form of hand-over-hand or 

pointing to the targeted stimulus. Prompts were faded arbitrarily (i.e., there was no 

set criteria to fade and reintroduce prompt, as well as the type of prompt) until 

independent responses were acquired. Participants progressed to experimental 
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conditions upon meeting the mastery criteria of having at least 80% of independent 

correct responding across three consecutive sessions.  

Experimental Conditions. The MTS task presented in experimental 

conditions was modified from the task arranged during training conditions. In 

experimental conditions, participants were required to select the comparison 

stimulus that was most similar (not identical) to the sample stimulus presented. The 

stimuli used were also obtained through Flutter, specifically light red (HEX: 

#FFC1C1, RGB: 255,193,193) and dark red (HEX: #B25151, RGB: 178,81,81) of 

two-dimensional squares with the same size as in Training Conditions. There were 

three different conditions with each condition reflects the disparity level between 

the sample stimuli, while the comparison stimuli remained the same across all three 

experimental conditions (see Figure 3). A total of four conditions arranged 

successively consisting of high disparity, a low disparity, zero disparity, and a 

return to the high disparity between sample stimuli. The sequence of conditions 

served two functions. First, the high disparity simulated training conditions by 

starting with easier discrimination before becoming more difficult. Second, the 

repeated high disparity was arranged to demonstrate experimental control by 

replicating the first condition. In all experimental conditions, participants were 

required to touch the sample stimulus (i.e., observing response) before two 

comparison stimuli were presented. The sequence of experimental conditions is 

described in detail as follows.  
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Condition 1 and 4. High Disparity. The sample stimuli were two squares of light 

and dark red (see Figure 2c), with correct and error responses as described above. 

The Lerp method (Google, 2017) was used to manipulate sample-stimulus disparity 

by linearly interpolating between the light and dark red color. It generated a certain 

color in the spectrum between the light and dark red. By using the widget in the 

software, disparity level was adjusted to determine certain color in the spectrum 

that produced an average of approximately 90% accuracy with 5% deviation (i.e., 

scores should range between 85% to 95%) for three consecutive sessions. This 

range of accuracy percentage ensured high accuracy with some errors for 

calculating log d and log b. The level of difficulty was initially adjusted if at least 

two consecutive data points were at the same level or moving further from the 

intended accuracy level. However, the experimenter decided within this condition 

to adjust the difficulty level arbitrarily based on response stability or the average 

level of responding, to take account on the learning process. This decision was also 

applied to the remaining conditions.  

Condition 2. Low Disparity. Similar to the High Disparity condition, sample 

disparity level was lowered following sessions to determine the color in the 

spectrum to produce an average of approximately 70% accuracy with 5% deviation 

(i.e., scores should range between 65% to 75%) for three consecutive sessions. This 

range of accuracy percentage ensured moderate accuracy.   
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Condition 3. Zero Disparity. The sample disparity difficulty level was set at 50% 

where the spectrum was equidistant from black and white. This resulted in zero 

disparity (i.e., sample stimuli were presented as the same color) and made it 

impossible to distinguish which comparison stimulus it closest to. The frequency of 

each sample stimulus and location of corresponding comparisons were 

counterbalanced as in previous conditions.  
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Results 

Figure 4 shows the summary of each measure across the last seven sessions 

in each participant. A correction method was used by adding a single 0.25 to the 

seven sessions to account for zero values (see Alsop, 2004). Percent correct and log 

d were high during High Disparity condition and lowered during Low Disparity 

condition for all participants. During Zero Disparity condition, percent correct, and 

log d were the lowest, but returned to a high level upon the reintroduction of High 

Disparity condition. Percent correct during High, Low, and Zero Disparity level 

were around 90%, 70%, 50%, respectively. This result suggests that sample 

disparity influenced log d and percent correct in the DMTS task.  

Figures 5, 6, and 7 show percent correct, log d, log b (stimulus), and log b 

(location) for Warren, Arron, and Nino across training conditions and four 

experimental conditions of High, Low, Zero, and High Disparity. It should be noted 

that experimenter error resulted in delays in transition out of the Low Disparity 

condition for Arron and Nino because seven, rather than three, sessions were used 

as part of the criteria for changing the experimental condition.  

The top row of Figures 5, 6, and 7 show accuracy (percent correct) for the 

corresponding participant. Warren, Arron, and Nino were exposed to three, three, 

and four sessions, respectively, of training with the MTS procedure before moving 

to experimental sessions. They met the criterion of three consecutive sessions 
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above 80% percent correct with an average score of 97%, 97%, and 96% for 

Warren, Arron, and Nino, respectively. In the experimental conditions, accuracy 

was highest during the High Disparity conditions, lower during the Low Disparity 

condition, and lowest during the Zero Disparity condition across all participants.   

The second row of Figures 5, 6, and 7 show discriminability (log d). The 

higher value of log d indicated that participants were differentiating between two 

stimuli. The lower value of log d indicated that participants were less 

differentiating between two stimuli. Similar to accuracy, log d generally was at the 

highest during the High Disparity conditions, lower in Low Disparity, and lowest 

during the Zero Disparity condition for all participants. Log d values fall mostly at 

and around zero-level in Zero Disparity condition for all participants and 

accompanied by decrease in percent correct. This indicates errors in performance 

were contributed by low discriminability. 

The third row of Figures 5, 6, and 7 depict stimulus bias (log b stimulus). 

Positive values indicate preference toward light comparison, zero value indicates 

no preference toward a particular stimulus, and negative values indicate preference 

toward dark comparison. For Warren, log b (stimulus) did not systematically differ 

from zero in High Disparity condition and the first half of the Low Disparity 

condition. It started to shift, however, into negative value towards the end of Low 

Disparity condition and it lasted through the Zero Disparity condition until the end 

of the reversal High Disparity condition. Interestingly, log b (stimulus) remained 
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around zero levels toward the end of Zero Disparity condition, and it returned 

toward negative values once returning to the High Disparity condition, both 

immediately after phase change and after difficulty level was adjusted. For Arron 

and Nino, log b (stimulus) tended to be positive until Zero Disparity condition and 

shifted toward negative values almost immediately in the reversal High Disparity 

condition. For Nino specifically, log b (stimulus) increased during Low Disparity 

condition and exacerbate during Zero Disparity condition. Overall, two participants 

(Warren and Nino) showed an apparent increase in the level of log b (stimulus) in 

Zero Disparity and persisted to either stimulus in High Disparity condition.   

The fourth row of Figures 5, 6, and 7 show location bias (log b location). 

Positive values indicate preference toward left comparison, zero value indicates no 

preference toward a particular location, and negative values indicate preference 

toward the right comparison. For Warren, log b (location) did not systematically 

differ across the four experimental conditions, except for an increasing trend 

toward the end of Low Disparity condition. Log b (location) immediately returned 

to zero levels upon changing to the Zero Disparity condition and through the High 

Disparity condition. For Arron and Nino, however, log b (location) tended to be 

slightly negative across much of the four experimental conditions. Interestingly, 

there was a transient increase for Arron and a transient decease for Nino once they 

moved from Zero to reversal High Disparity condition.  
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Figures 8, 9, and 10 show log reinforcer ratio (stimulus) and log reinforcer 

ratio (location) for Warren, Arron, and Nino, respectively. Dashed lines indicate 

reinforcer frequencies for selecting comparison stimuli and locations were equal. 

Positive values of the log ratios indicate a greater number of reinforcers delivered 

in a session for selecting light comparison and left comparison. Negative values of 

the log ratios indicate a greater number of reinforcers delivered in a session for 

selecting dark comparison and right comparison.  

We found a similar pattern between log reinforcer ratio (stimulus) and log 

reinforcer ratio (location) with the pattern of log b (stimulus) and log b (location) in 

all participants, respectively. One example is observed in Nino’s log b (stimulus) in 

Figure 7 and log reinforcer ratio (stimulus) in Figure 10. There was a steady 

increase in log b (stimulus) during Low Disparity condition and a similar pattern 

was also found in the analysis of log reinforcer ratio (stimulus). This pattern 

between log b (stimulus) and log reinforcer ratio (stimulus) continued throughout 

the rest of the experimental condition. This suggests that low sample disparity 

influenced bias, which then altered the reinforcer ratio. As the reinforcer ratio was 

altered, bias occurred more frequently, as seen in the increase during Low Disparity 

and even higher during Zero Disparity.  

Decreasing sample disparity into the zero level (i.e., impossible to 

distinguish) influenced discriminability for all participants and exacerbated 

stimulus bias evidently for Nino. These results extend Hannula’s (2018) study that 
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found bias emerged in one participant as sample stimuli were getting more difficult 

to distinguish. Additionally, this also concurs Godfrey and Davison’s (1998) 

findings with pigeons that changes in stimulus disparity influenced both 

discriminability and bias. Specifically, they emphasized a clear relation between 

sample disparity and discriminability along with other studies (see also Davison & 

McCarthy, 1987; Gallagher & Alsop, 2001; Jones & Elliffe, 2013; Hannula, 2018).  

Therefore, we also conducted a correlation analysis to examine relations 

among accuracy, discriminability, stimulus bias, and location bias to assess whether 

sample disparity contributes to the emergence and development of bias responding. 

We conducted Spearman’s correlational analysis (see Table 1) in addition to visual 

analysis. We found that accuracy had a strong and positive correlation to 

discriminability across all participants, with a correlation coefficient value of .98, 

.93, and .94 for Arron, Warren, and Nino, respectively. Meanwhile, we observed a 

weak correlation of accuracy with both stimulus and location biases across all 

participants. This indicates that high sample disparity produced high accuracy and 

discriminability, and low sample disparity produced low accuracy and 

discriminability, without reliably produced changes in stimulus or location bias. 

Moreover, overall changes in accuracy were influenced more by changes in 

discriminability in this conditional-discrimination task (see also Carter & 

Eckerman, 1975) rather than stimulus or location bias.  
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Discussion 

This study evaluated error patterns in an MTS task using the quantitative 

framework developed by Davison and Tustin (1978) across High, Low, Zero, and 

reversal of the High Disparity conditions. Each condition reflected a certain 

disparity level between sample stimuli. Consistent with previous studies (White, 

1986; Davison & McCarthy, 1987; Gallagher & Alsop, 2001; Hannula, 2018), 

changes in sample disparity produced corresponding changes in discriminability. 

The higher disparity in sample stimuli produced greater discriminability, and the 

lower sample disparity produced lower discriminability.  

In this study, we adjusted the task difficulty level to yield the same range of 

accuracy across participants. When participants’ responses yielded a certain level 

of accuracy, we assumed that the task had a comparable difficulty level across 

participants within each condition. Hannula (2018), in contrast, used a fixed 

difficulty level in each condition that might not have produced similar difficulty 

levels among participants. Thus, the current study extends Hannula’s study by 

setting criteria to better define easy and difficult discrimination task by potentially 

controlling individual skill differences.  
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Sample Disparity Changes on Bias Responding 
 
 Counter to our expectations; we found that biases did not reliably develop 

upon initiating the Zero Disparity condition. In the third row of Figure 5 and 7, 

stimulus bias appeared to emerge during Low Disparity condition and continue in 

Zero Disparity condition. Figure 5 (Warren), showed that stimulus bias did not 

differ from between the Zero and Low Disparity conditions. Figure 7 (Nino) 

showed an increasing level of stimulus bias in Zero Disparity condition from Low 

Disparity condition. Warren and Nino’s performance in Zero Disparity condition 

suggests that reducing sample disparity not only reduced discriminability, but also 

produced stimulus bias.  

In contrast, in the fourth row of Figure 5 and 6 (Warren and Arron), 

location bias emerged during the Low Disparity condition but remained in the zero 

level in Zero Disparity condition. Although Figure 7 (Nino) showed that a 

relatively small location bias emerged during the High Disparity condition, location 

bias remained near zero in the Zero Disparity condition. Taken all together, this 

suggests that sample disparity influenced discriminability and stimulus bias, but 

had little or no effect on location bias. 

We observed a similar stimulus bias pattern for Arron and Nino when 

sample disparity level was changed from the Zero to High Disparity conditions. 

Figure 6 and 7 show that stimulus bias was mostly directed towards light 

comparison during the initial High, Low, and Zero Disparity conditions. 
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Interestingly, it almost immediately shifted into dark comparison once High 

Disparity condition was reintroduced. As for Warren, we did not observe a shift in 

stimulus bias direction, but we observed that it immediately returned to the bias 

pattern and level found in the Zero Disparity condition. This finding was not 

anticipated as it was initially hypothesized that both stimulus and location bias 

would become more stable around zero level in High Disparity condition. This 

suggests that difficult discrimination tasks may produce persistent stimulus biases 

that continue even when the task became easier.  

 
Clinical Practice and Research Implications 

Percent correct is a common measure used in the acquisition of 

discrimination skill in clinical practice. However, only using percent correct as a 

measure of performance in conditional discrimination has limitations (Sidman, 

1980). Increases in percent correct do not necessarily reflect skill acquisition under 

proper stimulus control (e.g., Johnson & Sidman, 1993). Log d, log b (stimulus) 

and log b (location) provide useful insights on what variables contributing to 

conditional discrimination performance. For instance, Figure 5, 6, and 7 depicts 

how high accuracy was accompanied by the degree they were differentiating 

between stimuli, as well as the degree of stimulus and location bias. They show that 

when accuracy falls within 60-75%, not only that we found log d was low, but also 

trends in either or both log b measures. This study shows the utility, with further 
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development, of using quantitative analyses for improving performance measures 

in conditional discrimination training in clinical settings. It suggests that additional 

measures to percent correct produce a more accurate representation of the 

performance.  

One way to incorporate log d, log b (stimulus), and log b (location) 

measures in clinical practices could be by developing a data-collection system that 

tracks sample disparity features and locations where stimuli are presented. While 

such a data-collection system would not be practical in daily use in clinical 

practices (e.g., Grow, Carr, Kodak, Jostad, & Kisamore, 2011), clinicians could use 

such system at the beginning of the training or at any points where performance are 

not progressing. That way, these measures could briefly inform clinicians regarding 

their learner’s degree of stimulus preference, location preference, and ability to 

differentiate between stimuli. Another option is to form collaborations between 

clinicians and program developers to create applications where log d, log b 

(stimulus), and log b (location) measures can be incorporated automatically.  

Being informed of error types and patterns benefits clinician to select the 

most appropriate intervention to implement, whether antecedent- or consequence-

based strategies (e.g., Grow & LeBlanc, 2013). If it was evident from the 

quantitative analyses that errors occurred due to low discriminability, a clinician 

could decrease the stimuli disparity to improve accurate discrimination––such as 

with a stimulus prompt (MacDuff, Krantz, & McClannahan, 2001). However, if 
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either bias was contributing to the low accuracy, correction procedures would be 

best to improve accuracy, such as response prompting (MacDuff, Krantz, & 

McClannahan, 2001), trial repetition (Kangas & Branch, 2008), or differential-

observation response (Doughty & Hopkins, 2011; Farber, Dickson, & Dube, 2016).  

This study was conducted in two different settings due to time constraints, a 

university-based clinic and participants’ home. Based on visual analysis, the data 

points obtained in these sessions (see Table 1) show that accuracy decreased with 

both exposures to home setting for Warren and the last exposure to home for Nino. 

To maintain consistency in the context in which participants respond, it is important 

for future research to arrange all sessions in the same setting. Nevertheless, the 

changes in accuracy from these participants resulted from shifts in log b (stimulus). 

Therefore, these unexpected changes when conducting sessions at the clients’ 

homes indicate the potential usefulness of this framework for revealing how 

contextual changes impact performance.	

Additionally, future research should look into whether more clinically 

relevant components could be embedded in a similar study. For example, using 

more than two comparison stimuli or using stimuli that commonly used in typical 

conditional discrimination training. Further analyses on the interactions among 

those variables may yield further findings and produce more comprehensive 

analyses regarding the underlying mechanism of bias responding and increase the 

relevant application in clinical practices. Future research should also design more 
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objective criteria for adjusting the difficulty level within a condition. Changing 

phase based on data stability with more data points (e.g., 6 data points) is also 

advised to show stronger experimental control when resources (materials and time) 

are available. 

In summary, understanding error patterns can guide clinicians and 

researchers to choose the most appropriate antecedent- and consequence-based 

strategies to address errors in a discrimination task. Measures such as log d, log b 

(stimulus), and log b (location) can provide clinicians and researchers with better 

information regarding the actual performance of discriminated learning.  
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Figure 1. The scheme of Delayed Matching-to-Sample (DMTS) procedure with 2x2 

matrix of events in the current experiment. 
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Figure 2. The sequence of trials presented in the iPad Pro® 9.7”. ITI of one second 

black screen was presented between trials. Sample stimulus was then presented and 

available to be touched for 30-s before the system moved to the next trial. Touching 

the sample stimulus resulted in the presentation of two comparison stimuli, which 

also available to be touched for 30-s before the system moved to the next trial. 

 

	 	



43 

 

	
	
	

	
                        a                                         b                                      c      

Figure 3. The application of the matrix in Figure 1 to the current three 

experimental conditions: a) Zero Disparity, b) Low Disparity, c) High Disparity. 

The level of sample disparity varies across participants. For example, in this figure, 

Zero Disparity condition has 50% level of similarity. Low Disparity condition has 

44% level of similarity. High Disparity condition has 34% level of similarity. 
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Figure 4. Summary graphs of percent correct, log d, log b (stimulus), and log b 

(location), for all participants across the last seven sessions in each condition. A 

correction method was used by adding a single 0.25 to the seven sessions to 

account for zero values.  
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Figure 5. Percent correct, log d, log b (stimulus), and log b (location) across 

sessions of the High, Low, and Zero Disparity conditions for Warren. Horizontal 

dashed lines indicate zero discriminability for log d and zero bias for log b 

(stimulus) and log b (location). Levels indicated below each condition’s label refer 

to the similarity level between sample stimuli in which Warren’s responding 

stabilized in the corresponding condition.   
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Figure 6. Percent correct, log d, log b (stimulus), and log b (location) across 

sessions of the High, Low, and Zero Disparity conditions for Arron. Horizontal 

dashed lines indicate zero discriminability for log d and zero bias for log b 

(stimulus) and log b (location). Levels indicated below each condition’s label refer 

to the similarity level between sample stimuli in which Arron’s responding 

stabilized in the corresponding condition. 
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Figure 7. Percent correct, log d, log b (stimulus), and log b (location) across 

sessions of the High, Low, and Zero Disparity conditions for Nino. Horizontal 

dashed lines indicate zero discriminability for log d and zero bias for log b 

(stimulus) and log b (location). Levels indicated below each condition’s label refer 

to the similarity level between sample stimuli in which Nino’s responding 

stabilized in the corresponding condition.   
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Figure 8.  Log reinforcer ratio (stimulus) and log reinforcer ratio (location) across 

sessions for Warren. Dashed lines indicate equal obtained reinforcer frequencies 

between the two comparison stimuli (top row) and locations (bottom row).   
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Figure 9.  Log reinforcer ratio (stimulus) and log reinforcer ratio (location) across 

sessions for Arron. Dashed lines indicate equal obtained reinforcer frequencies 

between the two comparison stimuli (top row) and locations (bottom row).  
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Figure 10.  Log reinforcer ratio (stimulus) and log reinforcer ratio (location) across 

sessions for Nino. Dashed lines indicate equal obtained reinforcer frequencies 

between the two comparison stimuli (top row) and locations (bottom row).  
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Table 1. The session numbers in which the study was conducted at participants’ 

home.  

 
 Warren Arron Nino 

High Disparity - -- - 

Low Disparity - 44-46 54-56 

Zero Disparity 
- 

75-79 86-87 

 107-122 114-121 

High Disparity 130-137 133-138 130-133 
(reversal)  156-167  177-202 

Total number of sessions 20 30 41 
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Table 2. Spearman’s Correlational Analysis between accuracy with log d, log b 

(stimulus), and log b (location). It shows strong and positive correlation between 

accuracy and log d across all participants. In contrast, accuracy was found to have 

weak correlation with either log b (stimulus), and log b (location). 

 

Participant Variable log d log b (stimulus) log b (location) 

Arron Spearman’s rho .9.8.985**5** -.275** .346** 

 Number in sample  139 139 139 

     
Warren Spearman’s rho .935** .372** .262** 

 Number in sample  164 164 164 

     
Nino Spearman’s rho    .947**** -.144* -.202** 

  Number in sample  205 205 205 
**. Correlation is significant at the 0.01 level (2-tailed) 
*. Correlation is significant at the 0.05 level (2-tailed) 

 

 
 


