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Abstract

Stimulus overselectivity describes strong control by one stimulus element at the
expense of other equally relevant elements. Research suggests that control by
underselected stimuli emerges following extinction of the overselected stimulus
(“revaluation”) and the emergence is larger when overselectivity is greater. We
compared such revaluation effects with a control compound or condition in two
experiments. Human participants chose between compound S+ and S- stimuli.
Then, to assess control by compound-stimulus elements, participants chose
between individual elements in a testing phase without feedback. The S+ element
chosen most often (the overselected element) underwent revaluation, during which
choice of that element was extinguished and choice of a novel element reinforced.
Thereafter, participants completed a retesting phase. Revaluation reduced choice
of the overselected element. Choice of the underselected element decreased for
participants with low overselectivity but increased for participants with high over-
selectivity. This was not the case for a control compound that did not undergo
revaluation (Experiments 1 and 2) or in a control condition in which the overse-
lected element continued to be reinforced during revaluation (Experiment 2).
These findings suggest that overselectivity levels may modulate revaluation
effects, and they also highlight the importance of the contingency change in post-
revaluation changes in stimulus control.
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When multiple stimuli differentially signal reinforcer avail-
ability, stimulus control may be divided between the stimuli
(e.g., Blough, 1969; Chase, 1968; Cowie et al., 2017;
Davison, 2018; Davison & Elliffe, 2010; Shahan &
Podlesnik, 2006, 2007). The presence of multiple differen-
tial stimuli is necessary but not sufficient for divided stimu-
lus control to occur. Under some circumstances, behavior
may be controlled by a single stimulus or small subset of
stimuli at the expense of control by other equally relevant
stimuli (Lovaas et al., 1971; Ploog, 2010). Such stimulus
overselectivity can lead to difficulties with acquisition,
maintenance, and/or generalization of discrimination learn-
ing. Overselectivity has been observed in individuals with
autism spectrum disorder (ASD; e.g., Dube et al., 2010;
Kelly et al., 2015; Leader et al., 2009; see Ploog, 2010, for a

review) and also in preschool-aged children (Kelly &
Reed, 2021), older adults aged 60 to 89 (Kelly et al., 2016;
McHugh & Reed, 2007; McHugh et al., 2010), and typi-
cally developing humans under high cognitive load
(Broomfield et al., 2010; Reed & Gibson, 2005; Reed
et al., 2011; Reed, Altweck, et al., 2012).

Two mechanisms have been proposed to underlie
stimulus overselectivity. The attention-deficit view posits
that overselectivity occurs due to a failure to observe
and/or attend to all stimuli. As a result, only those stimuli
that are observed and attended to control behavior
(Dube, 2009; Dube & Mcllvane, 1999; Dube et al., 1999,
2003, 2010; Lovaas et al., 1971; Reed, 2019). In support
of this, eye-tracking data from individuals with intellec-
tual disabilities suggest that overselected stimuli
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(i.e., those exerting selective control) are observed more
often and for longer durations than underselected stimuli
(i.e., those exerting little to no control). Additionally,
interventions that differentially reinforce observing of
underselected stimuli appear to remediate overselectivity,
although their effects may not necessarily maintain over
time (Dube & Mcllvane, 1999; Dube et al., 2003, 2010;
Farber et al., 2017; Walpole et al., 2007; but see also
Reed, Altweck, et al., 2012).

Alternatively, comparator theories suggest that stimu-
lus overselectivity arises due to a performance deficit.
According to this view, participants attend to and learn
about all stimuli, but such learning is not always
expressed behaviorally due to competition for control
between stimuli. Such competition occurs via a “compar-
ator” mechanism, which effectively selects one stimulus,
or a subset of stimuli, to control behavior (Reed, 2011;
see also Miller & Matzel, 1988). Thus, behavioral control
by the selected stimulus or stimuli is apparent, whereas
control by other stimuli is masked. The implication of
this explanation of stimulus overselectivity is that control
by underselected stimuli may emerge under suitable
conditions.

Findings from studies of cue competition in associa-
tive learning provide evidence for such emergence (see
Miller & Witnauer, 2016, for a review). Following condi-
tioning with a compound cue (e.g., AX), the element sup-
porting a stronger conditioned response (e.g., Cue A) is
“revalued” by placing it on extinction, resulting in an
increase in responding to the other cue (e.g., Cue X). The
magnitude of this retrospective revaluation effect depends
on several parameters. For example, longer durations of
compound-cue exposure or of revaluation produce a
stronger effect (e.g., Blaisdell et al., 1999; Larkin
et al., 1998; Matzel et al., 1985). The physical or func-
tional similarity between cues also appears to determine
the direction of post-revaluation change; more distinctive
cues produce the revaluation effect, whereas more similar
cues result in reduced responding to all cues (mediated
extinction; e.g., Balleine et al., 2005; Liljeholm &
Balleine, 2009).These retrospective revaluation effects are
thought to arise due to within-compound stimulus associ-
ations; associations between overselected and underse-
lected cues form during discrimination training, so when
the overselected cue is extinguished in revaluation, a rep-
resentation of the underselected cue may be “activated”
associatively, resulting in changes in control by that cue
(e.g., Dickinson & Burke, 1996; Van Hamme &
Wasserman, 1994; see Miller & Witnauer, 2016, for a
brief overview of associative accounts of retrospective
revaluation).

Revaluation effects have also been observed in studies
of stimulus overselectivity, demonstrating that these
effects are not isolated to associative-learning paradigms
and providing support for comparator theories of overse-
lectivity (e.g., Broomfield et al., 2010; Kelly et al., 2015;
Reed et al, 2009; Reed, Reynolds, et al., 2012;

Reynolds & Reed, 2011a, 2018; Reynolds et al., 2012). In
these studies, participants learn to choose a compound
stimulus, AB, over another compound, CD. Then, in a
testing phase, the overselected and underselected ele-
ments of the AB compound are identified by presenting
one element from each compound (e.g., A vs. C) and
recording the frequencies with which participants choose
each element. The element, A or B, that was chosen more
frequently by each participant (the overselected element)
undergoes revaluation training, during which choice of
that element is extinguished and participants are rein-
forced for choosing a novel element instead. This is fol-
lowed by another testing phase, to determine how
revaluation affected control by elements A and
B. Typically, after revaluation, control by the overse-
lected element decreases and control by the underselected
element emerges. No such systematic changes are evident
for a control compound whose elements do not undergo
revaluation.

Thus, stimulus overselectivity may be remediated by
extinguishing choice of the overselected stimulus, which
results in an emergence of control by underselected stim-
uli. This revaluation effect is stronger when revaluation
training lasts for longer and when a larger number of novel
stimuli is used in revaluation training (Reed, Reynolds,
et al, 2012). In addition to procedural factors, another
variable that may be important is baseline levels of over-
selectivity. That is, the effects of revaluation on control
by overselected and underselected elements may differ
depending on whether initial control by these elements
is more unequal (i.e., overselectivity levels are higher)
or more equal (i.e., overselectivity levels are lower).
Indeed, Broomfield et al. (2010) found that participants
displaying greater overselectivity (i.e., larger differences
in the strength of control by the overselected and under-
selected elements) showed a larger reduction in control
by the overselected element and greater emergence of
control by the underselected element than participants
with lower overselectivity).

Given that revaluation training may be used to
remediate overselectivity, it is important to consider
how such training may differentially influence partici-
pants with higher or lower levels of overselectivity as
well as the mechanisms that may underlie any such dif-
ferences. Presently, little is known about how levels of
overselectivity affect revaluation effects. Only Broom-
field et al. (2010) have analyzed data separately for par-
ticipants showing lower and higher Ilevels of
overselectivity; other studies aggregated data across
participants, thus masking any potential differences
based on overselectivity level. As a result, the replicabil-
ity and generality of the graded effects of revaluation
training reported by Broomfield et al. are presently
unclear. Furthermore, Broomfield et al. did not include
a control compound or condition against which to com-
pare the effects of revaluation. Thus, the extent to
which post-revaluation changes in control represented
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real effects arising from the contingency change (extinc-
tion of the overselected element) during revaluation is
unclear. This is particularly applicable to participants
displaying lower overselectivity, for whom changes in
control were smaller and thus may have reflected
regression to the mean effects rather than genuine
changes. Although other studies have found little sys-
tematic change for a control compound that does not
undergo revaluation (e.g., Reed et al., 2009; Reed,
Reynolds, et al., 2012)—providing some evidence that
post-revaluation changes in control are not simply due
to regression to the mean—it is unclear whether this is
true across different levels of overselectivity.

The present study investigated further the effects of
overselectivity level on revaluation effects in a systematic
replication of Broomfield et al.’s (2010). In Experiment
1, neurotypical participants chose between compound stim-
uli during discrimination training, and then choice of the
overselected element was extinguished and choice of a novel
element reinforced in revaluation training. This occurred
under high cognitive load to induce overselectivity (see
Broomfield et al., 2010; Reed & Gibson, 2005). Unlike
Broomfield et al., we also included a control compound
whose elements did not undergo revaluation. Thus, we
compared changes in stimulus control between the revalued
and control compounds separately for participants display-
ing different levels of overselectivity. Experiment 2 replicated
Experiment 1 with the addition of a novel control condition
in which choice of the overselected element continued to be
reinforced. This allowed us to compare stimulus control in
the typical revaluation procedure with a control procedure
in which no change in contingency occurred.

EXPERIMENT 1
Method
Participants

Fifty-nine participants without a diagnosis of ASD
were recruited, 44 through advertisement posters placed
around a large university campus in New Zealand and
15 through the university’s SONA research participa-
tion system. The exclusion of participants with ASD
replicates Broomfield et al. (2010) and other recent
studies that have investigated overselectivity in noncli-
nical populations (e.g., Reed, Reynolds, et al., 2012;
Reynolds & Reed, 2018) and was further justified
because some research suggests that overselectivity is
more prevalent and may be governed by different pro-
cesses in ASD compared with nonclinical populations
(e.g., Kelly et al, 2015; Leader et al., 2009;
Reed, 2019). Participants were fluent in English (as per
the university’s admissions criteria, and this was also
evident to the experimenter while providing verbal
instructions to participants before the session).

Participants recruited through advertisements were
recruited in two phases. In the first phase, which ran for
the duration of one academic semester, participants were
compensated with entries into a drawing to win a $250
shopping voucher (N = 33). In the second phase, partici-
pants were compensated with a $20 petrol voucher after
the session (N = 11). Participants recruited through
SONA were also recruited during the second phase and
compensated with experiential learning course credit.
Preliminary analyses indicated that these different
recruitment and compensation methods had no effect on
participants’ performance (see Supplementary Figure 1).

The ages of 43 of the participants ranged from 17 to
38 years (M = 22.34 years, SD = 4.32); the remaining
16 participants declined to provide age data. At the
beginning of the experiment, a computer program ran-
domly assigned each participant a unique four-digit iden-
tifier ranging from 1000 to 9999 and also randomly
assigned participants to Group 1 or Group 2. The group
number determined which stimuli were used during the
experiment.

All participants completed the Autism Quotient
(AQ) Questionnaire (Baron-Cohen et al., 2001) as part of
the experiment. The AQ is a questionnaire measuring
symptoms of ASD in the general population. Participants
with scores of 32 or greater (N = 4) were excluded from
analyses because such scores suggest clinically significant
symptoms of ASD (see e.g., Kelly et al, 2015
Reed, 2011, 2019; Reed & Gibson, 2005, for further
discussion).

Apparatus and materials

The experiment was conducted in a quiet room located at
the university. Participants were seated at a table facing a
Dell P2214H computer monitor with a screen size of
22 inches (~66 cm, 1920 x 1080 desktop resolution),
which was connected to a computer running Windows
10. The experiment was programmed using the Pygame
1.9.6 package in Python 3.7. This program recorded all
experimental events and the time at which each event
occurred. The monitor background remained white
throughout the experiment.

Figure 1 shows the stimuli used in the experiment.
Stimuli were 20 abstract symbols from the fonts Wing-
dings, Wingdings 2, Stylebats, and Larasukma. They
were separated into two groups, one comprising Stimuli
1 to 10 (Group 1) and the other comprising Stimuli 11 to
20 (Group 2). Eight stimuli from one group (Group 1 for
participants in Group 1 and Group 2 for participants in
Group 2) were randomly selected by the computer as the
training stimuli (Stimuli A to H), and four stimuli from
the other group were randomly selected as novel stimuli
(Stimuli I to L) for the revaluation-training phase. Sup-
plementary Table 1 provides details of the training and
novel stimuli for each participant.
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FIGURE 1 Stimuli used in the present experiment. Group 1 consisted of Stimuli 1 to 10, and Group 2 consisted of Stimuli 11 to 20.
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Phase 1.
Feedback will be provided. rm 29
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(a) Phase screen

(b) Example of training trial

(c) Example of feedback in
training trial

You may now take a break
When you are ready to continue the experiment, press continue.

CONTINUE

&

(d) Break screen

(e) Example of test trial

FIGURE 2 Screenshots of the experimental program. (a) Beginning of each phase, (b) Example of training trials, (c) Example of feedback in

training trial, (d) Break screen, and (e) Example of test trial.

Procedure

Instructions to participants

Before beginning the experiment, participants were
informed (by the first or second author) that they
would be completing a computer task consisting of four
phases, that in each phase they would choose between
symbols presented in rectangles on the computer
screen, and that choices would sometimes result in feed-
back from the computer. Participants were told that
their goal in the experiment was to make correct
choices. Additionally, they were instructed to perform
a concurrent-load task in which they counted back-
wards in sevens starting from a five-digit number
throughout the experiment.

A general script of the verbal instructions provided to
participants is in the Supplementary Material. Partici-
pants were asked to verify verbally that they understood
the instructions. If necessary or requested by the partici-
pant, the experimenter repeated the instructions to pro-
vide clarification. After participants verified that they
understood the instructions, the experimental session
began.

Experimental sessions

Each participant completed one experimental session,
which was split into four phases: training (Phase 1), testing
(Phase 2), revaluation (Phase 3), and retesting (Phase 4).
Each phase began with a screen informing participants of
the number of the phase they were in and whether the com-
puter would provide feedback (Figure 2a). A countdown at
the bottom of the screen informed participants of the time
(in seconds) until the start of the phase. The countdown
timer started at 30 s in Phase 1 and at 10 s for the other
phases. Throughout the session, participants simultaneously
completed a verbal-subtraction concurrent-load task. The
experimenter remained seated in a corner of the experiment
room to ensure that participants completed the concurrent-
load task.

Training

During training, participants were presented with two
compound stimuli, either AB and CD or EF and GH, in
each trial (Figure 2b). Each compound stimulus
comprised two symbols presented side by side within a
containing rectangle. Symbols AB and EF were the S+
compound stimuli, and CD and GH were the
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S- compound stimuli. The positions of the S+ and S-
stimuli were counterbalanced across trials, and trials
occurred in a random order. Participants selected a com-
pound stimulus by clicking anywhere inside its containing
rectangle using the computer mouse. A response to the S
+ compound was defined as correct and resulted in posi-
tive feedback (“YES” presented on the bottom of the
screen), whereas a response to the S- compound was
defined as incorrect and resulted in negative feedback
(“NO” presented on the bottom of the screen; Figure 2c).
Feedback lasted for 1s and was followed by a 500-ms
intertrial interval during which the screen was blank.

To minimize participant fatigue, the program allowed
participants to take a break every 13 trials. Participants
could resume the experiment at any time by clicking a
“CONTINUE” button (Figure 2d). Participants took an
average of 2.24 breaks (SEM = 0.29) lasting an average
of 0.33 min (SEM = 0.04) during training. Training con-
tinued until 10 consecutive correct responses were made
for each pair of compound stimuli. This criterion was
based on previous published work on overselectivity
(e.g., Broomfield et al., 2010; Kelly et al., 2015; Reed
et al., 2009; Reed, Reynolds, et al., 2012; Reynolds &
Reed, 2011a, 2018; Reynolds et al., 2012). If participants
did not reach the criterion within 45 min, the experiment
terminated.

Testing

Test trials were similar to training trials, except that only
one element of each compound stimulus was presented
(Figure 2e). Participants were given a choice between one
of the S+ elements from training (A, B, E, or F) and one
of the S- elements from training (C, D, G, or H). The
eight pairs of elements used in test trials were A vs. C, A
vs.D,Bvs.C,Bvs. D, Evs. G, Evs. H, Fvs. G, and F
vs. H. Five of each pair were presented in a random
order, and the locations of the S+ and S- elements were
counterbalanced across trials. No feedback or breaks
occurred during the testing phase.

Revaluation

The computer program randomly selected one of the S+
compound stimuli from training (i.e., AB or EF) and
identified the element of that compound that was selected
more often during the testing phase. This element was the
overselected S+ element for revaluation training. If par-
ticipants chose both elements of the selected compound
equally often during testing, the program evaluated the
other compound stimulus and used the most selected ele-
ment from that compound for revaluation. If the ele-
ments of the other compound were also selected equally
often (i.e., the participant displayed no overselectivity at
all), the program randomly selected one element from
either S+ compound (N =9 participants did not show
any overselectivity). This process ensured that whenever
possible, the element selected for revaluation was indeed
an overselected element.

Revaluation was similar to training except that partic-
ipants were presented with a choice between two single-
element stimuli: the overselected element selected for
revaluation and one of four novel stimuli (Stimuli I to L).
The locations of the stimuli were counterbalanced across
trials. Choice of the novel stimulus was defined as correct
and resulted in positive feedback, whereas choice of the
overselected element was incorrect and resulted in nega-
tive feedback. The program allowed participants to take
a break every 13 trials. Participants took an average of
4.08 breaks (SEM = 0.36) lasting an average of 0.29 min
(SEM = 0.04) in the revaluation phase. Thus, overall,
breaks were short (typically, less than a minute). The
greater number of breaks in the revaluation phase rela-
tive to training reflects the larger number of stimulus
pairs (four, as there were four novel stimuli, I, J, K, and
L) in this phase. As in training, revaluation continued
until 10 consecutive correct responses were made for each
overselected/novel stimulus pair.

Retesting
The retesting phase was identical to the testing phase.

Concurrent-load task

In typically developing individuals, overselectivity is
more likely under conditions of high cognitive load
(Reed & Gibson, 2005). Thus, to increase the likelihood
of overselectivity occurring, participants completed a
concurrent-load task at the same time as the computer
task. This occurred throughout the entire experimental
session. Participants were given a randomly generated
five-digit number below 20,000 and were instructed to
count backwards verbally in sevens throughout the ses-
sion, excluding breaks and in between phases. Partici-
pants were verbally prompted by the experimenter
(“Please continue the subtraction task”) if they paused for
more than 7 s. All participants completed the subtraction
task, with no obvious attempts to avoid the task (e.g., by
consistently reporting incorrect numbers or by pausing
for long periods).

Preliminary data analysis

Supplementary Table 1 shows data for individual partici-
pants. In addition to the four participants with AQ scores
of 32 or greater whose data were excluded, five partici-
pants did not meet the criterion of 10 successive correct
responses within 45 min during the training phase
(i.e., these participants never progressed to the testing,
revaluation, and retesting phases), so their data were
excluded from analyses. Thus, the final sample size con-
sisted of 50 participants. For the 50 participants who
completed all four phases, the mean times to complete
training, testing, revaluation, and retesting were 5.93
(SEM = 0.89), 3.97 (SEM = 0.22), 7.01 (SEM = 0.85),
and 3.50 min (SEM = 0.18), respectively. The mean total
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time to complete the session was 20.42min  Results
(SEM = 1.63).

Because we counterbalanced stimuli across partici-
pants (see Supplementary Table 1), stimuli were grouped
according to whether they were the overselected
(i.e., more selected) or underselected (i.e., less selected)
element of the revalued compound (i.e., the compound
whose overselected element underwent revaluation train-
ing) or of the other, control, compound. We then used
responses during the testing and retesting phases to calcu-
late the percentage of trials in which each stimulus ele-
ment was chosen.

In the analyses that follow, we used JASP (JASP
Team, 2018) to conduct Bayesian hypothesis tests
(e.g., to compare choice between elements, see Wagen-
makers, Love, et al., 2018; Wagenmakers, Marsman,
et al., 2018). Bayesian tests are advantageous because
they quantify the strength of the evidence for the null
or alternative hypothesis with a Bayes factor (BFg)
rather than just providing a p value. The Bayes factor
reflects the likelihood of H; (e.g., differences between
elements or groups) relative to Hy (e.g., no differences
between elements or groups) given the obtained data.
Additionally, given our relatively small sample size,
Bayesian analyses provide greater confidence in our
analytic results. We interpreted the Bayes factor using
Lee and Wagenmakers’s (2013) classification. Specifi-
cally, a Bayes factor of 1 indicates no evidence for
either hypothesis. A Bayes factor greater than 1 indi-
cates stronger support for the alternative hypothesis,
with values above 10 indicating strong support and
above 100 indicating extreme support. Similarly, a
Bayes factor less than 1 indicates stronger support for
the null hypothesis, with values less than 0.1 or 0.001
indicating strong or extreme support, respectively, for
the null hypothesis.

We ran preliminary analyses to determine whether
there were systematic differences between participants
recruited using different methods (advertisements or
SONA) and compensated differently (entries into a
drawing to win a shopping voucher, a petrol voucher, or
experiential learning course credit). Participants were
split into three groups based on recruitment method and
compensation, and we used one-way between-groups
Bayesian analyses of variance (ANOVAs) to compare
percentage of choice of each element during pre-
revaluation testing (Phase 2) and the percentage of
change in choice from testing to retesting. Supplemen-
tary Figure 1 shows percentage of choice for each
recruitment group, and Supplementary Table 2 shows
the results of the Bayesian ANOVAs. The Bayes factors
ranged from 0.18 to 1.44, indicating little to no support
for differences between participants recruited and com-
pensated differently. Therefore, we combined data
across recruitment and compensation methods for all
subsequent analyses.

Mean trials to reach criterion

The mean number of trials to reach the criterion of
10 consecutive correct responses in training was 17.97
(SEM = 2.04), averaged across participants and both
training stimulus pairs (AB vs. CD and EF vs. GH). In
the revaluation phase, the mean number of trials to reach
criterion was 14.70 (SEM = 1.40).

Stimulus control before revaluation

The leftmost two panels in Figure 3 show the mean (aver-
aged across participants) percentage of trials in which
each S+ element of the revalued and control compounds
was chosen during the testing (pre-revaluation, Phase 2)
and retesting (post-revaluation, Phase 4) phases. Of the
50 participants, 41 demonstrated some degree of overse-
lectivity during pre-revaluation testing. The remaining
nine participants chose both elements of both compounds
in 100% of test trials, so no overselectivity was apparent
for these participants. The size of the difference in choice
between the overselected and underselected elements was
larger for the revalued compound than for the control
compound due to the method used to select the element
to revalue (which ensured that whenever possible the
selected element was from a compound for which overse-
lectivity was apparent). A Bayesian repeated-measures
ANOVA on pre-revaluation percentages provided
extreme support for differences in percentage of choice
between elements (BF;o = 1.05 x 10", error % = 0.96).
Post hoc comparisons indicated extreme support for dif-
ferences in choice between the overselected and underse-
lected elements of the revalued compound
(BFjo = 7.01 x 10°, error % < 10~'!) and the control
compound (BF,( = 2,616.95, error % < 107°).

To determine whether levels of overselectivity for the
revalued compound were significantly different from
chance—that is, from the level of overselectivity that
would be expected if both stimulus elements had the same
probability of being chosen—we conducted an analysis
based on the binomial distribution (Reynolds &
Reed, 2011a, 2011b; Reed, Reynolds, et al., 2012). First,
we calculated the mean probability, p, of choosing the
overselected and underselected elements of the revalued
compound during testing for each participant. Using this
obtained probability, we calculated the probability of choos-
ing the overselected element x times in 10 trials and the
underselected element y times in 10 trials, P(X N Y), where
X ~ Binomial(xc (o, 10, p) and Y ~ Binomial(ye 0, 10}, p)-
These binomial probabilities were entered into an 11 x 11
contingency table, and the contents of this table were multi-
plied by another 11 x 11 contingency table containing the
absolute |x — y| difference for each combination of x and y.
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FIGURE 3 Mean percentage choice of each S+ element before and after revaluation training. The left and middle panels show mean (averaged
across participants) percentage of choice for the revalued and control compounds, respectively, before (pre) and after (post) revaluation training. The
right panel shows the percentage of change in choice pre- to post-revaluation. The error bars represent the SEM.

Summing all cells of the resulting table and then multiplying
by 10 produced the expected difference between percentage
of choice of the overselected and underselected elements for
the revalued compound.

The mean (averaged across participants) expected dif-
ference between choice of the overselected and underse-
lected elements of the revalued compound was 11.30%
(SEM = 0.94). A Bayesian one-tailed paired-samples
t test indicated substantial support for the alternative
hypothesis that obtained differences were greater than
expected differences (BF;q = 153,385.90). Thus, levels of
overselectivity for the revalued compound were higher
than the level expected by random variation of selection
of the overselected and underselected elements. This
means that the concurrent-load task successfully induced
overselectivity.

Effects of revaluation on stimulus control

Differences between choice in the testing phase (Phase 2)
and retesting phase (Phase 4) provide insight into the
effects of revaluation on control by the overselected and
underselected elements of both compound stimuli. The
right panel of Figure 3 shows the mean percentage of
change in choice, calculated by subtracting percentage of
choice before revaluation from percentage of choice after
revaluation. We used Bayesian two-tailed paired-samples
t tests to compare pre- and post-revaluation choice.

For the revalued compound, choice of the overse-
lected element decreased for almost all participants after
revaluation training (strong support for a difference;
BF;o = 9.80 x 10'°, error % < 10_13), whereas there was
little systematic change across all participants for the
underselected element (moderate support for no differ-
ence; BF o = 0.17, error % = 0.07). For the control com-
pound, choice of both elements was lower after
revaluation; there was strong support for this difference
for the overselected element (BF;q = 254.80, error %
< 107%), whereas support for a difference was weak and

anecdotal for the underselected element (BF;o = 1.66,
error % = 0.02). Thus, the main effect of revaluation
training was to decrease choice of the overselected ele-
ment of both compounds and to a greater extent for the
revalued compound (Figure 3).

Relation between overselectivity levels and
postrevaluation choice

One potential explanation for why revaluation training
appeared to have little effect on choice of the underse-
lected element when the data were combined across all
participants (Figure 3) is that the effects of revaluation
may have differed for participants with different levels of
overselectivity (Broomfield et al., 2010). Therefore, we
examined the relation between initial levels of overselec-
tivity and changes in choice after revaluation training.
We calculated the level of overselectivity for each partici-
pant as the percentage of difference in choice between the
overselected and underselected elements of the revalued
compound during pre-revaluation testing (Phase 2). We
then grouped participants into three groups. Participants
displaying no overselectivity (i.e., a 0% difference) were
grouped together (Group None: N = 9). For the remain-
ing participants, all of whom showed some degree of
overselectivity, we followed Broomfield et al. (2010) and
calculated the mean level of overselectivity (38% differ-
ence) and split the sample at this mean. Therefore, partic-
ipants showing overselectivity below the mean level were
grouped together (Group Low: N = 20) and participants
showing overselectivity above the mean level were
grouped together (Group High: N = 21).

As suggested by a reviewer, we explored potential dif-
ferences between participants with different overselectiv-
ity levels by examining correlations between
overselectivity level, or percentage of change in choice,
and age, AQ score, total session time, and the number of
trials or breaks in the training and revaluation phases.
Bayes factors ranged from 0.21 to 1.30, indicating that
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there was little evidence for a correlation between overse-
lectivity levels or percentage of change in choice and any
of these participant variables. Thus, participants’ overse-
lectivity levels and post-revaluation changes in choice
appeared not to relate to age, AQ score, or overall per-
formance measures or learning-history differences
(e.g., session time, number of trials to criterion). Figure 4
shows the mean percentage of change in choice from test-
ing (Phase 2, pre-revaluation) to retesting (Phase 4, post-
revaluation) separately for participants displaying no,
low, or high overselectivity. A Bayesian mixed ANOVA
with element as a within-subjects factor and overselectiv-
ity level as a between-subjects factor indicated that the
model with the strongest support included element, over-
selectivity  level, and  the interaction term
(BF o = 3.21 x 10", error % = 2.44). To probe the inter-
action, we conducted one-way ANOVAs comparing
groups for each element. Table 1 summarizes the results
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FIGURE 4 Mean percentage of change in choice pre- to post-

revaluation for participants displaying no, low, or high overselectivity in
Experiment 1. The error bars represent the SEM.

TABLE 1 Results of Bayesian ANOVASs comparing participants
with no, low, and high overselectivity levels

Opverselected element Underselected element

Compound BF; Error % BF; Error %
Revalued 0.35 0.04 79.59* 0.01
Control 0.23 0.03 0.73 0.03

*indicates strong support for differences depending on overselectivity level.

of these ANOVAs. The only element for which there was
support for differences depending on overselectivity level
was the underselected element of the revalued compound.
For this element, choice decreased after revaluation for
participants with no or low overselectivity, whereas it
increased for participants with high overselectivity
(Figure 4). Post hoc comparisons indicated strong sup-
port for differences between participants with high over-
selectivity and those with no or low overselectivity
(BF o =15.59 and 75.52, respectively, both error %
< 107°), whereas there was no support for differences
between participants with no or low overselectivity
(BF9 = 0.38, error % = 0.002).

Thus, in summary, the main effect of overselectivity
level was to modulate the effects of revaluation training
on choice of the underselected element of the revalued
compound. Choice of that element slightly decreased,
which may suggest a slight decrease in control, for partic-
ipants showing little to no overselectivity. In contrast,
choice of the underselected element of the revalued com-
pound increased, indicating an emergence of control, for
participants showing high overselectivity. These differ-
ences between participants with lower and higher overse-
lectivity levels explain why revaluation appeared to have
little effect on choice of the underselected element of the
revalued compound when the data were aggregated
across all participants (Figure 3).

Discussion

The present experiment replicated and extended previous
research examining the effects of postlearning “revalua-
tion” training on control by overselected and underse-
lected stimuli. Specifically, we investigated the relation
between initial levels of overselectivity and the effects of
revaluation on stimulus control in typically developing
humans. Stimulus overselectivity was successfully
induced in this population using a concurrent-load task.
This adds to the growing body of literature demonstrat-
ing that overselectivity occurs in humans without a diag-
nosis of ASD under high cognitive load (e.g., Broomfield
et al., 2010; Reed & Gibson, 2005; Reed, Reynolds,
et al., 2012; Reynolds & Reed, 2011a, 2011b, 2018).
Revaluation training with the overselected element of the
revalued compound appeared to have little effect on con-
trol by the underselected element when the data were
aggregated across all participants (Figure 3), but this was
because the effects of revaluation differed depending on
initial overselectivity levels (Figure 4): Choice of the
underselected element of the revalued compound
decreased slightly for participants with no or low overse-
lectivity, whereas it increased for those with high overse-
lectivity. Thus, extinguishing overselected stimuli
produced changes in control by underselected stimuli, in
line with comparator theories of overselectivity.
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However, in contrast to previous research, the revalua-
tion effect (emergence of control by the underselected ele-
ment) was only observed for participants with high
overselectivity.

The present results partially replicate Broomfield
et al. (2010); we found post-revaluation differences in
stimulus control between participants displaying lower
and higher levels of overselectivity. However, unlike
Broomfield et al., we found differences in the direction of
change in choice of the underselected element for partici-
pants with lower and higher overselectivity. Specifically,
for participants with lower overselectivity, choice of the
underselected element decreased in our experiment but
increased in Broomfield et al.’s. The reasons for the dif-
ference are unclear, as few studies have examined the
relation between overselectivity levels and post-
revaluation changes in stimulus control.

One possibility is that the difference between our find-
ings and Broomfield et al.’s (2010) is more apparent than
real. Unlike Broomfield et al., we included a control com-
pound that did not undergo revaluation, allowing us to
assess more thoroughly the extent to which post-
revaluation changes in choice were directly related to
revaluation. For participants displaying no or low overse-
lectivity, changes in choice were similar for the revalued
and control compounds, particularly for the underse-
lected elements (Figure 4). This may suggest that at least
a portion of the post-revaluation changes for participants
with lower overselectivity may be artifactual. That is,
they may represent regression to the mean effects rather
than real changes caused by revaluation. It is possible
that the same was true in Broomfield et al.’s experiment,
as changes in control by the underselected element were
small for their participants with low overselectivity. If so,
this would reduce the apparent difference between the
present findings and Broomfield et al.’s findings given
that differences were mainly observed for participants
with low overselectivity. Note that this line of reasoning
does not invalidate the general conclusion that the effects
of revaluation depend on initial overselectivity levels.
Instead, it may be the case that extinguishing overselected
stimuli only results in the emergence of control by under-
selected stimuli if initial overselectivity is substantial
(here, when the percentage of difference in choice
between the overselected and underselected elements was
at least 40%).

One question that remains unanswered is which
aspect(s) of revaluation training were responsible for the
post-revaluation changes in stimulus control for partici-
pants with high overselectivity. It is generally thought
that the change in contingency for the overselected ele-
ment of the revalued compound is responsible for the
emergence of control by the underselected element
(Broomfield et al., 2010; Kelly et al., 2015; Leader
et al., 2009; Reed et al., 2009; Reed, Reynolds, et al.,
2012; Reynolds et al., 2012). However, participants also
experience additional discrimination training with, and

thus exposure to, the overselected element of the revalued
compound. This is not the case for elements of the con-
trol compound. As a result, it is unclear how these proce-
dural factors may contribute to post-revaluation changes
in choice by underselected elements. That is, differences
in results between the revalued and control compounds
(e.g., Figures 3 and 4) may be related to the change in
contingency, additional discrimination training, and/or
exposure to the overselected element of the revalued com-
pound. To explore which of these may contribute to post-
revaluation changes in choice as well as to investigate
whether changes in choice after revaluation were artifac-
tual, we conducted a second experiment which directly
assessed the role of the contingency change.

EXPERIMENT 2

The purpose of Experiment 2 was to investigate the
extent to which extinction of the overselected element
contributed to post-revaluation changes in choice. To
that end, we replicated Experiment 1, with the addition
of a control condition in which choice of the overselected
element continued to be reinforced during the revaluation
phase. That is, no contingency change occurred in the
control condition, but participants still experienced addi-
tional discrimination training with and exposure to the
overselected element. To the extent that the contingency
change is responsible for changes in choice of the under-
selected element after revaluation, no systematic changes
in choice should be apparent for participants in the con-
trol condition.

Including the control condition also provided another
opportunity to investigate whether post-revaluation
changes in choice are real or artifactual for participants
displaying little to no overselectivity. If such changes in
choice in Experiment 1 were indeed artifactual, then simi-
lar changes should be apparent for participants with
lower overselectivity in the control condition of Experi-
ment 2. In other words, if regression to the mean effects
were responsible for the post-revaluation decreases in
choice for participants with lower overselectivity in
Experiment 1 (Figure 4), similar regression to the mean
should occur in Experiment 2. In contrast, if there are dif-
ferences between the results of the revaluation
(i.e., replication of Experiment 1) and control conditions,
this would suggest that post-revaluation changes in
choice may represent real effects arising due to extinction
of the overselected element.

Method
Participants

Thirty-one participants without a diagnosis of ASD were
recruited. Five participants were recruited through
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advertisements around a large university campus and
compensated with a $20 petrol voucher after the session.
The remaining 26 participants were recruited through the
university’s SONA research participation system and
compensated with experiential learning course credit.
The ages of 30 of the participants ranged from 19 to
58 years (M = 22.20 years, SD = 7.13).

At the beginning of the experiment, the computer
program randomly assigned each participant a unique
four-digit identifier ranging from 1000 to 9999 and also
randomly assigned participants to a group (Group 1 or
2) and condition (Condition 1 or 2). Fifteen partici-
pants were allocated to Condition 1 (revalue condi-
tion), and 16 participants to Condition 2 (control
condition). Four participants (two from each condi-
tion) had AQ scores of 32 or greater, so their data were
excluded.

Apparatus, materials, and procedure

The same apparatus, materials, and procedure as Experi-
ment 1 were used, except for the contingencies arranged
during Phase 3 in Condition 2 (the control condition). In
the control condition, choice of the overselected element
was followed by positive feedback and choice of the
novel element was followed by negative feedback in the
third phase. Participants in both conditions were given
the same instructions as in Experiment 1 by either the
first author or a student researcher trained and supervised
by the first author. For consistency, we continue to refer
to Phase 3 as the revaluation phase here, even though no
change in contingency occurred in the control condition.
Supplementary Table 3 provides details of the training
and novel stimuli used for individual participants in
Experiment 2.

Participants in the revalue condition took an average of
5.62min (SEM = 0.64) to complete training, 3.69 min
(SEM = 0.36) to complete testing, 4.97 min (SEM = 0.57)
to complete revaluation, and 3.30 min (SEM = 0.27) to
complete retesting. In this condition, participants took an
average of 3.0 breaks (SEM = 0.41) in training and 3.46
breaks (SEM = 0.18) in revaluation, with a mean break
duration of 0.21 min (SEM =0.04) in training and
0.14 min (SEM = 0.04) in revaluation. In the control con-
dition, the mean time to complete the training, testing,
revaluation, and retesting phases was 5.71 (SEM = 0.96),
4.02 (SEM =0.50), 501 (SEM =0.84), and 3.17 min
(SEM = 0.33), respectively. The mean number of breaks
was 2.5 (SEM = 0.49) in training and 3.14 (SEM = 0.10)
in revaluation, with a mean break duration of 0.23
(SEM = 0.06) and 0.24 min (SEM = 0.07), respectively.
The total average time to complete the session was
17.59 min (SEM = 1.50) in the revalue condition and
17.92 min (SEM = 2.34) in the control condition. Thus,
the average time to complete the session was similar, and
breaks were short and infrequent in both conditions.

Results
Mean trials to reach criterion

The mean number of trials, averaged across participants
and both training stimulus pairs, to reach the criterion of
10 consecutive correct responses in training was 22.04
(SEM = 2.79) in the revalue condition (Condition 1) and
19.36 (SEM = 2.35) in the control condition (Condition 2).
There was moderate support for no difference in trials to
criterion between conditions during the training phase
(independent samples 7 test: BF;y = 0.42, error % = 0.002).
In the revaluation phase (Phase 3), the mean number of tri-
als to reach criterion was 12.29 (SEM = 0.54) in the
revalue condition and 10.88 (SEM = 0.41) in the control
condition. There was only anecdotal evidence for a differ-
ence in trials to criterion between conditions in the revalua-
tion phase (BF;o=1.61, error % = 0.01). Therefore,
overall, the number of trials to reach criterion differed little
between participants in the revalue and control conditions.

Stimulus control before and after revaluation

In this experiment, the first two phases (training and test-
ing) were identical for participants in the revalue and
control conditions. Thus, we expected participants in
both conditions to behave similarly before the revalua-
tion phase. The left two panels of Figure 5 show the
mean (averaged across participants) percentage of trials
in which each S+ element of the revalued and control
compounds was chosen during testing (pre-revaluation;
Phase 2) and retesting (post-revaluation; Phase 4) in each
condition. Four participants in the revalue condition and
one participant in the control condition chose both ele-
ments from both compounds in 100% of test trials
(i.e., no overselectivity). The remaining participants dis-
played some degree of overselectivity for the revalued
compound, and most also showed overselectivity for the
control compound but to an overall smaller extent (due
to the method used to select the element to revalue).

A Bayesian mixed ANOVA with element as a within-
subjects factor and condition as a between-subjects factor
indicated strongest support for the model containing only
the main effect of element (BF;y = 1,001.87, error %
= 0.40). Analysis of effects, which summarizes the extent
to which each effect should be included in the model, pro-
vided extremely strong support for inclusion of the main
effect of element in the model (BF;, = 778.42), whereas
there was no support for including the main effect of con-
dition (BFj,q =0.62) or the interaction term
(BFna1 = 0.47). Thus, there was little evidence for differ-
ences in pre-revaluation percentage of choice between
conditions. In contrast, there was notably strong evidence
for differences in choice depending on the element. Spe-
cifically, choice of the overselected element was higher
than of the underselected element of the revalued
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FIGURE 5 Mean percentage of choice of each S+ stimulus element before and after the revaluation phase for participants in the revalue and
control conditions in Experiment 2. The left and middle panels show the mean (averaged across participants) percentage of choice for the revalued
and control compounds, respectively, before (pre) and after (post) revaluation. The right panels show the percentage of change in choice pre- to post-

revaluation. The error bars represent the SEM.

compound (BF o = 405.91, error % < 10~7). Differences
in choice between the elements of the control compound
were smaller, and there was moderate support for such
differences (BF o = 9.28, error % < 1077).

Analyses based on binomial theory indicated that the
mean expected difference between choice of the overse-
lected and underselected elements of the revalued com-
pound was 8.92% (SEM = 1.83) in the revalue condition
and 10.93% (SEM =1.35) in the control condition.
There was strong evidence that expected differences were
smaller than obtained differences (BF;o = 28.30, error %
<0.001), indicating that the concurrent-load task
induced overselectivity.

In the revaluation phase (Phase 3), choice of the over-
selected element of the revalued compound was extin-
guished in the revalue condition but not in the control
condition. The right panel of Figure 5 shows the percent-
age of change in choice after this phase, averaged across
participants in each condition. A Bayesian mixed
ANOVA indicated substantial support for a model con-
taining the main effects of element and condition and the
interaction term (BF,o = 574.22, error % = 1.21). Thus,
the effects of revaluation differed between elements and
between conditions.

In the revalue condition (Figure 5), overall choice was
similar to that for Experiment 1 (Figure 3). For the reva-
lued compound, choice of both elements decreased. There
was strong support for this decrease for the overselected ele-
ment (BF;y = 12.16, error % < 0.001), whereas there was

anecdotal evidence for no difference between pre- and post-
revaluation choice for the wunderselected element
(BF9 = 0.50, error % = 0.02). Choice of the elements of
the control compound also decreased, though there was lit-
tle to no support for such changes (BF,o = 1.36, error %
< 107° for the overselected element; BF,, = 0.57, error %
= 0.02 for the underselected element). In the control condi-
tion, choice changed little after revaluation, although it is
worth noting that percentage of choice of the underselected
element of the revalued compound increased for most (nine
out of 13) participants who showed some degree of overse-
lectivity in the control condition. Nevertheless, there was
little to no evidence for differences between pre- and post-
revaluation choice in the control condition (BF;y = 0.60
and 0.76 for the overselected and underselected elements of
the revalued compound, respectively, and BF;, = 1.08 and
0.70 for the overselected and underselected elements of the
control compound, respectively; all error % = 0.02). There-
fore, in summary choice changed differently between condi-
tions and such changes were consistent with the
contingencies arranged in the revaluation phase in each
condition.

Relation between overselectivity levels and
post-revaluation choice

There was little change in choice after revaluation in the
control condition (Figure 5), so we focus on the revalue
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condition for analyses of the relation between overselec-
tivity levels and post-revaluation choice. Because the
sample size was small in the revalue condition, splitting
the data based on initial overselectivity level, as we did in
Experiment 1, produced very small groups: Three partici-
pants displayed no overselectivity, seven displayed low
levels of overselectivity (i.e., below the mean), and three
displayed high overselectivity. Visual inspection indicated
that patterns of post-revaluation choice for participants
with no, low, or high overselectivity were similar to those
in Experiment 1 (see Figure 4). Thus, given the small
sample sizes in Experiment 2, we chose to combine data
from Experiment 1 (which was identical to the revalue
condition) with the revalue condition of Experiment
2 and ran a linear regression analysis with overselectivity
level as the predictor and percentage of change in choice
as the dependent variable (total combined N = 63).
Figure 6 shows percentage of change in choice for
each eclement, plotted as a function of overselectivity
level. There was no evidence for a relation between over-
selectivity level and percentage of change in choice for
the overselected element of the revalued compound
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FIGURE 6 Percentage of change in choice as a function of
overselectivity level in the typical revaluation procedure. Data from
Experiment 1 and from Condition 1 of Experiment 2.

(BF19 = 0.37) or for either element of the control com-
pound (BF;o=0.27 and 2.22 for the overselected and
underselected elements, respectively). In contrast, there
was extremely strong support for a positive relation
between overselectivity level and percentage of change in
choice of the underselected element of the revalued com-
pound, p = 0.55, 95% CI =[0.31, 0.79]; BF o, = 1,792.30;
R? = 28)." Thus, overselectivity level predicted changes
in choice of the underselected element of the revalued
compound, with choice of that element decreasing for
participants with lower levels of overselectivity and
increasing for participants with higher overselectivity.

Discussion

This experiment was conducted as a follow up to Experi-
ment 1 to investigate further the role of contingency
change in post-revaluation changes in choice. We did this
by comparing changes in choice in the typical revaluation
procedure (revalue condition) with a control condition in
which choice of the overselected element continued to be
reinforced in the revaluation phase.

In contrast to the revalue condition and to Experi-
ment 1 (Figure 4), choice changed little in the control
condition (Figure 5). This suggests that post-revaluation
changes in choice in the typical revaluation procedure are
primarily related to extinction of the overselected ele-
ment; if other factors, such as additional exposure to the
overselected element or regression to the mean effects,
were responsible for changes in choice, then similar
changes should have been apparent in the control condi-
tion here. This is an important finding for participants
with no or low overselectivity, for whom post-revaluation
changes in choice in Experiment 1 (Figure 4) were small
and similar for both the revalued and control com-
pounds, tentatively suggesting that they may have been
artifactual. The present results suggest otherwise; differ-
ences between the revalue and control conditions here
highlight the importance of the contingency change in the
typical revaluation procedure. Indeed, even though there
was a small revaluation effect for the underselected ele-
ment of the revalued compound in the control condition,
this effect was likely more apparent than real.

Thus, our findings suggest that only a small (if any)
portion of post-revaluation changes in choice in the
typical revaluation procedure is likely to be artifactual.
Nevertheless, given our small sample size and the small
post-revaluation changes in choice that were seen in the
control condition, further investigation into the mecha-
nisms underlying the post-revaluation emergence in

!As suggested by a reviewer, we also ran this regression including primary
participant variables (age, AQ score, total session time, and number of trials to
criterion in training and revaluation), but there was no evidence for a model
including any of these variables (all BFj,ciusion < 1), Whereas the evidence
supporting inclusion of overselectivity level remained very strong

(BFinclusion = 59.31).
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control by underselected stimuli is required. As a starting
point, replicating the current experiment with a larger
sample would provide further insight into the role of the
contingency change in the typical revaluation procedure.

GENERAL DISCUSSION

Previous studies suggest that extinction of overselected
stimuli (revaluation) results in the emergence of behav-
ioral control by underselected stimuli (e.g., Broomfield
et al., 2010; Kelly et al., 2015; Reed et al., 2009; Reed,
Reynolds, et al., 2012; Reynolds & Reed, 2018; Reynolds
et al., 2012). Limited evidence also suggests that the
extent of such emergence is larger for individuals with
greater overselectivity (Broomfield et al., 2010). Across
two experiments, we extended previous research investi-
gating how levels of overselectivity modulate post-
revaluation changes in stimulus control. A novel aspect
of our experiments was the inclusion of a control com-
pound (Experiments 1 and 2) or condition (Experiment
2) against which to compare the effects of revaluation
across overselectivity levels. Our main finding was that
the effects of revaluation depended on overselectivity
level; choice of the underselected element decreased for
participants with lower overselectivity (mediated extinc-
tion), whereas it increased for those with higher overse-
lectivity (retrospective revaluation; Figures 4 and 6).
Such post-revaluation changes were probably related to
the change in contingency during revaluation, as changes
were generally not apparent when choice of the overse-
lected element continued to be reinforced (control condi-
tion; Figure 5).

Why might revaluation effects depend on initial
levels of overselectivity? One possibility is that the
degree of overselectivity and the effects of revaluation
depend on the strength of associations between stimulus
elements. In a recent study, and drawing on the
associative-learning literature, Reynolds and Reed
(2018) suggested that stronger within-compound associ-
ations reduce cue competition and thus result in lower
overselectivity and mediated extinction, whereas weaker
associations increase cue competition and produce
higher overselectivity and retrospective revaluation (see
also Liljeholm & Balleine, 2009; Reed & Quigley, 2019;
Shevill & Hall, 2004; Sissons et al., 2009; Westbrook
et al., 1983). In support of this, Reynolds and Reed
showed that shorter durations of compound-stimulus pre-
sentation during discrimination training—a manipulation
previously shown to weaken within-compound associa-
tions in associative-learning paradigms—produced higher
overselectivity and retrospective revaluation, whereas lon-
ger durations produced lower overselectivity and mediated
extinction. Although we did not manipulate the strength
of within-compound associations in the current study,
some participants may have formed such associations
more (or less) readily than others, resulting in lower

(or higher) overselectivity and mediated extinction
(or retrospective revaluation).

Learned associations between stimulus elements may
also explain why choice of the elements of the control
compound decreased for participants with lower overse-
lectivity levels in the present experiment (Figures 4 to 6).
Although the elements of the revalued and control com-
pounds never appeared together, they may have become
associated with each other due to pairing with a common
outcome (e.g., the elements of both S+ compounds were
associated with the same positive feedback). Indeed, sep-
arately trained stimuli may become functionally equiva-
lent if paired with a common outcome (e.g., Minster
et al., 2006; Schenk, 1994), and postlearning revaluation
results in mediated extinction for such functionally equiv-
alent stimuli (Liljeholm & Balleine, 2009). Thus, to the
extent that associations were formed between the reva-
lued and control compounds in the present study, the
effects of revaluation would be expected to generalize
across compounds. That this was the case for participants
with lower overselectivity lends further support to our
suggestion that these participants formed associations
between stimuli more readily than participants with
higher overselectivity.

The above line of reasoning is post hoc, as we did not
experimentally manipulate levels of overselectivity or
within-compound associations. Nevertheless, there was
strong evidence that overselectivity levels predicted
changes in choice for the underselected element of the
revalued compound (Figure 6). To be sure, and to
explore other potential variables that may modulate
revaluation effects, future studies should manipulate vari-
ables that have been shown to influence overselectivity
levels such as stimulus complexity (e.g., Reed
et al., 2011), stimulus duration (e.g., Reynolds &
Reed, 2018), or concurrent-task difficulty (e.g., Reed &
Gibson, 2005). If studies manipulating such variables rep-
licate the present results, this would provide stronger evi-
dence that revaluation effects depend on overselectivity
levels. Furthermore, the larger increases in choice of the
underselected element for participants with higher overse-
lectivity in the present study may partly reflect the fact
that there is greater room for such increases to occur, rel-
ative to participants for whom choice is already close to
100% (see Broomfield et al., 2010, for a similar argu-
ment). Thus, future studies should consider arranging a
procedure not limited by a ceiling (e.g., a free-operant
procedure), which will help to clarify further the extent to
which overselectivity levels influence post-revaluation
changes in stimulus control.

Additionally, investigating the role of within- and
between-compound associations may be a promising ave-
nue to understanding stimulus overselectivity and
changes in control by underselected stimuli following
revaluation (see also Reed & Quigley, 2019; Reynolds &
Reed, 2018). This is interesting both theoretically and
practically. Theoretically, it suggests that research on
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stimulus equivalence may be relevant to stimulus overse-
lectivity; for example, the behavioral mechanisms under-
lying stimulus overselectivity may be similar to those
underlying poor equivalence-class formation
(an equivalence class is a group of stimuli that is func-
tionally equivalent due to pairing with each other;
e.g., Minster et al., 2006). Practically, individuals with
ASD appear to have difficulties forming within-
compound associations (e.g., Plaisted et al., 1998; Reed,
2011), and stimulus overselectivity is thought to be preva-
lent in this population (Ploog, 2010). If associations
between stimuli underlie overselectivity, then interven-
tions directed at establishing or strengthening such
associations—such as training equivalence relations
between overselected and underselected stimuli—may
help to reduce overselectivity.

Taken together, our and Broomfield et al.’s (2010)
findings call for a thorough analysis of individual-level
data in future studies of stimulus overselectivity. Our
findings illustrate that conclusions based solely on group-
level analyses may be incomplete to the extent that group
data are not representative of individual data. Even if ret-
rospective revaluation is evident in group-mean and indi-
vidual data, the extent of such revaluation may still be
correlated with overselectivity level (e.g., as in
Broomfield et al., 2010). Clinically, this implies that the
efficacy of revaluation-based interventions may depend,
to some extent, on the individual’s initial level of overse-
lectivity. However, as both Broomfield et al. and we used
nonclinical populations, it remains to be seen whether
similar relations between levels of overselectivity and
post-revaluation changes are apparent in clinical popula-
tions. Additionally, it is unclear why we found differences
in the direction of changes in choice for participants with
lower and higher overselectivity, whereas Broomfield
et al. found differences only in the extent of retrospective
revaluation. Future replications of the current study with
clinical and nonclinical populations and with larger sam-
ple sizes will help to clarify the generality of our results.
Varying the extent of contingency change (e.g., by vary-
ing the reinforcer ratio for responses to the overselected
and novel elements in the revaluation phase) may also
provide a further test of the role of contingency change in
retrospective revaluation.

In conclusion, the present experiments extended pre-
vious research examining the effects of postlearning
extinction of overselected stimuli on control by underse-
lected stimuli. Our findings suggest a correlation between
initial levels of overselectivity and the effects of revalua-
tion and demonstrate the role of the contingency change
in producing such changes in choice. The present findings
also highlight several interesting avenues for future
research such as experimental manipulations to examine
the effects of overselectivity level more thoroughly, inves-
tigations of the role of within- and between-compound
associations, and further control conditions, which will
provide greater insight into the mechanisms underlying

the emergence in control by underselected stimuli after
revaluation.
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