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ABSTRACT
An Evaluation of an Application Designed for the iPad® to Measure Stimulus Overselectivity
for Future Use in Autism Research
by
Adrienne A. Fitzer
Advisor: Bertram O. Ploog, PhD

Twenty-three college students participated in two studies evaluating an application designed to
measure stimulus overselectivity in pictures depicting facial affect. We analyzed whether this
application worked as designed by evaluating whether it could provide a robust analysis of the
types of errors users make (e.g., by matching by the top features, the bottom features, or not by
the top or the bottom features), and the extent to which the application worked to decrease
selective responding in the event a user was not matching consistently by all features. We also
evaluated if participant scores on the Autism Quotient and RAADS-14 could predict the types of
errors made on the pre-test and training sessions. Overall, there was no positive effect of the
training sessions as programmed, however the data collected provide important information
about the measurement of stimulus overselectivity using the application and provide direction for
future iterations of the application.
Keywords: AQ, autism, emotion-recognition, RAADS-14, stimulus overselectivity
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Introduction
Emotion Recognition in Autism
Emotion-recognition research with individuals who have a diagnosis of autism spectrum
disorder (ASD) has been conducted extensively across disciplines such as psychology,
education, and neuroscience since the 1980s (Harms et al., 2010). Beyond having diagnostic
utility (Loth et al., 2018), determining if autistic individuals on a whole demonstrate a deficit in
emotion recognition would help explain why many individuals on the autism spectrum may have
difficulty in key social areas as defined in the DSM-V (American Psychiatric Association, 2013)
and ICD-10 (World Health Organization, 1992). The DSM-V diagnostic criteria include deficits
in social skills such as “abnormalities in eye contact and body language or deficits in
understanding and use of gestures” (American Psychiatric Association, 2013, Section 299.00,
A.2), and ICD-10 diagnostic criteria include “abnormal functioning in all three areas of
psychopathology: reciprocal social interaction, communication, and restricted stereotyped,
repetitive behavior” (World Health Organization, 1992). Both sets of diagnostic criteria include
deficits that could be attributed to a failure to observe and interpret face-based emotion cues
during conversations or other social interactions which would directly impact an individual’s
ability to determine listener attention, intent, and interest.
Despite the volume of research on emotion recognition in autism, no definitive answers
exist about the nature of the deficit amongst those that are diagnosed with ASD, likely due to the
participant and methodological heterogeneity of the studies conducted over the past forty or
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more years (Harms, et al., 2010; Wang & Adolphs, 2017; Uljarevic & Hamilton, 2013) 1.
Differences in participant related variable such as age, sex/gender, severity of impairment, and
level of language skills are made more difficult to interpret due to the wide range of paradigms
and tasks used to measure emotion recognition, and the amount and complexity of language used
by the instructor to the responses required by the participants. The inconsistency in whose
behavior was measured, what topography of behavior was measured, and how the behavior was
measured has resulted in some suggesting that an emotion-recognition deficit does exist in
individuals with autism (e.g., Griffiths et al., 2017; Han et al., 2015; Lozier et al., 2014; Loth et
al., 2018) and others failing to find evidence of the deficit across the population (Davies et al.,
1994; Ewing et al., 2013; Falkmer et al., 2016).
What is Emotion Recognition?
The term emotion recognition assumes that what is observed and “recognized” in the
facial expressions of others is their emotion. Emotions, however, are private events (Skinner,
1945; Tourinho, 2006). What we observe is not the internal emotion, but a combination of facial
expressions. It is our ability to discriminate combinations of facial features that, due to our
learning history, informs us how someone may be feeling.
Regarding facial expressions, Keller and Schoenfeld (1950) ask “How can we tell if they
are ‘real’ or they are ‘feigned’?” (p.335). This question elucidates the complexity of emotion

1

Another possible reason why the results of emotion-recognition research vary is the omission of cultural and
linguistic data in the analysis of emotion-recognition task performance. Specifically, cultural and linguistic data may
provide information regarding the prevalence or length of gaze to facial depictions of elders, individuals of another
gender, or peers and the extent to which one may or may not be fluent in the language used to conduct the study, all
of which could potentially influence the outcomes of emotion-recognition research. Nevertheless, cultural and
linguistic factors were not analyzed in four major meta-analyses on emotion-recognition and eye-gaze research in
individuals with autism published since 2010 (Black et al., 2017; Harms et al, 2010; Lozier et al., 2014; Uljarevic &
Hamilton, 2013).
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recognition. Public displays do not always reflect private events, and it is not always easy to
discern what someone is feeling based on their facial expression (i.e., “poker face”). While the
exploration of Keller and Schoenfeld’s question is beyond the scope of this dissertation, we posit
that interacting with others based on their facial expressions does not require one to know how
the other person is feeling on the inside (i.e., emotion). Rather it relies upon, at the most basic
level, one’s ability to discriminate the relevant features of the face that may change in response
to an event, and then discriminate the relevant information from a situation (including, but not
limited to, auditory stimuli such as tone, volume, and speed of any vocal behavior that
accompanies facial expressions, and the behavior of additional people that may be nearby) that
provides information as to whether, say, a smile is a happy, devious, mysterious, flirtatious, real
one, or a feigned, phony, or fake one. Thus, a more appropriate term for what is measured in
emotion-recognition research is affect.
Affect, also referred to as “expressions of emotion” (Skinner, 1957, p. 214) and
emotional behavior (Layng, 2006; Layng, 2017) “includes observable aspects of a person’s
facial, verbal, postural, and gestural response repertoires” (Gena et al., 1996, p.291). Together
with the information derived from the situation, affect provides information to others about what
one may be or is likely feeling at a given point in time. (For an early discussion regarding
whether emotions can be described as specific response patterns, see Keller and Schoenfeld,
1950 p. 335-336). Discriminating affect allows one to make expected appropriate social
responses (Daou et al., 2014) as required or expected culturally.
While the term affect includes verbal, gestural, and postural components, within the
emotion recognition literature, what is often studied is autistic individuals’ attention to facial
affect. In the case of individuals with autism, the failure to attend to facial affect in others would
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directly impact their ability to best determine listener attention, intent, and interest and respond
accordingly, e.g., to make an empathic statement when someone looks sad (Schrandt et al., 2009;
Daou et al., 2014).
Atypical Attention in Autism
It is generally accepted that many individuals on the autism spectrum demonstrate
atypical attention to the parts rather than to the whole (Ploog, 2010a). As this pertains to faces
and facial-affect recognition, autistic individuals are often described as being eye avoidant (for
review, see Tanaka & Sung, 2016) or otherwise less attentive to the eyes (Spezio et al., 2007).
This is not a consistent finding (Black et al., 2017; Moriuchi et al., 2017), however, there are
enough data to warrant a discussion of the impact for those that do not attend to the eye-region.
Facial affect includes relevant features of the face (e.g., eye and mouth position, pupil dilation,
reddening or watering of the eyes, wrinkling of the forehead, the presence of “laugh lines”) that
will change in response to internal (e.g., a sudden onset of stomach upset) or external events
(e.g., seeing an old friend on a subway platform), as opposed to irrelevant features of the face
(e.g., eye color, freckles, skin color, or scaring) which do not change in response to those same
events. The ability to attend to most or all the relevant aspects facial affect, (as opposed to one
area of the face such as the mouth area, or irrelevant features of the face) is critical for social
learning experiences (in addition to determining listener attention, interest, and intent). For
example, social referencing (DeQuinzio et al., 2016; DeQuinzio et al., 2019) is a social skill
which allows one to gain relevant information about what to do next in a novel or uncertain
situation by attending to the facial expressions of others.
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Stimulus Overselectivity in Autism
The global phenomenon of atypical attention in autism has been explained, among others,
via the stimulus overselectivity hypothesis, prioritization deficit hypothesis, weak central
coherence theory, and enhanced perceptual functioning theory. The descriptions of this
phenomenon differ depending on the authors’ conceptualizations. (For reviews, see Ploog,
2010a, 2020.) For the purposes of this paper, one of the more developed theories, stimulus
overselectivity or, more generally, the notion of atypical selective attention, is considered.
In the early behavior-analytic literature, Lovaas et al. (1971) identified stimulus
overselectivity in autism and defined the phenomena as a deficit in attention. As explained in
Lovaas et al. (1979):
Note, the term stimulus overselectivity does not imply that the children scan their
environment and select for relevant cues. Rather, the data suggest that the children
respond to only part of a relevant cue, or even to a minor, often irrelevant feature of the
environment, without learning about the other relevant portions of that environment.
(Lovaas et al., 1979, p. 1237)
More specifically, the set of stimulus features that gain stimulus control over behavior
(the features that the individual attends and responds to) may be incomplete, and as a result, the
person will not attend to some critical features that inform one’s ability to discriminate and
respond as expected. Furthermore, if some of the features in the sub-set the person attended to
were altered or not present anymore, the individual would also not be able to respond
appropriately. The phenomenon of atypical attention has been studied with linguistic stimuli
(Brooks & Ploog, 2013; Ploog et al., 2009; Ploog et al., 2014), and even tactile stimuli (Ploog &
Kim, 2007) but historically, the usual stimuli studied are visual stimuli (Schreibman et al., 1977).
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The stimulus overselectivity phenomenon is a plausible behavior-analytic explanation for
the results of emotion recognition research conducted outside behavior analysis, which find that
some individuals diagnosed with autism do not appear to recognize or respond to facial affect
with the same accuracy as typically developing controls (e.g., Evers et al., 2015; Falkmer et al.,
2011; Han et al., 2015; Lacroix et al., 2014; Loth et al., 2018; Rigby et al., 2016) and why they
find that individuals with autism differentially attend less to the eye region compared to controls
(see Tanaka & Sung, 2016, for a review). This is not a new idea. Schrandt et al. (2009) describe
how stimulus overselectivity impacts autistic individuals in relation to emotion/affect recognition
and its relationship to social behavior.
Many behavioral deficits in individuals with autism have been attributed to the
phenomenon of stimulus overselectivity, the tendency to respond to a limited number of
cues when presented with complex stimuli (Bailey, 1981; Lovaas, Koegel, &
Schreibman, 1979; Schreibman, Koegel, & Craig, 1977). When learning new
discriminations, individuals with autism may attend to only a few and possibly irrelevant
stimuli in the environment. Thus, failures in empathy (or other complex social behavior)
may not reflect a deficit of necessary responses in the repertoire but rather an inability to
differentiate the stimuli in the presence of which specific responses (e.g., offering
assistance, demonstrating interest) would be appropriate (p. 18).
Assessing Atypical Attention: Eye-Tracking Studies
There is a large body of research across a wide range of disciplines (neuroscience,
psychology, psychiatry, vision science, behavior analysis) that attempts to determine if autistic
individuals attend to all relevant facial affect cues or if, as proposed by some, avoid the eye area
and focus elsewhere. One of the most popular ways researchers attempt to determine where an
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individual is directing their gaze is to use eye-tracking technology combined with behavioral
tasks. In implicit or free-view paradigms, eye-tracking technology may be used to measure
location of first gaze, saccades (rapid movement of the eyes between fixation points), duration
gaze held, and latency until gaze averted when an individual is shown a static or dynamic
stimulus. In explicit or directed-view paradigms, eye-tracking technology may be used to
measure where a participant is gazing while engaging in a behavioral task that requires labeling
or matching pictures. Regardless of the paradigm, studies measuring gaze in those diagnosed
with autism during emotion-based tasks generally focus on identifying the areas of interest (AOI;
Yi et ai., 2013) or regions of interest, (ROI; Han et al., 2015) on the face. This method groups all
gaze points in a particular region resulting in a broad collection of gaze points that provide little
information other than a quadrant preference. For example, a gaze at the upper left area of the
right eyebrow and a gaze at the lower right eyelid together would both be categorized as “upper
right area of face” even though the gaze points are distinctly different (Yi et al., 2013). (More
recently, other methods have been able to assess gaze with a higher resolution or precision. See
Wilkinson & Mitchell, 2014 for a review.)
A recent meta-analysis of eye-tracking data from studies on emotion recognition in those
with autism (Black et al., 2017) found that there is no consistent evidence that individuals with
autism have different gaze patterns or attend to areas of the face in a different way than controls,
but that eye-gaze differences may become more prevalent as autistic individuals age. The authors
point out that many studies show that autistic adults attend less to the eye region than autistic
adolescents, and that autistic adolescents attend less to the eye region than younger children on
the autism spectrum and proposed the reason for this may be that some of the stimuli used with
children may not have captured the attention of either the ASD or typical groups of children, and
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this alone could have impacted how quickly individuals averted their eyes or how long the
individuals viewed the stimuli, respectively. Another factor which may have affected eye gaze,
however, is the nature of the task the individual is asked to participate in when wearing eyetracking equipment.
To explore how the nature of the tasks present in the studies could have affected eye-gaze, the
first author of this paper reviewed the behavioral tasks used during eye-tracking studies listed in
the Black et al. (2017) meta- analysis and found that as age of participants increased, the tasks
presented required more linguistic skills to complete (e.g., the ability to respond to multi-step
directions presented verbally by the experimenter, the ability to match based on the concept of
similarity, the ability to name the facial affect depicted in a picture to name a few). Table 1
breaks down the tasks by age cohort in the eye-tracking studies reviewed by Black et al. (2017).
Most of the tasks the children were presented required a verbal repertoire, whereas 62.5% and
74% of the tasks adolescents and adults were presented required a verbal repertoire, respectively.
If attention to the eye-region of the face is inversely related to the amount of language required
to complete the behavioral tasks presented, this alone could account for the changes in eye-gaze
patterns across the age-defined cohorts. Furthermore, task difficulty has been suggested as one
reason why age differences may exist between measured cohorts (Harms et al., 2010) indicating
that (a) implicit or free view eye-tracking tasks in the absence of a behavioral measure (low
difficulty level) may overestimate autistic children’s attention to relevant affective features
and/or underestimate the nature of the deficit in childhood, and (2) emotion recognition may not
actually degrade as individuals get older, as suggested by Black et al. (2017) and others (i.e.,
Harms et al., 2010; Lozier et al., 2014) but the language requirements of the tasks used to
measure emotion recognition confound the analysis.
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Table 1
Tasks by Age Cohort in Eye-tracking Studies from Black et al. (2017) Meta-Analysis

Implicit

Labeling

Matching

Children

8

0

1

Adolescents

3

5

0

Adults

4

11

2

To illustrate this further, we found only two studies reviewed in the Black et al. (2017)
meta-analysis that allowed for a comparison of responding across two different age groups
because they used the same matching tasks during their eye-tracking analysis (Falkmer et al.,
2011; Leung et al., 2013) In both studies, participants were required to scan a set of puzzle
pieces that depicted a parts of a face, and then select from a choice of three whole pictures, none
of which were the same as the one in the puzzle, but one of which depicted the same emotion
presented in the puzzle pieces (so that the selection of the correct response could be attributed to
having attended to the key features of the emotion rather than identity matching with respect to
one feature). Half of the puzzle pieces used in the study contained a whole eye and in the other
half of the puzzle pieces the eyes were bisected such that one half of an eye was on one puzzle
piece and the other half on another piece. The purpose of the studies was to determine the extent
to which individuals, who the authors referred to as those with high-functioning
autism/Asperger’s Syndrome (HFA/AS), gazed at the puzzle pieces depicting eyes vs. the mouth
area and whether their matching accuracy was impacted when the puzzle pieces included
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bisected vs whole eyes. The first study was conducted with autistic adults (M = 29 years;
Falkmer et al., 2011), and the second replicated the first with children on the autism spectrum (M
= 10.4 years; Leung et al., 2013).
Table 2 shows the average number of correct responses across all groups in both studies
during the puzzle matching task when the eyes were fully visible vs. when they were bisected.
Across groups there were more errors when the eyes in the puzzle pieces were bisected, with the
HFA/AS adult group having the largest difference between correct responses to the whole-eye
puzzle pieces versus the bisected-eye puzzle pieces. In addition, compared to controls, the adult
HFA/AS group showed, on average, fewer correct responses when the eyes were whole

Table 2
Results from Falkmer et al. (2011) and Leung et al. (2013).
Children
Average correct responses out of a
possible 2
Leung et al. (2013)

Adults
Average correct responses out of a
possible 6
Falkmer et al. (2011)

HFA/AS

Control

HFA/AS

Control

Eyes whole in
puzzle piece

1.45

1.47

4.33

5.08

Eyes cut in half in
puzzle piece

1.12

1.18

3.67

4.83

Note. The average correct responses across individual emotions in Leung et al. were summed
and averaged to provide the average correct responses across all emotions.
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compared to adult controls, whereas there were no differences between HFA/AS and the control
group of children. Of note, the discrepancy between the average correct response in the adult
HFA/AS group to the whole eye (4.33) and bisected eye (3.67) puzzle pieces suggest that adults
with HFA/AS may indeed rely on information from the eye region during non-verbal matching
tasks, but the extent of it is unclear. The authors of these studies report eye-gaze fixation data for
both the puzzle pieces and the whole faces that participants matched to. In response to the puzzle
pieces, the HFA/AS eye-tracking data show only a small difference between HFA/AS adults and
the adult controls and their fixations on the various puzzle pieces. Those in the adult HFA/AS
group fixated on the eyes and mouth 46% and 39% of total fixations, respectively and adult
controls fixated on the eyes and mouth 49% and 36% of total fixations, respectively. On the
other hand, the data from fixations to the three “whole face” choice stimuli tell a different story.
As opposed to the control group, who fixated on the eye region 42% of the time when scanning
for the correct choice, individuals in the HFA/AS group fixated on the eye region only 36% of
the time. One conclusion might be that while eye-tracking technology showed that the HFA/AS
adults looked at the eyes when scanning the puzzle pieces, it did not provide information about
what features on the face they attended to. It is possible that the salient features for the adults
with autism were found in the mouth region regardless of how many fixations they made to the
eye region. While these data suggest that there are perhaps age differences in affect-recognition
deficits, the most important implication of this study is that the data suggest a distinction must be
made when analyzing data from eye-tracking software: gazing at a location cannot be assumed to
be the same as attending to that location, Other measures developed within the behavior analytic
framework allow for this distinction and have other advantages (discussed below).
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Assessment of Atypical Attention: Behavior Analysis
The field of behavior analysis has taken a systematic approach to assess attention and
stimulus overselectivity (Lovaas et al., 1971) by implementing an analysis of what aspects of the
compound stimuli individuals are attending to. The general approach is based on a landmark
paper by Reynolds (1961), which allowed for a behavior-analytic definition of attention. In the
first of two studies, the delivery of reinforcement was contingent upon pigeons pecking on a red
key with a projected white triangle shape. No reinforcement was delivered for pecking on the
alternative green key with a projected white circle shape. Once pigeons pecked reliably at the
red-triangle but not at the green-circle key, the green key light, red key light, triangle, and circle
were presented independent of each other and the pigeons’ rate of response was measured. While
during training both the triangle and the red light were presented as a compound stimulus that
signaled the availability of reinforcement, when presented alone, the pigeon responded in excess
of 20 pecks per min to the red key light and 0.5 pecks per minute to the triangle indicating that
responding had come under the stimulus control of the red key light and not the triangle.
In the second of the two studies pigeons were reinforced for pecking keys when
combinations of stimuli were present that created compound stimuli (e.g., combinations of key
lights and white projected shapes). A yellow side lamp was positioned on one side of the training
apparatus and a green side lamp positioned on the other side of the training apparatus. When the
yellow lamp was illuminated, pecking on red keys was reinforced regardless of the white shape
projected on the key and when the green lamp was illuminated pecking on keys with a triangle
was reinforced regardless of background color. After the contingencies were established,
Reynolds manipulated certain features of the trial, for example switching the side the colored
lamps were on, having both lamps on simultaneously or not at all, or changing the color of the
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lamps to white or red. One of the key findings was that the pigeons responded in the presence of
the yellow lamp when both were lit and responded as if the green lamp were lit when NO lamps
were on, indicating that the pigeons attended to the yellow lamp but did not attend to the green
lamp. These studies were the first two demonstrations of the behavior analytic conceptualization
of attention.
In one of the first empirical analyses of stimulus overselectivity in the autistic population,
Lovaas et al. (1971) employed Reynolds’s rationale to investigate stimulus overselectivity in
autism. In that study, the performance of five children with autism with minimal or no verbal
repertoires on a discrimination test was compared to a group of similarly aged children with
cognitive impairments and a group of neurotypical children. During training, all children
received reinforcement (a chip or some candy) for pressing a bar when a compound stimulus
consisting of a light, pressure delivered through a blood pressure cuff, and a sound was
presented2. During testing, each component was presented separately, that is, not in a compound,
to determine which of the components would occasion bar pressing. When presented alone, on
average all three of the components resulted in bar-pressing in the neurotypical children, two of
the components resulted in bar-pressing in the children with cognitive impairments, and only one
of the components resulted in bar-pressing in the children diagnosed with autism. The conclusion
was that in the autistic children, stimulus control was more restricted compared to stimulus
control in the other two groups. In other words, when the complex stimulus was presented during
training, the autistic child attended to only one of the components of compound stimulus, not to
all the components.

2

Lovaas et al. (1971) also included a temporal cue but this cue failed to gain stimulus control in all cases.
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Overselective responding in those diagnosed with autism spectrum disorders and in those
with intellectual disabilities has been well established in the 50 or so years since the seminal
articles on the phenomenon were published. More recently, research employing versions of
Reynolds’ (1961) procedure has explored have attempted to replicate demonstrations of stimulus
overselectivity in children with ASD with linguistic stimuli including an assessment of attention
to prosody vs. content in spoken sentences presented in the participants spoken language (Ploog
et al., 2009; Brooks & Ploog, 2013) and in an unfamiliar language (Ploog et al., 2014) to help
further the understanding of the relationship between linguistic skill and overselectivity. Finally,
stimulus overselectivity recently has been proposed as a reason for inconsistent use of
augmentative communication devices by autistic individuals (Dube & Wilkinson, 2014).
A key component in Reynolds’s (1961) procedure to assess of stimulus overselectivity
(regardless of the population being studied or the type of stimuli used, i.e., visual, auditory,
linguistic, even tactile) is the planned construction and presentation of the stimuli used in the
assessment tasks that allows for an analysis of stimulus control by any of the elements alone or
in combination with other elements.
For example, Brooks and Ploog (2013) constructed a wide variety of speech stimuli that
differed in prosody and content to assess selective attention to these two linguistic dimensions.
A set of compound stimuli were created for the training phases that differed in two components:
prosody (grouchy or enthusiastic; how something was being said) and content (what was being
said). Following training, they assessed preference for (or attention to) prosody or content. They
accomplished this by first training on two compound stimuli. Responding to one resulted in
reinforcement, establishing a positive content and prosody stimulus (i.e., C+P+). Responding to
the alternative stimulus resulted in extinction (i.e., C−P−). Testing was conducted by presenting
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four stimuli: C+P+ and C−P− (both the original training stimuli) and in addition two test stimuli
where the content and prosody component was switched resulting in C+P− and C−P+. The
nature of the task required participants to choose between two out of the four stimuli. If
participants were mostly attending to content, they would choose C+P+ and C+P−. If they would
mostly attend to prosody, they would choose C+P+ and C−P+. The results showed clear
differences between the autistic and the typically developing participants with preference for
prosody over content in the individuals diagnosed with autism, but importantly, it was also
shown that those with autism had no deficit in ability to discriminate based on prosody
(emotional content) or content (even if the content was presented in an unknown language; Ploog
et al., 2014).
In a study looking at the impact of naming on selective attention, Gutowski et al. (1995)
used stacked drawings of insects and mammals to create the sample stimuli used in their study (a
picture of a cat face in the top half of the picture and a picture of a dog at the bottom half of the
picture) and presented one of the individual components of the stacked sample and another
picture as comparison stimuli. If one were to select the comparison stimulus image that matches
one of the images in the sample consistently and does so regardless of which of the stimuli in the
stacked sample is presented as a comparison, they are attending to both elements of the sample
stimulus. Selective attention to the top half of the sample was demonstrated if the participant
only matched when the image from the top of the stack in the sample was included as a
comparison stimulus. Selective attention to the bottom half of the sample was demonstrated if
the participant only matched when the image from the bottom of the stack in the sample when it
was presented as a comparison. Using Reynolds’ (1961) rationale, selective attention was
observed in adults with moderate intellectual disabilities and the procedure was sensitive enough
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to show immediate improvement in matching when participants were instructed to name the
stimuli prior to matching (differential observing response).
Dube and McIlvane (1999) evaluated the effect of an alternative differential observing
response that did not require the participants to name the stimuli in the sample using the
following adaptation of Reynolds’ (1961) rationale to their procedure. Sample stimuli consisted
of two forms (shapes) that were displayed side-by-side. For some of the trials, three comparison
stimuli were presented: one was an exact match to the sample, and the other two consisted of one
of the forms from the sample and a form that was not in the sample. If the individual were
attending to both forms, they would select the comparison that contained both forms that were in
the sample stimulus (an exact match). If the individual were attending to the form on the left,
they would select either the exact match or the comparison stimulus that included the form from
the left side of the sample but not the right side. If they were attending to the form on the right,
they would either select the exact match or the comparison stimulus that included the form from
the right of the sample stimulus but not the left side. They measured accuracy during the
matching task and showed that embedding a differential observing response that ensured the
participant was attending to both forms that made up the sample stimulus resulted in improved
accuracy.
To allow for the evaluation of all possible attention patterns, one needs a full set of
stimuli. To illustrate the need for the full set, Figure 1, Panel 1 shows two faces that differ by
hair shape, eye shape, and the shape of the mouth (frown or smile). If we were to ask someone
to match an identical stimulus to just these two stimuli, there would be no way of knowing if
they were attending to the whole stimulus or just matching by shape of the hair, eyes, or mouth.
To evaluate whether one, two, or all features are controlling the behavior, we must create a set of

16

stimuli that contain examples that systematically vary from the original stimuli. One way to
create a set of stimuli that allows for an analysis of what feature of the stimulus is controlling
behavior is to apply the equation, N = xf, to determine the number of stimuli needed (N) to create
a full set, with (x) representing the total number of stimuli that have unique features that are not
shared by others in the set, and (f) representing the number of features you are evaluating.
Figure 1, Panel 1 presents two stimuli with three unique features (hair, eyes, and mouth).
Using the above equation, we determine that one needs eight stimuli total for a complete
stimulus set to assess attention to all three features and their combination. To illustrate this
further, Figure 1, Panel 2, contains a grid that shows how each of the features is systematically
arranged to obtain a full stimulus set, and as an example, Figure 1, Panel 3, shows the
comparison stimuli required to assess whether eye shape vs. mouth shape is controlling behavior.
Note, for this assessment, hair shape is held constant. To correctly match the stimulus, the
individual must attend to the eye shape and the mouth shape. In the event the individual is
matching by eye shape alone, there is a 50% chance that they will select the exact match and a
50% chance they will select the stimulus with the same eye shape but different shaped mouth.
Returning to our original question of interest, using Reynolds’s (1961) rationale we can
answer “What aspects of the face is the person attending to?” Unlike eye-tracking technology,
the creation of stimulus sets, and assessments based on this rationale allows researchers to hone
in on the specific features autistic individuals attend to in facial affect pictures including, but not
limited to diffuse elements such as skin tone or luminescence or local elements such as eyebrow
arch shape, freckles, sweat beads, wisps of hair, wrinkles, nose shape, the mouth, and eye shape.
An assessment of this detail allows one to determine exactly what someone is attending to on the
face and determine if what an individual is attending to is necessary to discriminate facial affect.

17

The emphasis on the careful construction of stimulus sets and matching procedures used
to assess which element is attended to allows researcher to determine what part of the stimulus is
controlling matching behavior. As the procedures described require few, if any language
requirements they are further differentiated it from other emotion-matching tasks used
historically in studies on emotion-recognition and atypical attention to affect stimuli in autism
spectrum disorders.
Purpose of Study
Difficulties in observing facial affect during conversations or other social interactions
directly impact an individual’s ability to best determine listener attention, intent, interest, and
gather important information about how to respond in various situations. Emotion processing
deficits have been suggested as the reason for these difficulties (Uljarevic and Hamilton, 2013)
but it may be more parsimoniously explained by the generally accepted atypical attention
patterns to multi-element stimuli seen in those with ASD. Either way, Uljarevic and Hamilton’s
(2013) assertion that “determining the integrity of emotion recognition in autistic spectrum
disorder is important to our theoretical understanding of autism and to teach social skills” (p.
1517) and the assertion by Loth et al. (2018) that expression recognition may serve as a
stratification or diagnostic marker of autism support the development of an assessment tool that
can assist researchers in this area of research.
While various “in house” procedures exist across research laboratories, a formalized
assessment tool that can evaluate atypical attention to pictures depicting facial affect that can be
used with autistic individuals with a range of verbal competencies across the lifespan and that
can be used with eye-tracking technology has yet to be developed. The development of such a
tool would help improve research in the area of autism and facial-affect recognition. Conducting
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research using an application of this sort would help answer whether autistic individuals attend to
idiosyncratic features and/or regions of interest in pictures depicting facial affect and more or
less than controls and if so, whether this selective attention is consistent across the lifespan,
improves, or get worse. Related to this last point, as previously discussed emotion-recognition
tasks that accompany eye-tracking technology become increasingly more reliant on a verbal
repertoire as the participant cohort age increases, confounding current attempts to compare
performance and/or eye gaze across the lifespan. Having non-verbal method to assess selective
attention that can be used in conjunction with eye-tracking provides a method by which one
could conduct a systematic analysis of how increased verbal requirements may influence
selective attention and eye-gaze. Moreover, a non-verbal assessment decreases the likelihood
that the performance for individuals for whom English is not their first language will be
impacted due to a language barrier.
As previously noted, eye-tracking can, at this time, only tell us what regions of interest
individuals were gazing at, not with certainty what they were attending to. This distinction is
critical, as what one looks at does not necessarily involve one’s attention. The development of
this assessment provides a means to measure the extent to which eye-tracking equipment
assesses attending or if, as we hypothesize, it is limited in its scope and applicability to the
question of selective attention in autism. Finally, the behavior analytic approaches to measuring
selective attention are not only useful for assessment but could be used for remediation when
there is evidence of selective attention to some but not all relevant features of the stimuli.
The purpose of the series of studies was to test a prototype application designed for the
iPad® and developed for the previously stated purposes. We sought to answer the following
three questions; (1) How well does the application developed for the iPad® allow for a robust
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analysis of how a user is likely to make errors (e.g., by matching by the top features only, the
bottom features only, or not by the top or the bottom features); (2) Does the application as
programmed increase accuracy in the event a user is not matching consistently by all features;
and (3) Is there a relationship between scores on the Autism Quotient and RAADS-14 autism
screens and the frequency of errors and the type of errors made.
Rather than include individuals with a formal diagnosis of autism spectrum disorder, the
studies described in this paper utilized college students to test the validity of the application. This
was an ethical decision. Engaging the number of individuals with autism spectrum disorder
necessary to have a large enough sample to make any meaningful conclusions regarding
differences between those diagnosed with ASD and those who are not seemed irresponsible prior
to doing rigorous testing of the application to determine if it was a sensitive measure of the
behavior we are interested in (atypical attention). The inclusion of autism rating scales was to
determine if we would find a correlation between higher and lower scores on the screens. These
scales were not intended to identify individuals with autism for the purpose of making claims
regarding the performance of those with and without a diagnosis of autism.
Study 1
This study was conducted to determine how well an application developed for the iPad®
would assess selective attention to emotion-based and other stimuli and provide training to
remediate overselective responding if evident. To evaluate the application, we compared two
groups: one that was exposed to emotion-based stimuli and the other to non-emotion-based
stimuli, and we assessed ongoing individual performance within a training session and across
training sessions.
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Figure 1
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The most important feature of the study was that participants were required to attend to
features both in the top and bottom halves of a given stimulus to make a correct response. The
specific construction of the stimuli and our behavior-analytic paradigm allowed for an error
analysis that could identify selective attention to features on the top half vs. the bottom half of a
stimulus. In contrast, paradigms that employ eye-tracking technology can only assess at which
area of a stimulus a person is gazing, which cannot be assumed to be the same as attending to
those areas. Since selective attention is of interest in autism research, this study also evaluated
how differential scores on two autism rating scales might predict patterns of performance on the
pre-test and other portions of the study, e.g., as suggested by previous research, with those with
autism making matching errors due to matching by features on the bottom (i.e., mouth) vs.
matching by features on the top (i.e., eye) areas of emotion-based stimuli, and whether there
were differences in errors between emotion-based and non-emotion based stimuli. All procedures
were approved by the CUNY IRB.
Method
Participants
Eighteen college students, 18-years of age or older, who were enrolled in the Fall 2019
semester were recruited from Introductory Psychology sections in which participation in a
research study was part of the class-credit requirement. The participants were unable to sign up
for the study until mid-semester, therefore the pool of participants consisted of those students
that opted to wait until the mid- to late-part of the semester to complete the requirement.
Fourteen of the participants completed Experiment Day 1. Of the 14 participants, there were 11
self-identified females and three self-identified males. No participant self-identified as
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nonbinary, “other” or indicated they were not comfortable sharing. No participant indicated they
had a prior diagnosis of autism or stated they self-identified as autistic.
Participants received four research-participation credits with partial credit given after the
first session of the study in the event the participant failed to return for the second experimental
session.
Setting
The study took place on campus at the College of Staten Island (CSI), a public two- and
four-year senior college of The City University of New York that runs on a semester schedule.
The study was conducted in a teaching lab with computer cubicles. The principal research
(hereinafter referred to as “researcher”) ran the experiment but received support from an
undergraduate research assistant who was present during some of the sessions. Up to four
individuals could participate in the study at the same time. Each sat in a work cubicle that had a
rolling chair, a desk attached to the wall, and a desktop computer. Each workstation had a solid
door that was equipped with a clear window in the upper half of the door. During the study, the
doors were closed or left ajar depending on the participant’s preference. Cubicles were set up
along a hallway with four on each side of the hall. While the participants were engaged in an
activity the researcher was seated in the first cubicle on the right side of the hallway with the
door open or periodically walked up and down the hallway to monitor the participants and to be
available if the participants had any questions or concerns. When the participants completed an
activity, they either opened the door or knocked on the ajar door which alerted the researcher that
they were ready to move to the next activity.
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Stimulus Construction
For the pre- and post-test and training phases of the study (See Figure 2 for a flowchart of
the experiment) we created custom stimulus sets for the assessment of feature attention in two
ways. For some sets (split) we selected two pictures, bisected them, and then recombined the two
halves by switching the top and bottom areas to create two additional stimuli for a total of four in
a set. For other stimuli (stacked) combinations of four elements were combined to create four
separate stimuli, each stimulus consisting of two of the elements stacked one in the bottom half
and the other in the top half. For each set, regardless of the construction method, two stimuli
shared the same top half, and two stimuli shared the same bottom half.
We labeled the categories of stimuli developed for the pre- and post-test and training sessions as
emotion-based (EB) and non-emotion-based (NEB). The emotion-based stimuli were constructed
from stimuli depicting facial affect/emotional behavior and the non-emotion-based stimuli were
constructed from stimuli that were unrelated to emotional behavior. We used the terms emotionand non-emotion “based” because some of the stimuli we created through the combining process
(described below) may or may not depict emotional behavior to all individuals that interact with
them, regardless of what the original stimuli were that were used to create them. We considered
other labels as well but decided on emotion- and non-emotion-based to align with the literature
that label stimuli by the emotions they are supposed to depict.
Figure 3 shows how two stimuli (+ + and – –) were bisected and rejoined to create a set
of four emotion-based- and four non-emotion-based stimuli yielding two additional stimuli for
each set (+ – and – +). Note how each stimulus in the set shares a top half and a bottom half with
only one other stimulus in the set. Figure 4 shows two additional sets of non-emotion-based
stimuli like the ones used in studies conducted on weak central coherence theory (Koldewyn,
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Figure 2

Jiang, Weigelt, & Kanwisher, 2013), which were included in the study to confirm that the
application for the tablet could also assess whether individuals with autism respond globally
(whole, gestalt) versus locally (part, elements) in addition to determining area specific feature
attention. One of these sets was included in the pre-test and post-test (see below) and one was
included in the training. A wide variety of stimulus types were deliberately included to extend
recent research that explored whether there is differential responding not only to emotion vs.
non-emotion- based stimuli, but also whether certain types of emotion-based stimuli (emoji vs.
photograph) may result in differential responding. Appendix A includes a visual of ever stimulus
used in the study grouped by set and what part of the study the stimuli were used in. The
appendix includes set numbers, stimulus numbers, and the category as set of stimuli belonged
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Figure 3
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Figure 4

to (neutral, emotion-based, non-emotion-based), stimulus type (graphic or photo), and stimulus
set construction method (split, stacked, global/local).
Procedure
Figure 2 provides a flowchart of the experimental phases which took place over two 90
min daily sessions, scheduled a week apart. The flowchart shows the order of presentation of
introduction video, autism scales, the introduction to iPad® game, pre-test, training sessions, and
post-test.
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Participant assignment into conditions. Participants were randomly assigned to one of
two groups labeled Group Emo and Group NonEmo based on the type of stimuli used during
training (emotion-based and non-emotion-based). To facilitate the data analysis, we adopted the
notation of adding the letter “e” or “n” to the participant code, for participants that were in Group
Emo or NonEmo, respectively (e.g., Participants 0467e vs. 0277n).
Experiment Day 1. Session 1 began immediately after the participant signed the consent
form. The activities scheduled for Experiment Day 1 took approximately 30 to 45 minutes to
complete.
Introduction video. After verifying that the participant signed the consent form, the
researcher prompted or helped the participant to click on an icon on the desktop computer, which
was hyperlinked to the introduction video, which was stored on Vimeo (Vimeo.com). When the
video opened, the researcher instructed the participant to press play. Once the video started, the
researcher left the room but remained in proximity to the participant’s cubicle so that she could
hear when the video was ending. If two (or more) participants completed the consent form at the
same time, one waited while the introduction video was introduced to the other participant,
ensuring that the end time of the introduction video for each participant was staggered. This
allowed the investigator to enter the cubicle about 10-15 sec before the video ended, watch the
end with each participant, and prompt them to close the internet browser window when the video
was over.
The introductory video was created using Camtasia © video editing software by
Techsmith. Portions of the video, recorded using Logitech C920S HD Pro Webcam and Logitech
Capture, showed a brief example of the researcher demonstrating how to fill out the surveys and
a demonstration of how to return the surveys to the folder so the data remained hidden from the
28

researcher. The camera was angled so only the researcher’s hands and the survey and folders
were showing. The researcher also recorded a video of herself explaining the tasks that
participants would do during the study and demonstrated how to answer questions on the pretest. The procedural details in this introductory video were similar to the actual study however
the appearance of the trial, the stimuli used in the video, and the consequences for a correct
response were different than those used in the study to ensure that the trials presented during the
study were novel to the participant. The total length of the video was 2 min 13 s. Appendix B
includes a link to the introduction video and a transcript.
Autism Scales. Two adult autism scales, the Autism-Spectrum Quotient (Baron-Cohen, et
al., 2001) and the RAADS-14 Screen (Eriksson, et al., 2013) were selected to screen for
participants that may share common traits with those with autism spectrum disorders, regardless
of whether the participant discloses a diagnosis of autism or self-identify as autistic. Information
from these surveys was used to determine if patterns of responding on the pre- and post-tests,
and within and across training sessions, were correlated with high or low scores on the adult
autism scales. No medical or educational documents reporting a formal diagnosis were
requested. We included a revised first page from the original RAADS-R (Ritvo et al., 2011) and
attached it to the first page of the RAADS-14 to allow for the collection of some demographic
information including age, gender, and whether participants had ever been diagnosed or labeled
having an autism spectrum disorder (see Appendix C). All diagnostic criteria and demographic
information from the survey were analyzed after the completion of the study to decrease the
likelihood that survey results would influence how the researcher interacted with the participants
during the study. To ensure that the researcher or assistant would not accidentally see any
answers or scores when collecting the rating scales, each scale had a cover page printed on paper
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that covered the text and responses. Rather than have the participants write their codes on the
cover page of the scales, the participant code was pre-filled before the participant’s arrival.
After the participant viewed the introduction video, the researcher handed the manila
folder that contained the surveys to the participant and said, “Here are the surveys, when you are
done please let me know.” The researcher asked them to open their cubicle door or knock when
they completed the surveys. When done, the participants gave the folder to the researcher who
then placed the manila envelope on a shelf in the researcher’s cubicle. At the end of the session,
the researcher stored the folders separately from the consent forms at a secure, IRB-approved
location.
Two risks were identified that could arise from administering the surveys: (1) an
individual scores high on the autism-rating scales but did not indicate that the individual has a
diagnosis of autism; and (2) an individual indicates that the individual has a diagnosis of autism,
or self-identifies as autistic, but scores low on the autism rating scales. These are both risks for
those whose scores do not align with their identity and who might find this upsetting or
confusing. As the autism-rating scales were not scored until after the participants completed the
study with the plan that if either of the two scenarios occurred, the researcher would contact the
affected participants within two weeks of the time the surveys were scored and invite them to
meet confidentially with the primary investigator to discuss the rating scale outcomes’
implications. This would include an offer to the participants to contact the Building
Bridges/REACH program, which is a support, peer, and advocacy organization at the College of
Staten Island offering support to students including those with autism.
The College of Staten Island Campus closed in March of 2020 due to the COVID-19
global health crisis (data collection was completed the day prior to the closure) making all
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participant contact information inaccessible to the researcher. The campus currently remains
closed to the public and entry onto campus is difficult to coordinate, thus there is no expected
date that the researchers will be able to return to the lab in 2020 to retrieve the information
necessary to contact any participants whose scores did not correspond with their identity.
Introduction Session on iPad®. The introduction to the game and training sessions were
conducted using a custom designed game application for the iPad® (cf. Ploog, 2010) for the
assessment of selective attention (including assessment of emotion) in people with autism and
other developmental disabilities. (For technical details, see Sturm et al., 2016.) The game was
installed on four first- or second-generation iPad® tablet devices (hereafter referred to as
“tablet”) which were labeled “1” through “4.” Participants were assigned to a tablet prior to the
study and used the same tablet throughout the study to ensure counterbalancing of stimuli across
the introduction and training sessions.
As shown in Figure 5, at the onset of a trial, a sample stimulus appeared in the center of
the screen (Figure 5, Panel 1). Participants were required, according to a fixed-ratio 3 (FR 3) 3
schedule, to tap on the sample stimulus three times before the four comparison stimuli would
appear. The sample stimulus moved to the right side of the screen and the four comparison
stimuli filled the rest of the screen in a 2 x 2 grid (Figure 5, Panel 2). The participant’s responses
to the comparison stimuli resulted in a change in screen representing either putative
reinforcement or extinction4 according to a variable ratio 3 (VR 3) 5 schedule. Thus, an average
of three responses was required to end the trial. If the last tap before a screen change was on the
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An FR-3 schedule presents a new event, such as a stimulus or reinforcer presentation, upon exactly the third
response
4
Extinction refers to a situation where a previously reinforced response is not reinforced anymore.
5
A VR-3 schedule functions in the same manner as an FR-3 schedule except that an average of three responses is
required.

31

Figure 5

correct comparison stimulus the screen faded to white for approximately 3 sec and then either a
prerecorded “reward” video clip (e.g., common license clips of bright and colorful animations)
that lasted approximately 4 sec or were given access to a custom-designed “Pop-The-Bubble”
game (floating circles that disappeared with a “pop” sound when touched) for approximately 9
sec. The system was set so that 50% of correct responses were followed by a video and 50% of
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correct responses followed by the “Pop-The-Bubble” game. When an incorrect response was
made on the last programmed tap on a comparison stimulus for a trail, the trial screen
disappeared and was replaced with a blank white screen for approximately 10 sec before the next
trial started. The game randomized all trials and was programmed to collect data on accuracy of
responding. Furthermore, data were recorded via a line-by-line account of all events with time
stamps to allow for a complete and fine-grained off-line analysis of the participant’s behavior
during all sessions conducted on the tablet.
The purpose of the introduction session was to ensure that participants were able to: (a)
place their finger on the sample stimulus when it appears on the screen; (b) continue to press on
the sample stimulus until the comparison stimuli appeared on the screen; (c) place their finger on
one of four comparison stimuli presented in a 2 x 2 grid; (d) continue to press on the comparison
stimuli until the stimuli disappeared and the screen changed; and (e) to ensure that a simple
identity matching repertoire was intact when using the game program prior to the introduction of
multi-feature stimuli. Twenty-four trials were presented in one block of trials. A second block of
trials using a different set of stimuli was available for additional training in the event a
participant did not score 80% or higher during the introduction session.
The tablet introduction session proceeded as follows: After loading the introduction
session on the tablet, the researcher handed the tablet to the participant. The participant saw the
sample stimulus for the first trial centered in the middle of the tablet screen. Prior to leaving the
room, the researcher instructed the participant to “press it” or “touch it.” The participant would
then tap on the stimulus which resulted in the stimulus pulsing (getting a bit smaller in size and
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then returning to the original size. Each touch also resulted in an audible click. 6 The researcher
then said “again”, and the participant would tap the sample again. Finally, the researcher said,
“Once more” and the participant would tap the sample for a third time resulting in a screen
change according to the FR 3 where the sample stimulus moved to the right side of the screen
and the comparison stimulus grid appeared on the left. Once the comparison stimuli appeared,
the researcher said “Okay, when you are done, please let me know” and left the room.
In the event the participant did not tap on the sample stimulus on the first prompt, they
were told to “press the picture.” If the participant asked what to do as the researcher was leaving
the cubicle, the researcher told them to “Match them the way you think they should be matched.”
Following the completion of the introduction session, the researcher checked the
percentage correct in the session data file. If the participant scored 80% or above, they moved to
the pre-test. If they scored under 80%, the researcher started a second introduction session and
handed the tablet back to the participant. The researcher commented “Ok, let’s try this one” (or
similar) and left the room. Regardless of score on the second session, the participants were then
moved onto the pre-test.
At the end of each session, the game showed the participants the data file from that
session. Despite being instructed to let the researcher know as soon as they were done with the
trials, the researcher discovered that several participants reviewed the data file before alerting her
that they were done. This became apparent when some participants mentioned to the researcher
that they “did great on that one” or similar. Changes to prevent the participants from viewing
their own data could not be made before the end of the semester and therefore were implemented
only for the second study (see Study 2 for more details).
6

The volume of the click varied based on participants adjusting the volume on the tablet, with some shutting the
volume off. This was not monitored during the experiment.
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Two sets of stimuli were created for the introduction session (Appendix A). Each set
consisted of four silhouettes of shapes and common objects. One set included silhouettes of a
chair, a box, a street sign, and a star (Set 42). The other set included silhouettes of a paw print, a
snowflake, a heart, and a gas station pump (Set 43). The stimuli used during this session differed
across the apparatus, with the tablets labeled “1” and “3” programmed to show stimuli from
stimulus set 43 and the tablets labeled “2” and “4” programmed to show the stimuli from
stimulus Set 42. In the event participants needed to run through an additional introduction
session the other set of stimuli would have been used.
Pre-test. The purpose of including the pre- and post-test assessment was to evaluate
whether participants would respond differently to novel emotion and non-emotion-based stimuli
in other matching tasks that, while similar to that used in the training sessions, differed enough
that one could measure generalization of the trained response (matching by the relevant features
found in both the top and bottom of the stimulus) to novel stimuli programmed within an
alternative trial structure. In other words, the training protocol developed for the iPad® should
have some measurable effect on matching in other formats and with novel stimuli to be valuable.
To assess this, in addition to being presented on different apparatus (computer with
mouse vs. iPad®), and including novel stimuli, the pre/post assessment trials differed from the
iPad® application trials in two major ways: (1) the sample stimulus was unavailable when the
comparison stimuli were on the screen and, (2) the pre-and post-test trails were each
approximately 10 sec long from the onset of the trial to the beginning of the next trial. In
contrast, the application trials allowed unlimited time to compare the comparison stimuli to the
sample stimulus, which sat adjacent to the comparison stimuli the entire trial.
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The pre-test consisted of six sets of emotion-based (EB) facial stimuli and six sets of nonemotion-based (NEB) stimuli. (To view all stimuli used during testing see Appendix A.) Four of
the six EB sets were photographs of faces and two were drawn/graphic depictions of faces. Five
of the six NEB sets were cartoons or geometric shapes and the last picture was a photograph.
Each set consisted of four stimuli. Each of the stimuli functioned as a sample stimulus one time
during the pre-test.
Comparison stimuli were rotated systematically across trials to prevent correct responses
from preceding or following the same stimulus in a predictable way. Appendix D provides
detailed instructions on how the comparison stimuli were ordered depending on which stimulus
from a set was the sample on a given trial.
While the order that the comparison stimuli was randomized, the pre- and post-tests were
identical, with the same sample and comparison order used in the post-test as that in the pre-test.
Given that there was no performance feedback provided on the pre-test, the pre- and post-tests
were conducted a week apart, and that six intensive training sessions were conducted
immediately prior to the post-test, the researchers were not concerned that this would impact
participant performance.
The pre-test was presented using forms developed and run via the internet (Google Forms
©). The form recorded data on a corresponding spreadsheet stored in a remote secure datacenter.
To ensure confidentiality, all forms were coded with the participant’s ID number and no other
information. The first screen required participants enter in their code number (provided by the
researcher or research assistant) and to select the option “pre-test” or the option “post-test.”
Each trial began when a sample stimulus appeared on the screen and the participant was
prompted to press “Next.” The next screen showed the four comparison stimuli. Once the
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participants selected a response, they pressed the “next” button to view the next sample stimulus.
During the first few weeks of the study, the researchers discovered that participants taking the
pre-test (and post-test) via Google Forms© were scrolling between screens using a previous or
next button. In addition, no time-limit feature existed in Google Forms ©. These limitations
posed two problems. First, it was not possible to assess what the participants were attending to
after their first glance at the sample stimulus because they had unlimited time to compare the
features of each of the comparison stimuli. Second, if unsure of the “correct answer,” they were
able to go back and look at the sample stimulus again.
The pre- and post-tests were redesigned and delivered on the application Quiz Maker
(www.quiz-maker.com) that allowed the researcher to put a 5-s limit on the total time the sample
and comparison stimuli would remain on the screen and prevented the participants from
returning to the previous screen. Otherwise, the procedure for the newly designed quiz was
identical to the initial Google Form version. When the form started, the quiz prompted the
participants to “Click next to get started.” The next screen, titled “Code #,” was set to remain
available for 15 s. During that time, the researcher instructed the participant to type in their
participant code (which she provided). Once the participants finished typing in their code, they
pressed “Next” (or the screen auto-advanced). On the final screen, prior to the first trial of the
pre- or post-tests, the researcher instructed them to type “Pre-test” or “Post-test” in a text box.
This screen was set to remain available for 10 s.
At three points in the quiz, an image in Graphic Interchange Format (GIF) and a positive
statement appeared for up to 5 s. For example, a video of a puppy on a magic carpet
accompanied by the statement “You are officially halfway there!” appeared after the 24th trial.
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Participants had the option of pushing “Next” to continue to the next trial, but if they did not, the
video and statement disappeared after 5 sec and the next sample stimulus appeared.
After two participants used the new quiz format, another problem was discovered: despite
using a random sequence, the correct answer to 50% of the first 24 trials was Option 3, with
Options 1, 2, and 4 representing 21%, 25% and 4% of the correct answers respectively for the
rest of the first 24 trials. Due to the unequal distribution and the increased likelihood that
participants would show preferential responding to Option 3, this was corrected for the
remainder of the participants by using an equal distribution of correct responses across all 48
trials. For a trial-by-trial comparison of the answer keys before the correction and after the
correction, for each participant, see Appendix E.
Experiment Day 1 ended at the completion of the pre-test. The researcher explained to
the participants how long she anticipated Experiment Day 2 to run and told them they would
receive their credit for the first session later in the afternoon or the next morning.
Experiment Day 2. Participants returned the following week on the same day of the
week and time they participated in Experiment Day 1. After arriving, they were brought to one of
the four cubicles in the learning lab and were instructed to get comfortable. The researcher
explained that they would be doing activities on the tablet for most of the session, and then they
would do an activity on the computer. The schedule for Experiment Day 2 is shown in Figure 2.
Training. Six training sessions were run on the application designed for the iPad® as
previously described in the Introduction Session on iPad® section. The main differences
between training sessions and the introduction session were (a) the use of the carefully
constructed stimulus sets that allow for the assessment of what part of the sample stimuli
participants were attending to and (b) the number of trials per session. Each of the six training
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sessions consisted of 48 trials. Within a session, each of the four stimuli from one set were
presented as the sample stimulus for 12 trials for a total of 48 trials per training session which
were intermixed and presented randomly. Randomization was programmed by the game software
developed for the study and participants could not predict which sample stimulus would be
presented next. Due to the way that the app was designed, the randomization protocol resulted in
a sample stimulus being presented on average 12 times during a training session but not exactly
12 times per session. Those assigned to Group Emo ran through six training sessions each of
which was programmed with stimuli from one of six different sets of emotion-based stimuli.
Those in Group NonEmo ran through six training sessions each of which was programmed with
stimuli from one of six different sets of non-emotion-based stimuli.
The order that stimulus sets were presented counterbalanced across the four tablets that
were used during the study. On Tablets 1 and 3, the stimuli used during training were presented
in an A- F order across the six training sessions, whereas on Tablets 2 and 4 they were presented
in an F-A order across the training sessions. In other words, if Stimulus Set 1 was used in the
first training session Tablets 1 and 3 and Stimulus Set 8 was used in the sixth training session,
then on Tablets 2 and 4, Stimulus Set 8 was used in the first training session and Stimulus Set 1
was used in the sixth training session. As the goal was to determine if repeated and prolonged
exposure to the training trials and training sessions would improve performance (Koegel &
Schreibman, 1997; Stromer et al, 1993) there were no performance criteria set to advance to the
next training sessions. A training session ended at the end of the 48 trials. Once 48 trials were
complete, the participants had between 30 to 60 sec for a break while the researcher saved the
participant data from the previous session and queued the next training session. When handing
the tablet back to the participant, the researcher would say something like, “here you go,” “you
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are halfway done,” “I really appreciate your participation,” “last one,” or similar. These were
unscripted and said as a courtesy.
Post-test and Broad Consent. The post-test procedure was identical to the pre-test procedure. At
the conclusion of the post-test, participants were asked to sign a broad consent form which
allows the researchers to use the data from this study in future studies conducted by the
researchers. Once they completed the form, the researcher thanked them for their time and told
them they would receive the credit for the second session later in the day or next day. In the
event a participant inquired how to “find out how the study turns out,” the researcher told them
she could be reached through the Psychology Department at the end of the Spring 2020 semester
once the study was concluded. This became a moot point with the pandemic and no participant
has requested an update so far. As there was no deception involved in the study (the study was
explained in the informed consent), no debriefing was required.
Results
All statistical analyses were conducted using IBM SPSS Statistics 27.
Of the fourteen participants, four did not return on the second experiment day to
complete the study. Of the ten that completed the study, seven were self-identified females and
three were self-identified males. Their age range was 18 to 35 years (Median = 19). None of the
participants in the study reported having an autism diagnosis or self-identified as autistic. The
code names for these participants are listed in Table 3 along with their AQ and RAADS-14
global and domain scores. The six participants with the suffix “e” at the end of their code were in
Group Emo and the four with the suffix “n” were in Group NonEmo. The four participants (no
suffix) who did not return to complete the study are included in Table 3 for an analysis of error
types made by score on the AQ survey and will be discussed later as part of a larger analysis
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Table 3
Global and Domain Scores on Surveys Participants that Attended Experiment Day 1 (Study 1).

Note. Participants with an “e” or “n” at the end of their participant code returned for Session
2and completed the study. Participants with no letter following their code number did not return
for Experiment Day.

across all participants from Study 1 and Study 2. Their data were not included in the analysis
below.
Surveys
Autism Quotient. Baron-Cohen et al. (2001) identified a cut-off score of 32 and above as
80% of those on the autism spectrum. As those scores exclude 20% of the population (and our
participants were recruited from the general college student population), we chose to also include
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a comparison of the domain scores to determine if any of the participants scored consistently
higher than those reported by controls in Baron-Cohen et al. (2001). At the individual domain
level, Baron-Cohen et al. (2001) report mean scores on the five sub-scales ranging from 6.9 to
8.9 (SD= 2.1 to 1.0 respectively) in females with ASD and 6.2 to 7.7 (SD = 2.2 to 1.9
respectively) in males in those with ASD, and 1.9 to 5.4 (SD = 1.5 to 2.3 respectively) in females
the control group and 2.7 to 5.2 (SD =1.9 to 2.3) in males from the control group.
The Autism Quotient was completed by all ten participants who completed Study 1 with scores
ranging from 10 to 24 (M =16.5). As shown in Table 3, none of the participants met the cut off
score of 32. Referencing the means and standard deviations in Baron-Cohen et al. (2001), we
found participant 0865e scored within one standard deviation of the gender-matched autistic
group on the attention to detail and communication domains, participant 0577n fell within one
standard deviation of the gender-matched autistic group in the attention to detail and attention
switching domains, and participants 0667e and 0767e within one standard deviation of the
gender-matched autistic group on the attention to detail domain.
RAADS-14 Screen. The RAADS-14 screen was completed by nine participants with
scores ranging from 0 to 20 (M = 8). Eriksson et al. (2013) reported that individuals with ASD
score high in all three domains, with a score of 14 or above correctly identifying 97% of
participants in their final sample with ASD. Using the suggested cut off point of 14, one
participant in Study 1, 0865e, possibly meets criteria for ASD with RAADS-14 score of 20. One
additional participant, 0767e, scored a 12 on the screen with a sub-score of 8 in mentalizing
deficits, which was relatively high compared to their other sub-scores (sensory reactivity-2,
social anxiety-2). All other participants' scores ranged from 0-10.
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In summary, Participants 0865e and 0767e had elevated scores on the AQ, and 0865e met
the cut off criterion for Autism Spectrum Disorder on the RAADS-14. Participant, 0667e had
elevated scores on the AQ but did not take the RAADS-14. The rest of the participants did not
meet the cut off criteria for autism spectrum disorder on either survey even though some had
elevated domain scores.
Correlation Between AQ and RAADS-14. Total scores on the AQ and the RAADS-14
for the participants in Study 1 were found to be positively correlated, r(8) = 0.72, p = .019.
Training
Nine out of the ten participants completed all training sessions. Participant 0667e did not
run Session 6 due to a procedural error. In addition, the data from training Sessions 4 and 5 for
Participant 0677n did not process in full and many trials are missing for both sessions.
Introduction Session on iPad®. All ten participants completed the introduction session.
No participant required an additional introduction session to meet the criterion to move on to the
next phase (see Figure 2). Scores ranged from 92% to 100% (M = 98.8%).
Training sessions. The participants were able to change their responses during a trial due
to the variable schedule and all responses were recorded, however we were primarily interested
in the first tap following the appearance of the comparison stimuli as we wanted to analyze the
first response of a trial, which would be presumably unaffected by the VR3 schedule for that
trial. This gave us a glance of performance “as is.”
Table 4 show the number of trials with a correct first tap (columns TS1 through TS6) and
the total number of errors made on the first tap across training sessions. In Group Emo, five of
the six participants had a full set of data for all training sessions (Participant 0667e was missing
data from Training Session 6) for a total of 35 completed training sessions across the
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participants. In Group NonEmo, three of the four participants had a full set of data for all
training sessions (Participant 0677n was missing data from Training Sessions 4 and 5) for a total
of 22 completed training sessions across the participants. Across the combined 57 training
sessions, 22 training sessions had no recorded errors on first tap (Score = 48).
As can also be seen in Table 4 (center column), participants from Group Emo made more
errors on the first tap than those from Group NonEmo. Three of the six participants in Group
Emo made 30 or more errors across all six training sessions, whereas the highest number of
errors across training sessions made by the participants in Group NonEmo was 23. An
independent-samples t-test, however, found that the differences between errors across groups
was not statistically significant, t(8) = 0.850, p = .420. Note, however, that data for Training
Session 6 for Participant 0667e and the from Training Session 4 and 5 for Participant 0677n are
missing which likely impacts this statistical analysis.
Table 4
Data from the Training Sessions, Pre- and Post-tests for Participants in Study 1.

44

To analyze individual performance more precisely, we graphed the cumulative total of correct
and incorrect responses on the first tap for each participant for each of the six training sessions.
These data are presented in Figure 6 for Group Emo and Figure 7 for Group Non-Emo. Each row
of panels refers to one participant. The points across the abscissa represent each trial within a
training session (1-48). The total number of correct or incorrect trials is represented on the
ordinate (0-48) with correct cumulative responses represented by the closed circle and incorrect
cumulative responses represented by the open circle.
Figure 6
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Figure 7

To determine the impact of the training protocol we analyzed (a) whether errors tended to
occur early or late within a given training session (within-session learning) and (b) whether
errors were likely to occur early or late in training across all six training sessions (across-session
learning － the effect of repeated exposure to conditional discriminations). Our first analysis
assessed whether errors were more likely on early trials vs later trials within a training session.
To facilitate the visual analysis of within-session learning, Figure 8, Panel 1 shows the frequency
of errors per block of trials collapsed over participants and training sessions across twelve 4-trial
blocks. Figure 8 shows that the number of errors within training sessions is variable, with errors
occurring throughout the training session but that the group differences appear to diminish over
blocks of trials (i.e., the group difference for Trial Block 1 is larger than for Trial Block 12). A
mixed ANOVA, with Group (Emo, NonEmo) as a between-subject factor and Trial Block as a
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Figure 8
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within-subject factor with 12 levels, was conducted to determine if the visual impressions were
supported by a statistical analysis. The main effect for Group was not significant, F(1, 8) =
3.470, p = .112. There was no difference between groups in the mean errors per group by trial
block F(11, 66) = 0.120, p= .672
Our second analysis assessed whether repeated exposure to the simultaneous matchingto-sample procedure would improve performance across the six training sessions. To facilitate
the visual analysis of cross-session learning, Figure 8, Panel 2 shows the group means for Group
Emo and NonEmo of total errors made across all six training sessions. Errors for Group Emo
climbed steadily to 31 in Session 4 before and decrease back to the same level as Session 1 and
2. Group NonEmo errors climbed steadily to a high of 18 in Session 5 before plummeting to 1
error for all participants during Session 6. To look for interactions, an ANOVA with Group
(Emo, NonEmo) as a between-subject factor and Session (six levels) as a within-subject factor
was conducted. The main effects of Group and Session were not significant F(5, 30) = 2.162, p =
.085.
In addition to the analysis above of possible within- and cross-session effects involving
all errors that were made, a fine grain analysis was conducted with respect to what type of errors
were made, if errors occurred. The left column of Figures 9 (Group Emo) and 10 (Group
NonEmo), show the frequency of each type of error that occurred for each participant in each of
the six training sessions. The key for each group is found at the bottom of each figure. The graph
for participant 0865e suggests that training may have resulted in a decrease in the trials in which
the participant did not match by top or bottom (black square) and a subtle decrease in the number
of trials that the participant matched by the top and not bottom (grey square) and matches bottom
but not top (grey triangle). Conversely, 0667e had an increase in the number of errors as training
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Figure 9
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Figure 10

continued both in those where they matched based on top or the bottom features of the sample
stimulus. The right column of Figures 9 and 10 present the same data but instead of being
arranged by training session in order, the data are rearranged by stimulus set. The data suggest
that some stimulus sets may be more likely to occasion errors than others. For example, In Group
Emo, when Stimulus Set 2 was presented, there was a spike in errors for participants 0667e,
0767e, and 0865e.
Pre-test/Post-test
General results. In addition to the raw data from the training sessions, Table 4 provides
the scores from participants who completed Study 1 for the pre- and post-tests, the difference
between the pre- and post-test scores, and the pre- to post-test response patterns (discussed later).
On average, Group Emo (M=4.0 errors SD=3.688) made more errors than Group NonEmo (M=.5
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errors, SD= 1.0) on the post-test but an independent-samples t-tests found that the difference was
not statistically significant t(8) = 1.820, p = 1.06. An independent-samples t-test found that the
mean difference between pre-and post-test scores for Group Emo and Group NonEmo. was not
significant t(8) = .851, p = .419.
Table 5 shows the time it took for each participant to complete the pre- and post-tests. A
paired-samples t-test found the decrease in time to complete the pre- and post-test significant
across all participants, t(9) = 4.813, p = .001, however an independent samples t-test found no
significant difference for the two groups in time to complete the pre- and post-tests, t(8) = -0.80,
p = .938.

Table 5
Time to Complete the Pre- and Post-test.

Time to complete in sec

% reduction in time
from pre to post

Code

Time to complete in min

0667e

Pre
0:04:56

Post
0:04:04

Pre
296

Post
244

17.0%

0767e

0:05:55

0:04:56

355

296

16.6%

0867e

0:06:52

0:04:05

412

245

40.0%

0167e

0:05:09

0:04:33

309

273

11.6%

0467e

0:04:17

0:03:47

257

227

11.6%

0865e

0:04:35

0:03:29

275

209

24.0%

0277n

0:03:50

0:03:04

230

184

20.0%

0677n

0:06:06

0:04:12

366

252

31.0%

0577n

0:05:16

0:04:38

316

278

12.0%

0875n

0:04:49

0:04:04

289

244

15.5%
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Error analysis of Pre- and Post-tests. We conducted in-depth analysis of pre- and posttest responses to the emotion-based (EB) and non-emotion-based stimuli (NEB) presented in the
pre- and post-test for every participant in the study. The first analysis was conducted to
determine the types of matching errors made on the pre- and post-tests.
Figures 11 and 12 show the frequency of trials each type of error occurred on the pre- and
post-tests for the six participants in Group Emo and for the four participants in Group NonEmo,
respectively. Four types of errors were possible for most of the stimuli presented on the pre- and
post-tests: Participants could (1) fail to make a response; (2) a match the top portion of the
sample but not the bottom; (3) match the bottom portion of the sample but not the top; and (4)
fail to match by either the top or bottom portion of the sample stimulus. For the one set of
global/local stimuli (Set 26), there were also four types of errors possible: Participants could (1)
fail to make a response; (2) match fill but not the mini-shape; (3) mini-shape but not the fill and
(4) fail to match by fill or mini-shape.
Most notably, following training, two of the six participants (0677e and 0865e) in Group Emo
showed an increase in the number of trials during which they selected a comparison stimulus
based only on features from the top of the stimulus. Three participants (0167e, 0767e, and
0865e) showed an increase in the number of trials during which they selected a comparison
stimulus based only on features from the bottom of the stimulus. Following training, two of the
four participants (0277n and 0677n) in Group NonEmo showed an increase in the number of
trials during which they selected a comparison stimulus based only on features from the top of
the stimulus. Three of the four participants (0277n, 0875n, 0677n) in Group NonEmo showed an
increase in the number of trials during which they selected a comparison stimulus based only on
the features from the bottom of the stimulus. In summary, following training, 60% of participants
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Figure 11

53

Figure 12
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were more likely to attend to the bottom portion of the sample but not the top when making an
error than they were prior to training. A mixed ANOVA main effect with group as the betweensubjects factor (2 levels) and test (two levels) and error type (7 levels) as within-subject factors
was conducted. There was no difference in the frequency of each error on the pre-and post-test
for those in Group Emo and Group NonEmo F(6, 48) = 0.540, p =.775.
Table 6 shows the frequency of errors across participants in the Emo and NonEmo
Groups. We were interested in determining how training would impact responding to stimuli
from the category that was used during training and the category that was not. For example, for
those in Group Emo, was there a difference in how they respond to the EB and NEB stimuli
presented in the post-test relative to the Pre-test. Group Non-Emo participants showed an
increase in errors when presented with EB stimuli after training with NEB stimuli. There was a
slight decrease in errors for Group Emo and Non-Emo on NEB stimuli and Group Emo on EB
stimuli following training. A mixed ANOVA with group as the between-subjects factor and test
vs. frequency of errors on EB or NEB stimuli as within-subject factors did not find a significant
main effect F(1,8) = 1.115 p = .322.
Analysis of Responses Per Trial from Pre- to Post-test. Our next analysis evaluated the
consistency of errors and correct responses per trial from the pre- to post-test as a simple
comparison of correct and incorrect responses from pre- to post-test does not show which pretest trials occasioned errors and whether training improved performance on those individual
trials. There were five possible pre-test/post-test patterns that emerged: (1) Participant correctly
responded to the trial on the pre- and post-test (CC, no intervention effect, participant is already
responding correctly); (2) participant incorrectly responded to a trial on the pre-test but then
correctly responded on post-test (IC, positive intervention effect), (3) participant correctly
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Table 6
Frequency of Errors on Emotion-Based (EB) or Non-Emotion-Based (NEB) Stimuli on the Preand Post-test by Group

responded to the trial on the pre-test but responded incorrectly on the same trial on the post-test
(CI, negative intervention effect), (4) participants make the same error on a trial on the pre-test
and post-test (II, no intervention effect), and (5) participants respond incorrectly to a trial on both
the pre-test and post-test but make a different error on the post-test than they did on the pre-test
(II, negative intervention effect). For the current analysis, outcomes four and five were combined
so our data output shows only four outcomes.
The analysis of the errors at this level allows us to see the extent to which individuals
changed their answers from the pre-to post-test. While an increase in the frequency of correct
responses from pre- to post-test indicates some improvement on some trials (IC), it fails to show
if the participant incorrectly responded on trials that they previously got correct (CI), and on
what trials there were no improvements at all (II). An analysis of error patterns provides more
information regarding the impact of the simultaneous matching-to-sample training protocol on
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trials where the sample and comparison stimuli are not presented at the same time (delayed
matching-to-sample) test.
Looking again at the pre- and post-test scores in the center columns of Table 4,
participant 0767e made a 4-point improvement from pre-to post-test with the percentage of
correct trials increasing from 68.75% to 77% (total correct responses/ total trials). On the
surface, the training portion of the study has a positive effect and suggests that additional training
may improve performance over time but looking at the last four columns in Table 4 we see that
the frequency of each pre-to post-test pattern of responding tells a different story. The analysis of
the pattern of errors for each trial from the pre- to post-test suggests that the training may have
had a deleterious effect on Participant 0767e as they made errors on the post-test on four trials
they correctly responded to on the pre-test (CI). Similar concerns arise when looking at the data
for participants 0667e, 0865e, 0277n, 0677n, and 0875n. Had the participants maintained their
correct responses, their post-test score would have been much higher.
Stimulus analysis. We evaluated responding across all participants to individual stimuli
to determine if certain stimuli resulted in higher pre- and/or post-test incorrect responses. We
counted the number CC, IC, CI, and II errors per trial number across the ten participants
resulting in a total of 10 possible opportunities to collect information about each of the 48 trials.
We organized these data by stimulus set to determine if there was consistency in responding
across the four stimuli within a set. These data are presented in Figure 13. Each row in the grid
includes four data displays that show the stimulus, the stimulus identification code (Stimulus Id),
the question number the stimulus appeared as a sample in the test, and the cumulative pre- to
post-test response pattern data for each stimulus. For example, the top row shows the data from
the stimulus analysis on the stimuli from Set 26. The first data display in the row shows the data
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Figure 13
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for the stimulus 26_4, a triangle constructed out of mini-shape triangles that has a border but no
fill. This stimulus was presented as the sample on Question 1 of the test. Across the ten
participants, seven correctly matched this stimulus on both the pre-test and the post-test (CC).
For the remaining three participants, this stimulus occasioned an incorrect match on the pre-test
but following training, they matched it correctly (IC).
Looking at the data from Sets 31, 16, 41, and 39 there was more variability in the error
patterns occasioned by the four stimuli within the set, for example, Stimulus 41_1 and 41_2
occasioned many more errors on both the pre- and post-test whereas Stimulus 41_4 and 41_3
occasioned no errors on the pre- or the post-test. Stimuli from sets 18, 32, 34, 5, and 7
occasioned fewer errors on the pre- and post-test, which means training had little impact, either
positively or negatively, on the participants' overall responses to these stimuli. Stimuli from Sets
31, 16, 41, and 39 occasioned more errors, with less than 70% of the total trials from the set
occasioning a correct response on both the pre- and post-test.
A mixed ANOVA with stimulus set as the between groups factor (12 levels) and pre- to
post-test pattern as the within group factor, found a significant main effect for stimulus set and
pattern across all four patterns F(33,108) = 2.024 p < .05. We were interested more specifically
if there were differences in the combined total of CI (negative treatment effect) and II patterns
(no change) occasioned by stimuli from certain sets. Narrowing the analysis down found a
significant difference in the frequency of combined CI and II errors by stimulus set. F(1,11) =
2.135, p < .05. A Tukey HSD test was conducted with the data from the same analysis in Study
2. These data are presented in the combined results section.
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Relationship between survey data and pre-test data. Table 7 shows the results of a
series of Pearson product-moment correlations run to determine if scores on the AQ or RAADS14 could predict the number of errors and types of errors made on the pre-test. As the AQ and
RAADS-14 for participants in Study 1 were correlated, r(8)= 0.72, p < .05 (Table 9, Row 1), we
conducted the correlations using the AQ scores only. A positive correlation was found between
AQ scores and the number of training errors r(8) = 0.716 , p<.05 (Table 9, Row 7). No other
significant correlations were found for Study 1.
Relationship between pre-test data and training data and post-test data and training
data. For this analysis, refer to data presented in Table 4 again. It shows that pre-test scores of
45 or below unreliably predicted errors on the training sessions. For example, in Group Emo
0467e, 0865e, and 0867e scored a 45/48 on the pre-test but made 1 to 62 errors across the six
training sessions respectively, and in Group NonEmo those that scored a 44 on the pre-test fared
far worse during training than those that scored a 43. Due to the loss of data for three training
sessions and technical errors during the pre-test preventing us from gathering data on trial 5 for
certain participants, it is difficult to draw any conclusions from these data. We computed a
Pearson product-moment correlation and found that total errors on first tap across training
sessions did not predict patterns of responding from pre- to post-test (CC: r(8)= -0.418, p =.229,
CI: r(8)= 0.421, p =.225, IC: r(8)= -0.161, p =.656, II: r(8)= 0.2.2, p =.575), the total errors on
the post-test r(8)= 0.540, p =.107, or the percentage difference between the pre- and post-test
scores r(8)= 0.352, p =.319.
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Table 7
Pearson Correlation Coefficients Conducted with the AQ Scores
Study 1
RAADS-14

r(8) =0.72, p < .05

Pre-test
Total Errors

r(8) = 0.152, p = .676

Pre-test
Match Top Only

r(8) = 0.126, p = .730

Pre-test
Match Bottom Only

r(8) = 0.405 , p = .246

Pre-test Errors on
Emotion-based Stimuli

r(8) = 0.355 , p = .315

Pre-test Errors on
Non-Emotion-based
Stimuli

r(8) = -0.216, p= .550

Total Training
Errors

r(8) = 0.716 , p<.05

Total Post-test
Errors

r(8) = 0.334, p = .346

CI Patterns

r(8) =-0.051, p = .890

Study 2
Because of several procedural and technical issues during Study 1 that were discussed
above (e.g., incomplete autism surveys, participants looking at their phones during the
experiment, and session data viewable by participants), Study 2 was conducted with several
modifications from the original procedure as described below. The experimental questions and
the experimental design remained the same.
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Method
Participants
Nineteen College students, 18-years of age or older, were recruited again from
introductory psychology sections in which participation in a research study was part of the class
credit requirement. Participants were able to sign-up for the study at the beginning of the
semester however due to the Covid-19 global health crisis, the campus was closed in mid-March,
therefore the pool of participants from which the researcher was able to recruit consisted of those
students that opted to sign up and complete their research requirement within the first six-weeks
of the semester.
Of the nineteen students, 13 completed the full study and six did not return on the second
experiment day to complete the study. Of those that completed the study, there were 11 selfidentified females and two self-identified males. No participant self-identified as nonbinary,
“other” or indicated they were not comfortable sharing. The participants age range was 18-25
years with a median age of 20.5 years of age. None of the participants in the study reported
having an autism diagnosis or self-identified as autistic.
Setting
The setting in Study 2 was identical to Study 1.
Procedure
Participant Assignment into Conditions. Participant assignment was the same as in
Study 1.
iPad® Game. The iPad® game was updated prior to the Spring 2020 semester so that
the session data could not be accessed by the participants. A white end screen was programmed
to appear following the last trial which included text that told the participant they completed that
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part of the game and to let the researcher know they were done. Due to a glitch that occurred
during the updating process, during most of Study 2, tablet “2” was not working correctly and
was unavailable for use. Thus, only up to three participants were able to run the experiment
during the same time block per day. Once the tablet was repaired, four participants were able to
run the experiment during the same time block per day.
Session 1. As in Study 1, Session 1 began immediately after the participant signed the
consent form and took approximately 30 to 45 min.
Introduction Video. The introduction video and procedure were identical to those used in
Study 1.
Autism Scales. A preliminary review of the surveys from the pilot found that some
participants did not answer some of the questions on the cover pages, one participant did not turn
over the second page to complete the last page of the AQ and one participant did not turn over
the cover page of the RAADS-14 to access the survey. During Study 2, the researcher first
showed the participant where to answer the questions and showed them that the surveys were
printed on both sides of the pages before giving the participant the folder with the surveys.
Introduction Session. The introduction session was identical to Study 1 except for the
inclusion of the end screen as explained above.
Pre-test. The pre-test portion of Study 2 was identical to Study 1.
Session 2. As in Study 1, Session 2 occurred one week following Session 1 and took
approximately 90 minutes to complete.
Training. During Study 1, the researcher observed participants checking their phones
during the training trials (often during the intertrial periods, but sometimes during the trials). For
Study 2, the researcher changed the protocol slightly so that the participants were told they
63

would have a break for a few minutes midway to check their phones or get up and walk around.
No data were collected but anecdotally, there were fewer instances the researcher observed
participants on their phones.
Post-test and Broad Consent. There were no differences in post-test delivery in Study 2.
Due to scheduling conflicts, a research assistant was not available during the second session of
the first round of participants that ran the study in the Spring Semester. The researcher left the
broad consent forms in a different office and could not leave the lab to retrieve them. Those
participants did not receive the broad consent form.
Results
Surveys
All thirteen participants in Study 2 completed both the AQ and RAADS-14 surveys. The
codenames for these participants are listed in Table 8 along with their AQ and RAADS-14 global
and domain scores. The six participants with the suffix “e” at the end of their code were in Group
Emo and the seven participants with the suffix “n” at the end of their code were in Group
NonEmo. The remaining participants in Table 8 (no suffix) were included for an analysis of error
types made by score on the AQ survey and will be discussed later as part of a larger analysis
across all participants from Study 1 and Study 2. Their data were not included in the analysis
below.
Autism Quotient. The Autism Quotient was completed by all thirteen participants with scores
ranging from 9-28 (M = 15.8). Baron-Cohen et al. 2001 identified a cut off score of 32 as
80% of those on the autism spectrum scoring above 32, which means that none of the
participants in Study 2 met the cut off requirement. Three participants, 1174e, 1146n, 1124e,
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Table 8
Global and Domain Survey Scores for Each Participant in Study 2

Note. Data from all participants that attended Experiment Day 1. Participants with an “e” or “n”
at the end of their participant code returned for Session 2 and completed the study. Participants
with no letter following their code number did not return for Experiment Day 2.

however, had a score of 22 or higher. 1124e scored within one standard deviation of the gender
matched autistic group in the social skill and attention to detail domains. 1146e scored within
one standard deviation of the gender matched autistic group in the attention switching and
communication domains, and participant 1174e’s score in the attention to detail domain was over
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3 points higher than gender matched autistic group (SD = 2.1) All three of these participants selfidentified as female and their AQ scores ranged from 6.6 to 12.6 points higher than the mean
gender matched control group score of 15.4 (SD = 5.7) but none fell within one standard
deviation of the mean gender matched autistic group score of 38.1 (SD = 4.4)
RAADS-14 Screen. The RAADS-14 screen was completed by all 13 participants with
scores ranging from 0 to over 20. Participant 1124e provided two answers on one of the
questions on the survey. Depending on which answer was included, 1124e scored either a 20 or a
23. (M = 5.6 excluding 1124e, M= 6.76 or M=7 when both 1124e scores are included separately).
Eriksson et al. (2013) reported that individuals with ASD score high in all three domains, with a
score of 14 or above correctly identifying 97% of participants in their final sample with ASD.
Using the suggested cut off point of 14, three participants in Study 2, 1174e, 1124e, and 1146n
possibly met criteria for ASD on the RAADS-14. One additional participant, 1113e, scored a 12
on the screen with a domain score of 7 in mentalizing deficits and a 5 in social anxiety. All other
participant scores ranged from 0-10.
In summary, Participants 1174e, 1146n, 1124e had elevated scores on the AQ (22 points
or higher) and met the criterion for Autism Spectrum Disorder on the RAADS-14. The rest of the
participants fell outside of the cut off criteria for both surveys even when there were elevated
domain scores.
Correlation between AQ and RAADS-14. Scores on the AQ and RAADS-14 for the
participants in Study 2 were found to be significant r(8) = .663 p < .05.
Training
Introduction Session on iPad®. All thirteen participants completed the introduction
session. None of the participants required a second additional introduction session to meet the
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criterion to move on to the next phase. Scores ranged from 96% to 100% with an average of
99.7%.
Training Sessions. The analysis of participant training data was identical to that in Study
1. Table 9 shows the number of trials with a correct first tap (columns TS1 through TS6) and the
total number of errors made on the first tap across training sessions. All participants except
Participant 0877n have a full set of data for each of the six training sessions. The application
stopped logging data from Session 6 for participant 0877n at around Trial 43. Of the 36 training
sessions completed by Group Emo, only seven had no errors on first tap. Of the 41 training
sessions completed by Group NonEmo, 27 sessions had no errors on first tap. Across the
combined 77 training sessions, 34 had no errors on the first tap (Score = 48). Overall, the six
participants from Group Emo made more errors across training sessions (M = 22.67, SD = 20.84)
than the seven participants from Group NonEmo (M = 3.86, SD = 4.776). An independentsamples t-test found a significant difference between training errors between the two groups
t(11) = 2.334, p < .05.
Figures 14 and 15 show the cumulative correct and incorrect responses across training sessions
for each participant in Study 2. Like in Study 1, we evaluated (a) whether participants would
make more errors initially within a session and (b) whether more errors would occur in earlier
training sessions and fewer, if any errors, would be made on the final training sessions. We
conducted the same within- and cross- session analyses as in Study 1.
Figure 16, Panel 1 shows the frequency of errors per block of trials collapsed over participants
and the training sessions. The data show that while there was no change across trial blocks
within the sessions, the error level for each group was different, with Group NonEmo having less
errors on a whole than Group NonEmo. A mixed ANOVA, with Group (Emo, NonEmo) as a
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Figure 14

between-subject factor and Trial Block as a within-subject factor with 12 levels, was conducted
to determine if the visual impressions were supported by a statistical analysis.
A statistically significant difference was found in mean errors between groups F(1, 10) = 5.775,
p < .05. A pairwise comparison found the difference in estimated marginal mean errors was
significantly higher for Group Emo M. Diff. = 1.536, p < .05. There was no difference between
groups in the mean errors per group by trial block F(11, 110) = 0.631, p= .779. Across groups, a
pairwise comparison found a significant mean difference in errors between Blocks 4 (Trials 1316, M = .77, SD =1.922), 6 (Trials 21-24, M= .92, SD = 1.75), 8 (Trials M= .92, SD = 1.75), and
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Figure 15

9 (Trials M= .92, SD = 1.75) and Block 11 (M = 1.46, SD= 1.656), with Block 11 having a
significantly higher mean of errors than the earlier blocks. The mean differences between the
blocks are as follows: Blocks 4 and 11, M. Diff. = -0.726, p < .05, Blocks 6 and 11, M. Diff. = 0.560, p < .01, Blocks 8 and 11, M. Diff. = -0.810, p < .01 and Blocks 9 and 11 M. Diff. = -0.643,
p < .01. These data confirm the visual analysis that shows there was no consistent or significant
decrease in errors from the earlier trials to the later trials within the training session. Therefore,
the data from Study 2 replicate the findings from Study 1 which did not find a significant
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Table 9
Data from the Training Sessions, Pre- and Post-tests for Participants in Study 2.

difference in the number of errors that occurred in earlier trial blocks within a session versus
later trial blocks within a session. The next analysis looked to determine if more errors would
occur the earlier training sessions in the sequence, and less errors would occur during the in later
sessions.
Figure 16, Panel 2 shows the combined total errors per training session made by
participants in each group. Errors for Group Emo are variable, ranging from 13 to 39 across
sessions. Errors for Group NonEmo are also variable, albeit much lower than Group Emo,
ranging from 1-10 with no discernable trend. To look for interactions, we conducted a mixed
ANOVA with Group (Emo, NonEmo) as a between-subject factor and Session (six levels) as a
within-subject factor. The within-subject effects for group errors by session were not significant
F(5, 50) = 1.022, p = .415. The data from Study 2 replicate the findings from Study 1 which did
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not find a difference in the number of errors in early training sessions versus later training
sessions.
As in Study 1, we conducted a fine grain analysis of the type of errors that were made
when they occurred. Figures 17 and 18 provide the breakdown of errors made based on training
sequence or stimulus set for Group Emo and NonEmo, respectively. While a visual analysis
based on the sequence of training sessions found in the left column may suggest a first glance
may suggest that this was the case for some participants (1174e, 0177n), data from three other
participants showed that the opposite was true (0067e, 1124e, 1157e, 0775n, 0877n). Due to the
counterbalancing of the stimuli across iPad® we were able to tease out whether it was the
sequence of training that was deleterious to performance or if certain stimulus sets were more
likely to occasion errors than others. Looking at the right columns of Figures 18 and 19 we can
see patterns that emerge to suggest that as in Study 1, Stimulus Set 2 occasioned more errors for
more participants than other sets (1157e, 1174e, and 0067e).
Pre-test/Post-test
General results. In addition to the raw scores from the training sessions, Table 9
provides the scores from the pre- and post-tests for each participant that completed Study 2, the
difference between the pre- and post-test scores, and the pre- to post-test response patterns.
Overall, Group Emo (M=8.6 errors SD=9.4) made more errors than Group NonEmo (M=1.7
errors, SD= 2.1) on the post-test but the difference was not statistically significant t(11) = 1.927,
p = .08.
Table 10 shows the times it took for each participant to complete the pre- and post-tests.
Across both groups 11/13 participants showed a decrease in the time to complete the post-test.
Unlike in Study 1 where all participants showed a decrease in time to complete the post-test, one
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Figure 16
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Figure 17a

73

Figure 17b
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Figure 18a

75

Figure 18b

participant from both groups in Study 2 had an increase in the time to complete the post-test. A
paired-samples t-test found the decrease in time to complete the pre- and post-test significant
across all participants, t(12) = 5.142, p < .001, however an independent-samples t-test found the
percentage difference between the pre- and post-test times for participants in Group Emo (M = 23.2% difference, SD = 6.54) and Group NonEmo (M = -19.8% difference SD = 5.69) was not
significant t(11) = -0.391, p = .703.
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Error Analysis of Pre- and Post-tests. An in-depth analysis of pre- and post-test
responses was conducted for every participant in the study. The first analysis was conducted to
determine the types of matching errors made on the pre-test and the post-test. Figure 19 shows
the frequency of trials each type of error occurred on the pre- and post-tests for each participant
in Group Emo. Figure 20 shows the data for each participant in Group NonEmo except for
Participant 1182n who did not make any errors on the pre- or post-test. In Group Emo, three of
the seven participants showed an increase in the trials they matched by the top features only,
three participants showed an increase in the trials they matched by bottom features only and four
participants showed an increase the trials they did not match by top or bottom following training.
In Group NonEmo, only one of the five participants showed an increase in in the trials they
matched by the top features only and one showed an increase in the trials they matched by
bottom features only following training. No participants showed an increase in trials they did not
match by top or bottom. The main effect for group vs. test vs. error type was not significant F(6,
66) = 1.329, p =.257. As in Study 1, we conducted an in-depth analysis of pre- and post-test
responses to the emotion-based (EB) and non-emotion-based stimuli (NEB) presented in the preand post-test for every participant in the study. Table 11 shows the errors that were occasioned
by emotion based (EB) or non-emotion based (NEB) stimuli on the pre-and post-test by training
group. Collectively, Group Emo participants showed an increase in the frequency of errors from
both categories. Group Non-Emo participants showed a decrease in the frequency of errors from
both categories. A mixed ANOVA found no effect for group vs. test vs. errors on EB or NEB
stimuli F(1, 11) = 4.079 p = .068. In summary, training did not have an overall impact on the
number of errors made on either EB or NEB stimuli across groups.
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Table 10
Time (in minutes and seconds) that participants took to complete the pre-test and post-test for
participants in Study 2.
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Figure 19

79

Figure 20
Frequency of each type of error on the pre- and post-tests for participants in group NonEmo (Study 2)
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Table 11
Frequency of Errors by Type for Participants in Group Emo and Group NonEmo (Study 2).

Emotion-Based Sample
Stimuli

Non-Emotion-Based
Sample Stimuli

Pre-test

Post-test

Pre-test

Post-test

Group Emo

12

29

20

21

Group NonEmo

10

2

12

8

Note. Errors are those occasioned by emotion based (EB) or non-emotion based (NEB) stimuli
on the pre-and post-test based on training group (Study 2). Collectively, Group Emo participants
showed an increase in the frequency of errors from both categories. Group Non-Emo participants
showed a decrease in the frequency of errors from both categories.

Error pattern analysis. The error pattern analysis was conducted in the same way as in
Study 1. Unlike in Study 1 where CI error patterns were seen in participants from both groups, in
Study 2, only participants from Group Emo responded incorrectly on four or more trials on the
post-test that they responded correctly to on the pre-test. While there was a wide range of CI
errors across participants in Group Emo (0-21, Avg 5.9), Group NonEmo had consistently lower
instances of CI errors (1-3, Avg 1.2). Therefore, we as we did in Study 1, we analyzed the effect
of the training on the participants from Group Emo who responded incorrectly on four or more
trials they responded correctly to on the pre-test. This analysis is found in Appendix F.
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Stimulus Analysis. As seen in Study 1, across the participants, there appeared to be
certain stimuli that occasioned more errors than others on the pre- and post-tests. To further
explore the possibility that certain stimuli and/or certain sets of stimuli were more likely to
occasion errors, we ran a stimulus analysis using the data from eleven participants.
Figure 21 shows the stimulus analysis grid completed with the data from participants in
Study 2. The stimuli from six of the sets occasioned a correct response on both the pre-test and
post-test on a minimum of 90% of the 44 trials within each set analyzed (eleven trials per
stimulus, 4 stimuli in each set). Of these sets, three were categorized as non-emotion-based (Sets
18, 26, & 32) and the other three were categorized as emotion-based (Sets 5, 7, & 21). In other
words, across the stimuli within these sets, training had little impact, either positively or
negatively, on the participants' overall responses to these stimuli. Of the remaining six sets (Sets
34, 31, 16, 35, 41, and 39), there was more variability among the stimuli. A Mixed ANOVA
found a significant main effect for stimulus set and pattern (CC, CI, IC, II), F(33,108) = 2.113 p
< .05. We were interested in whether there were differences in the combined total of CI
(negative treatment effect) and II patterns (no change) occasioned by stimuli from certain sets
and conducted a mixed ANOVA with Stimulus Set as the between-subjects factor (12 levels) and
pattern as the within-subjects factor (2 levels). Narrowing the analysis down, found a significant
difference in the frequency of combined CI and II errors by stimulus set. F(1,11) = 2.246 p < .05.
We conducted Post Hoc comparisons using the Tukey HSD test. The data are presented in the
combined results section.
Relationship between survey scores and study results. We were interested whether
scores on the AQ or RAADS-14 could predict errors made on the pre-test, training sessions, and
post-test so we computed a Pearson product-moment correlation between the participants’ AQ
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Figure 21
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survey scores and several variables. As the AQ and RAADS-14 for participants in Study 2 were
correlated the correlations were run with the AQ scores only. The results of the correlations are
found in Table 12. Note, two correlation coefficients are provided for those that were significant
in a one-tailed test but not a two-tailed test and are marked with an asterisk. These are included
to guide future research but will not be discussed here. A negative correlation was found between
AQ scores and the number of matches by top feature errors on the pre-test r(11) = -0.555 , p <
.05. No other significant correlations were found.
Relationship between pre-test data and training data. The data show that pre-test scores
of 46 or below did not predict errors on the training sessions. For example, 0067e scored a 46/48
on the pre-test but made 40 errors during training whereas 1113e scored a 38/48 and made only
eight total errors during training. We computed a Pearson product-moment correlation between
pre-test scores and training errors, which was not significant r(11) = -0.79 , p = .798.
Relationship between training data and post-test data. Based on the data in the table, 18
or more errors across all training sessions predicted which participants would demonstrate four
or more CI patterns from the pre-test to the post-test. Those with eight or less errors had fewer
than four CI patterns from the pre-test to the post-test. We computed a Pearson product-moment
correlation between training errors and CI patterns, which was not significant r(11) = 0.489 , p =
.090. When we computed the Pearson product-moment correlation using a one-tailed test, the
correlation was significant r(11) = 0.489 , p = .045.
The post-test scores for all four participants that made 18 or more errors across the
training sessions decreased by one to eighteen points from pre- to post-test. The participants with
eight or less errors all saw their scores increase one to six points except for 0777n who lost one
84

Table 12
Pearson Correlation Coefficients Conducted with the AQ Scores

Study 2

Study 1 and 2 Combined

All Participants that
Completed Exp. Day 1

RAADS-14

r(11) = 0.66 , p <.05

r(21) = 0.68, p<.001

r(30) = 0.71 , p<.001

Pre-test
Total Errors

r(11) = -0.53, p =.86

r(21) = 0.041, p =.851

r(30) = 0.126 p = .493

Pre-test
Match Top Only

r(11) = -0.555 , p < .05

r(21) = -0.172, p = .433

r(30) = -0.004, p = .983

Pre-test
Match Bottom Only

r(11) = 0.028, p = .927

r(21) = 0.211, p = .335

r(30) = 0.302, p =.093
r(30) = 0.302, p <.05*

r(11) = .231, p = .449

r(21) = 0.283, p = .190

r(30) = 0.271, p = .134

r(11) = -0.213, p =
.485

r(21) = 0.218, p = .318

r(30) = 0.009, p = .960

Pre-test Errors on
Emotion-based Stimuli
Pre-test Errors on
Non-Emotion-based
Stimuli
Total Training
Errors

r(11) = 0.134 p = .663

Total Post-test
Errors

r(11) = 0.428 , p =
.144

CI Patterns

r(11) = 0.481, p = .096
r(11) = 0.481, p < .05*

r(21) = 0.383, p = .071
r(21) = 0.383, p <.05*

NA

r(21) = 0.373, p = .080
r(21) = 0.373, p <.05*

NA

r(21) = 0.366, p = .086
r(21) = 0.366, p <.05*

NA

point from pre to post-test (Their score went from 48 to 47 and due to their high scores on the
pre-test and on training, one can this likely can be attributed to a selection mistake rather than
change in responding due to training). We computed a Pearson product-moment correlation
which did not find a significant correlation r(11) = -0.451 , p = .122.
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Study 1 and Study 2 Combined Analyses
Results
Surveys
Relationship Between Survey Scores and Study Results. In both studies, there were
individuals that completed the AQ surveys and the pre-test but did not return for Experiment Day
2. Given the small N in both studies, it is possible relationships between the survey scores and
error patterns on the pre-test could not be detected. Thus, we computed a Pearson productmoment correlation between the participant survey scores and several variables using the AQ
scores only, as the AQ and RAADS-14 for all participants that attended Experiment Day 1 across
both studies combined was significant r(.706) N = 33 p< .01. We ran two sets of correlations,
one set between the combined participants who completed Study 1 and Study 2 (N = 23) and a
second set with all the participants that completed the AQ survey and pre-test (N = 32). The data
from all correlations are provided in Table 12. No correlations were found at the two-tailed level.
While some correlations were found at the one-tailed level, they are included in the table to
guide future research, not to make conclusions about this study.
Pre-test
Group Differences. An independent-samples t-test found that the mean pre-test errors
for the participants in Group Emo (M = 4.92, SD = 4.188) and Group NonEmo (M = 3.55, SD =
2.423) were not significantly different. t(21) = 0.949, p = .353.
Training
Group Differences. An independent-samples t-test found that the mean training errors
for the participants in Group Emo (M = 22.5, SD = 21.673) were significantly higher than Group
NonEmo (M = 6.55, SD = 7.381), t(21) = 2.318, p < .05.
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Relationship Between Pre-test and Training Session 1. We conducted a post-hoc
paired-samples t-test and found a significant inverse relationship between pre-test scores and the
scores for Training Session 1 t(22) = -2.683 p < .05, with 12 participants who had four or more
errors on the pre-test with near perfect or perfect scores on Training Session 1.
Post-test
Group Differences. An independent-samples t-test found that the mean post-test errors
for the participants in Group Emo (M = 6.33, SD = 7.203) were significantly higher than Group
NonEmo (M = 1.27, SD = 1.794), t(21) = 2.263, p < .05. A mixed ANOVA did not find a
significant between groups difference from pre- to post-test F(1,21) = 4.262, p = .052.
Differences in Types of Error Made. A mixed ANOVA found a significant withinsubject main effect for type of errors made from pre- to post-test F(6, 126) = 2.297 p < .05. A
paired-samples t-test found a significant decrease in trials that participants did not make a
response on from pre- (M = .96, SD = 1.065) to post-test (M = .39, SD = .839) t(22) = 2.260 p <
.05. No other significant differences in the mean number trials that occasioned other type of
errors across participants were found.
Analysis of Training Errors by Stimulus Set. We conducted two mixed ANOVA
analyses to determine if specific stimulus sets used in training were more likely to occasion
errors than others. There was not a significant difference in the mean errors occasioned by any
set of stimuli used in Group Emo’s training F(5,45) = 2.163 p = .075. There was a significant
difference in the mean errors occasioned by sets of stimuli used in Group NonEmo’s training
F(5,35) = 7.020, p = < .001, A pairwise comparison found errors occasioned by Set 38 to be
significantly higher than all other stimuli used in Group NonEmo’s training. Mean differences
between sets are as follows: Set 38 and Set 20, M. Diff. = 0.264, p < .05, Set 38 and Set 37, M.
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Diff. = 0.188, p < .05, Set 38 and Set 27, M. Diff. = 0.250, p < .05, Set 38 and Set 33, M. Diff. =
0.264, p < .05, and Set 38 and Set 36, M. Diff. = 0.271, p < .05.t
Pre/Post-test Stimulus Analysis. We combined the data from the stimulus analyses in
Study 1 and 2 and ran a mixed ANOVAs to determine if pre- to post- patterns (CC, CI, IC, II)
were more or less likely to occur based on stimulus set. A mixed ANOVA found a significant
main effect for stimulus set and pre- to post-test pattern F(33, 252) = 3.701, p < .001. As we
were interested more specifically if there were differences in the combined total of CI (negative
treatment effect) and II patterns (no change) occasioned by stimuli from certain sets we narrowed
the analysis down and found a significant difference in the frequency of combined CI and II
errors by stimulus set. F (1,11) = 3.561 p < .001. Post hoc multiple comparisons using the LSD
test indicated the mean difference of CI and II (combined) patterns were significantly higher for
Sets 31, 16, 41 and 39 than for sets 5, 7. Using the more stringent Tukey HSD test for the Post
hoc comparison the mean difference of CI and II (combined) patterns was significantly higher
for Set 41 only. The significant mean differences found in the Tukey HSD test between Set 41
and other sets are as follows: Sets 41 and 26, M. Diff. = 0.88, p < .05, Sets 41 and 32, M. Diff. =
0.88, p < .05, Sets 41 and 18 M. Diff. = 1.00, p < .01, Sets 41 and 5, M. Diff. = 1.00, p < .01, and
Sets 41 and 7 M. Diff. = 1.00, p < .01. These data suggest that following training, a subset of
stimuli was more likely to occasion errors on the post-test, with stimuli from Set 41 most likely
to occasion errors on the post-test and stimuli from sets 5 and 7 least likely to occasion errors on
the post-test.
Our final stimulus analysis was performed on the combined data from Study 1 and 2 to
determine if there was a greater likelihood that EB vs NEB stimuli were more or less likely to
occasion errors on the pre- and post-test, and whether this pattern of errors changed from pre- to
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post- test based on training group. A mixed ANOVA did not find a main effect for test vs
stimulus type vs group F(1, 21) = 2.242 p = .969.
Discussion
The purpose of this study was to evaluate an application developed for future research
with individuals with autism. We analyzed whether this application worked as designed by
evaluating whether it could provide a robust analysis of types of errors users might make (e.g.,
by matching by the top features, the bottom features, or not by the top or the bottom features),
and the extent to which the application worked to decrease selective responding in the event a
user was not matching consistently by all features. We also evaluated if participant scores on the
AQ could predict the types of errors made on the pre-test and training sessions.
Summary of Results
The results from Study 2 replicated Study 1. The following discussion is based on the
combined data from both studies.
Was the Application a Sensitive Measure of Atypical Attention?
The iPad® application was able to provide data which allowed us to determine which
aspect of the stimuli participants were attending to on every trial, (see Figures 9, 10, 17, and 18),
but the data from the pretest and first training session suggest the application may not have been
a valid measure of selective attention due to the unlimited time to compare the sample and
comparison stimuli before responding during each trial. There were significantly more errors on
the pretest than the first training session with 12 participants with four or more errors on the
pretest with near perfect scores on the first training session. In contrast, we found that the 48-trial
test used for the pre- and post-test assessment was able to quickly measure selective attention
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using the time-limited delayed-matching-to sample-procedure (the entire test can be completed
in under nine minutes) and with less uncertainty regarding the validity of the data.
Did the Application Improve Accuracy?
The application was programmed to deliver many trials over the course of six training
sessions to determine whether extended and prolonged exposure to training improved accuracy
as seen in Koegel and Schreibman (1977). As such, no mastery criterion was used to advance
participants from on training session to the next. As soon as a 48-trial session was over, the
experimenter loaded the next session, regardless of how the participant performed in the previous
session.
A series of independent-samples t-tests found no difference between the two groups on
the number of errors they made on the pre-test but found that Group Emo made significantly
more errors than Group NonEmo on the training sessions and the post-test. Despite the
difference in total errors made by participants between groups, for both groups, training did not
have an overall impact on the number of errors made on either emotion-based or non-emotionbased stimuli during the post-test. In addition, 39% of participants from the combined groups
scored lower on the post-test than the pre-test and 43% of participants from the combined groups
were more likely to make errors by matching by the bottom features than they were prior to
using the application.
Was there a Relationship Between AQ Scores and Errors Made?
Due to the small overall N and that individuals with a confirmed diagnosis of autism
were unable to be included in this study there is not enough information to draw any conclusions
from the data from these studies. Any correlations found were at the less stringent 1-tailed level
and are possibly due to Type 1 error. These data should only be used to guide future research.
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Rationale
To measure selective responding, the application designed for iPad® recorded whether
users selected the one of four comparison stimuli that was an exact match to the sample stimulus
or whether the user matched based on the features found on the top half of the stimulus or the
bottom half of the stimulus (or global vs local features). As all four stimuli were presented as
comparison stimuli, if a participant was matching by the top half or the bottom half (or global vs
local) there was a 50% chance of selecting the correct comparison and a 50% chance of selecting
an incorrect comparison when users were matching only by the top or only matching by the
bottom portion of the stimulus. As it was unlikely that participants would guess the correct
answer on every trial based on only some of the features due to the make-up of the comparison
stimuli, the application as designed allowed for a robust analysis of what errors users make (e.g.,
by matching by the top features, the bottom features, or not by the top or the bottom features).
Procedurally, there were similarities between the application developed for the iPad®
and a study by Koegel and Schreibman (1977). Autistic children and controls were taught to
press a bar four times in response to single (visual or auditory) vs. component (visual and
auditory) stimuli to determine if repeated exposure to trials would result in extinction of
responding in the presence of the single component. In the first part of the experiment, they
conducted discrimination training to the single cue (a floodlight mounted on the ceiling or a
white noise) to ensure that the participant was attending to each component separately. As part of
the initial training the components were initially presented for 10 sec, but the duration decreased
to 5 secs, providing a limited time for the participant to respond to receive reinforcement for
responding. Initially, a piece of candy was delivered contingent on one bar press in the presence
of either component, but the response requirement was increased to four bar presses during this
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training period. Intertrial interval times varied to prevent participants pressing the bar at the end
of a time period vs in response to the visual or auditory cue. In the second part of the
experiment, reinforcement was withheld for the previously reinforced response of bar pressing in
the presence of either single component. Reinforcement was delivered only when four bar
presses were made when both components were presented as a compound stimulus. For 3 of the
4 children with autism it took between 16 and 33 blocks of 30 trials stop pressing the bar when
the single component stimuli were presented. In contrast, for the fourth child with autism and
the children in the control group between 4 and 11 blocks of 30 trials to stop bar pressing in the
presence of the single components.
As the application for the iPad® also provided multiple sessions with many trials within
a session and the inclusion of a putative reinforcer for correct responses and no reinforcer
(extinction) for incorrect responses, it was feasible that we would also see eventual decrease in
errors over repeated trails and that people who scored lower on the AQ would make less errors
over the course of the training sessions relative to those who scored higher on the AQ. More
specifically, we hypothesized that when using the application, participants would make more
errors initially within a session (i.e., within the first 8 to 12 trials) and that like what Koegel and
Schreibman (1977) found, the largest number of errors would occur during the training sessions
presented early in the session with fewer errors made on later training sessions. Finally, we also
hypothesized that we would see a higher frequency of errors overall in those that scored high on
the AQ and RAADS-14 vs those that scored lower on the scales (which would mirror Koegel and
Schreibman's results with autistic children and controls).
The iPad® application was able to provide data which allowed us to determine which
aspect of the stimuli participants were attending to on every trial, (see Figures 9, 10, 17, and 18),
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but the data from the training sessions did not support our other hypotheses. Individual and group
data found that errors within sessions did not decrease consistently (or at all) within individual
training sessions and that errors did not decrease across training sessions. This did not replicate
the finding by Koegel and Schreibman (1977) that repeated and prolonged exposure to trials
would result in more accurate responding. Our results did replicate a study conducted by Stromer
et al, (1993) that found that repeated and prolonged exposure to trials in a match-to-sample
format did not result in more accurate responding. Finally, a Pearson’s product moment
coefficient did not find a correlation between training errors and scores on the AQ.
Evaluation of the Data from the Pre- and Post-tests. The application for the iPad®
was intended to run independently, however, we included the pre- and post-tests for two main
reasons. First, we were interested in if we would see an effect on participant responses to similar
trials presented on computer vs. a tablet but in a different trial structure (delayed matching-tosample as opposed to simultaneous matching-to-sample). If the training sessions resulted in a
decrease selective responding (if observed), our question was, would that training be evident on
the post-test.
An in-depth analysis of pre- and post-test responses was conducted for every participant
in the study. The data from the post-test found that training may have had a deleterious effect on
post-test performance as 39% of participants (from both groups combined) scored lower on the
post-test than they did on the pre-test. Following training, 39% of participants made four or more
errors on trials they had previously responded correctly to on the pre-test (CI pattern), and 43%
of the participants were more likely to match by the features from the bottom portion of the
sample when making an error than they were prior to training (Figures 11, 12, 19, & 20).
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A second, and perhaps more important reason, for including the pre- and post-test was to
build in a back-up assessment that we could compare responses to because of a concern that due
to having unlimited time on trials to compare the sample to the comparison stimuli, participants
would scan back and forth between the sample and comparisons during each trial. We
hypothesized that if any bias towards the upper or lower portion of the sample stimulus existed,
the training portion of the application may not be sensitive enough to pick it up because the
participant could repeatedly refer to the sample before making a response. If a bias towards the
upper or lower portion existed, it would be more evident within a trial structure that prevented
participants from viewing the sample stimulus at the same time as the comparison stimuli and
that restricted the time allotted to respond.
We compared the total number of errors on the pre-test and the total number of errors
made during the first training session to evaluate the validity of the application as a tool to
measure overselective responding. We hypothesized that if the training application were a
sensitive measure of atypical attention, we would see a correlation between the pre-test errors
and training errors (at least early on in training), i.e., if there were more than just a few errors on
the pre-test, there should be more than just a few errors during the initial training session(s). We
conducted a post-hoc paired-samples t-test and found that there were significantly more errors on
the pretest than on the first training session. In fact, 12 participants who had four or more errors
on the pre-test logged near perfect or perfect scores on Training Session 1, indicating that when
given unlimited time and access to the sample stimulus while viewing the comparison stimuli,
these participants may have used strategies (e.g., scanning back and forth to identify differences)
to locate and match the correct comparison to the sample stimulus.
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Limitations of the iPad® Application
The combined results from Study 1 and 2 found that participant errors did not decrease
within or across training sessions but found significant differences between the two groups in the
number of errors made during training and on the post-test. We suggest that limitations of the
application as designed and a failure to match the difficulty level of the of stimuli used in
training Group Emo and Group NonEmo account for the results we found.
Response Requirements
Koegel and Schreibman’s (1977) protocol differed from the application used in our
studies in many ways. As opposed to three sample stimuli they used in their study, in our study
there were 24 different sample stimuli participants were required to attend to (with four per
training session). Second, in the Koegel and Schreibman study, there were no comparison stimuli
to select from. In our study, rather than a “press” or “don’t press” discrimination between
compound stimuli and component stimuli, participants were required to match to one of four
samples. The studies also differed in the response requirements and contingencies available for
responding. We consider these in more detail below.
First, in our studies, participants may have continued to make errors both within and
across training sessions due to the number of response requirements to complete the training
sessions. Each training block consisted of 48 trials which were separated by one of three
consequences (video, bubble game, or white screen), the length of which participants were
unable to control. Within a block, trials were repetitive, with the four sample stimuli being drawn
from the same set in a random order. Each trial required multiple responses, including three taps
on the sample stimulus to make the comparison stimuli appear and an average of three taps on
comparison stimuli to end a trial. Finally, across sessions, participants had to complete 288 trials
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(48 trials for each of six training sessions), with only short break times while next block of trials
was loaded between sessions. While the length of each session and the number of blocks
presented during sessions is not reported in Koegel and Schreibman (1977), it is unlikely that the
children in the study completed the training in one sitting. Participants in our study were required
to complete all six training blocks during the 90 minutes of Experiment Day 2. Thus, fatigue may
have possibly been responsible for the lack of improvement within and across trials. This
hypothesis is supported by the few participants that show accurate responses early in certain
training sessions but then start making errors mid-way or toward the end of training. (For
examples see Study 1, 0767e, Training Session 6; Study 1, 0865e, Training Session 5; and Study
2, 0877n, Training Session 5.)
Contingency
A second plausible hypothesis is that the contingencies were unclear for the individuals
whose performance did not improve and potentially got worse within and across sessions.
Whereas in Koegel and Schreibman (1977), candy had been shown to reinforce bar pressing in
the first part of their experiment, in our study we did not assess if the short video clips and
bubble game (selected during the development of the application for use with young children)
functioned as reinforcers. Similarly, the effect of the white screen that appeared after an incorrect
response was unclear. Recall in Koegel and Schreibman (1977) that candy had been previously
provided contingent upon bar pressing in the presence of either of the two single components. In
the next experimental condition, reinforcement was withheld for those responses and only
provided for bar pressing in the presence of the compound stimulus. In our study, the white
screen was programmed as a putative withdrawal of reinforcement (extinction) however if the
videos and bubble game did not function as reinforcers, the white screen would not have had a
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clear purpose. In fact, it may have functioned as a reinforcer (escape from boring video game or
clips). It is also possible the that the video clip, bubble game, and white screen served no
function at all for some users and users simply did not know what they were supposed to do as a
result. We consider this in more detail next.
The application initiated a screen change (video clips, bubble game, or white screen) after
an average of three taps on any combination of comparison stimuli. As screen changes were not
contingent upon correct or incorrect comparison matching, regardless of what comparison
stimulus the participant would tap on, continued tapping on any comparison stimulus eventually
resulted in the end of a trial. It is possible that for some participants, the application inadvertently
shaped idiosyncratic tapping patterns which ended the trial (negative reinforcement), and the
features of the sample stimulus exerted no control over responding. For example, if tapping on
the correct match in the lower right corner did not result in a change of screen and the participant
then tapped on an incorrect response at the upper right corner and the screen changed,
participants may have learned tap lower right then upper right. On the next trial the combination
may have worked again followed by a trial when one tap on the lower right resulted in a screen
change. The participant then may have learned “tap bottom right then upper right, do it again,
and then tap one time on the lower right.” At no point during training did the participant have to
attend to the stimulus to make the sample and comparison stimuli disappear. No matter what
combination of taps they made, at some point the sample and comparison stimuli would
disappear. We observed one participant for whom it appeared that tapping in one corner of the
screen was negatively reinforced by from the eventual disappearance of both the trial and
consequence screens.
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The primary researcher and research assistant observed 1183i engaging in repetitive
tapping behavior through the experiment room window following a series of failed attempts to
complete the introduction sessions at criterion. During the observation period she rapidly tapped
the lower right corner of the screen continuously during the trials, during video clips, the bubble
game, and the white screen, and would only change the position of her hand to tap the sample
stimulus 3 times when it appeared. Her data could not be included in the study because no
stimuli other than the sample appeared to exert any control over her behavior, and the researcher
made the decision to discontinue 1183i’s session prematurely (although she awarded the credit
for participation). While this participant is the only participant we observed engaging in
idiosyncratic tapping, it is possible others with high error rates within and across training
sessions engaged in similar behavior. Additional analyses of individual responses within and
across training sessions are necessary to support this hypothesis.
Stimulus Selection
In addition to errors persisting rather than decreasing within and across sessions, we did
not find that individuals who scored higher on the AQ autism scale made significantly more
errors than those that scored lower on the scale. Nevertheless, at the less stringent one-tailed
level of the Pearson correlation coefficient, it was suggested that a correlation did exist. While
this may be a Type I error, we suspect that by not evaluating the discrimination difficulty of
some stimulus sets relative to others, errors occasioned by stimuli that were difficult to
discriminate for most participants (regardless of how they scored on the AQ) may have masked a
true difference in the statistical tests. The results of the stimulus analyses from training and the
48-trial tests provide critical information regarding the importance of stimulus selection.
Stimulus Sets 41, 38, and 2 were more likely to occasion errors relative to other stimulus sets.

98

Additional testing is needed to determine (a) what topographical features of the stimuli in those
sets make them difficult to discriminate and (b) what the impact of manipulating stimulus
difficulty would be on utility of the application.
Data from the 48-Trial Test used Before Training.
While the study was not designed to evaluate the pre-test as a non-verbal tool to measure
selective attention in individuals, we computed a Pearson product-moment correlation between
the AQ survey scores of every person who completed the surveys and the pretest and (1) their
pre-test scores, (2) the frequency of match by the top errors on the pre-test, and (3) the frequency
of match by the bottom errors made on the pre-test. Of the three Pearson correlations (see Table
12), we found one significant correlation at the one-tail level between the AQ and match by
bottom errors. Given the more lenient criterion on the one-tailed test, the significant correlation
may simply be Type I error, nevertheless, it may be used to guide future research as it aligns with
research suggesting that individuals with autism do not attend to the eye region.
Future Assessment of the Convergence between Eye-tracking Technology and Behavior
Analysis Measures
In their tutorial on eye-tracking technology, Wilkinson and Mitchell (2014) discuss the
benefits and challenges of using eye-tracking technology to measure attention. They note that
eye-tracking can be used to evaluate which features “attract attention, which ones distract, and
which ones are simply left unobserved” (p. 111) however, they also point out that eye-tracking
research has found that gaze on a particular stimulus does not always indicate processing. In
other words, as we have pointed out throughout this paper, eye-tracking can, at this time, only
tell us what regions of interest individuals with autism are gazing at, but not with certainty what
they are attending to, while matching-to-sample procedures using Reynolds’s (1961) general
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paradigm allow us to determine exactly what aspect of a compound stimulus (such as an image
depicting facial affect) controls matching responses. If there was a convergence between the two
however, we would see fixation data align with the data produced by the behavior-analytic
assessment tool on what part of the stimulus exerted control over responding.
While there are limitations that exist when using eye-tracking technology to measure
gaze in research with individuals with disabilities (see Wilkinson and Mitchell, 2014, for a
review), we do not suggest that eye-tracking technology does not have important utility in
understanding gaze patterns as they relate to accurate responding. A study conducted by Dube et
al. (2006) looked at the effect of sample stimulus complexity in a delayed matching-to-sample
paradigm in four adults without autism or related disabilities. In the study, the participants wore
eye-tracking equipment and their eye-gaze patterns on the less complex (two-samples on screen)
and more complex (four samples presented on screen) tasks were measured during the initial
training sessions with each task. They report the eye-gaze data from the 4-sample tasks and
include the proportion of trials each participant gazed at sample stimuli in a particular gaze-path
(e.g., top left corner to top right corner to bottom left corner to bottom right corner). Individuals
who were highly accurate (100% accuracy) engaged in few variations of the gaze paths used
when observing the stimuli on the screen and all these individuals engaged in the same gaze path
for the highest proportion of trials. The participants with low accuracy on the 4-sample tasks
demonstrated more variability in the number of gaze paths used to view the stimuli and
demonstrated more variation in the direction of the gaze paths they engaged in to observe the
stimuli. More importantly however, by their last training session, those in the low accuracy
group used the same high probability gaze path as the high accuracy group during a much higher
proportion of trials. Eye-tracking technology then, provides a means to measure the effect of
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matching-to-sample training on the efficiency of eye-gaze. The convergence of the two
technologies allows for a new understanding of efficient observing behavior and has potential
implications for assessment when individuals with disabilities have a difficult time on matchingto-sample tasks and/or demonstrate stimulus overselectivity. Regarding atypical selective
attention to faces, evaluating whether eye-gaze patterns differ for facial affect stimuli vs. other
stimuli during matching-to-sample procedures that utilize Reynolds’ (1961) rationale, could help
clarify areas where autistic individual differ from controls at the level of efficient observing
behavior, idiosyncratic responding to facial affect vs non-affect stimuli, and/or if an interaction
exists between the two.
Conclusion
Taken together, the results of this first evaluation of the application created for the iPad®
to assess atypical selective attention in facial affect stimuli provide a foundation for additional
explorations of the features that may be necessary to assess selective attention, i.e., the stimulus
characteristics that make some stimuli more difficult to discriminate.
Going forward will require redesigning how the application presents the sample and
comparison stimuli (delay match-to-sample vs simultaneous match-to-sample) and how it
provides feedback to individuals. The redesign should include heavy emphasis on gamification
of the application and including points, levels, and choices of age appropriate within-game
bonuses participants can earn for accuracy. Furthermore, an analysis of the impact of restricted
time on the sensitivity of the measure is required. In this, we envision training sessions running
for no more than two minutes each, with trials lasting no more than 10 s, using frequency of
corrects and frequency of errors per minute as the primary measure rather than percentage
correct. An analysis of the discriminability of the stimuli used during training and/or of the
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feature details that impact discriminability is necessary to properly quantify the difficulty level of
the stimuli used in the application. This will allow for future iterations of the application to
systematically present stimuli that are increasingly more difficult to discriminate over sessions
which may help better uncover at what point individuals with and without ASD diverge in their
attention to all relevant features necessary to select a correct match during a trial.
While a great deal of work needs to be done to finalize the tool, the final product will
provide several benefits to the research community interested in facial affect recognition in
autism. Primarily, we envision it becoming a low-cost, easy to use option for researchers who are
interested in collecting data using a reliable assessment tool that can measure attention to facial
features and who are trying to answer (a) whether individuals diagnosed with autism attend to
idiosyncratic features and/or regions of interest in pictures depicting affect more or less than
neurotypical individuals, individuals with ADHD, or other populations and (b) whether selective
attention is consistent across the lifespan, improves, or gets worse.
Furthermore, it is the primary researcher’s goal to refine the application to further the
research on the impact of language requirements on facial-affect matching, possibly in
conjunction with eye-tracking technology. Historically, the level of language difficulty has
varied across studies that use affect-matching tasks. (For examples see Buitelaar et al.,1999; Fein
et al.,1992; Gepner et al., 1996; Davie et al., 1994; Ozonoff et al. 1990.) For example, in
Buitelaar et al. (1999) participants were told to “select the face that felt the same way” from a
group of four photographs based on a sample in one task. Gepner et al. (1996, Task 3b) asked
participants to sort cards into piles after the experimenter showed the examples while labeling
them each with one of the target emotions “happiness,” “surprise,” “dislike,” or “neutral,” and
then gave an instruction to sort by the emotion. Despite stating that that emotion-labeling tasks

102

required “good verbal skills” and matching tasks can be “completed based on surface
characteristics of the stimuli without a full understanding of the emotion,” Uljarevic and
Hamilton (2013) classified the two above mentioned experiments, along with eleven others
included in their meta-analysis, as “emotion matching” even while noting that they varied greatly
in the degree to which language was required to complete the tasks. Their meta-analysis did not
find a difference in performance by those with ASD between the two types of tasks and thus they
concluded that “difficulties experienced by ASC (Autism Spectrum Condition) participants in
these tasks are due to emotion processing and not to the linguistic or perceptual demand of these
different tasks.” The analysis appears to assume that the emotion-matching tasks included did not
require participants to have strong verbal repertoires. Uljarevic and Hamilton (2013), however,
did not perform a detailed analysis of the verbal nature of the matching tasks that were used in
the studies reviewed. This was a critical omission. Linguistic skills and competency were
required to complete many of the matching tasks included in their analysis suggesting that, the
results of that analysis may be confounded.
By incorporating the simple design of the 48-trial test (or future iterations) into the
application, interdisciplinary teams of researchers can systematically manipulate the impact of
verbal or written instructions quickly and efficiently while measuring how increased linguistic
competency requirements may influence eye-gaze during matching tasks in eye-tracking
research. In addition, if data from the application and eye-tracking converge, the application can
be used as a replacement for eye-tracking technology to assess attention to various features of the
face (and other stimuli for that matter) reducing the need to purchase and maintain expensive
eye-tracking equipment in future translational and applied research on facial affect recognition in
autism.
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APPENDIX B
Introduction Video Script

https://vimeo.com/369327080
Hi, my name is Adrienne and thank you so much for participating in this study.
This brief video will show you what you are going to do today.
First, you will take two surveys. Then, you will do a practice round on our iPad® game. Finally,
you will do an activity on the computer.
When you return for Session 2, you will spend the majority of the time playing the iPad® game
and then you will do an activity on the computer.
Let’s talk a little bit about what you are going to do when you take the surveys. The surveys are
covered in a piece of blue paper, that is so I can’t see your answers.
First, take one of the surveys, it doesn’t matter which one. You can either fold the blue paper
back or take it off. Fill out the information on the front page and then go ahead and fill out the
survey.
Do your best, there are no right or wrong answers.
When you are done with both of the surveys, either cover them with the blue paper or return the
blue paper and clip in on with a paperclip and put them both into your folder. Then let me know
you are done.
Next, I am going to hand you an iPad® .
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The activity you are going to do on the iPad® is similar to the one I am showing you in this
video. There are many differences though. You won’t use a mouse to make your answers, you
may need to click more than once to make your answer, you are not going to see the same
pictures, and when you get it right, you’re gonna see a small video.
You are going to see a similar activity on the computer. Again, the same idea, you are going to
match the pictures, but the format will be a little different and the feedback you get will also be
different. Again, just do your best.
Thanks again for participating today and I look forward to seeing you throughout the study.
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APPENDIX C
Revised front page from RAADS-R , (Ritvo, et al., 2011)

RAADS-14 Screen
All information on this scale is strictly confidential.
1. Code number: __________________
2. Date: _________________________
3. Circle your Gender: Male Female Non-Binary Other Do not want to disclose
4. Have you ever been diagnosed or labelled as having Autistic Disorder, Asperger’s
Disorder, High Functioning Autism, Pervasive Developmental Disorder, or another
disorder? If so, please name the diagnosis or label, when it was given, and by whom (e.g.,
a doctor, a school, self-identification).
Diagnosis: __________________________________
Who was diagnosis given by (no names please): __________________
Date of diagnosis: ______________________________________
5.

When did you begin speaking? (circle your response)

a.

I began at the usual time (around my second birthday at 24 months of age

b.

I began speaking late (at or later than age 2 ½ or 30 months.

c.

I have no information as to when I began speaking or early language problems.
Please fill out the following survey to the best of your ability.
If you don’t know the answer, please leave it blank.
Thank you!
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APPENDIX F
Analysis of the effect of training on those individuals who responded incorrectly to
four or more post-test trials that they previously responded correctly to on the pre-test.

As part of our initial analysis, we coded each error type. For the purposes of this appendix,
please use the following guide.


No- No response



Error option 1 (EO1)- select match on top not on bottom.



Error option 2 (EO2)- select match on bottom not on top.



Error option 3 (EO3)- match neither top nor bottom



Error for triangle 1 (ET1)- Match fill./no fill but not mini shape



Error for Triangle 2- (ET2)Match mini shape but not fill/nofill.



Error for Triangle 3-( ET3) Matches neither mini shape nor fill/nofill Study 1.

Participant 0767e. During the pre-test, 0767e did not respond on Trial 1 (NEB). Of the
remaining 47 trials, they made EO1 errors (matched by top only) on six trials, Trial 2 (EB), 17
(EB), 27 (NEB), 32 (NEB), 38 (EB), & 40 (EB), and made EO2 errors (matched by bottom only)
on five trials, Trials 4 (EB), 9 (EB), 10 (NEB), 34 (EB), & 39 (NEB) and 1 ET2 error (matched
by mini- shape but not fill) on Trial 7 (NEB) . During the post-test, 0767e responded to all the
trials. They made three EO1 errors and eight EO2 errors (described below). No other error types
were made.
Following training, there were eight trials that 0767e responded correctly to after no
response or an incorrect response on the pre-test (positive treatment effect). Training with the
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emotion-based stimuli resulted in the participant matching based on features in the top and
bottom of the sample on Trials 2 (EB), 27 (NEB), & 38 (EB), three of the original six trials they
previously matched by only the top (EO1 error) and Trials 9 (EB), 10 (NEB), &44 (EB), three of
the seven trials they previously matched by only the bottom (EO2 error). Finally, there were two
trials that the sample stimuli came from the set of triangle stimuli, Trials 1 and 7. On the pre-test,
the participant did not choose a comparison stimulus on Trial 1, but they correctly responded by
matching by mini-shape and fill on the post-test. On Trial 7, 0767e originally matched by mini
shape but not fill (ET2).
Following training, the participant matched by mini-shape and fill. 0767e responded the
same way on 35 trials from pre-test to post-test (No treatment effect). There were 29 CC trials
and six II trials. Of the six II trials, the participant made EO2 errors on Trials 4 (EB), 22 (EB), 34
(EB), & 39 (NEB) on both the pre-test and the post-test and made EO1 errors on Trials 17 (EB)
and 40 (EB) on both the pre-test and post-test. Training resulted in 0767e changing their
response to a different and incorrect response on the post-test on five trials (negative treatment
effect). On Trials 11 (EB), 15 (NEB), 20 (NEB), & 48 (NEB) 0767e changed their response from
a correct answer to an incorrect answer and on Trial 32 (NEB) they changed their answer from
an incorrect response to another incorrect response. Of the five changed responses, four were
E02 errors (Trials 11, 15, 32, 48) and the remaining trial was a EO1 error (Trial 20). Three of the
EO2 errors and the one EO1 error were in response to stimuli categorized as a non-emotionbased stimulus. The other EO2 error was in response to a stimulus categorized as emotion based.
Taken together, 33% of CI errors occurred in the presence of emotion- based stimuli and 67% of
the CI errors occurred in the presence of non-emotion-based stimuli.
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Participant 0865e. During the pre-test, 0865e made one EO1 error (matched by top only) on
Trial 10 (NEB) and one EO2 error (matched by bottom only) on Trial 11 (EB). During the posttest, 0865e made four EO1 errors, two EO2 errors and 1 ET1 error (matched by fill but not mini
shape). These errors are described in detail below. Data from Trial 5 were not included in the
analysis due to a technical error. There was one trial that 0865e responded correctly to during the
post-test that originally occasioned an incorrect response on the pre-test (positive treatment
effect).
In summary, training with the emotion-based stimuli resulted in the participant matching
based on features in the top and bottom of the sample on Trial 11 (EB), the one trial they made
an EO2 error on. 0865e responded the same way on 40 trials from pre-test to post-test (No
treatment effect). There were [39] CC trials and [1] II trials. On Trial 10 (NEB), the participant
made an EO1 error both the pre-test and post-test. Training resulted in 0865e changing pre-test
correct responses to a different and incorrect response on the post-test on six trials (negative
treatment effect). Of the six changed responses, 0865e made EO1 errors on Trials 2(EB),
33(NEB), & 43(NEB), EO2 errors on Trials 9 (EB) & 16 (EB) and an ET1 error on Trial 7
(NEB). Together, 50% of CI errors occurred in the presence of emotion-based stimuli and 50%
of the CI errors occurred in the presence of non-emotion-based stimuli.
Participant 0227n. During the pre-test, 0227n did not make a response on one trial (Trial 10,
NEB). Of the remaining 47 trials, 0227n made one EO2 error (matched by bottom only) on Trial
11 (EB) and one EO3 error (did not match by top or bottom) on Trial 39 (non-emotion-based).
During the post-test, 0227n responded to all 48 trials. They made EO1 errors on Trials 19 (NEB),
31 (NEB), and 32 (NEB) and EO2 errors on Trials 9 (EB), 22 (EB), 44 (EB), & 46 (EB). Data
from Trial 5 were not included in the analysis due to a technical error.
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Following training, 0227n responded correctly to the missed trial and both errors made on
the pre-test (positive treatment effect). Training with the non-emotion-based stimuli resulted in
the participant matching based on features in the top and bottom of the sample on the pre-test
trials they made an EO2 (T11, EB) and EO3 (T39, NEB) error on as well as on the missed trial
(T10, NEB). 0227n responded the same way on 37 trials from pre-test to post-test (No treatment
effect). All 37 trials were CC trials. There were no II errors. Training resulted in 0227n changing
their pre-test correct response to a different and incorrect response on the post-test on seven trials
(negative treatment effect). They made EO1 errors on Trials 19 (NEB), 31 (NEB), and 32 (NEB)
and EO2 errors on Trials 9 (EB), 22 (EB), 44 (EB), & 46 (EB). 58% of CI errors occurred in the
presence of emotion-based stimuli and 42% of the CI errors occurred in the presence of nonemotion-based stimuli. 0227n only made EO1 errors when presented with non-emotion-based
stimuli and only made EO2 errors when presented with emotion-based stimuli.
Participant 0677n. During the pre-test, 0677n made one EO1 error (matched by top only) on
Trial 19 (NEB) and three EO2 errors (matched by bottom only) on Trials 11 (EB), 22 (EB), & 32
(NEB). During the post-test, 0677n responded to only 46 of the total 48 trials. They did not
respond on Trials 2 (EB) & 15 (NEB). 0677n made two EO1 errors on Trial 33 & 39 (NEB from
the same stimulus set) and six EO2 errors on Trials 10 (NEB), 11 (EB), 22 (EB), 46 (EB), 47
(EB), & 48 (NEB) and one EO3 error on Trial 6 (NEB).
Following training, 0677n responded correctly on two of the trials they missed on the
pre-test (positive treatment effect). Training with the non-emotion-based stimuli resulted in the
participant matching based on features in the top and bottom of the sample on Trials 19 (NEB)
and 32 (NEB).0677n responded the same way on 37 trials from pre-test to post-test (No
treatment effect). All 35 trials were CC trials. There were two II errors. On Trials 11 and 22,
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0677n made a EO2 Error on both the pre-test and the post-test. For both trials, the sample stimuli
were from Set 41. Training resulted in 0677n changing their response to a different and incorrect
response on the post-test on nine trials (negative treatment effect). They did not respond on Trial
2 (EB), Trial 6 (NEB) and Trial 15 (NEB), made an EO1 error on Trial 33 and Trial 39 (Both
NEB from same stimulus set), and made EO2 errors on Trials 10 (NEB), 46 (EB), 47 (EB), & 48
(NEB). 33% of CI errors occurred in the presence of emotion-based stimuli and 67% of the CI
errors occurred in the presence of non-emotion-based stimuli.
Participant 0875n. During the pre-test, 0875n did not respond on Trials 1 (NEB) & 19 (NEB).
Of the remaining 46 trials they made two EO1 errors (matched by top only) on Trials 10(NEB)
& 33 (NEB) and one EO2 error (matched by bottom only) on Trial 34 (EB). During the post-test,
0875n did not respond on Trial 40 (EB) and made three EO2 errors on Trials 11 (EB), 20 (NEB),
& 22 (EB).
Following training, 0875n responded correctly on all five of the original trials they
missed on the pre-test (positive treatment effect). Training with the non-emotion-based stimuli
resulted in the participant matching based on features in the top and bottom of the sample on
Trials 1 (NEB), 19 (NEB), 10 (NEB), 33 (NEB), & 34 (EB). 0875n responded the same way on
39 trials from pre-test to post-test (No treatment effect). All 39 trials were CC trials. There were
no II errors. Training resulted in 0875n changing their response to a different and incorrect
response on the post-test on four trials (negative treatment effect). They did not respond on Trial
40 (EB) and made EO2 errors on Trials 11 (EB), 20 (NEB), & 22 (EB). 75% of CI errors
occurred in the presence of emotion-based stimuli and 25% of the CI errors occurred in the
presence of non-emotion-based stimuli.
Study 2
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Participant 0677e. During the pre-test, 0677e responded on all trials making only two errors on
the pre-test. Both errors were EO2 errors (matched by bottom only) and occurred on Trial 22
(EB) and Trial 39 (NEB). During the post-test, 0677e responded to all the trials. They made two
EO1 errors, nine EO2 errors, and one EO3 error (described below).
Following training, there was one trial that 0677e responded correctly to after no
response or an incorrect response on the pre-test (positive treatment effect). Training with the
emotion-based stimuli resulted in the participant matching based on features found in the top and
bottom of the sample on Trial 39 (NEB), one of the trials they originally made an EO2 error on.
0677e responded the same way on 36 trials from pre-test to post-test (No treatment effect). There
were 35 CC trials and one II trial (Trial 22, EB). Training resulted in 0677e changing their
response to a different and incorrect response on the post-test on eleven trials (negative treatment
effect). Of the eleven changed responses, Trials 10 (NEB) and 14 (EB) were EO1 errors, eight
were E02 errors (EB Trials 2, 4, 9, 11, 34, & 36 and NEB Trials 5 & 6) and Trial 24 (EB) was a
EO3 error. Taken together, 73% of CI errors occurred in the presence of emotion-based stimuli
and 27% of the CI errors occurred in the presence of non-emotion-based stimuli.
Participant 1157e. During the pre-test, 1157e made one EO1 error (matched by top only) on
Trial 4 (EB) and three EO2 errors (matched by bottom only) on Trial 14, 17, and 47 (EB).
During the post-test, 1157e made six EO2 errors. These errors are described in detail below.
There were three trials that 1157e responded correctly to during the post-test that originally
occasioned an incorrect response on the pre-test (positive treatment effect). Training with the
emotion-based stimuli resulted in the participant matching based on features in the top and
bottom of the sample on Trial 4 (EB), which they originally made an EO1 error on and Trials 14
(EB) and 47 (EB) which they originally made EO2 errors on. 1157e responded the same way on
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40 trials from pre-test to post-test (No treatment effect). There were 39 CC trials and 1 II trials.
On Trial 17 (EB), the participant made an EO2 error both the pre-test and post-test.
Training resulted in 1157e changing their response to a different and incorrect response
on the post-test (negative treatment effect) on Trials 2 (EB), 5 (NEB), 11 (EB), 15 (NEB), & 48
(NEB), and all were EO2 errors. Together, 40% of CI errors occurred in the presence of
emotion-based stimuli and 60% of the CI errors occurred in the presence of non-emotion-based
stimuli.
Participant 1124e. During the pre-test, 1124e did not make a response on one trial (Trial 14,
EB). Of the remaining 47 trials, 1124e made one EO2 error (matched by bottom only) on Trial
11 (EB) and one EO3 error (did not match by top or bottom) on Trial 48 (NEB). During the posttest, 1124e responded to 46 trials. They did not respond on Trials 1 (NEB) and 2 (EB), made an
EO1 error on Trials 44 (EB), and EO3 error on Trial 3 (NEB).
Following training, 1124e responded correctly to the missed trial and both errors made on
the pre-test (positive treatment effect). Training with the emotion-based stimuli resulted in the
participant matching based on features in the top and bottom of the sample on the pre-test trials
they made an EO2 (Trial 11, EB) and EO3 (Trial 48, NEB) error on as well as on the missed trial
(T14, EB). 1124e responded the same way on 41 trials from pre-test to post-test (No treatment
effect). All 41 trials were CC trials. There were no II errors. Training resulted in 1124e changing
their response to a different and incorrect response on the post-test on four trials (negative
treatment effect). They did not respond on Trials 1 (NEB) and 2 (EB), made an EO1 error on
Trials 44 (EB), and EO3 error on Trial 3 (NEB). 50% of CI errors occurred in the presence of
emotion-based stimuli and 50% of the CI errors occurred in the presence of non-emotion-based
stimuli.
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Participant 1174e. During the pre-test, 1174e responded to only 44 trials. They missed Trials 1
(NEB), 2 (EB), 11 (EB) & 19 (NEB), made one EO1 error (matched by top only) on Trial 48
(NEB) an EO2 error (matched by bottom only) on Trial 22 (EB), an ET1 error on Trial 7 and an
ET3 error on Trial 12. During the post-test, 1174e responded to 46 of the total 48 trials and made
22 additional errors. The errors made on the pre-test were consistent with errors made by other
participants, in that the stimuli that occasioned the errors were stimuli that occasioned similar
errors in other participants in both Experiments 1 and 2. The analysis of the post-test errors
however, showed that CI error patterns were occurring on trials that no other participant had CI
error patterns on. In addition, errors were being made on trials that few if any participants made
errors on in Study 1. A closer examination of the data showed that beginning on Trial 6 through
Trial 38, 1174e selected Option 2 on 60% of the trials and Option 3 on another 24% of the trials,
with two strings of responses one 10 trials long and the other 13 trials long, with only Options 2
and 3 selected. It is the opinion of the authors that rather than training having a deleterious effect,
another factor may have impacted performance.
During training, Participant 1174e requested to go to the bathroom during the 2-minute
break scheduled between halfway through training. They took a small bag and left. After 10
minutes, 1174e did not return and the researcher sent the lab assistant to the public bathroom
with instructions to enter and say, “Is the person participating in the experiment here?” and if
there was a response to ask if they need additional time or for us to call someone. When the lab
assistant entered the bathroom, the participant was standing by the sink filming Tic Toc dances.
When they saw the assistant, they quickly hid their phone and started washing their hands. The
participant did not return for another two or three minutes.
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Due to the significant decrease in correct responses from pre-test to post-test, it was
hypothesized that something occurred during the break that was deleterious to their performance.
While it is impossible to know what may have happened, the data from participant 1174e are not
reliable and cannot be used in our final analysis of CI errors.
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severely impacted and the stress and demands of navigating the challenges at that time made it
impossible for her to continue.
In 2009, Adrienne published another book co-edited with Professor Peter Sturmey
titled Language Acquisition; Applied Behavior Analysis, Evidence and Practice, published by
Pro-Ed. After that, her academic and scholarly work was set aside to focus on her work in public
131

schools. In 2013 Adrienne left the clinical world and followed her entrepreneurial heritage
starting ABAC and growing the company into one of the most reputable postcertification/license education destinations in the field of behavioral psychology and behavior
analysis.
In 2017, Adrienne was alerted that the graduate program she once attended was being
absorbed into a clinical psychology program and that the window to enroll and finally complete
her doctorate was quickly closing. Adrienne returned to school but to a new committee
consisting of individuals that did not know her and never taught her, a new area of research, and
was required to retake the oral examination- 14 years and 11 days after she sat for them the first
time. The support of her committee members, led by her advisor, Bertram O. Ploog, PhD,
BCBA-D, ensured that she would finish.
Adrienne started running her study in October of 2019 and the last set of participants
completed the study the day before the campus closed in March of 2020 due to the global health
crisis. While doing everything possible to keep ABAC open during the height of the pandemic,
Adrienne analyzed the data from her study and wrote her dissertation manuscript, submitting it to
her committee for review on November 9, 2020.
On January 14, 2021, almost 21 years after she was accepted into her graduate program,
Adrienne successfully defended her dissertation An Evaluation of an Application Designed for
the iPad® to Measure Stimulus Overselectivity for Future Use in Autism Research. She intends
to continue to collaborate on this line of research while scaling ABAC over the next few years.
Dr. Fitzer looks forward to publishing on the assessment of emotion recognition in autism
spectrum disorders, the topic that inspired her dissertation research, and developing technology
that will help formalize assessment and intervention in this area. In addition, she looks forward
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to continuing to write about ethical professional behavior in online environments and ethical
business practices.
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