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Abstract Human participants can readily learn to demon-
strate absolute or relational stimulus control, but little is
known about human’s tendencies toward one form of control
or another in situations that allow either form of control to be
expressed. To examine these tendencies, we combined ele-
ments of the procedures used to study peak shift and stimulus
transposition. In Experiment 1, half of the 40 participants re-
ceived successive discrimination training and the other half
received simultaneous discrimination training with line-
length stimuli. All participants then received both a generali-
zation test and a transposition test. Absolute stimulus control
predominated except under the combination of simultaneous
discrimination training and a transposition test. In Experiment
2, 40 additional participants were trained with 2 pairs of train-
ing stimuli instead of 1 in what was otherwise an identical
procedure. The results suggested a shift toward relational con-
trol. A novel form of relational control was observed in some
participants (chiefly those who received successive discrimi-
nation training) that involved selective stimulus transposition.
Specifically, participants selected the stimulus that matched
the relation of S+ to S-, but only when both test lines were
similar to the S+ s.
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Stimuli have multiple properties, and responding has the po-
tential to be controlled by one or more properties of a stimulus
but not others. One well-known distinction in how stimulus
control is expressed is that of absolute stimulus control versus
relational stimulus control. Absolute control is when
responding depends on some intrinsic characteristic of a stim-
ulus. For example, if the stimulus of interest is a line of par-
ticular length, absolute control would be evinced by a pattern
of responding to lines of a matching length (or similar lengths
due to stimulus generalization). Relational control is when
responding is controlled by a relative characteristic of a stim-
ulus. For example, in the case of line lengths, responding
might occur in the presence of all relatively long lines.

Research on absolute and relational stimulus control spans
decades, and within this literature much of the concern has
been with the factors affecting the acquisition of a particular
form of control (e.g., Hauf, Prior, & Sarris, 2008; Lazareva,
2012; Moll & Nieder, 2014; Reese, 1968; Riley, 1968; Wills
& Mackintosh, 1999). A subject that has been little explored,
especially with normally functioning adult humans, concerns
which form of control will prevail in situations that allow
either form of control to be expressed, and the reasons why
one form of control should take precedence over another in
those situations. Consider the typical methods used to study
peak shift and stimulus transposition. In both cases, partici-
pants first receive discrimination training with one stimulus
paired with reinforcement (S+) and a second stimulus paired
with the absence of reinforcement (S-). For example, S+might
be a 10-cm-long line, and S- a 7-cm-long line. Participants
may perceive that S+ has both absolute characteristics (it is
10 cm in length) and relational features (it is relatively long),
but the procedure does not allow them to determine which
feature makes S+ the line that should be selected. Themethods
used to study peak shift and stimulus transposition both in-
clude a test of stimulus control that encompasses a wider
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variety of stimuli (in the example, the test would include a
wider variety of line lengths). At times, the test forces partic-
ipants to express only one form of control. That is, participants
might respond whenever a line is shown that appears to match
S+ in length (thus evincing absolute control), or they might
respond to all line lengths that match the relative difference
between the stimuli (thus evincing relational control), but they
cannot consistently do both. Participants do not receive feed-
back after making a response. Therefore, the tasks can be
viewed as a vehicle for exploring participants’ tendency to-
ward absolute and relational stimulus control in what is (from
the participant’s perspective) a somewhat ambiguous situation
(cf. Johnson & Zara, 1960).

A key procedural detail that has been omitted so far con-
cerns how the stimuli are presented. In the case of research on
peak shift, it is customary to present a single stimulus on each
training and testing trial, while in the case of research on
stimulus transposition, it is customary to present two stimuli
on each trial. Although participants might perceive that S+ has
absolute and relative features under either method, the stimu-
lus presentation mode nevertheless appears to be important.
Studies of peak shift characteristically produce absolute stim-
ulus control, and studies of transposition characteristically
produce relational stimulus control. Possibly the manner in
which stimuli are presented to participants is the single most
important factor determining which form of stimulus control
is expressed (more on this below).

Evidence for absolute control in research on peak shift
comes from the distribution of responses emitted during the
test. Typically, this distribution takes the form of a generaliza-
tion gradient with a peak (or modal response) centered on one
test stimulus (see Fig. 1, left panel). Onemight expect the peak
to align with S+, but often the peak of the gradient, and/or the
area under the gradient, is displaced somewhat away from S+
and toward stimuli even more dissimilar to S- (hence, respec-
tively, the terms Bpeak shift^ and Barea shift^; for recent ex-
amples, see Bizo & McMahon, 2007; Derenne, Loshek, &
Bohrer, 2015; Dunsmoor & LaBar, 2013; Miller, Reed, &
Critchfield, 2015; Verbeek, Spetch, Cheng, & Clifford,
2006; Wisniewski, Church, & Mercado, 2009).

Single stimulus presentations prohibit a direct comparison
between the stimuli and therefore limit the potential for rela-
tional control. However, indirect comparisons can still be
made. For example, participants could base responses on
whether line lengths are relatively short or long in reference
to some criterion that is not overtly present. Rather than a
peaked gradient, the distribution of responses would resemble
an elevated plateau on one end of the stimulus set (see Fig. 1,
right panel). There is evidence for this kind of relational
responding in the literature (for examples and discussion,
see Capehart, Tempone, & Hebert, 1969; Galizio, 1980;
Howard, 1979; Livesey & McLaren, 2009; Reichert &
Kelly, 2012; Spetch & Cheng, 1998). Sometimes this control

is likened to a decision rule (Livesey & McLaren, 2009), and
at other times it has been described in terms of categorical
decision making (Spetch & Cheng, 1998). On the whole,
however, this is a phenomenon that has been little discussed
in relation to peak shift and about which little is known.

Evidence for relational control in research on transposition
comes from the choices participants make on each test trial.
Consider a case in which S- is a 7-cm line and S+ is a 10-cm
line. On a test trial with an 11-cm line and a 12-cm line,
absolute control would be evidenced by a response to the
11-cm line (it is the line length most similar to S+), and rela-
tional control would be evidenced by a response to the 12-cm
line (it is the longer of the two lines). (Not all possible trans-
position test trials are so revealing; if the test lines were 8 cm
and 9 cm, a selection of the 9-cm line would be consistent with
both absolute and relational control). Relational control is in-
ferred if the frequency of responses that match the relationship
of S+ to S- exceeds the level predicted by chance (for recent
examples, see Henderson, Hurly, & Healy, 2006; Lazareva,
Miner, Wasserman, & Young, 2008; Leighty, Grand, Pittman
Courte, Maloney, & Bettinger, 2013; Manabe, Murata,
Kawashima, Asahina, & Okutsu, 2009; Wiegmann,
Wiegmann, Macneal, & Gafford, 2000; Yamazaki, Saiki,
Inada, Iriki, & Watanabe, 2014). Absolute control can be in-
ferred from an absence of relational control, but it can also be
directly evidenced by the distribution of responses. Unless
participants are forced to choose one of the two test stimuli
on each trial, the distribution of responses should resemble the
generalization gradients found in studies of peak shift.

Several authors have suggested (Mackintosh, 1983; Mazur,
2006; Riley, 1968; Zeiler, 1964) that the absolute characteris-
tics of S+ become most salient when S+ and S- are presented
at different times (as commonly occurs in studies in peak
shift), and the relative characteristics of S+ become most sa-
lient when S+ and S- are presented at the same time (as com-
monly occurs in studies of transposition). This hypothesis
about the effects of stimulus saliency might provide a simple
answer to the question of how human participants choose
which form of stimulus control to express, namely, whichever
characteristic of S+ is most salient during discrimination train-
ing will determine which form of control is expressed during
the test.

However, it is an open question how adequate stimulus
saliency is as an explanation for behavior. With nonhumans,
findings have been inconsistent. In the case of research on
peak shift, for example, there are cases of pigeons being given
simultaneous discrimination training prior to receiving a stan-
dard (single stimulus per trial) generalization test (Winton,
1975; Winton & Beale, 1971). Although the saliency hypoth-
esis predicts that the relative difference between S+ and S-
was most salient during training, research has not shown this
alteration in the method to produce a diminishment in absolute
control (however, the alteration may be impactful in other
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ways; see, for example, Zentall & Clement, 2001). In the case
of research on transposition, there are cases of pigeons being
given successive discrimination training prior to receiving a
standard (two stimuli per trial) transposition test. Here the
stimulus presentation mode does seem to matter, but results
have been inconsistent. For example, Baker and Lawrence
(1951) found that rats trained on a simultaneous basis made
few errors when transposing the relation between two circles
to a second pair of exemplars, while rats trained on a succes-
sive basis displayed a weak form of absolute control.
However, Riley, Ring, and Thomas (1960) found that rats
can learn to transpose with lights of varying brightness, re-
gardless of how the stimuli are presented, although transposi-
tion occurred more frequently when simultaneous training
was used.

Perhaps the most complete test of stimulus saliency effects
with these methods is a study by Honig (1962), in which
different groups of pigeons received successive or simulta-
neous discrimination training using lights of different hues,
and then all subjects received a test that included a mixture
of single-stimulus and double-stimulus presentations.
Unexpectedly, absolute stimulus control was the sole result,
possibly because exposure to single-stimulus test trials inter-
fered with the expression of relational control (Riley, 1968).

To explore how humans’ tendency toward expressing ab-
solute or relational stimulus control is affected by the manner
in which stimuli are presented, we conducted two experiments
based on Honig’s procedure. In Experiment 1, different
groups of participants received either successive or simulta-
neous discrimination training, and all participants received
single and double test trials (in other words, both a generali-
zation test and a transposition test were administered).
However, the method was altered from Honig’s experiment
to explore the possibility that exposure to single-stimulus test
trials would interfere with the expression of relational control
on double-stimulus test trials. Specifically, the generalization
test and transposition test occurred at different times in a se-
quence that was counterbalanced within each training condi-
tion, thus allowing for interference when the single-stimulus
generalization test preceded the double-stimulus transposition

test, but not when the reverse sequence was used. Experiment
2 was similar, except that two S+ s and two S-s were used
during discrimination training, allowing two different pairs of
stimuli to be presented to participants. Within the stimulus
transposition literature, the use of multiple training pairs is
an effective means of enhancing relational control (cf.
Lazareva, 2012). We sought to determine whether the addi-
tional stimuli would enhance relational control when the task
included both single- and double-stimulus presentation
methods.

Experiment 1

Method

Participants

The participants were 40 undergraduate students recruited
from lower level courses in psychology (an additional 11 par-
ticipants were replaced for failing to meet an a priori retention
criterion of eight consecutive correct responses during dis-
crimination training). Participants were compensated with ex-
tra course credit.

Apparatus

Data were collected with three Dell 425 s/L microcomputers
with 13-in. UltraScan monitors. The computers, placed on
tables in a small room, were separated from each other by
large dividers.

Procedure

Stimuli The stimuli were horizontal lines that varied in length,
a dimension that has been used repeatedly to study discrimi-
nation training, gradient shift, and stimulus transposition (e.g.,
Derenne, 2006; Malott, Malott, & Pokrzywinski, 1967;
Manabe et al., 2009; Moll & Nieder, 2014). The lines in this
case were white and the background was black. The length

Fig. 1 Possible distributions of
responses accompanying absolute
stimulus control (left) and
relational stimulus control (right)
on a single-stimulus
generalization test
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was defined by the number of consecutive ASCII characters of
which the lines were composed (specifically, ASCII character
220). Nine different line lengths were used, composed of 5, 7,
9, 12, 16, 21, 27, 35, and 46 ASCII characters, a selection that
approximated a logarithmic progression and that is in keeping
with common practice in research on peak shift (Thomas,
1993) and stimulus transposition (Lazareva, 2012). As viewed
on the monitors, these lines ranged from 1.6 cm to 15.0 cm in
length. The position of the lines on the screen varied randomly
with each presentation; however, the lines were always at least
2.5 cm from the edge of the screen.

Design Half of the participants were assigned to a successive
discrimination training condition in which a single stimulus
(S+ or S-) was presented on each trial; the other half were
assigned to a simultaneous discrimination training condition
in which both S+ and S- were presented on each trial. All
participants received the single and double-stimulus
tests; the test order was counterbalanced so that within
each training condition half of the participants received
the one-stimulus test before the two-stimulus test, and
the other half received the two-stimulus test before the
one-stimulus test. Ten participants were randomly
assigned to each of the four possible combinations of
discrimination training condition and test order.

General Experimental sessions lasted approximately 30 min.
At the beginning of the session, participants were told that
they could earn the equivalent of 1 hr of extra course credit
by responding accurately to the stimuli (cf. Critchfield,
Schlund, & Ecott, 2000); however, they were not told how
to identify S+. Instead, participants were told they would need
to determine which characteristics defined S+ through their
responses. Participants were also instructed to refrain from
responding if they did not see the Bcorrect^ stimulus.

Training Phase For all participants, S+ was a line of 16
ASCII characters. As an internal check on the validity of the
results, the relative position of S- was counterbalanced within
each of the four groups so that in half the cases S- was rela-
tively short (Line 12), and in the other half S- was relatively
long (Line 21). Variations in S- commonly produce variations
in the gradient. Finding such a well-known effect, in conjunc-
tion with research on variables whose effects are not well
known, can be used to help determine whether participants
were properly sensitive to the experimental procedure.

The response during training and testing varied for trials
with one and two stimuli. When one stimulus was shown,
participants were instructed to press the spacebar if they be-
lieved the stimulus was correct and to make no response if
they believed the stimulus was incorrect. When two stimuli
were shown, one line appeared in the upper half of the screen
and the other in the lower half. Participants were instructed to

press keys labeled Btop^ or Bbottom^ (these were relabeled
keys on a numeric keypad) to indicate which stimulus was
correct or to again make no response if neither stimulus was
correct.

Training ended when participants made the correct choice
on eight consecutive trials (this included making no response
if only S- was shown). Participants who failed to meet this
criterion within 30 trials were advanced to the test phase and
allowed to complete the experiment, but their data were later
replaced.

Testing Phase The single-stimulus and double-stimulus tests
were organized into cycles of trials. A cycle of single-stimulus
test trials included one presentation of each of the nine differ-
ent line lengths included in the stimulus set (e.g., Lines 5, 7, 9,
12). A cycle of double-stimulus test trials included one pre-
sentation of each of the eight pairs of adjacent line lengths in
the stimulus set (e.g., Lines 5 and 7, Lines 7 and 9, Lines 9 and
12). The different trials within each cycle were presented to
participants in a random order. Participants first received six
cycles of trials in one presentation mode (either the single-
stimulus or double-stimulus format) and then an additional
three cycles of trials in the other presentation mode. The first
test included more cycles because performances at the begin-
ning of a generalization test have been found to sometimes
differ from performances later in the test (e.g., Thomas,
Svinicki, & Vogt, 1973). We were prepared to omit the initial
cycles from the analysis for this reason, but close examination
of the data showed no systematic differences between cycles,
and therefore all of the data are reported below.

Across all trials, participants had 4 s to respond; during the
first 2 s the stimuli were visible and during the last 2 s the
screen was blank. During training, a message followed each
trial indicating whether the response (or absence of one) was
BCorrect^ or BIncorrect.^ During test trials, all responses pro-
duced the message BResponse Registered^; no message was
displayed in the absence of a response. The intertrial interval
was 10 s; during this interval, a message was displayed indi-
cating that the program was resetting.

Results and Discussion

The data were analyzed in two steps. First, a statistical analysis
was conducted that followed typical practices in the peak shift
and stimulus transposition literatures. Second, a graphical
analysis of individual performances was conducted to deter-
mine the frequency of absolute and relational control.

Statistical analysis of the single-stimulus test data was
based on the means of the individual response distributions
(i.e., generalization gradients). The mean was calculated as
follows: each response during the test was assigned a numer-
ical value equivalent to the line length that was shown (e.g., 16
for each response to S+); the sum of these values was divided
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by the total number of responses. ANOVA indicated that, as
expected, the position of S- relative to S+ (the manipulation
check) caused differences in the means of the gradients
(M=20.21 ± 1.03 when S- was relatively short, M=16.07
± 1.03 when S- was relatively long), F(1, 32) = 8.04,
p= .008. As for the variables of central interest, the means
did not differ depending on how stimuli were presented during
training (p= .505) or on the order in which the tests occurred
(p= .962). The interactions were also nonsignificant.

Statistical analysis of the double-stimulus test data was
based on the percentage of responses that matched the relation
of S+ to S-. When responding is controlled by chance, about
50 % of responses should be consistent with the S+ to S-
relation. (Trials without responses were excluded from the
analysis because the absence of a response on a given trial
was potentially consistent with absolute stimulus control, re-
lational control by a decision rule, or a slow reaction by the
participant). ANOVA indicated that a higher percentage of
responses matched the relation when the training stimuli were
presented simultaneously (M=80.0±3.8 % of responses were
relational) than when the training stimuli were presented suc-
cessively (M = 57.9 ± 3.8 % relational responses), F(1,
32) = 16.51, p< .001. There was also a tendency for more
responses to match the relation when S- was shorter than S+
(M = 74.9 ± 3.8 %) than when S- was longer than S+
(M=63.08±3.8 %), F(1, 32) =4.77, p= .036. Performances
did not vary as a function of test order (p= .805), and the
interactions were nonsignificant.

Figure 2 shows the results from the single-stimulus test
(top) and the double-stimulus test (bottom). The large panels
within the figure show performances following successive
training (left side) and simultaneous training (right side).
The large panels combine data from the different test orders
(which statistically had no effect on performance) and the
relative position of S-. For the single-stimulus test, the labels
on the x-axis indicate the relation of each stimulus to S+ and S-
rather than absolute line length. Because S- appears on the left
side of each panel, a shift in the gradient would be expected to
occur toward the right (specifically, the stimuli labeled +1, +2,
+3, and +4). The double-stimulus test data are organized in a
similar fashion. Pair 1 (P1) is the pair of line lengths on the far
end of the S- side of the dimension (the pair consisting of Line
5 and Line 7 when S- was relatively short and the pair
consisting of Line 35 and 46 when S- was relatively long).
Pair (P7) is the pair of line lengths furthest removed from S-,
and the direction in which gradient shift would occur. The
black line shows the distribution of responses, and the under-
lying gray bars show what proportion of those responses
matched the relation of S+ to S-.

The two small panels to the right of each large panel show
how performances within the large panel were affected by the
relative position of S-. The position of the label BS-^ within
each panel indicates whether S- was shorter (left side) or

longer (right side) than S+. The x-axis depicts, from left to
right, increasingly long lines or line pairs. If S- appears on
the left side of the panel, any gradient shift would be expected
to occur toward the right, and if S- appears on the right side of
the panel, any gradient shift would be expected to occur to-
ward the left.

Each distribution of responses, in both the large and small
panels, includes a peak either at or near S+, indicating that a
measure of absolute control was present, regardless of how
participants were trained. None of the conditions produced a
dramatic gradient shift. Although absolute control predomi-
nated, evidence for transposition was found under the combi-
nation of simultaneous discrimination training and a double-
stimulus test (the set of panels at lower right). In this case, the
majority of responses made in the presence of each line pair
matched the relation of S+ to S-. Relational responses in the
presence of P1, P2, and P3 are consistent with both absolute
and relational control. However, relational responses in the
presence of P6, P7, and P8 are instances when participants
selected the member of the line pair that matched the relation
rather than the member that was most similar to S+ in length.

A more subtle difference among the panels is that a greater
degree of stimulus generalization was observed in participants
trained on a simultaneous basis than those trained on a suc-
cessive basis. There are at least a couple of reasons why si-
multaneous training may have led to a greater degree of gen-
eralization. Possibly the enhanced generalization reflects a
disruption in stimulus control stemming from the transition
participants made from a double-stimulus training format to
a single-stimulus testing format. Alternatively, the greater de-
gree of generalization might be reflective of the response con-
tingency that was present during training. Participants trained
on a simultaneous basis always had to make a response to
obtain positive feedback, whereas participants trained on a
successive basis obtained positive feedback from not
responding in the presence of S-.

The following criteria were used in the graphical analysis
of individual performances. Stimulus transposition was in-
ferred if at least 80 % of participants’ responses during the
double-stimulus test matched the relation of S+ to S- (a
somewhat arbitrary value, but a level of performance
seemingly well within the capabilities of adult human
participants in view of past studies of transposition; cf.
Reese, 1968). Relational control by a decision criterion was
inferred if the distribution of responses approximated the pat-
tern shown in Fig. 1 (right panel). Specific requirements in-
cluded that (1) the gradient of responses included a single
slope, (2) no responding occurred at the extreme S- end of
the stimulus dimension, and (3) maximal responding occurred
at the extreme S+ end of the stimulus dimension. Absolute
control was inferred in part from the absence of evidence for
relational control. In addition, responding was required to de-
crease on either side of the modal response.
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Figure 3 shows some of the diversity of individual perfor-
mances during the single-stimulus test. The first two gradients
appear to show absolute stimulus control (a modest gradient
shift is evident in the second). The third gradient is consistent
with relational control via a decision criterion (cf. Fig. 1). The
fourth is an example of a gradient that did not match any of the
classification criteria. Unexpectedly, one of the double-
stimulus test performances met the criteria for both stimulus
transposition and relational control by a decision rule; in this
case, the participant refrained from making any response dur-
ing the double-stimulus test if both line lengths were relatively
short (similar to S- in this case), but when both line lengths
were relatively long, the participant always responded and the
response always matched the relation of S+ to S-.

The complete results of the graphical assessment are listed
in Table 1. Two-tailed binomial tests were conducted to deter-
mine whether the frequency of absolute and relational control
under with each combination of training and testing formats
differed from that predicted by chance. As indicated in the
table, participants trained on a successive basis demonstrated
absolute control under both the single-stimulus and double-
stimulus tests. This result is consistent with the saliency hy-
pothesis, which suggests that successive discrimination train-
ing makes the absolute characteristics of S+ most salient and
therefore leads to absolute control. However, the saliency hy-
pothesis also predicts that participants trained on a simulta-
neous basis should show relational control, and this did not

occur. Instead, these participants demonstrated absolute con-
trol during the single-stimulus test and a mixture of absolute
and relational control during the double-stimulus test.

Taken as a whole, the results are similar to Honig’s (1962)
finding of absolute control with all groups under a similar
procedure. However, the explanation given for Honig’s failure
to find relational control does not pertain to our data. In
Honig’s case, exposure to single-stimulus test trials appears
to have interfered with relational control on double-stimulus
trials (Riley, 1968). We separated the two types of test trials,

Fig. 2 Top row: Generalization gradients in Experiment 1 following
successive and simultaneous discrimination training. Bottom row:
Distributions of responses (black line) and frequency of relational
responses (gray bars) during the transposition test in Experiment 1.
Small panels show how performances varied with the position of S-.
Aggregated performances are shown in the large panels. For the single-
stimulus test, -1, -2, -3 show stimuli increasingly removed from S- on the

S- side of the dimension; +1, +2, +3, +4 show stimuli increasingly
removed from S+ and S- on the opposite side of the dimension. For the
double-stimulus test, P1–P8 = the eight pairs of test stimuli, with P1
designating the pair at the extreme end of the S- side of the dimension.
S- was a line length in both P3 and P4; S+ was a line length in both P4 and
P5

Fig. 3 Examples of individual generalization gradients in Experiment 1
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and half of the participants received the double-stimulus test
immediately after simultaneous discrimination training (thus,
no interference could have occurred), and test order did not
have a significant effect on relational control. Possibly, the
lack of relational control is related to the instructions partici-
pants received at the beginning of the study. The instructions
were written in a manner that could apply to either stimulus
presentation method and to either absolute or relational con-
trol. However, telling participants to not respond if they did
not see the correct line (instructions appropriate to the times
when a single-stimulus presentation mode was used) might
have inadvertently influenced participants to show absolute
control instead of stimulus transposition on double-stimulus
trials.

Experiment 2

Absolute stimulus control generally predominated in
Experiment 1. In the stimulus transposition literature, one
method of enhancing relational control is to give subjects
training with multiple pairs of positive and negative stimuli
(e.g., Lazareva et al., 2008; Lazareva, Wasserman, & Young,
2005). The effect can be understood in terms of a saliency
effect, with the relative characteristic of S+ being more pro-
nounced when it appears across multiple training pairs than
when it is present within a single pair. We sought to determine
whether the use ofmultiple S+ s and S-s during discrimination
training would similarly enhance relational control under the
combinations of stimulus presentation modes used in
Experiment 1.

Method

Participants and Apparatus

The participants were 40 undergraduate students (an addition-
al 13 participants were replaced for failing to meet the training
criterion). Participant characteristics and the apparatus used in
data collection were unchanged from Experiment 1.

Procedure

The procedure repeated that used in Experiment 1 except that
four lines (Lines 5, 12, 21, and 46) were used during training
instead of two. The line lengths selected for training were
intended to provide participants with two distinctly different
positive stimuli (e.g., Line 21 and Line 46) and two distinctly
different negative stimuli (e.g., Line 5 and Line 12). The in-
tention was to help ensure that participants did not mistakenly
perceive either the two positive stimuli or the two negative
stimuli as being a single line length.

For half of the participants, S+ was Line 5 and 12 and S-
was Line 21 and 46; for the other half, the selection was
reversed (S+ was Line 21 and 46, S- was Line 5 and 12).
For participants who received simultaneous training, Line 5
was always paired with Line 21, and Line 12 was always
paired with Line 46. For participants who received successive
training, the four lines alternated across trials in a semirandom
manner.

Results and Discussion

The data were analyzed in the manner adopted for Experiment
1. In brief, first ANOVAs were performed to assess the effects
of stimulus presentation mode during training, the order of the
single and double-stimulus test, and the position of the nega-
tive stimuli relative to the positive stimuli. Then, a graphical
analysis was conducted of the stimulus control expressed in
the individual performances.

For the single-stimulus test, ANOVA was based on the
mean point of each individual generalization gradient. As
was the case in Experiment 1, the gradients differed depending
on the placement of S-, F(1, 32) =225.04, p< .001. When the
negative stimuli were relatively short (Line 5 and Line 12),
participants responded, as expected, primarily to relatively
long lines (M=28.00 ±. 79); likewise, when the negative stim-
uli were relatively long (Line 21 and Line 46), participants
responded primarily to relatively short lines (M = 11.34
± .79). As for the chief variables of interest, performances
did not differ depending on how stimuli were presented during
training (p= .693) or on the order in which the tests occurred
(p= .299). The interactions were also nonsignificant.

For the double-stimulus test, ANOVA was based on the
percentage of relational responses (i.e., responses consistent
with the relationship of S+ to S-). The percentage of relational
responses was higher when the training stimuli were presented
simultaneously (M=96.1±3.7 %) than when they were pre-
sented successively (M = 82.6 ± 3.7 %), F(1, 32) = 6.82,
p= .014. Performances did not vary as a function of test order
(p= .357) or the relative placement of S- (p= .487). The inter-
actions were nonsignificant.

Figure 4 shows the performances of participants trained on
a successive and simultaneous basis under the single-stimulus

Table 1 Number of individual performances evincing absolute and
relational stimulus control in Experiment 1

Training Test Abs. Control Relat. Control Unclear

Successive Single 18** 1** 1

Double 19** 1** 0

Simultaneous Single 15* 2* 3

Double 7 13 0

*p< .01. **p< .001
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and double-stimulus tests. This figure is organized in the same
manner as Fig. 2. The single-stimulus test gradients do not
contain two distinct peaks, as might be expected to result from
discrimination training with two relatively distinct S+ s (e.g.,
Blough, 1969; Galizio, 1985; Galizio & Baron, 1979;
LaBerge & Martin, 1964; Lazareva et al., 2008; Thomas &
Williams, 1963). Instead, the gradients approximate those hy-
pothesized to accompany control by a decision criterion (see
Fig. 1). However, this correspondence should be interpreted
cautiously. Summation of generalization can accompany
training with multiple S+ s, and the resulting gradient can
include a single wide peak (cf. Blough, 1969) that is also
consistent with the pattern in the figure.

The double-stimulus tests provide clearer evidence for re-
lational control. Under the double-stimulus test, participants
trained on a simultaneous basis generally responded in a man-
ner consistent with stimulus transposition (a response was
made on most trials and that response usually matched the
relation of S+ to S-). However, participants trained on a suc-
cessive basis displayed a form of stimulus control that appears
to combine stimulus transposition with relational control in-
volving a decision rule. When a test pair was shown that
included line lengths similar to the S+ s, participants usually
responded to the line that matched the relation of the S+ s to
the S-s. When a test pair was shown that included line lengths
that resembled the S-s, participants seldom responded to either
line. This tendency was less clear in the aggregate than it was
in individual cases (discussed below) due to some individual
participants expressing other forms of stimulus control.

Individual performances were assessed using the criteria
developed for Experiment 1, with the exception that absolute

control was assessed if the distribution of responses contained
either one peak or two. The results of this assessment are
shown in Table 2. Two-tailed binomial tests were performed
to determine whether the frequency of absolute and relational
control under the several combinations of stimulus presenta-
tion methods significantly differed from the level of chance.

Table 2 shows a reversal from the predominance of abso-
lute control found in Experiment 1. In this case, a majority of
performances met the criteria for relational control under ev-
ery combination of stimulus presentation methods. However,
this finding should be interpreted cautiously in the case of the
single-stimulus test data. We selected two relatively different
line lengths to serve as S+ so that absolute control might take
the form of a generalization gradient with two distinct peaks,
but this outcome occurred in only a few individual cases.
More often, absolute control was inferred because a response
decrement was observed on either side of a single peak. It’s
possible that at least some of the performances that met the
criteria for relational control by a decision rule actually in-
volved absolute control, but the range of line lengths selected

Fig. 4 Results from the generalization tests (top row) and transposition tests (bottom row) in Experiment 2. The black lines show the distributions of
responses, and, for the transposition test, the gray bars show the frequency of responses that matched the relation of S+ to S-

Table 2 Number of individual performances evincing absolute and
relational stimulus control in Experiment 2

Training Test Abs. Control Relat. Control Unclear

Successive Single 4* 14* 2

Double 8 11 1

Simultaneous Single 5 12 3

Double 1** 18** 1

*p< .05. **p< .001
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for the test permitted observation of only one of the two slopes
of the gradient.

The results from the double-stimulus tests are comparative-
ly clear. Participants who trained on a successive basis showed
relational control in 11 of 19 cases. In each of these 11 cases,
stimulus transposition was combined with apparent control by
a decision rule. This pattern was observed in a single partici-
pant in Experiment 1 and apparently was made commonplace
by the inclusion of additional stimuli during discrimination
training. Participants trained on a simultaneous basis almost
always showed relational control. A majority of these in-
stances (13 of 19) involved simple stimulus transposition with
every test pair; the remainder involved the apparent combina-
tion of stimulus transposition with a decision rule noted
above. Together these data show that successive discrimina-
tion training has the potential to produce relational stimulus
control, and that different ways of presenting stimuli to partic-
ipants can lead to different forms of relational control.

General Discussion

Human participants are sensitive to the absolute and relational
characteristics of simple, unidimensional stimuli, and they can
be made to demonstrate absolute or relational control through
the procedures used to study peak shift and stimulus transpo-
sition. We combined elements of these methods to explore
how situational factors (in this case, the manner in which
stimuli are presented to participants) affects people’s tendency
to express one form of control instead of another. The method
was inspired by suggestions that the development of stimulus
transposition in nonhumans depends on how stimuli are pre-
sented during training. Specifically, simultaneous discrimina-
tion training is thought to promote control by the relative
difference between S+ and S- while successive training is
thought to promote control by the absolute physical character-
istics of S+ (Mackintosh, 1983; Mazur, 2006; Riley, 1968;
Zeiler, 1964).

To speak broadly about the results, absolute stimulus con-
trol predominated following discrimination training with a
single S+ and a single S- (see Experiment 1). Although rela-
tional control occurred frequently under the combination of
simultaneous discrimination training and a double-stimulus
test (see Table 1), the aggregated distribution of responses
resembled a generalization gradient because some participants
expressed absolute control (see Fig. 2). The inclusion of two
S + s and two S-s during discrimination training (see
Experiment 2) reversed tendencies in favor of relational con-
trol (see Table 2). However, the relational control that was
observed differed somewhat from expectations. It was thought
that single-stimulus tests might reveal relational control by a
decision rule while double-stimulus tests would reveal rela-
tional control in the form of transposition. However, a

combination of these two forms of relational control occurred
when successive discrimination training was combined with a
double-stimulus test (see Fig. 4).

In further characterizing the results, it should be added that
several features of the research limit the confidence in the
interpretations suggested by the data and in the possible gen-
erality of the results. For example, the single and double-
stimulus tests were of brief duration, and longer tests would
have provided more data on which to base the assessments of
stimulus control. Perhaps the chief difficulty concerns deter-
mining whether relational control was present under the
single-stimulus test. Participants were not asked to provide
self-reports; instead stimulus control was assessed solely in
terms of the observed performances. The observed, plateau-
like response distributions in Experiment 2 (and in several
individual cases in Experiment 1; see Fig. 3) are consistent
with expectations for relational control via a decision criterion
but we are admittedly uncertain as to what the results would
have been had the range of test stimuli been further extended.
For example, would participants who responded to all relative-
ly long lines under the present procedure also respond to even
longer line lengths if they were included in the test? Perhaps,
instead, a decline in responding would have been observed at
such extreme values, causing a change in assessment to abso-
lute control. Then again, how the test is designed may inde-
pendently affect how stimulus control is expressed; partici-
pants who use a single decision criterion with one set of test
stimuli might not also do so with a greater or lesser range of
test stimulus values. In view of these uncertainties, the present
data do not allow definitive statements to be made about ex-
pressions of relational control under single-stimulus test for-
mats. We claim only that the data provide an additional indi-
cation that such control may be possible (for past discussions,
see Capehart, Tempone, & Hebert, 1969; Howard, 1979;
Galizio, 1980; Spetch & Cheng, 1998), and they suggest a
possible scenario under which such control might occur.

The development of relational control involving compari-
sons of test stimuli to a single decision criterion is a subject
that seems worth further exploration. Human participants may
more easily learn and respond on the basis of the relational
characteristics of stimuli than on the absolute characteristics
(e.g., Riley, McKee, Bell, & Schwartz, 1967), and they may
spontaneously adopt a relational strategy rather than an abso-
lute strategy when the task is relatively complex (e.g., Galizio,
1980). For research on peak shift, this means a more pro-
nounced shift in responding than is normally reported. Awide
variety of naturalistic situations have been linked to peak shift-
like behavior in humans (e.g., Costa & Corazza, 2006; De
Block & Du Laing, 2010; Derenne, 2010; Dunsmoor,
Mitroff, & LaBar, 2009; Martindale, 2006; Miller et al.,
2015; Ramachandran & Hirstein, 1999). A common charac-
teristic of these situations is that they entail a level of com-
plexity and variety that exceeds what is commonly studied in
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laboratory-based experiments. If relatively complex tasks en-
gender a greater tendency towards responding to extreme
stimuli than relatively simple tasks, then it stands to reason
that much of the literature on peak shift effectively understates
the degree of behavioral change that accompanies peak shift in
naturalistic situations.
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