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A B S T R A C T

This study examined whether trained variability would generalize across dimensions of the target response. Two
experiments used a computerized rectangle drawing task that required participants to click and drag a mouse
cursor to create rectangles on a computer screen. In Experiment 1, one group received points when successive
rectangles varied in their size, shape and location (VAR), another group were yoked to the VAR group and
received points that were allocated to them using a yoking procedure (YOKE), regardless of the variability in the
size, shape or location of the rectangle drawn. Variability was higher for a dimension when variability on that
dimension was directly reinforced. In Experiment 2, three groups of participants received points when rectangles
varied on two dimensions; each group differed in the two dimensions that required variation. Variability was
again higher for the reinforced dimensions for two of the three groups. Comparison with the YOKE group showed
that the variability on those dimensions where variability was not directly reinforced was affected by re-
inforcement for variability on the other dimensions. Specifically, the variability in Shape and Location was
significantly higher when these two dimensions occurred with other dimensions where variability was reinforced
(as in Experiment 2) compared to when they were not required to vary (as in the YOKE group). This suggests
that, for these two groups, the reinforced variability on the other two dimensions generalized to the third
dimension. Implications of this finding to our understanding of factors that promote behavioral variability are
discussed.

1. Introduction

The generalization of stimulus control over responses that occurs
across stimuli and contexts has both theoretical and applied sig-
nificance. In applied settings, generalization is usually considered to be
a key criterion for judging the success of an intervention (Arnold-
Saritepe et al., 2009; T. F. Stokes and Baer, 1977; T. F. Stokes and
Osnes, 1989). It has previously been demonstrated that behavioral
variability is sensitive to the contingencies of reinforcement and can
come under discriminative stimulus control (Denney and Neuringer,
1998; Neuringer, 2002; Neuringer and Jensen, 2013; Page and
Neuringer, 1985).

One question that is of both theoretical and applied interest is
whether trained variability will generalize to new contexts. One of the
suggestions for promoting generalization in applied settings is to train
diverse responses to increase the likelihood of responses contacting
reinforcement outside of the training environments (e.g., T. F. Stokes
and Baer, 1977; T. F. Stokes and Osnes, 1989). Reinforcing varying
aspects of the response during training can be seen as a step to the

training of diverse responses. In applied settings, training of response
variability does not usually precede training the prerequisite behaviors
or responses ̶ such training would fit with “training diverse exemplars”
as described by T. F. Stokes and Baer (1977). Schmidt and Bjork (1992)
suggested that training responses to vary could facilitate the general-
ization of such behavior to novel contexts.

There have been a limited number of studies that have investigated
the extent to which learned variability would generalize across beha-
viors or contexts. This question is important because if a child was
trained to vary in the number of colours they used when painting, might
we also see some increase in variability in their use of building blocks or
other forms of creative play? Some insight into an answer to that
question is provided by P. D. Stokes et al. (2008) who trained partici-
pants using a computer based task to move a lit box from the top of a
pyramid, shown on a screen, to different endpoints at the bottom of the
pyramid. They reported that requiring variability in the paths taken to
reach designated endpoints for reinforcement resulted in participants
using more different paths than when this was not the case. When
tested, after training, on a different pyramid and on endpoints that had
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never been trained on the original pyramid, those participants re-
inforced for varying paths remained more variable with the new pyr-
amid and to the new endpoints than those that had not been reinforced
for varying (P. D. Stokes et al., 2008). Thus, after experiencing the re-
inforcement contingency that required variability, the trained level of
variability generalized to a different (but similar) task and to new
elements of the same task.

Evidence of generalization of learned variability also comes from
studies in the exploratory behavior of rats. Weiss and Neuringer (2012)
trained a group of Long-Evans strain (LE), considered “bold” as they
tend to spend relatively long times in the centre of a space and would
rear on their hind legs more to inspect their surrounding environment,
and a group of Piebald Virol Glaxo (PVG) rats, considered “shy” as they
tend to spend little time in the centre of a space and rear little. These
groups received food pellets for varying their responding. Two other
groups of rats of the same strains - sisters of the experimental groups -
received food pellets yoked to their sisters, independent of response
variability. Both the LE and the PVG rats that were reinforced for
varying their responses spent more time interacting with the objects
and used more variable ways of interacting with the objects - ways that
were less commonly used by other rats interacting with the objects,
than their sisters in the yoked condition in which variability was not
required for reinforcement. The level of variation in the responses from
the genetically “shy” PVG rats in the variability group came to reach a
level that was the same as the genetically “bold” LE rats. When tested
for generalization of the trained level of variation in responding with a
completely different environment and with a set of new novel objects
that they had not encountered previously, in which pellets were hidden,
the rats that had received reinforcers for variable interactions success-
fully found and consumed more food pellets in the new environment
than were found by the other groups.

These findings demonstrated that the increased level of variability
from training generalized to new environments with new objects. The
absence of the training resulted in less exploration in the new en-
vironment and less different ways of interacting with new objects which
in turn lowered the probability of earning reinforcers. This finding has
significant implication for intervention for individuals with low re-
sponse rates, such as for depressed individuals.

There is also evidence of possible generalization of behavioral
variability from two studies that did not directly investigate this. Maes
(2003) studied the effect of contingent and non-contingent reinforce-
ment on response variability in three response sequences. Participants
were asked to generate three-digit sequences that consisted of combi-
nations of the numbers 1, 2 and 3, for example 111, 211, or 321. One of
the experiments included two groups of participants; one group first
received contingent reinforcement on variability of the sequences
(VAR1) followed by reinforcement that was yoked to the number and
distribution of reinforcers received previously in VAR1 but independent
of variability of current response (YOKE1). Participants from the other
group first received reinforcement that was yoked to the VAR condition
of the first group, but independent of the variability of the current se-
quences (YOKE2), followed by reinforcement contingent on the varia-
bility of the sequences (VAR2). It was found that the percent of se-
quences that would have met the variability requirement was higher for
YOKE1 condition when it followed the variability required condition
(VAR1); however, the percent of sequences that would have met the
variability requirement was lower for the YOKE2 condition when it
preceded the condition where variability was required (VAR2). The
results demonstrated that after participants learned to vary under
contingent reinforcement for variability, their tendency to vary was
greater when reinforcement was no longer contingent than it was for
participants who had no previous experience of being reinforced to vary
and only received non-contingent reinforcement.

Some evidence for generalization was also reported by Souza et al.
(2010) using a task similar to Maes’s (2003) three response sequence
generation task. In one phase of a condition in Souza et al. (2010)

second experiment, participants received reinforcers probabilistically
(50%) and independently of the variability of their sequences. Perfor-
mances of two groups of participants were compared. One group ex-
perienced the variability independent phase after a phase in which
variability of the sequences was required for reinforcement. The other
group experienced the variability independent phase prior to the
variability phase. Souza et al. found that participants produced more
variable sequences in the variability independent phase if this phase
had been preceded by a phase in which variability was reinforced.
Therefore, similar to results found in Maes (2003), having experienced
contingent reinforcement on varying the sequences positively influ-
enced the variability of sequences even when it was not required for
reinforcement. Results from both these studies suggest that the acquired
level of variability from contingent reinforcement generalized to a
condition where variability was not directly reinforced.

Generalization of acquired variability has also been investigated in
applied settings with individuals with autism. Lee et al. (2002) trained
three individuals with autism to use more variable and appropriate
responses to questions from adults. The number of appropriate re-
sponses started low for all three before increasing greatly for two of
them during the intervention when a Lag 1 schedule was used. The
number of novel verbal statements observed for these two individuals
also increased. Later, when reinforcement was no longer in effect, the
same two individuals continued to use more variable and appropriate
responses in the presence of new therapists in the same setting and in
the presence of the same therapist in a different setting. Lee et al.’s
study demonstrated that the level of variability in functional verbal
responding in individuals with autism acquired under training could
generalize across people and settings. Miller (2012) examined if
variability in shapes built with wood blocks or patterns created using
pegs on a foam board trained under a Lag 3 schedule would generalize
to variability in the sequence of colors used in painting in two squares
on a paper with children with autism. He concluded that the stimulus
control of the variability, and the repeat contingencies used was es-
tablished for shapes or patterns, did not generalize to the new task.

Generalization of learned variability has been investigated in crea-
tivity studies. In one study, two children received descriptive social
reinforcement for painting different forms while they received no re-
inforcement for a block-building task in the same experimental session
(Goetz et al., 1973). The number of different forms in the paintings
increased when the reinforcement contingency was in place for both
children; novel forms were more likely during these sessions. Varia-
bility of forms used in the block-building task was never reinforced;
however, the number of different forms built in each session increased
across the sessions when variability of shapes in the painting was re-
inforced. Training variability in responding in one task increased the
variability in another topographically different task that occurred in the
same session; thus generalization was observed.

Holman et al. (1977) reinforced form diversity in the shapes of felt-
pen drawings by three children and then assessed the form diversity on
three other tasks completed on the same day but with no reinforcement.
These three tasks included one topographically similar, easel drawing
and two topographically different tasks, wooden block and LegoTM

building. For felt-pen drawing the number of different forms increased
when the reinforcement contingency was in place for all three children;
so did the number of new forms for two children. For easel painting,
there was a clear increase in the number of different forms observed for
one child, a reasonable increase for another, and little increase for the
third. The number of new shapes accumulated over sessions also in-
creased for all children. Thus, trained variability generalized from the
felt-pen drawing to easel painting. For block-building and LegoTM

building, there was no increase in the number of different forms built
within a session nor in the number of new forms accumulated over
sessions. Generalization of the trained variability seemed to have oc-
curred for tasks that were topographically similar but not for topo-
graphically different ones.
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The results of studies of the generalization of learned variability,
both in experimental and applied settings, across tasks, and across
contexts, are not consistent with creativity-related studies (e.g., Goetz
et al., 1973; Holman et al., 1977), nor with studies with individuals
with autism (Lee et al., 2002; Miller, 2012). However, there are some
risks of confounds by other variables in the studies by Holman et al. and
Miller. For example, Holman et al. (1977) commented that making an
immediate judgement on whether the form built was different and
whether it qualified for reinforcement was difficult and could result in
errors. Miller used the instruction “make something’ for all tasks;
however, it is not clear if that instruction applies as well to painting as it
might to other tasks. Other studies in controlled experimental en-
vironments (e.g., P. D. Stokes et al., 2008; Weiss and Neuringer, 2012),
as well as studies that did not directly investigate generalization of
variability (Maes, 2003; Souza et al., 2010), show more promising re-
sults.

Though generalization across behaviors and/or settings is the ulti-
mate goal for training variability, it is important to test for general-
ization of trained variability in simplified experimental environments
where confounding variables can be controlled. The present experi-
ments used a computerised rectangle drawing task, similar to that used
by Ross and Neuringer (2002), to examine whether learned variability
would generalize across different dimensions of the response. Each re-
sponse created a rectangle that had three measurable dimensions: Area,
Shape and Location. In one experiment, one group of participants re-
ceived reinforcement only when a response varied on all three dimen-
sions; that is, they needed to create rectangles of different sizes, shapes
and at different locations. Another group received the same amount of
reinforcement for drawing rectangles without the requirement of
varying any of the dimensions. This task allows for the measurement of
multiple dimensions of a response that occur simultaneously, and so
affords the ability to differentially reinforce variability in each dimen-
sion.

Ross and Neuringer (2002) found that the sizes, shapes and loca-
tions of the rectangles were more variable when reinforcement was
contingent on variability in all dimensions of the response than when it
was not. Ross and Neuringer’s (2002) second experiment provided a
reinforcer when participants varied their responses on two dimensions
and repeated on the third. Variability was shown to be high for the
dimensions that were required to vary and low for the dimension that
was required to repeat. They demonstrated that reinforcement can in-
fluence multiple dimensions of a response simultaneously; and that it
can also be used to produce different levels of variability over each of
these dimensions. This rectangle drawing task provides an opportunity
to examine whether reinforcing variability on some dimensions influ-
ences the variability of another dimension where variability is not di-
rectly reinforced.

Experiment 1 was a direct replication of Ross and Neuringer’s
(2002) first experiment in which participants received reinforcers when
a rectangle drawn on a computer screen varied in three dimensions
(Area, Shape and Location) from previous rectangles. Success in re-
plicating their results would provide the basis for then studying the
generalization of learned variability across dimensions in this same
task.

2. Methods

2.1. Participants

Forty adults (23 females and 17 males), aged between 17 and 42
years, participated. They were recruited by advertisements posted on
noticeboards around the University and on online course noticeboards.
To facilitate the yoking design used in this experiment the first 20
participants recruited were assigned to the experimental group; and the
next 20 were assigned to the control group. Participants who were first
year psychology students were given 1% course credit. Ethics approval

for this research was obtained from the University of Waikato School of
Psychology Research and Ethics Committee (2010:36).

2.2. Apparatus

A PC computer with a 20-in monitor, a keyboard and a mouse were
used to present instructions and record participants’ responses. A
computerised rectangle drawing task was created based on Ross and
Neuringer’s (2002) description of their task. Three dimensions – Area,
Shape and Location – of the rectangles drawn were measured and
monitored for variability. Area was defined by height times width;
Shape was defined by the height to width ratio; and Location was de-
fined by the (x, y) position of the centroids of the rectangles.

2.3. Creating 16 categories

A computer was programmed to randomly generate 500,000 rec-
tangles within the confines of the computer screen; four measures were
recorded for each rectangle: the sizes (Area), the ratio of width to
height (Shape) and the x and the y coordinates of the centroid
(Location). These four measures were then sorted independently of
each other in an ascending order. Then, two of the lists, for Area and
Shape, were divided into 16 sets with equal number of values (31,250 *
16= 500,000); while the rest of the two lists, x and y values, were
divided into four sets of equal number of values. For Area and Shape,
the upper and lower bounds of each set for these two dimensions de-
fined the 16 categories (described later) used for assessing variability.
Using this method, combined with x and y data, 16 categories with
similar sized regions on the screen were defined.

2.4. Procedure

Participants were tested individually. They were given time to read
the information sheet and ask questions before the experimenter read
the consent form to them. After signing the consent form, participants
proceeded to the computer on which the instructions were displayed.
The instructions were as follows:

“To play, simply click the mouse and drag on any diagonal to create a
rectangle. Release the mouse button when you are satisfied with your
rectangle. The object of this game is to get the most points. You have
received points for your actions whenever you hear the ascending tones.
There will be 300 trials. It will take approximately 15 min. Feel free to
stop the experiment at any time. Please ask the researcher if you have
any questions. Click anywhere on the screen to start.”

Light grey rectangles appeared on a dark grey background when the
participants dragged the mouse diagonally to move the cursor on the
screen. The experimenter left the room after the participant made two
or three correct responses. Ascending tones (100-ms 1500-Hz followed
by 100-ms 2000-Hz) occurred immediately after rectangles that met the
reinforcement criteria were drawn. Every rectangle drawn remained on
the screen for 500ms and mouse clicks during this period had no effect;
the screen cleared after 500ms and the next trial started. Participants
were debriefed at the end of the experiment.

2.5. Reinforcement of variability (VAR)

In order to encourage variability across responses, a threshold
contingency was used. Reinforcement was given when the rectangle fell
into categories that had been used less frequently in the recent past than
other categories. Relative frequencies of occurrence were calculated for
all categories for each dimension after each response by dividing the
number of occurrences of a category by the total number of trials up to
the current trial. For example, if Category 1 for the area dimension had
been used 18 times over 300 trials, the relative frequency would be .06.
For each rectangle drawn three categories, one from each dimension,

X. Kong et al. Behavioural Processes 158 (2019) 32–40

34



would result. The relative frequencies of these categories from the
immediately preceding trial were then compared to a threshold value to
determine if the rectangle drawn would qualify for reinforcement.

For the experimental group, where variability on all three dimen-
sions, Area, Shape and Location was required (VAR), participants were
awarded a point only when the relative frequencies of the categories for
all three dimensions were lower than a threshold value. An exponential
weighting function was applied to trials that received points by multi-
plying all relative frequencies by .99 so that recent categories were
weighted more than earlier ones. A detailed description and an example
for the calculation of relative frequencies and the weighting procedure
can be found in Denney and Neuringer (1998) and Ross and Neuringer
(2002). These weighted relative frequencies were used to assess whe-
ther the categories resulting from a response were less frequent than the
level specified by a threshold value. Ross and Neuringer (2002) sug-
gested that responses of optimal variability would be similar to those
seen in random responses. Thus, the threshold value was calculated
based on what a random generator would do when drawing 300 rec-
tangles. If the responses were evenly distributed across all 16 cate-
gories, the resulting threshold value would be .0625 ((300/16)/300).
However, a threshold value of .0825 was chosen instead by Ross and
Neuringer who found that this level of difficulty for this multi-dimen-
sional task was appropriate after piloting different threshold values
with humans. In the present experiment, we used the same threshold
value as Ross and Neuringer (2002). Thus, for the VAR group, in order
to gain a reinforcer (points), participants had to draw rectangles of
which the weighted relative frequencies (WRF) of categories for Area,
Shape and Location dimensions were lower than .0825. In other words,
participants had to vary all three dimensions of the rectangles to get
reinforcement.

2.6. Reinforcement independent of variability (YOKE)

A yoking procedure was used to guarantee that participants in the
control group (YOKE) received the same number of reinforcers, at the
same time as the experimental group. Each participant in the YOKE
group was paired with a participant in the VAR group. The trials on
which reinforcers were delivered to a participant in the YOKE group
were identical to that of their assigned partner in the VAR group. For
the participants from the YOKE group, reinforcers were delivered in-
dependent of the types of rectangles they drew.

3. Measures

3.1. Number of trials meeting variability criteria

For the VAR group, the number of trials that met the variability
criteria equalled the number of reinforcers they obtained in the session.
For the YOKE group, although the reinforcers were not given based on
the variability of their responses, whether the responses would have
met the variability criteria if they were in effect was recorded.

3.2. U-values

U-value, a measure of overall variability across all responses
without regard to the reinforcement contingency, was calculated se-
parately for the three dimensions. U-value was calculated according to
the following formula:

∑− = −
×

=

U value
α α

β
log( )

log( )i

β
i i

1

In the formula β equals the number of possible categories (16 in this
case) and α equals the relative frequency of category i. The U-value
shows how equally the responses were distributed over categories, and
can range from 0 to 1, where a value of 0 indicates strict repetition and

1 indicates responses are equally distributed to all categories. By way of
an example, if one examines the domain of Area, if a participant drew
300 rectangles of Category 4, the U-value for area dimension would be
0; if the participant drew 18 rectangles in each of the 16 categories, the
U-value will be 1. Higher U-values reflect greater variability in the re-
sponses across categories (see Kong et al., 2017 for a discussion of U).

4. Results and discussion

4.1. Meeting reinforcement criteria

A one-way ANOVA across the two groups on the number of trials
that met the reinforcement criteria showed the number was sig-
nificantly higher for the VAR group (M=70.6, SD=25.85) than it was
for the YOKE group (M=27.25, SD=26.25), F(1, 39)= 27.69, p <
.001, partial η2= .65. This finding is consistent with Ross and
Neuringer’s (2002) results.

The percentage of participants in each group whose rectangles met
the variability criteria on each of the 300 trials are shown in Fig. 1. The
solid lines have been smoothed using a moving average across 30 trials.
Dotted lines represent the linear regression for each group. On the first
trial all participants’ rectangles met the criteria to earn a point because
the relative frequencies of all categories were zero at the start of the
experiment. As they completed more trials, the percentage of partici-
pants in the VAR group whose rectangles met the criteria initially de-
creased markedly before increasing. Participants in the VAR group in-
creasingly met the reinforcement criteria (varying their responses on all
three dimensions) as the session progressed, while the percentage re-
mained unchanged for the YOKE group which is also consistent with
findings reported by Ross and Neuringer (2002).

4.2. U-values

U-values were calculated separately for each of the three dimen-
sions based on the 300 responses for each participant. Mean U-values
for each dimension for both groups are presented in Fig. 2. A mixed-
design repeated-measures ANOVA was conducted, comparing the U-
values over the groups (VAR vs YOKE), with dimension as the repeating
factor. Mauchly’s Test showed the data did not violate assumptions of
sphericity, W(2)= .960, p= .47, and so no correction for this was re-
quired. The ANOVA showed that there was a significant main effect of
group (VAR vs YOKE), F(1, 38)= 27.88, p < .001, partial η2= .423.
There was a significant effect of dimension, F(2,76)= 6.69, p= .002,
partial η2= .150, but the interaction between group and dimension was
not significant, F(2, 76)= 1.93, p= .153, partial η2= .048. Post-hoc t-
tests without corrections, comparing U-values for each dimension be-
tween the VAR and YOKE groups, revealed that mean U-values for the
Area were significantly higher for the VAR group (.95, SD= .047) than

Fig. 1. The moving average across 30 trial blocks of the percentage of parti-
cipants in the VAR and YOKE groups that met the variability criteria during
Experiment 1. The solid lines are the moving average and the dotted lines are
lines fitted by the method of least squares.
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for the YOKE group (.83, SD = .146), t(38)= 3.57, p < .001; mean U-
values for Shape were significantly higher for the VAR group (.92,
SD= .088) than for the YOKE group (.72, SD= .181), t(38)= 4.39,
p= .012; and mean U-values for Location were significantly higher for
the VAR group (.95, SD= .33) than for the YOKE group (.78,
SD= .153), t(38)= 4.939, p< .001

These results were consistent with results from Ross and Neuringer’s
(2002). The differences between VAR and YOKE groups’ data for each
of the three dimensions observed in the current study, however, are
larger than those reported in Ross and Neuringer’s (2002); and there
were greater differences between mean U-values among the three di-
mensions for the YOKE group in the current study (between .12 and
.21) than in Ross and Neuringer’s (2002) study (within .01). In addi-
tion, however, a repeated measures ANOVA revealed that there was a
significant difference in the U-values among the three dimension for the
YOKE group, F(2,38)= 4.55, p= .017, partial η2= .193. Specifically,
pairwise comparisons among the three dimensions revealed that U-
values for Area were significantly higher than for Shape. This suggested
that participants from the YOKE group had varied on the sizes (Area)
more than on the shapes of the rectangles. No significant difference was
found among U-values for the three dimensions for the VAR group.

The significant difference found between dimensions for the YOKE
group suggests that the reinforcement delivered for this group, al-
though independent of the variability of any dimensions, impacted the
variability on the three dimensions differently. Specifically, there ap-
peared to be a tendency for participants in the YOKE group to vary the
sizes (Area) of the rectangles. When data for all participants were in-
spected, it was found that, for all three dimensions, most of the U-values
for the VAR group were higher than those from the YOKE group. Where
the scores were over 80, the differences in U-values between the VAR
and YOKE pairs for the Area dimensions appear to differ from those for
the same pairs for the Shape and Location dimensions. For example,
participants from the YOKE group appear to have varied the area of the
rectangles when they received more reinforcement (> 80) even though
reinforcement was independent of the variability in the area of the
rectangle they drew. This might have resulted from participants erro-
neously or superstitiously attributing reinforcement to their varying the
area of the rectangles The same did not happen to variability of the
Shape and Location dimensions, and this may suggest that when the
reinforcement contingency was unclear to the participants, they tended
to vary on the Area dimension rather than Shape and Location di-
mensions – showing a possible response bias toward varying on that
dimension.

Experiment 1 successfully showed that higher variability in re-
sponses over multiple simultaneous dimensions can be obtained by
reinforcement, thus replicating the results reported by Ross and
Neuringer (2002). An important question remains, and that is whether
learned variability generalizes across dimensions of the same behavior.
To achieve this, one has to assess whether the variability in a

dimension, where variability was not reinforced, changes as the result
of reinforcing variability in other dimensions of the same behavior. In
Experiment 2, a schedule that reinforced variability on only two di-
mensions was employed. Variability on the third dimension was al-
lowed but it did not produce reinforcement. It should be noted, how-
ever, that the non-orthogonality of the three dimensions could be a
confounding factor as variations in one dimension might be restricted
by the parameters of the other dimensions. By way of explanation as to
how this could impact our results consider the following examples – for
rectangles drawn on at the edges or corners of the screen the variability
of the size of those rectangles will be constrained compared to rec-
tangles drawn in the centre of the screen, or if extremely large rec-
tangles were drawn, the capacity of participants to vary in their se-
lections of locations will be more constrained than if they drew small
rectangles where the centroid of the rectangle could vary over a larger
range. This non-orthogonality needs to be considered when examining
results.

Results from Experiment 2 were combined with results from
Experiment 1 to examine generalization across dimensions. In the
previous experiment, for one group of participants (YOKE), variability
in none of the three dimensions was required for reinforcement. In
Experiment 2, reinforcement would be arranged to be contingent on
variability of two of the three dimensions. Comparisons of the varia-
bility in a dimension that was not required to vary between Experiment
2 and the YOKE group from Experiment 1 facilitated the examination of
generalization.

5. Method

5.1. Participants

Sixty participants who had not participated in Experiment 1 parti-
cipated. They were recruited by advertisements posted on notice boards
around the University and online. Participants who were first year
psychology students were given 1% course credit. They were assigned
to one of three groups in the following manner: The first participant was
assigned to the Non_Area group, the second to the Non_Shape group,
the third to the Non_Location group, and the fourth to the Non_Area
group and so forth until each group had 20 participants. Informed
consent was obtained before each experimental session.

5.2. Apparatus

The same rectangle drawing task and test environment were used,
as in Experiment 1; the only difference was in the reinforcement con-
tingency.

5.3. Procedures

5.3.1. Reinforcement of variability
The threshold value against which the WRFs for the dimensions to

be varied would be compared was the same as in Experiment 1 (.0825).
To earn reinforcement – delivery of a point – the WRF of the categories
for two out of three dimensions had to be lower than the threshold
value regardless of the WRF of the category used on the third dimen-
sion. One group received reinforcement when they varied the cate-
gories used for the dimensions Shape and Location (Non_Area), the
second group received reinforcement when they varied the categories
used for the dimensions Area and Location (Non_Shape), and the third
when they varied the categories used for the dimensions Area and
Shape (Non_Location).

5.3.2. Experimental procedures
The experimental procedure was the same as in Experiment 1 except

that there was no YOKE group – the data from the YOKE group from
Experiment 1 were used in the results section as an assessment of the

Fig. 2. Mean U-values for each dimension for the VAR and YOKE group. High
U-values indicate high variability. Error bars show standard errors. Values
below .7 have been omitted from the y-axis.
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levels of variability on the different dimensions when variability was
not required for reinforcement. Planned comparison statistics were used
to compare performance of the YOKE group from Experiment 1 with
that of each of the groups from Experiment 2. Fig. 3 shows whether
variability was reinforced for the three dimensions in each of the groups
in Experiment 1 and Experiment 2. Dark boxes represent dimensions for
which variation was required in separate conditions of Experiment 1
and Experiment 2. Comparisons were made of U-values for the di-
mensions where variability was not required (empty boxes); such as
variability in the Area dimension between YOKE and Non_Area group,
in the Shape dimension between YOKE and Non_Shape groups and in
the Location dimension between YOKE and Non_Location groups.
Comparisons of U-values across dimensions for each of the groups in
Experiment 2 were also made to determine if the variability on the two
dimensions required to vary was higher than the variability in the third
dimension where there was no variability requirement.

The numbers of trials meeting reinforcement criteria were com-
pared across the three groups to examine whether performances dif-
fered because of the different dimensions required to vary; any differ-
ence found would suggest a confounding effect of the dimensions on
each other. The percent of trials with WRF less than .0825 was also
calculated for each participant for each dimension as a measure of how
variability changed over time.

6. Results and discussion

The U-values on each dimension from the YOKE group (Experiment
1) were compared to those from Experiment 2 to assess whether there
was generalization of variability from the reinforced dimension to those
dimensions where variability was not directly reinforced. Fig. 4 shows
the mean U-values for each dimension from the YOKE group in

Experiment 1 (empty bars) where all three dimensions were not re-
quired to vary for reinforcement. Also shown are the mean U-values for
the Area dimension (slashed bar) from Non_Area group, for the Shape
dimension (dark grey bar) from Non_Shape group and for the Location
dimension (dotted bar) from Non_Location group. Overall, where
variability was not required for reinforcement in Experiment 2, the
mean U-values for all three dimensions are higher than for the YOKE
group in Experiment 1.

Independent samples t-tests were carried out for the Area dimension
between the YOKE and Non_Area groups, for the Shape dimension be-
tween the YOKE and Non_Shape groups and for the Location dimension
between the YOKE and Non_Location groups. For the Area dimension,
U-values were not significantly different for the Non_Area group and
the YOKE group, t(38)= 1.10, p= .281, r= .18. For the Shape di-
mension, U-values were significantly higher for the Non_Shape group
than for the YOKE group, t(38)= 3.09, p= .004, r= .45. For the
Location dimension, U-values were significantly higher for the
Non_Location group than for the YOKE group, t(38)= 2.19, p= .035,
r= .33. Thus, the variability for the Shape and Location dimensions
were confirmed to be significantly higher when these two dimensions
occurred with other dimensions where variability was reinforced (as for
the Non_Shape and Non_Location groups) compared to when they oc-
curred with other dimensions that were not required to vary (as for the
YOKE group).

These results suggested that for two of the three groups, Non_Shape
and Non_Location groups, the reinforced variability on the two di-
mensions could have generalized to a third dimension where variability
was not directly reinforced but occurred simultaneously with these two
dimensions. These results also give support to the possible general-
ization of learned variability interpreted from studies by Maes (2003)
and Souza et al. (2010). The lack of a difference in U-values produced
by participants in the YOKE and Non_Area groups could be due to the
relatively high U-values produced by the YOKE group; this was raised as
a concern in Experiment 1 where U-values were significantly higher for
the Area dimension than for the other dimensions for this group. Ross
and Neuringer (2002) pointed out that the three dimensions are not
completely independent because of the constraints of the computer
screen but they suggested that the correlation among the three di-
mensions was extremely weak. Results from current experiments sug-
gested, that even though weak, the correlation could have been strong
enough to have impacted the data collected from our sample.

As task difficulty may have been different if the number of trials
differed, the numbers of trials meeting the criterion for reinforcement
were compared across the groups to determine if varying on any two of
the dimensions for reinforcement affected the number of trials meeting
the reinforcement criteria. A one-way ANOVA revealed that the num-
bers of trials (Non_Area M=114.10, SD=39.96; Non_Shape
M=105.50, SD=29.4; Non_Location M=93.65, SD=39.53) did not
differ significantly across groups, F(2, 57)= 1.57, p= .217. Therefore,
while the groups had reinforcement contingent for varying with

Fig. 3. Reinforcement arrangements. Filled boxes show dimensions that were required to vary for reinforcement; empty boxes show dimensions that were not
required to vary for reinforcement.

Fig. 4. Mean U-values for Area, Shape and Location dimensions when they
were not required to vary across Experiment 1 and Experiment 2. Error bars
represent standard errors. U-values below .7 were omitted from the y-axis.
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different dimensions, they met the criterion for reinforcement on a si-
milar number of trials.

The numbers of trials with WRF < .0825 were counted for each
dimension separately for each of the three groups. This measure shows
whether the variability of categories use differed across dimensions
within each group. Fig. 5 shows the mean cumulative number of trials
with WRF < .0825 over the 300 trials for each dimension for the three
groups. Data were smoothed by plotting the moving average of 30
trials.

As can be seen in Fig. 5, for the Non_Area and Non_Shape groups,
there was a steeper increase for the two dimensions that were required
to vary (Shape and Location for Non_Area and Area and Location for
Non_Shape) than for the dimension that was not required to vary (Area
for Non_Area and Shape for Non_Shape). However, the increase ap-
peared to be similar for all three dimensions for the Non_Location
group.

For ease of comparison, the percent of trials with WRF < .0825 for
each dimension for all three groups are plotted in panel a. Fig. 6. As can
be seen, percent of trials with WRF less than .0825 is lower for the Area
dimension than for the Shape and Location dimensions for the Non_-
Area group; and it is lower for the Shape dimension than for the Area
and Location dimensions for the Non_Shape group. However, for the
Non_Location group, the percent of trials with WRF less than .0825 for
the Location dimension appears to be lower than that for the Area di-
mension only; the percentages appears to be equal for Shape and Lo-
cation dimensions. This means that for the Non-Location group, al-
though reinforcement was contingent on the variability of the Area and
Shape dimensions, the variability in the Shape dimension does not

appear to be higher than that of the Location dimension.
Repeated measures ANOVAs were used to compare change in the

percent of trials with WRF < .0825 across dimensions. For the
Non_Area group, the percent of trials with WRF < .0825 was sig-
nificantly different across the three dimensions, F(2, 38)= 5.69, p=
.007, partial η2= .23. Pairwise comparisons showed that it was sig-
nificantly lower for the Area dimension (M=143.55, SD=45.48) than
for the Shape dimension (M=173.65, SD=48.64; p= .012) and for
the Location dimension (M=178.85, SD=44.81; p= .009); the
percent of trials with WRF< .0825 for the Shape and Location di-
mensions did not differ significantly (p= .639). For the Non_Shape
group, Mauchly’s test indicated that the assumption of sphericity had
been violated, x2(2)= 9.06, p= .011, therefore degrees of freedom
were corrected using Greenhouse-Geisser estimates of sphericity.
Percent of trials with WRF< .0825 differed significantly across di-
mensions, F(1.43, 27.23)= 23.95, p < .001, partial η2= .56. Pairwise
comparisons indicated that percent of trials with WRF below the
threshold value were lower for the Shape dimension (M=123.60,
SD=40.97) than it was for Area (M=177.75, SD=21.36; p< .001)
or Location (M=172.35, SD=38.69; p < .001); however, it was not
significantly different (p= .584) for Area and Location. For the
Non_Location group, percent of trials with WRF< .0825 was not

Fig. 5. Moving average of the cumulative number of trials WRF less than .0825
for Area, Shape and Location dimensions for Non_Area, Non_Shape and
Non_Location groups.

Fig. 6. (a) Percent of trials with WRF < .0825 for Area, Shape and Location
dimensions for Non_Area, Non_Shape and Non_Location groups. Error bars re-
present standard errors. (b) Mean U-values for Area, Shape and Location di-
mensions for Non_Area, Non_Shape and Non_Location groups. Error bars re-
present standard errors.
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significantly different across Area (M=166.30, SD=53.04), Shape
(M=148.7, SD=49.06) and Location (M=151.00, SD=51.93), F(2,
38)= 2.23, p= .122.

Overall, when reinforcement was contingent on varying the Shape
and Location dimensions (Non_Area), the rectangles participants drew
varied more on the dimensions of Shape and Location than they did on
Area. When reinforcement was contingent on varying the Area and
Location dimensions the rectangles participants drew varied more on
the dimensions of Area and Location than they did on Shape. However,
when reinforcement was contingent on varying the Area and Shape
dimensions, participants drew rectangles of similarly infrequently used
areas, shapes and locations.

U-values were calculated independently for each dimension for each
of the three groups; and they were compared between the dimensions
that were required to vary and the dimension that was not required to
vary within each group and across groups. Panel b. of Fig. 6 shows
mean U-values for the Area, Shape and Location dimensions for the
Non_Area, Non_Shape and Non_Location groups. The differences in U-
value across dimensions were similar to the differences in number of
trials with WRF < .0825; U-values tended to be lower for the dimen-
sion that was not required to vary than for the two which were required
to vary for the Non_Area and Non_Shape groups.

One-way repeated measures ANOVAs were carried out for each of
the groups. For the Non_Area group, Mauchly’s test indicated that the
assumption of sphericity had been violated, x2(2)= 17.58, p < .001;
therefore the degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity. U-values were found to be significantly
different across dimensions, F(1.23, 23.41)= 4.87, p= .031, partial
η2= .20. Pairwise comparisons showed that U-value for the dimension
that was not required to vary, Area (M= .88, SD= .11), was lower
than that for both Shape (M= .93, SD= .08; p= .04) and Location
(M= .94, SD= .08; p= .029), which were required to vary. For the
dimensions that were required to vary, Shape and Location, no sig-
nificant difference was found (p= .702). For the Non_Shape group,
Mauchly’s test indicated that the assumption of sphericity had been
violated, x2(2)= 13.64, p= .001, therefore the degrees of freedom
were corrected using Greenhouse-Geisser estimates of sphericity. U-
values were found to be significantly different across dimensions, F
(1.31, 24.81)= 20.66, p < .001, partial η2= .52. Pairwise compar-
isons confirmed that U-values for the dimension that was not required
to vary, Shape (M= .86, SD= .09), was lower for both the Area
(M= .95, SD= .02; p < .001) and the Location (M= .94, SD= .07;
p < .001) dimensions, which were required to vary. For the dimen-
sions that were required to vary, Shape and Location, no significant
difference was found (p= .257).

For the Non_Location group, the difference in U-values across di-
mensions was not significant, F(2, 38)= 2.88, p= .069.

As can be seen in panel b. of Fig. 6, the U-values for the Location
dimension for the Non_Location group appeared to be similar to the U-
values for Shape dimension for the Non_Shape group and for the Area
dimension for the Non_Area group; all of these dimensions were not
required to vary. A one-way ANOVA confirmed that the differences in
U-values across these dimensions was not significant, F(2, 57)= 0.095,
p= .9. This suggests to us that that the level of variability for Location
was as high as the other two dimensions; the lack of difference was due
to variability in the dimensions that were required to vary not being
high enough. This is consistent with our previous suggestion that non-
orthogonality of the dimensions is potentially problematic when using
this task to investigate the effects of reinforcement on behavioural
variability.

For all the dimensions that were required to vary, U-values for the
Area and Shape dimensions for the Non_Location group appeared to be
lowest of the six. A one-way ANOVA across these six U-values showed
no main effects, F(5, 48.39)= 1.629, p= .170; Leven’s test showed
that the assumption of homogeneity was violated (Leven statistic (5,
114) = 3.771, p= .003) therefore, the Welch’s test statistics is

reported instead. Post Hoc analysis using LSD indicated that mean U-
value for the Shape dimension for the Non_Location group was sig-
nificantly lower than for the Area dimension for the Non_Shape group,
p= .022; no other difference in U-values across dimensions were sig-
nificant.

Overall, U-values for the dimensions that were not required to vary
were not significantly different across the three groups. In all three
groups the non-reinforced dimension had the lowest U-value. For the
dimensions that were required to vary, although the differences in U-
values between these dimensions were generally not significant, U-va-
lues for the Area and Shape dimensions for the Non_Location group
were slightly lower than those for the Shape and Location dimensions
for the Non_Area group and the Area and Location dimensions for the
Non_Shape group. Had the variability in the Area and Shape dimensions
for the Non_Location group been slightly higher, the results for the
Non_Location group would have been consistent with those of the other
two groups. The lack of difference for this group, appears to be the
result of lower variability for the dimensions that were required to vary
(as compared to variability in the dimensions that were required to vary
for other two groups), rather than of higher variability for the non-
reinforced dimensions. Thus, when Location was not required to vary,
participants varied less on the two dimensions that were required to
vary. The requirement to vary the Location dimension was common to
the other two groups, Non_Area and Non_Location, and may have made
the reinforcement contingency more salient to the participants. This
suggests that it could be the non-orthogonality of the three dimensions
that affected the variability of individual dimensions.

7. General discussion

Generalization of behavioural variability was examined by com-
paring the levels of variability on different dimensions of a multi-di-
mensional response. In separate experiments reinforcement was con-
tingent on variation of 3 dimensions of a rectangle drawing task or on
two but not the third dimension of that task. When two of the three
dimensions under examination, Shape and Location, were not required
to vary then their variability was found to be higher when variability in
both the two other dimensions was being directly reinforced
(Experiment 2) than when it was not (Experiment 1). This suggests that
the enhanced level of variability generalised from the trained dimen-
sions to the untrained one. Although for one dimension, Area, such
enhancement was not found to be significant. We would argue that this
was likely due to non-orthogonality of the dimensions – put plainly – it
appeared to be easier to vary the size than it was to vary the shape and
location of the rectangle. Our results are consistent with P. D. Stokes
et al. (2008) who found generalization of trained variability across the
same dimension in different tasks; that generalization occurred also
across different and relatively independent dimensions as we found in
our investigation. Moreover, our results also give support to the idea
that the increase in variability in sequences produced when variability
was not directly reinforced from Maes (2003) and Souza et al. (2010)
was the result of generalization of reinforced variability across di-
mensions of the response.

Interdependency across dimensions of a response is a major diffi-
culty faced in the current project when examining the generalization of
learned variability. This is likely to be faced also by other researchers
intending to investigate the generalization of reinforced variability
across dimensions of the same response because the dimensions will
often correlate naturally. For example, reinforcers could be provided for
running faster. Running faster will inevitably result in longer strides
and higher foot lifts. These are both part of the running process and
could change, not because of any reinforcement contingency on them
specifically, but because of the contingency on the speed.

One line of research examines the distances between dimensions in
psychological space so that one can examine how close or distant the
dimensions of interest are (e.g., Soto and Wasserman, 2010).
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Developing a better understanding the level of separability of response
dimensions in a multidimensional response space is important for a full
understanding of conditions and factors that promote generalization of
behavioural variability. The distances between dimensions in psycho-
logical space would differ greatly from individual to individual based
on their personal history; it is therefore also important to develop an
understanding of reinforcement history

The present results add to the extensive experimental research into
the effect of reinforcement on behavioral variability. These studies
show consistently that variability can be controlled by reinforcement.
However, as Neuringer (2004) pointed out that, although behavioral
variability is important for some areas of everyday functioning, there
has been little exploration of the application of these findings. This
present study provides evidence that reinforced behavioral variability
can generalize across dimensions and across tasks, and this should en-
courage more research into the applications of training variability and
of the generalizability of such interventions. There has been growing
research in increasing behavioral variability in autistic individuals by
directly reinforcing variability in behavior, such as functional re-
sponding, to improve on one of the core deficits, stereotypy, in these
individuals (Susa and Schlinger, 2012). Research into how interven-
tions designed to increase variability in autistic individuals generalize
across people and contexts are also important；and generalization
should be included as part of assessment for effective treatment.

There are several more areas in which the application of reinforcing
variability would be highly valuable. One is in increasing the variability
of the ways individuals and animals approach and solve problems. One
study investigated this, showing that after training rats learned to ex-
plore novel objects to obtain more food; and also that these results of
learning generalized to a new environment (Weiss and Neuringer,
2012). Hopkinson and Neuringer (2003) found that moderately de-
pressed college students could learn to increase the variability in se-
quence generation; the level of variability obtained sustained later
when reinforcement was withheld. While such sequence generation
appears to be distant from everyday functioning, a computerized task
that incorporates elements including target behaviors and the to-be-
generalized behaviors that resemble daily life behaviors would be a step
forward in taking behavior variability studies from experimental to-
wards applied settings. Such a computerised task affords the opportu-
nity to monitor variability in multiple dimensions of the target beha-
viors and to deliver reinforcement accurately and immediately for
variation on some or all of those dimensions.

A further area in which research into reinforcing variability and its
generalizability can be applied, is in training creative responses. Studies
examining increasing creative responses in humans have reinforced the
use of different colours and the production of different shapes (e.g.,
Fallon and Goetz, 1975; Goetz and Baer, 1973; Holman et al., 1977). As
discussed in the introduction, the problems faced in these studies, such
as the subjectivity in assessing the behaviours, and the difficulty of
ensuring accuracy and immediacy of reinforcement delivery, are diffi-
cult to overcome. The current research showed that a computerized task
can be used to study, not only the effect of reinforcement on variability
across multiple dimensions, but also whether the reinforced variability
generalizes to other dimensions. It is possible that the future studies
into increasing creative responses could make use of computerised tasks
that would allow for reinforcing and monitoring the variability in in-
dependent dimensions such as colours, shapes, textures and so on.
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