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The processes underlying how people learn to like or 
dislike certain products (e.g., Barnes-Holmes, Keane, 
Barnes-Holmes, & Smeets, 2000; Foxall, 1997; Foxall & 
Greenley, 1999; Foxall & Yani-de-Soriano, 2005; Smeets 
& Barnes-Holmes, 2003; Stuart, Shimp, & Engle, 1987), 
people (Hebl & Mannix, 2003; Walther, Nagengast, & 
Trasselli, 2005), and events (Dack, McHugh, & Reed, 
2009) are important to understand, since preferences play 
an enormous role in all aspects of life. One approach to un-
derstanding the processes behind the development of pref-
erences suggests that their acquisition emerges through 
associative learning, or conditioning, whereby a neutral 
stimulus and a preference become associated with one an-
other. This transfer of valence through an association (i.e., 
the degree to which an individual likes or dislikes a stimu-
lus) is commonly referred to as evaluative conditioning 
(Levey & Martin, 1975; see De Houwer, Thomas, & Baey-
ens, 2001, for a review of evaluative conditioning).

Evaluative conditioning occurs when the valence of a 
novel target (the conditioned stimulus [CS]) becomes al-
tered by the valence of stimuli/events (the unconditioned 
stimulus [US]) that are presented with, or are dependent 
on, the CS. This phenomenon is often shown using the 
picture–picture paradigm. In a typical experiment, a pic-
ture that was previously rated as neutral is repeatedly 
paired with a picture that had been rated as pleasant (e.g., 
Baeyens, Eelen, Crombez, & Van den Bergh, 1992). As a 
consequence, the affect of the previously neutral picture 

changes in the direction of the valence of the picture with 
which it was paired (e.g., its ratings will change in the di-
rection of pleasantness). Evaluative conditioning may also 
play a role in the development of several clinical disorders 
(Hermans, 1998; Olatunji, 2006; Olatunji, Lohr, Smits, 
Sawchuck, & Patten, 2009; Schienle, Stark, & Vaitl, 
2001). For example, in depression and anxiety disorders, 
certain types of negative evaluations, such as causal ef-
fectiveness and self-efficacy, are said to be characteristic 
of these conditions (Abramson, Metalsky, & Alloy, 1989; 
Beck, 1967; Beck, Rush, Shaw, & Emery, 1979; Clark, 
Beck, & Alford, 1999; Dohr, Rush, & Bernstein, 1989; 
Loeb, Feshbach, Beck, & Wolf, 1964; MacLeod & Byrne, 
1996; Roth & Rehm, 1980; Seligman, 1975) and may be 
acquired through evaluative conditioning processes (see 
Fulcher, Mathews, Mackintosh, & Law, 2001; Walther 
et al., 2005).

However, a feature of many clinical disorders is the 
extent to which such evaluations generalize across many 
circumstances—for example, depressive attributional 
style (Walther et al., 2005) and generalized anxiety 
(Morgan & Banerjee, 2006). Potentially these negative 
expectations could lead to maladaptive behaviors such 
as social withdrawal, avoiding particular activities, and 
functional impairments (Simon, 2003). It is unlikely that 
similar negative evaluative judgments would be directly 
conditioned across such a wide range of circumstances, 
and the question remains regarding how such evaluations 
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differential evaluations of causal efficacy (high vs. low 
ratings) and whether these ratings transfer to previously 
neutral stimuli (CSs) paired with schedules of reinforce-
ment in an evaluative learning paradigm and to unrelated 
stimuli through derived equivalence relations. Participants 
were exposed to a number of trials of two alternating 
schedules of reinforcement (Experiment 1, differential re-
inforcement of high rate [DRH] and differential reinforce-
ment of low rate [DRL] schedules; Experiment 2, DRH 
and variable interval [VI] schedules; Experiment 3, VI and 
variable ratio [VR] schedules) and were asked to rate how 
effective they felt their responses on a space bar were at 
producing outcomes/points on the computer screen (i.e., 
their causal efficacy) at the end of each trial. A CS was 
paired with each schedule (i.e., it appeared on the com-
puter screen while the participants were pressing the space 
bar to earn points). The participants were also trained to 
learn 2 three-member equivalence classes, each contain-
ing two nonsense words and one affective word (the word 
useless in Class 1 and the word good in Class 2). The par-
ticipants were finally asked categorize each class member 
with one of the CS associated with each schedule, as well 
as to rate each schedule CS in terms of good or useless.

The experiments replicated previous research (Reed, 
1994, 1999, 2001a, 2001b, 2003) in which causal effi-
cacy ratings mirrored the pattern of rates of response, even 
when the rates of reinforcement (Experiment 2) and the 
probability of an outcome given a response (Experiment 3) 
were equated. That is, when response rates were high, rat-
ings of causal efficacy were also high, and when response 
rates were low, ratings of causal efficacy were low. The 
results of all three experiments showed a general trend of 
evaluative learning in the schedules task. The conditioned 
stimuli paired with each schedule were shown to acquire 
the valence of the participants’ causal efficacy ratings. 
The Class 1 members (useless) were categorized with the 
stimuli paired with the schedule that had lower causal ef-
ficacy ratings and lower response rates associated with it, 
and the Class 2 members (good) were categorized with the 
stimuli paired with the schedule that had higher causal ef-
ficacy ratings and higher rates of response associated with 
it. The participation of new stimuli (the schedule CS) in 
derived stimulus networks could be a possible mechanism 
behind the acquisition of evaluative judgments without 
direct experience of the event.

Despite these findings (Dack et al., 2009), it is still not 
clear which aspects of the schedule contingencies are re-
sponsible for controlling the efficacy ratings or their sub-
sequent transfer. Dack et al. assumed that the transfer of 
stimulus function followed the ratings of causal efficacy 
that the schedule produced—an assumption strengthened 
by the fact that aspects of the contingencies, like the prob-
ability of an outcome given a response (Experiment 3), 
were controlled. However, schedules of reinforcement can 
differ from one another in many ways (e.g., the rule that re-
lates responding to reinforcement, the reinforcement rate, 
and the response rate, as well as the probability of an out-
come given a response), and it is not clear precisely which 
aspects of the schedules determine the evaluative function 
of the related stimuli, since these ratings of causal efficacy 

are produced and generalized across so many aspects of a 
person’s life. For example, previous models of emotional 
disorders (Beck, 1967, 1976) have not focused on the fac-
tors that produce negative evaluations and biases in the 
first instance, and conditioning and learning models (Fer-
ster, 1973; Lewinsohn, 1974; Mowrer, 1960) have failed 
to adequately explain the complexities of symptoms ob-
served in these disorders or how evaluations can general-
ize to many stimuli without a direct conditioning event. 
Evidence for the indirect effect of learning was shown in a 
set of studies by Rozin, Markwith, and McCauley (1994). 
They demonstrated that an aversion toward a person with 
AIDS could be generalized to objects associated with this 
person (sweater, car, bed, etc.), even though it was per-
fectly clear that the objects to which the aversion general-
ized could not be affected.

Similarly, Walther (2002) showed that an attitude 
(positive or negative) toward one stimulus can transfer to 
stimuli that had been preassociated with that stimulus. In 
the baseline phase of this study, participants were asked 
to rate a number of pictures of male faces for their like-
ability. In the preconditioning phase, two neutral faces 
(N1, CS) were paired together. In the conditioning phase, 
one of the neutral faces (CS) was paired with a positively 
evaluated picture (Experiment 1) or a negatively evaluated 
picture (Experiment 2). In the test phase, the participants 
were asked to rate all the visual stimuli again for their 
likeability. The results showed not only that ratings of the 
directly conditioned stimulus increased (Experiment 1) or 
decreased (Experiment 2) in likeability, but also that this 
attitude transferred to the neutral face (N1) that was pre-
associated with the CS. The spreading attitude effect was 
also replicated using a second-order conditioning para-
digm (Walther, 2002, Experiment 4), where the precondi-
tioning and conditioning phases were reversed.

An additional explanation of the development of gen-
eralized evaluations and attitudes is produced through 
examining derived stimulus relations in equivalence 
classes, an account that suggests that stimuli can become 
associated with one another despite never having been di-
rectly paired and despite their lack of any shared physical 
properties (Sidman, 1971). The potential breadth of such 
classes could allow for widespread transfer of particular 
associations learned about one member of that class.

Equivalence classes can be established by training a 
minimal number of relations between individual stimuli in 
a group. For example, if a group of stimuli consisted of the 
letters A, B, and C, an equivalence class could be estab-
lished by training two-term relations in-between: AB and 
BC. If a class has been established, many new emergent 
relations, which had not been taught directly, are formed 
between the stimuli (reflexive [i.e., A A]; symmetrical 
[i.e., B A]; transitive [i.e., A C]; and equivalence [i.e., 
C A]; see Bush, Sidman, & de Rose, 1989). If all of the 
emergent relations control responding, the group of stim-
uli can be said to function as an equivalence class (Sid-
man, Kirk, & Wilson-Morris, 1985) and the stimuli are 
fully substitutable for one another (Sidman, 1990, 1994).

Dack et al. (2009) investigated the manner in which 
various schedules of reinforcement are associated with 
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The aim of the present series of experiments was to 
extend the research of Dack et al. (2009) by exploring 
the various factors that may be involved in determining 
the evaluative ratings of the stimuli associated with each 
schedule of reinforcement and the subsequent transfer of 
this evaluative conditioning to unrelated stimuli through 
derived equivalence ratings. This was investigated by em-
ploying a range of schedules and yoking procedures that 
allowed these factors to be varied. However, it is impor-
tant to note that these factors (response rate, reinforce-
ment rate, etc.) are not easy to control, since schedules of 
reinforcement, by their nature, are free operant, and it is 
difficult to exert complete control over all factors simul-
taneously (see Jenkins, 1970, for a discussion). In spite 
of this difficulty, previous research (Dack et al., 2009) on 
this topic did employ such schedules of reinforcement, 
while controlling for rate of reinforcement (Experiment 2) 
and outcome probability (Experiment 3). However, all the 
schedules employed in this research produced different 
rates of response and had different response reinforce-
ment rules. It was therefore thought to be important to ex-
plore more fully these effects by employing schedule ma-
nipulations previously used to examine the factors above 
(see Reed, 2001a, 2001b) and, in particular, to attempt to 
equate the response rate and the response reinforcement 
rule between schedules to investigate the impact of the 
evaluative ratings of the CS and its categorization. This 
was the primary aim of the present series of experiments.

A second aim was to address a potentially trivial ex-
planation of the results found in the previous experiments 
(Dack et al., 2009). In the report by Dack et al., it is pos-
sible that the data may have been influenced by an interac-
tion between the experimental procedure and possible task 
demands that were brought about by the use of similar 
labeling in the efficacy judgments made after each expo-
sure to the schedule (e.g., ineffective, effective) and in the 
establishment of the equivalence classes (i.e., each class 
contained either the word good or useless). This similarity 
in the words employed in the two parts of the task may, 
in turn, have led to some semantic ambiguity in how the 
participants categorized the stimuli in the transfer-of-
conditioning test, and, therefore, the results may not have 
reflected evaluative transfer based on the establishment of 
a stimulus network alone. This problem can be addressed 
by omitting the judgments of causal efficacy after each 
schedule trial. If transfer can occur spontaneously after 
experience of the different schedules, this would be evi-
dence of genuine transfer.

EXPERIMENT 1

In the first experiment, we attempted to explore the im-
pact of schedules of reinforcement on evaluative ratings of 
associated stimuli by employing VR 20 and VI schedules 
that were yoked for rate of reinforcement. These sched-
ules might be expected to produce differences in response 
rate, despite being equated for rate of reinforcement, with 
there being higher rates of response for the VR than for 
the VI schedule (Baum, 1993; Peele et al., 1984; Reed, 
2001a, 2001b). Dack et al. (2009) employed the same 

have previously been found to covary with other aspects 
of the schedule (cf. Alloy & Abramson, 1979; Alloy & 
Tabachnick, 1984; Reed, 1993, 1999, 2001a, 2001b; Was-
serman, Elek, Chatlosh, & Baker, 1993).

Previous research has examined how some of the fac-
tors mentioned above might produce certain efficacy 
ratings. Allan (1980) and Wasserman et al. (1993) have 
found, in contexts in which an outcome did not serve as 
a reinforcer (i.e., a triangle flash), that when a schedule’s 
probability of an outcome given no response was kept 
constant, decreases in the probability of an outcome given 
a response (and, therefore, increases in the number of re-
sponses per outcome) led to lower ratings of efficacy. At 
higher probabilities of an outcome given a response, one 
response is likely to produce an outcome, which may lead 
to higher ratings of effectiveness. Schedules with a greater 
frequency of outcomes have also been found to be associ-
ated with higher ratings of causal effectiveness (Alloy & 
Abramson, 1979; Wasserman, 1990). These findings are 
very robust and have led to the development of many ac-
counts of causal efficacy judgments specifically based on 
these probabilities (e.g., Allan, 1980). It seems likely that, 
under some circumstances, such probabilities will exert an 
effect on causal efficacy judgments.

In the context of situations in which the outcome may 
serve as a reinforcer (i.e., the delivery of points or hypo-
thetical or real money), schedules that typically reinforce 
high rates of responding have been found to be associated 
with higher ratings of efficacy, as compared with sched-
ules that reinforce low rates of responding, even when the 
rate of reinforcement (e.g., Reed, 2001a, 2001b) and prob-
ability of an outcome given a response (see, e.g., Dack 
et al., 2009) were equated across schedules. Two views 
have been put forward as explanations for this schedule-
controlled behavior, and these suggest two further factors 
that may control the impact of schedules on judgments of 
causal efficacy.

The molar view (e.g., Baum, 1973) suggests that par-
ticipants are sensitive to the overall relationship between 
responding and the rate of reinforcement and that this 
may lead to strong ratings of causal effectiveness (see 
Reed, 2001a, 2001b). In contrast, the molecular view 
stresses the importance of the pattern of responding emit-
ted just prior to reinforcement (e.g., Morse, 1966; Peele, 
Casey, & Silberberg, 1984). For example, certain sched-
ules differentially reinforce long interresponse times 
(IRTs) (e.g., VI schedules and DRL schedules). In con-
trast, on other schedules (e.g., VR schedules and DRH 
schedules), there is no such favoring of long IRTs, and 
reinforcement is more likely to occur after a short IRT 
than after a long IRT. It may be that the local context of 
responding at the time of reinforcement is a determinant 
of causal judgments. Some research (e.g., Reed, 2001a, 
2001b) has shown that high ratings of causal efficacy are 
associated with schedules that typically reinforce high 
rates of responding just before reinforcement (e.g., VR 
and DRH schedules), and low ratings of causal efficacy 
are associated with schedules that typically reinforce low 
rates of responding just before reinforcement (e.g., VI 
and DRL schedules). 
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proportion of the screen (screen width/10 cm). Each stimulus was 
surrounded by a box, its width equaling 10 cm and its height equal-
ing 2.5 cm, against a white background. The positioning of the com-
parison stimuli was as follows. The horizontal position of the left 
stimulus started 3.125 cm from the left edge, and the horizontal posi-
tion of the right stimulus started 3.125 cm from the right edge of the 
screen. Their vertical positions were 19.375 cm down the screen. All 
feedback choices were in red surrounded by a box that was 15 cm 
wide and 3.75 cm in height, presented in the middle of the screen.

Evaluative conditioning task. Two differently colored circles 
were used to signal the two schedule conditions (VR and VI) and 
acted as the CSs. Three different combinations of colors were used 
(yellow/blue, blue/white, yellow/white), and these were counterbal-
anced across the schedules (2 participants had white [VR schedule] 
and blue [VI schedule], 2 participants had blue [VR] and white [VI], 
2 participants had blue [VR] and yellow [VI], 3 participants had 
yellow [VR] and blue [VI], 2 participants had yellow [VR] and 
white [VI], and 3 participants had white [VR] and yellow [VI]), so 
that each participant had one of these color permutations for the 
stimuli used as the CSs for the VR and VI schedules of reinforce-
ment. This was done to ensure that the postevaluative ratings of the 
conditioned stimuli were due to the conditioning task, and not to 
any preexisting preferences toward particular colors. The number 
of points earned throughout each schedule trial was shown in the 
corner of the computer screen. 

Measures. The Beck’s Depression Inventory (BDI; Beck, 1978; 
Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) was administered 
to assess the level of depression in participants. Any participant scor-
ing highly (i.e., 10) on this measure was excluded from the data 
analysis, as in previous studies (Dack et al., 2009; Reed & Antonova, 
2007; Reed, Frasquillo, Colkin, Liemann, & Colbert, 2001). This 
was to ensure that the different schedules of reinforcement, and not 
any preexisting depressive condition, were responsible for the evalu-
ative effects reported in this experiment.

A short questionnaire was designed to allow the participants to 
rate the evaluative function of a collection of stimuli, including the 
nonsense syllables used as members of the two equivalence classes 
and the CSs present during the conditioning task. For each stimu-
lus, there was a 7-point scale: 1 being useless, 4 being neutral, and 
7 being good. From this scale, the participants’ evaluations for each 
item could be measured and converted into a number to test for any 
transfer of function.

A consent form was constructed to inform the participants of the 
aim of the experiment and to assure them of the confidentiality of 
the results.

Procedure
Each participant was taken into a quiet room and was given a con-

sent form to read and sign and the BDI to answer before completing 
the experiment.

Derived stimulus relations training. All training and testing 
were conducted using a 2  3 match-to-sample, conditional dis-
crimination paradigm, using stimuli that consisted of two nonsense 
words and an affective word, as shown in Table 1. Two three- member 
equivalence classes were established by training AB and BC rela-
tions in a linear/series structure. Each relation (A1–B1, A2–B2, 
B1–C1, and B2–C2) was presented at least three times during train-
ing in a quasi-random order in blocks of 12 relations. The criterion 
to proceed to the testing phase was 12 consecutively correct trials 
across all stages. There was no time limit for responding to indi-
vidual trials.

Each trial started with the presentation of a sample (Sa) and two 
comparison stimuli. The positive comparison (Co ) stimulus was 
chosen from the same equivalence class as the Sa, and the nega-
tive comparison (Co ) stimulus was chosen from the other class. 
The stimuli were displayed in an isosceles triangle display on the 
monitor, with Sa at the vertex of the triangle and Co  and Co  at 
the corners of the base. The following instructions were presented 
across the middle of the screen on the first trial only:

schedules (Experiment 3) but used a VI 20 schedule and a 
VR schedule that was yoked in terms of the probability of 
an outcome given a response. Experiment 1 was designed 
to extend this research to determine which aspect of these 
schedules (e.g., the response reinforcement rule or the 
probability of an outcome given a response) in the ab-
sence of reinforcement rate differences (rather than in the 
absence of outcome probability difference; Dack et al., 
2009, Experiment 3) drives the generation of evaluative 
judgments and the transfer of such evaluative function. 
Previous research (Reed, 2001a, 2001b) has shown that 
ratings of causal efficacy mirror the patterns of respond-
ing; that is, higher ratings of causal efficacy are given on 
VR, as compared with VI, schedules, despite the former 
schedule often having much lower outcome per response 
probabilities (since it generates a higher rate of response). 
Given this, it might be expected that there would be a 
positive transfer to the CS related to the VR schedule and 
a negative transfer to the CS related to the VI schedule. 
If a VR schedule generated a higher response rate than 
did a VI schedule, even when the rate of reinforcement 
was equated between the schedules, and such a pattern of 
transfer emerged despite the VR schedule having a lower 
probability of an outcome given a response, it would be 
evidence for the importance of the rate of response (and 
therefore, for the factors that control this aspect of sched-
ule performance) in generating evaluative judgments and 
their transfer.

Method
Participants

Fourteen adults participated in Experiment 1 (1 of them male, 
13 female). The ages of the participants ranged from 18 to 20 years, 
with a mean of 19.14 years (SD  0.66). All the participants were 
undergraduates at Swansea University and were recruited by adver-
tisements in the Psychology department. In return for their partici-
pation, they earned subject pool credit. Each participant had normal 
or corrected-to-normal eyesight and did not suffer from color blind-
ness. All were naive as to the purpose of the experiment. The ex-
periment was approved by the Department of Psychology, Swansea 
University, Ethics Committee.

Apparatus and Materials
The experiment was conducted in a quiet room free from distrac-

tion. The experimental room contained only a desk, a chair, and a 
personal computer with a 550-MHz processor, a 35-cm color moni-
tor, and a standard computer mouse. All trial presentations and re-
sponse recordings were controlled by programs written in Visual 
Basic 6.0. All responses involved either mouse clicking or the space 
bar key.

Derived stimulus relations training. The stimuli used as the 
members of the two equivalence classes were nonsense words and 
affective words, as shown in Table 1, along with their correspond-
ing letter–number designation. All the stimuli were composed of 
Arial Bold characters in black, each of which occupied a certain 

Table 1 
Nonsense and Affective Words Used As Stimuli and  

Their Assignment to Equivalence Classes

   A  B  C  

Class 1 lewoly gedeer useless
 Class 2  matser  rigund  good  
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four times, giving a total of 24 trials. No feedback was presented 
during this phase of the experiment.

Eight participants received the derived stimulus relations task 
before the evaluative conditioning task, and the other 6 received 
the tasks in the opposite order. All the participants completed the 
transfer-of-conditioning test last. At the end of the experiment, each 
participant completed the transfer-of-function questionnaire, was 
thanked for participating, and was debriefed.

Results and Discussion

On the basis of the BDI scores (see Dack et al., 2009, 
and Reed et al., 2001), 3 participants were excluded from 
the analysis (BDI scores  10). One of these participants 
also failed to reach the criterion of the equivalence test 
after three training phases. The mean score for the remain-
ing participants on the BDI was 3.91 (SD  2.55).

Derived Stimulus Relations Training and Testing
All the remaining participants passed the emergent rela-

tions test, with an overall mean of 95.45% ( 1.56) class-
consistent responding. This was statistically significantly 
more correct responses than would be expected by chance 
[t(10)  29.20]. Nine participants reached the passing 
criterion on the first test session. One participant needed 
a second training phase before reaching the test criterion 
(i.e., 30/36 correct), and 1 participant needed a third train-
ing phase. The mean number of trials received during the 
training phase(s) was 37.45 (range  15–75, SD  21.59) 
before the test criterion was met. The mean number of 
these trials that were correct was 29.27 (range  14–57, 
SD  15.30).

Evaluative Conditioning Task
The mean rates of responses were collapsed across 

the four trials for both schedules. Inspection of these 
data showed that the response rate was higher for the VR 
schedule (179.77 responses per minute, SD  57.27), as 
compared with the VI schedule (123.35 responses per 
minute, SD  55.13). A repeated measures ANOVA was 
performed on these data, with schedule (VR and VI) and 
trial as factors. A rejection criterion of p  .05 was ad-
opted for this and all subsequent analyses. This analysis 
revealed a statistically significant main effect of schedule 
[F(1,10)  9.77]. There was no statistically significant 
main effect of trial, nor was there a statistically significant 
interaction between the two factors (Fs  1).

Since the VI schedule was yoked to the temporal dis-
tribution of outcomes obtained for the VR schedule, the 
number of outcomes was approximately the same for both 
schedules on each trial. The mean number of outcomes 
averaged across the four trials was the same for both sched-
ules (16.41, SD  5.49). An ANOVA showed no main ef-
fect of trial ( p  .20). For all the participants, each VI 
schedule trial lasted until they had earned the same amount 
of points as on the yoked VR schedule trial. This meant that 
the VI trials were sometimes longer or shorter than 120 sec 
(the length of the VR trials). To ensure that the rate of rein-
forcement was still equated across the two schedules, the 
mean interreinforcer interval (IRI) for each schedule was 
calculated. The mean IRI was slightly longer for the VR 

Look at the Box Above and then Click on the Box Below that 
GOES WITH the one at the Top. Try Your Best NOT to Make Any 
Mistakes.

The participants chose a comparison by clicking on the left- or 
right-hand box containing the stimuli. When feedback was provided 
during training, choosing the Co  produced a 1-sec display of the 
word “Correct,” whereas choosing the Co  produced a 1-sec dis-
play of the word “Wrong.” Both words were displayed in red across 
the middle of the computer screen.

Testing emergent relations. Once the criterion for the training 
session had been met, the test phase commenced, and the correc-
tive feedback was terminated. On the first test trial, the following 
instructions were shown across the middle of the computer screen:

Look at the Box Above and then Click on the Box Below that 
GOES WITH the one at the Top. Try Your Best NOT to Make Any 
Mistakes. DURING THESE TRIALS THE COMPUTER WILL NOT GIVE 
YOU ANY FEEDBACK.

All tests for one-node transitivity (A C) and equivalence (C A) 
were presented in a single block. Each type of relation (A1–C1, 
 A2–C2, C1–A1, and C2–A2) was presented nine times, with 36 tri-
als in total. The mastery criterion for testing was at least 30 correct 
class-consistent selections across the block of 36 test trials, with no 
more than 2 incorrect trials of any one relation. If a participant failed 
to reach this criterion, he or she received further training and testing 
phases. If, after three training phases, a participant still did not meet 
the testing criterion on the third test phase, he or she was told that 
the experiment had finished, was debriefed by the experimenter, and 
was withdrawn from the experiment.

Evaluative conditioning task. The participants were presented 
with the following instructions on the computer screen:

You will shortly see a circle in the centre of the screen. The 
circle will be colored either [Color 1] or [Color 2].1 When you 
see this circle you must press the space bar to earn points. Try to 
earn as many points as possible. You must work out what rate of 
pressing makes you the most points. Click here to proceed.

After presentation of these instructions, the participants were 
exposed to eight schedule trials, which consisted of two alternat-
ing schedules (VR and VI), with the VR schedule always presented 
first. Each schedule was, therefore, presented four times to each 
participant. For one schedule (VR), the participants responded on a 
VR 20 schedule. The participants were required to emit, on average, 
20 responses in order to produce an outcome (i.e., receive a point). 
For a second schedule, the participants responded on a VI schedule, 
yoked to the temporal distribution of outcomes obtained in the pre-
vious VR condition for each participant separately. The yoking was 
done by dividing the total number of outcomes (points) per trial 
on the VR schedule by the total time of each trial (120 sec). This 
number was then used as the overall mean time interval between 
outcomes (points) for the yoked VI schedule. Points were received 
after a time interval that varied around this mean value. The VR trials 
always immediately preceded the VI trials yoked to those VR trials 
and were presented for 2 min. Each VI schedule trial lasted until 
the participants had received the same amount of points as with the 
previous VR schedule. 

Transfer-of-conditioning test. The participants were presented 
with the following instructions on the computer screen:

Look at the Image Above and then Click on the Image Below 
that GOES WITH the one at the Top.

Each trial began with the presentation of one of the six stimuli 
from the two equivalence classes, in the middle at the top of the 
screen, as a sample and with the two colored circles from the evalu-
ative conditioning task, in each corner at the bottom of the screen, 
as the comparisons. The participants chose one of the colored circles 
by clicking on it with the mouse, before moving on to the next trial. 
Each word from the derived stimulus relations training was shown 
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of the stimuli participating in the useless equivalence class 
(Class 1). A within-subjects ANOVA (stimuli  class) 
was performed on these data and revealed a statistically 
significant main effect of class [F(1,10)  5.35]. There 
was no significant main effect of stimuli (F  1) and no 
statistically significant interaction between the two fac-
tors ( p  .27). Dependent t tests showed that the stimulus 
associated with the VR schedule was chosen significantly 
more in the presence of class member A2 as compared 
with A1 [t(10)  3.75], B2 as compared with B1 [t(10)  
5.99], and C2 as compared with C1 [t(10)  4.15].

Transfer-of-Function Questionnaire
The mean ratings (useless–neutral–good ) for each 

nonsense stimulus in each class and for the two condi-
tioned stimuli that signaled the different schedules can be 
seen in Figure 2. Inspection of these data shows that there 
were lower ratings (i.e., more useless) for the members 

schedule (11.25 sec, SD  11.53) than for the yoked VI 
schedule (8.22 sec, SD  7.50). This difference was not 
found to be statistically significant [t(10)  2.08].

The mean probabilities of an outcome given a response 
were nearly twice as high with the VI schedule (.09, SD  
.003) as with the VR schedule (.05, SD  .047). A re-
peated measures ANOVA (schedule  trial) conducted on 
these data revealed a statistically significant main effect 
of schedule [F(1,10)  8.35]. There was no statistically 
significant effect of trial and no statistically significant 
interaction between trial and schedule (Fs  1).

Transfer-of-Conditioning Test
Figure 1 reveals that the participants chose the stimulus 

associated with the VR schedule that had a higher rate of 
response (but a lower probability of an outcome given a 
response) in the presence of the stimuli participating in the 
good equivalence class (Class 2), more than in the presence 
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Figure 2. Results from Experiment 1: Mean ratings for the nonsense stimuli (Class 1 associ-
ated with useless; Class 2 associated with good) and for the conditioned stimuli that signaled 
the two different schedules (variable interval [VI], variable ratio [VR]), with mean standard 
error bars.
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Figure 1. Results from Experiment 1: Mean percentages that the conditioned stimulus 
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ule would produce a positive transfer to the CS to which it 
was related, as compared with the VR schedule.

Method
Participants

Eighteen adults participated in Experiment 2 (2 of them male, 
16 female). The ages of the participants ranged from 18 to 52 years, 
with a mean of 24.94 years ( 8.82). All the participants were either 
undergraduate or postgraduate students at Swansea University.

Apparatus and Materials
The apparatus and materials used were the same as those in Ex-

periment 1, apart from those in the evaluative conditioning task. 
The only difference in this task was the different combinations of 
colored circles that were used to signal the two scheduling condi-
tions. The two schedules were a DRH and a VR schedule. Three dif-
ferent color combinations were used (yellow/white, yellow/blue, and 
blue/white), and these combinations were counterbalanced across 
the participants (3 participants had yellow [DRH] and blue [VR], 
3 participants had blue [DRH] and yellow [VR], 3 participants had 
white [DRH] and blue [VR], 3 participants had blue [DRH] and 
white [VR], 3 participants had yellow [DRH] and white [VR], and 
3 participants had white [DRH] and yellow [VR]).

Procedure
Each participant was taken into a quiet room and was given a con-

sent form to read and sign and the BDI to answer before completing 
the experiment.

Derived stimulus relations training. This was identical to that 
described in Experiment 1.

Evaluative conditioning task. The participants were presented 
with the following instructions on the computer screen.

You will shortly see a circle in the centre of the screen. The 
circle will be colored either [Color 1] or [Color 2] [see note 1]. 
When you see this circle you must press the space bar to earn 
points. Try to earn as many points as possible. You must work 
out what rate of pressing makes you the most points. Click here 
to proceed.

After presentation of these instructions, the participants were ex-
posed to the schedules, which consisted of two alternating schedules 
(DRH and VR). Each schedule was presented four times to each par-
ticipant. The DRH schedule was always presented first and lasted for 
3 min. Each VR schedule lasted until the participants had received 
approximately the same number of points as that on the previous 
DRH schedule (e.g., the mean number of points per trial were the 
following: DRH Trial 1  51.23 [SD  5.48], VR Trial 1  51.38 
[SD  6.04], DRH Trial 2  52.77 [SD  5.56], VR Trial 2  51.69 
[SD  6.28], DRH Trial 3  53.00 [SD  4.73], VR Trial 3  51.77 
[SD  4.89], DRH Trial 4  55.69 [SD  3.40], VR Trial 4  55.15 
[SD  4.22]).

For one schedule condition, the participants responded on a DRH 
5/2 schedule. The participants were required to emit five responses 
in 2 sec in order to produce an outcome (receive a point). In a second 
schedule condition, the participants responded on a VR schedule, 
yoked to the probability of an outcome given a response obtained on 
the DRH schedule. This was done by dividing the total number of 
outcomes (points) per trial on the DRH schedule by the total num-
ber of responses. This number was then used as the overall mean 
probability of receiving an outcome (point) given a response on the 
yoked VR schedule. Points were received with a probability that 
varied around this mean value.

Transfer-of-conditioning test. This was identical to that de-
scribed for Experiment 1.

Half of the participants received the derived stimulus relations 
task before the evaluative conditioning task, and the remaining 
participants received the tasks in the reverse order. All the par-
ticipants completed the transfer-of-conditioning test last. At the 

of Class 1 (associated with the term useless) than for the 
members of Class 2 (associated with good ). To investigate 
whether the conditioned stimuli (colored circles) that sig-
naled the two separate schedules (VR, VI) had joined the 
two existing equivalence classes, a two-factor repeated 
measures ANOVA was performed on the data, with class 
(1 and 2) and stimulus (A, B, and the CS) as the within-
subjects factors. This revealed a statistically significant 
main effect of class [F(1,10)  61.92], no statistically sig-
nificant main effect of stimulus ( p  .30), and no statisti-
cally significant interaction between class and stimulus 
[F(2,20)  3.45].

In summary, response rates were higher with a VR 
schedule than with a VI schedule with the same frequency 
of reinforcement. This result mirrors previous findings 
(e.g., Ferster & Skinner, 1957; Reed, 2001a, 2001b). 
Under these circumstances, the participants rated the 
stimulus associated with the VR schedule (which was as-
sociated with higher rates of responding) as good, and the 
stimulus associated with the VI schedule as useless. In 
addition, in the transfer-of-conditioning test, the partici-
pants were shown to categorize the conditioned stimuli re-
lated to the schedules with the stimuli participating in the 
equivalence classes with the same evaluative function as 
the rating of the conditioned stimuli (good, useless). This 
pattern of data suggests that when two schedules of rein-
forcement with contrasting response reinforcement rules 
(VR, VI) are employed, it is response rate (and the factors 
that may be responsible for this response rate), rather than 
the rate of reinforcement (since this was equated across 
schedules), outcome probability (since this was actually 
significantly higher for the VI schedule than for the VR 
schedule), or the response reinforcement rule, that drives 
the transfer of evaluative function.

EXPERIMENT 2

In Experiment 1, when two schedules of reinforcement 
that differed in terms of their response reinforcement rule 
(VR vs. VI), but not in terms of their rate of reinforcement, 
were compared, the response rate and/or the response re-
inforcement rule were found to be important in determin-
ing the transfer of evaluative function to related stimuli. In 
Experiment 2, we attempted to further explore the factors 
responsible for this transfer by comparing two schedules 
that are likely to produce the same rate of response but 
have different response reinforcement rules. In this way, it 
was hoped to tease apart whether it is the rate of response 
or the response rule that drives evaluative conditioning on 
schedules of reinforcement.

It has been shown that a DRH schedule might have a 
stronger response-reinforcement-based rule than does a 
VR schedule (Reed, 1992). This is because the DRH con-
tingency arranges an outcome only if a number of responses 
have been produced in close proximity. However, it is pos-
sible for participants to produce the same rate of response 
on both schedules (Reed, 2003). If it is the strength of the 
response reinforcement rule that drives evaluative condi-
tioning and transfer of this function, rather than differences 
in response rate, it would be expected that the DRH sched-
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the two schedules produced rates of response similar to 
one another.

The mean number of outcomes per trial, averaged 
across all four trials, was highly similar on the DRH 
schedule (53.17, SD  2.99), as compared with the VR 
schedule (52.50, SD  3.40). However, despite the numer-
ical similarity, a two-factor repeated measures ANOVA 
(schedule  trial) revealed a statistically significant ef-
fect of schedule [F(1,12)  8.27] but no statistically sig-
nificant main effect of trial ( p  .13) and no statistically 
significant interaction ( p  .08). It is unclear whether this 
statistical significance, based on a very small numerical 
difference between the schedules (less than 2% higher re-
inforcement rate for the DRH schedule than for the VR 
schedule), would be discriminable to the participants.

Since the probability of an outcome given a response 
of the VR trials was yoked to the outcome probability of 
the DRH trials, this value was necessarily the same for 
both the DRH (.11) and VR (.11) schedules. An ANOVA 
(trial) showed no statistically significant main effect of 
trial [F(3,36)  1.16].

Transfer-of-Conditioning Test
Inspection of Figure 3 reveals only a small difference 

between the participants’ categorization of the stimulus 
associated with the DRH schedule across the two classes 
(Class 1, useless; Class 2, good ). A repeated measures 
ANOVA (class  stimuli) revealed no statistically sig-
nificant main effect of class (F  1) or stimuli ( p  .24), 
nor was there a significant interaction between the two 
factors (F  1).

Transfer-of-Function Questionnaire
The mean ratings for each nonsense stimulus in each 

class and for the conditioned stimuli that signaled the dif-
ferent schedules can be seen in Figure 4. An inspection 

end of the experiment, each participant completed the transfer-of-
 function questionnaire. They were thanked for participating and 
were debriefed.

Results and Discussion

Before the analyses were performed, 4 participants were 
excluded for high scores on the BDI (i.e., 10; see Reed 
et al., 2001). The mean score for the remaining partici-
pants on the BDI was 4.08 ( 1.75). One participant was 
excluded from all analyses, since the participant withdrew 
from the study after failing to reach the criterion of the 
emergent relations test after two training phases.

Derived Stimulus Relations Testing
All the remaining participants passed the emergent re-

lations test with an overall mean of 98.08% ( 0.66) class-
consistent responding. This was statistically significantly 
more correct responses than would be expected by chance 
[t(12)  72.94]. Eleven participants passed the equiva-
lence test after one training phase; 2 participants needed 
a second training phase before reaching the test criterion 
(i.e., 30/36 correct) needed to continue. The mean number 
of trials received during the training phase(s) was 34.54 
(range  12–77, SD  20.82) before the test criterion was 
met. The mean number of these trials that were correct 
was 26.54 (range  12–54, SD  12.84).

Evaluative Conditioning Task
The mean rate of response, averaged across all four 

trials emitted for the DRH schedule, was 249.41 (SD  
43.46), as compared with 247.67 (SD  45.96) for the 
VR schedule. A two-factor ANOVA (schedule  trial) 
was performed on these data and revealed no statisti-
cally significant main effect of trial ( p  .10) or schedule 
(F  1). There was no statistically significant interaction 
between trial and schedule (F  1). Thus, as was hoped, 
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Figure 3. Results from Experiment 2: Mean percentages that the stimulus (colored circle) 
conditioned with the differential reinforcement of high rate (DRH) schedule was chosen with 
each stimulus from each equivalence class (Class 1  useless; Class 2  good).
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tioned stimuli can be seen in Figure 5. An inspection of 
Figure 5 shows that the participants who responded more 
on the DRH schedule categorized the DRH CS with the 
Class 2 stimuli (i.e., the good class) more than with the 
Class 1 stimuli. The opposite pattern was found within the 
participants who responded more on the VR schedule.

A three-way mixed ANOVA (group  class stimuli) 
was performed on the data. This showed no statistically 
significant main effect of group [F(1,11)  4.09, p  
.07], class (F  1), or stimuli ( p  .18). There were also 
no statistically significant interactions between stimuli 
and group ( p  .25), class and stimuli (F  1), or group, 
class, and stimuli (F  1). However, as can be predicted 
from this suggestion, there was an interaction between 
class and group that was significant [F(2,22)  7.85].

To investigate the significant interaction between class 
and group, two separate one-factor ANOVAs (class) were 
performed for the VR higher rate of response group and 
for the DRH higher rate of response group. For the DRH 
higher rate of response group, there was a statistically sig-
nificant main effect of class [F(1,4)  12.28]. Dependent 
t tests revealed that the participants in this group chose 
the DRH stimulus with the Class 2 (good ) stimuli signifi-
cantly more than those with the Class 1 (useless) stimuli 
[A1–A2, t(4)  6.94; B1–B2, t(4)  4.78; C1–C2, t(4)  
7.62]. For the VR higher rate of response group, there was 
no statistically significant main effect of class [F(1,7)  
2.38, p  .17]. Although the statistical analysis and a nu-
merical inspection of the figures suggest that rate of re-
sponse may be the prime driver of the evaluative transfer, 
these analyses also suggest that this effect was stronger 
for the DRH schedule than for the VR schedule, constant 
with a potential secondary role for the response reinforce-
ment rule.

It may also be possible that the overall reinforcement 
rate may play a role in how the stimuli paired with each 
schedule were categorized. When all the participants were 
analyzed, this was found to be significantly higher for the 
DRH schedule (53.17 outcomes) than for the VR schedule 
(52.50), yet no significant differences in the transfer-of-

of these data shows lower ratings (more useless) for the 
members of Class 1 (associated with the term useless) than 
for Class 2 (associated with the term good ). To investigate 
whether the conditioned stimuli (colored circles) that sig-
naled the two separate schedules (DRH, VR) had joined 
the two existing equivalence classes, a two-factor repeated 
measures ANOVA was performed on the data, with class 
(1 and 2) and stimulus (A, B, and the CS) as the within-
subjects factors. This revealed a statistically significant 
main effect of class [F(1,12)  14.48] and no statistically 
significant main effect of stimulus ( p  .30). The inter-
action between class and stimulus approached statistical 
significance ( p  .07). Simple effect analyses revealed an 
effect of class for Stimulus A [F(1,12)  28.73] and for B 
[F(1,13)  16.02], but not for the CS (F  1).

In summary, when two schedules that had a similar 
rate of response and probability of an outcome given a 
response were compared with one another, there was very 
little differential evaluative transfer in the transfer-of-
 conditioning test, and the CSs were given similar evalua-
tive ratings. These null effects may have occurred because 
the schedule manipulations and/or the amount of training 
the participants received for each schedule were insuffi-
cient to produce a strong effect on behavior. However, an-
other plausible explanation of these results is that it is the 
difference in the rate of response between schedules that 
may be important in determining the evaluative transfer 
to the stimuli. This replicates the findings of previous re-
search (Reed, 2003), which showed that participants gave 
higher ratings of causal efficacy to responses associated 
with a DRH schedule, as compared with a VR schedule, 
only when there was a significant difference in the rate 
of response between the two schedules (higher rate of re-
sponse on the DRH schedule).

To investigate this suggestion further, the data were 
split into two groups: participants with a higher rate of 
response on the DRH schedule than on the VR schedule 
and participants with a higher rate of response on the VR 
schedule than on the DRH schedule. The differences be-
tween how the two groups categorized the DRH condi-
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Figure 4. Results from Experiment 2: Mean rating for the nonsense stimuli (Class 1 associ-
ated with useless; Class 2 associated with good) and for the conditioned stimuli that signaled 
the two different schedules (differential reinforcement of high rate [DRH], variable ratio 
[VR]), with mean standard error bars.
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ules used in the evaluative conditioning tasks seem to be 
an important factor in determining the transfer of affect 
(i.e., participants tend to prefer the stimulus that is related 
to a higher rate of response). This higher rate of response 
may also be related to the strength of the response rein-
forcement rule produced by the schedules. However, the 
schedules used in the previous two experiments reported 
here differ in two aspects concerning the response rein-
forcement rule: first, in terms of their overall response 
reinforcement feedback function (molar), and second, in 
terms of the pattern of responding typically emitted just 
prior to reinforcement (molecular). The feedback function 
relating the rate of response to the rate of reinforcement 
has been implicated in previous research (McDowell & 
Wixted, 1986; Reed, 2007) as an influencing factor on 
causal effectiveness. When there is a strong correlation 
between responding and reinforcement (e.g., on VR and 
DRH schedules), levels of responding and ratings of the 
causal efficacy of responses tend to be higher than when 
there is only a weak overall relationship between respond-
ing and reinforcement (e.g., on a VI or DRL schedule). It 
is important to note that the molecular aspects of a sched-
ule have also been found to impact on response rates and 
causal efficacy ratings (Peele et al., 1984). If a high num-
ber of responses are required for reinforcement (e.g., on 
a VR or DRH schedule), the ratings of causal efficacy 
of those responses also tend to be higher (Reed, 2001a, 
2001b, 2003).

In Experiment 3, we sought to examine whether it is 
the molar or the molecular aspects of the contingencies 
of reinforcement that are responsible for the subsequent 
transfer of affect to the stimuli related to each schedule. 
By comparing tandem VIVR and tandem VRVI schedules 
with one another, it was possible to study the impact of 
the pattern of responses emitted just before reinforcement 
on the transfer of affect to each stimulus, while simul-

conditioning test were seen, suggesting that reinforce-
ment rate was not such a controlling factor as response 
rate. However, if the reinforcement rates correlate with 
the response rates within the two rate of response groups 
(i.e., a higher reinforcement rate on the VR schedule in 
the VR higher rate of response group and a higher rate of 
reinforcement on the DRH schedule in the DRH higher 
rate of response group), it could be the differences in re-
inforcement rate that produce the observed effect in the 
transfer-of- conditioning test.

To test this, the overall reinforcement rates for the DRH 
and VR schedules were compared within the two response 
rate groups. For the DRH higher rate of response group, there 
was no significant difference between participants’ overall 
rate of reinforcement on the DRH schedule (53.40 points, 
SD  2.45) and the VR schedule (52.75 points, SD  2.98) 
[t(4)  1.73, p  .16]. For the VR higher rate of response 
group, the difference between participants’ overall rate of 
reinforcement on the DRH schedule (53.03, SD  3.43) 
and the VR schedule (52.34, SD  3.83) approached sig-
nificance [t(7)  2.15, p  .068]. Since the VR higher 
rate of response group gained more points on the DRH 
schedule but tended to categorize the stimulus associated 
with the DRH schedule with the Class 1 members (use-
less), this suggests that the evaluative transfer was driven 
more by the differences in response rates than by those in 
reinforcement rates. However, the fact that there were no 
significant differences in how the DRH stimulus was cat-
egorized between Class 1 and Class 2 in the VR higher rate 
of response group suggests that reinforcement rate does 
influence the evaluative transfer to some extent.

EXPERIMENT 3

In both of the previous experiments, it was shown that 
differences in the rate of response between the two sched-
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each schedule of reinforcement. The A and B members of each class 
remained the same (see Table 1), but the C1 and C2 members of 
each class were changed to casors and boceem, respectively. These 
stimuli also acted as the CSs during the schedules of reinforcement; 
C1 was presented during the VRVI schedule of reinforcement, and 
C2 was presented during the VIVR schedule.

Procedure
Each participant was taken into a quiet room and was given a con-

sent form to read and sign and the BDI to answer before completing 
the experiment.

Derived stimulus relations training. This was identical to that 
in the previous experiments, except that the C stimuli were casors 
and boceem, instead of useless and good.

Evaluative conditioning task. The participants were presented 
with the following instructions on the computer screen:

Try to earn as many points as possible. Click here to proceed.

After presentation of these instructions, the participants were 
exposed to the schedule trials, which consisted of two alternating 
schedules (a tandem VRVI and a tandem VIVR). Each schedule was 
presented four times to each participant. Each schedule lasted for 
4 min. The tandem VRVI schedule was signaled by the presence of 
C1 (casors) on the computer screen during the task, and the tandem 
VIVR schedule was signaled by the presence of C2 (boceem) on 
the screen.

In one schedule condition, the participants responded on a tan-
dem VR 10 VI 20-sec schedule. The participants were required to 
emit an average of 10 responses to produce access to the VI 20-sec 
schedule. The participants were unaware of when the component 
schedule changed from the VR to the VI. After completion of the 
VI component, an outcome (point) was received for a response on 
a space bar, using a formula in which outcomes were distributed 
around an average of 20 sec, with a range of 1–39 sec. After the 
point was received, the schedule then changed back to the VR 10 
schedule (again, the participants were unaware of this change), and 
the contingency continued to cycle between the two schedules, in 
this manner, until the trial ended.

In a second schedule condition, the participants responded on a 
tandem VI 20-sec VR 10 schedule. The participants had to satisfy 
a VI 20-sec schedule in order to get access to the VR 10 schedule. 
They received an outcome (point) only once they had responded 
around an average of 10 times on the VR 10 schedule. After the 
delivery of a point, the VI schedule was then operative again. The 
component schedules were not differentially signaled.

Transfer-of-function test. The participants were presented with 
the following instructions on the computer screen:

Please click on the word that appears at the top of the screen, and 
drag it on top of one of the 3 words at the bottom of the screen. 
You should choose the word at the bottom of the screen which 
you feel best represents how you would perform on the previous 
space bar task if that word had appeared on the screen.

Each trial began with the presentation of one of the class members 
of either equivalence class (including the conditioned stimuli, C1 
and C2) in the middle at the top of the screen and the words good, 
average, and bad at the bottom of the screen. The participants had to 
drag and drop the stimulus at the top of the screen onto whichever 
word (good, average, or bad ) they thought reflected how they would 
perform if this was the conditioned stimulus in the space bar task. 
Each stimulus was shown four times, with a total of 24 trials. At no 
point during this test were the participants given any feedback for 
their responses.

Results and Discussion

Before the analyses were performed, 7 participants were 
excluded for high scores on the BDI ( 10; see Reed et al., 

taneously controlling for the overall response reinforce-
ment feedback function. Participants are predicted to have 
higher rates of response just before reinforcement with 
the tandem VIVR schedule than with the tandem VRVI 
schedules. Such an effect has been noted numerous times 
in nonhumans (Ferster & Skinner, 1957; Peele et al., 1984) 
and in humans (Reed, 1993). However, the two schedules 
do not differ in their overall molar feedback function relat-
ing rate of response to rate of reinforcement. It was there-
fore predicted that if it is the feedback function relating 
response rate to rate of reinforcement that is solely respon-
sible for the effects in the transfer-of-function test, then, 
given similar feedback functions, there should be no dif-
ferences in how the stimuli associated with the VRVI and 
VIVR schedules are categorized or rated. However, if the 
molecular aspects of the schedules influence the evalu-
ations of the conditioned stimuli, it would be predicted 
that the stimulus related to the VIVR schedule would be 
categorized more with the word good, as well as being 
rated more highly than the stimulus related to the VRVI 
schedule.

The previous experiments used a transfer-of-
 conditioning test that measures whether the CSs can join 
an existing equivalence class by virtue of sharing a com-
mon evaluative function (good or useless) with the mem-
bers of that equivalence class. However, another possible 
procedure for testing for transfer is to train a novel function 
to one member of the equivalence class after it has been 
established and measure whether this function transfers to 
the other members of the equivalence class without fur-
ther training (e.g., if A is paired with a positive or negative 
attribution, then the C [and B] stimulus will also acquire 
positive or negative attributions). This phenomenon is re-
ferred to as the transfer, or transformation, of function and 
has been demonstrated with a number of derived stimulus 
relations and behavioral functions, such as avoidance re-
sponses, preferences, self-discrimination, moods, and so 
forth (see Dymond & Rehfeldt, 2000, for a review). Given 
the potential of equivalence classes to explain widespread 
transfer of functions (see Dymond & Rehfeldt, 2000), a 
further aim of this experiment was to determine whether 
equivalence class members used as conditioned stimuli, 
presented during the evaluative conditioning task, could 
produce a transfer of that function (good or useless) to 
other members of an existing equivalence class that had 
not been directly conditioned to that evaluative function. 
If so, this would extend the generality of the previous ef-
fect (Experiment 1; see Dack et al., 2009).

Method
Participants

Nineteen adults, as described in Experiment 1, participated in 
the present experiment (6 of them male, 13 female). The age of the 
participants ranged from 19 to 26 years, with a mean of 20.56 years 
(SD  1.98).

Apparatus and Materials
The apparatus and materials were identical to those employed 

in the previous experiments, except for the stimuli used as mem-
bers of the two equivalence classes and the CSs presented during 
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Transfer-of-Conditioning Test
To produce a transfer-of-conditioning score for each 

stimulus (A, B, and C), the percentage that each stimulus 
was categorized with the word bad was subtracted from 
the percentage that each stimulus was categorized with 
the word good. A negative score, therefore, reflected a 
negative evaluation (dislike) for that stimulus, whereas 
a positive score reflected a positive evaluation (like) for 
that stimulus. From Figure 6, it can be seen that Class 1 
members, associated with the tandem VRVI schedule, had 
lower scores than did Class 2 members (associated with 
the tandem VIVR schedule). Stimulus C1 (VRVI) had a 
negative value, whereas stimulus C2 (VRVI) had a posi-
tive value. However, these differences were not statisti-
cally significant for each cross-class pair [A1–A2, t(11)  
0.50; B1–B2, t(11)  0.66; C1–C2, t(11)  1.26]. An 
ANOVA (stimuli  class) was performed on these data 
and revealed no statistically significant effect of stimuli 
or class and no significant interaction between the two 
factors (all Fs  1).

Transfer-of-Function Questionnaire
The mean ratings (useless–neutral–good) for each class 

member, including C1 and C2, that had been directly re-
lated to the two different schedules can be seen in Fig-
ure 7. An inspection of these data shows slightly lower 
ratings (more useless) for the members of Class 1 (associ-
ated with the VRVI schedule), as compared with Class 2 
(associated with the VIVR schedule). These differences 
were more prominent for the C stimulus that had been 
presented during the evaluative conditioning task. How-
ever, these differences were not statistically significant 
for each cross-class pair [A1–A2, t(11)  0.21; B1–B2, 
t(11)  0.13; C1–C2, t(11)  1.33]. A repeated measures 
ANOVA (stimuli  class) showed no significant effect of 
class or stimulus, nor was there a significant interaction 
between the two factors (all ps  .20).

2001). The mean score for the remaining participants on 
the BDI was 4.83 ( 2.59).

Derived Stimulus Relations Testing
All the participants passed the emergent relations test 

with an overall mean of 99.07% ( 0.71) class-consistent 
responding. This was statistically significantly more cor-
rect responses than would be expected by chance [t(11)  
68.97]. Ten participants passed the equivalence test after 
one training phase; 2 participants needed a second training 
phase before reaching the test criterion (i.e., 83% correct). 
The mean number of trials received during the training 
phase(s) was 37.00 (range  14–73, SD  20.17) before the 
test criterion was met. The mean number of these trials that 
were correct was 28.92 (range  12–50, SD  14.63).

Evaluative Conditioning Task
The mean rate of responding produced by participants, 

collapsed across all four trials, was higher for the tandem 
VIVR schedule (161.16, SD  116.85) than for the tan-
dem VRVI schedule (121.88, SD  121.88). This finding 
replicated those of previous reports that have studied these 
two schedules (e.g., Peele et al., 1984; Reed, 1993). How-
ever, a two-factor ANOVA (schedule  trial) revealed no 
statistically significant main effect of schedule [F(1,11)  
2.37] and no effect of trial or interaction between schedule 
and trial (Fs  1).

The mean number of outcomes per minute, averaged 
across all four trials, was slightly higher in the tandem 
VIVR schedule (2.15, SD  1.05) than in the tandem 
VRVI schedule (1.75, SD  0.93). A two-factor repeated 
measures ANOVA (schedule  trial) revealed no main 
effect of schedule [F(1,11)  4.33, p  .06] or trial 
[F(3,33)  1.32] and no statistically significant interac-
tion (F  1).

The probability of an outcome was approximately the 
same for each schedule, VRVI (.03) and VIVR (.02).
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no difference between the rates of responding on the 
schedules.

EXPERIMENT 4

In the previous three experiments, schedules were com-
pared that had relatively strong response reinforcement 
rules (e.g., VR, DRH). In these contexts, it has been shown 
that it is differences in the rate of response between each 
schedule that seem to determine the evaluative function 
of the stimuli associated with each schedule. In Experi-
ment 4, we turned to examine the effects of schedules that 
specify only weak response-reinforcement-based rules on 
the transfer of valence.

Previous research (Reed, 2007) has shown that an in-
crease in response rate leads to an increased sensitivity to 
the molar characteristics of the schedule in rats. It might 
therefore be expected that schedules that lead to low rates 
of responding (DRL, VI) may increase participants’ sensi-
tivity to the molecular aspects of the schedule.

To this end, a DRL schedule was compared with a VI 
schedule, yoked in terms of the rate of reinforcement. 
Under these conditions, it might be expected that the 
transfer of function would be influenced by the molecular 
aspects of the schedule. Since a low rate of responding 
is reinforced with both schedules, the probability that a 
response will produce an outcome should also be higher 
on both schedules, potentially highlighting this factor as 
salient for the participants. Since the DRL schedule actu-
ally specifies that reinforcement is delivered only for a 
response that is separated from the preceding response 
by a specified minimum time, it would be predicted that 
there would be a higher probability of an outcome given a 
response in the DRL schedule, as compared with the VI. If 
this factor is important in determining the transfer effect, 
it is predicted that the DRL stimulus will be categorized 

In summary, the results replicate the findings of Ex-
periment 2 showing that when there is no significant dif-
ference between the participants’ rate of responding to 
both schedules, there is also no significant difference 
in the affective evaluations given to the stimuli associ-
ated with each schedule. It was therefore difficult to as-
sess whether an evaluative function trained directly to 
an equivalence class member (i.e., the stimuli associated 
with each schedule) would transfer to other class mem-
bers that had not been directly related to the schedules 
through derived stimulus relations. Further research in 
which schedules are used that do differ significantly in 
the behavior associated with them is needed to investi-
gate this possibility. If the evaluative functions of causal 
efficacy were shown to transfer to stimuli unrelated to 
the schedules of reinforcement, this could potentially 
provide a mechanism for the development of problems 
experienced by individuals that can occur without direct 
learning experience, as are observed in some anxiety dis-
orders and phobias.

The pattern of results suggests, since the overall feed-
back function between the rate of responding and rein-
forcement rate was equated between the schedules and 
the stimuli associated with the schedules did not differ 
particularly in their evaluative ratings, that it may be the 
molar characteristics of schedules of reinforcement that 
are associated with stronger differences in the transfer 
of valence. Another possibility is that the participants’ 
behavior may have been insensitive to the changes be-
tween the schedules and that longer trial lengths may 
have been needed to produce a significant response rate 
difference. The changes in the procedure of the transfer-
of- conditioning test may have also impacted on the re-
sults. Further research would be needed to investigate 
whether the apparent lack of an effect was a product 
of procedural variation or whether, in fact, there was 
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 function questionnaire. They were thanked for participating and 
were debriefed.

Results and Discussion

On the basis of the BDI scores (see Reed et al., 2001), 
5 participants were excluded from the analysis (BDI 
scores  10). The mean score for the remaining partici-
pants on the BDI was 4.47 ( 0.74).

Derived Stimulus Relations Testing
Before the analyses were performed, 2 participants 

were excluded, since they withdrew from the study after 
failing to reach the pass criterion (83% correct class-
consistent responding) after two training exposures. The 
remaining participants passed the emergent relations test 
with an overall mean of 96.48% ( 1.47) class-consistent 
responding. This was statistically significantly more cor-
rect responses than would be expected by chance [t(14)  
31.58]. Fourteen participants reached the passing criterion 
on the first test session, and 1 participant needed a sec-
ond training phase before reaching the test criterion (i.e., 
83% correct). The mean number of trials received during 
the training phase(s) was 49.20 (range  13–178, SD  
53.70) before the test criterion was met. The mean num-
ber of these trials that were correct was 34.60 (range  
12–115, SD  30.88).

Evaluative Conditioning Task
The mean rates of responses to both schedules are 

shown in Figure 8. This shows a slightly higher rate of 
response to the VI than to the DRL schedule. A repeated 
measures ANOVA (schedule  trial) revealed a statisti-
cally significant main effect of trial [F(2,28)  4.77]. 
There was no statistically significant effect of schedule 
[F(1,14)  1.19] and no significant interaction between 
the two factors (F  1).

Since the VI schedule was yoked to the temporal dis-
tribution of outcomes obtained in the DRL schedule, the 
total number of outcomes was the same for both condi-
tions on each trial. The mean number of outcomes on 

with the stimuli participating in the good equivalence class 
and be given higher ratings than the VI stimulus.

Method
Participants

Twenty-two adults, as described in Experiment 1, participated in 
the present experiment (6 of them male, 16 female). The ages of the 
participants ranged from 18 to 39 years, with a mean of 22.43 years 
(SD  5.61).

Apparatus and Materials
The apparatus and materials were the same as those in Experi-

ment 1, apart from those in the evaluative conditioning task. The 
only difference in this task was the different combinations of colored 
circles that were used to signal the two scheduling conditions (DRL, 
VI). Four different combinations were used (yellow/red, yellow/
blue, blue/green, green/yellow), and these were counterbalanced 
across the participants (3 participants had blue [DRL] and green 
[VI], 2 participants had green [DRL] and blue [VI], 2 participants 
had blue [DRL] and yellow [VI], 3 participants had yellow [DRL] 
and blue [VI], 3 participants had red [DRL] and yellow [VI], 3 par-
ticipants had yellow [DRL] and red [VI], 3 participants had green 
[DRL] and yellow [VI], and 3 participants had yellow [DRL] and 
green [VI]).

Procedure
Each participant was taken into a quiet room and was given a con-

sent form to read and sign and the BDI to answer before completing 
the experiment.

Derived stimulus relations training. This was the same as de-
scribed in Experiment 1.

Evaluative conditioning task. The participants were presented 
with the following instructions on the computer screen:

You will shortly see a circle in the centre of the screen. The cir-
cle will be colored either [Color 1] and [Color 2] [see note 1]. 
When you see this circle you must press the space bar to earn 
points. Try to earn as many points as possible. You must work 
out what rate of pressing makes you the most points. Click here 
to proceed.

After presentation of these instructions, the participants were 
exposed to the schedule trials, which consisted of two alternating 
schedules (DRL and VI). Each schedule was presented three times to 
each participant. The DRL schedule was always presented first and 
lasted for 2 min. Each VI schedule lasted until the participants had 
received approximately the same number of points as in the previous 
DRL schedule.

In one schedule condition, participants responded on a DRL 
5-sec schedule. In this schedule, an outcome (a point) was received 
immediately after a response on a space bar, provided that at least 
5 sec had elapsed since the last response had been made or the last 
point had been received. A response before 5 sec had elapsed reset 
the DRL time requirement. In a second schedule (VI), participants 
responded to a VI schedule, yoked to the temporal distribution of 
outcomes obtained in the DRL condition. The yoking was done 
by dividing the total number of outcomes (points) per trial on the 
DRH schedule by the total time of each trial (120 sec). This number 
was then used as the overall mean time interval between outcomes 
(points) for the yoked VI schedule. Points were received after a time 
interval that varied around this mean value.

Transfer-of-conditioning test. This was the same procedure as 
that described in Experiment 1.

Overall, 12 of the participants received the derived stimulus re-
lations task before the evaluative conditioning task, and the other 
10 participants received the tasks in the opposite order. All the 
participants completed the transfer-of-conditioning test last. At the 
end of the experiment, each participant completed the transfer-of-
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A repeated measures ANOVA (class, stimuli) performed 
on the data showed a significant effect of class [F(1,14)  
4.40]. There was no significant effect of stimuli [F(2,28)  
3.15] and no significant interaction between the two fac-
tors [F(2,28)  2.81]. Dependent t tests revealed that the 
stimulus associated with the DRL schedule was chosen 
significantly more with the A2 stimulus than with the A1 
stimulus [t(14)  4.54] and with the C2 stimulus than 
with the C1 stimulus [t(14)  4.90]. No significant dif-
ference was found between the percentages that the DRL 
stimulus was chosen in the presence of the B1 and B2 
stimuli [t(14)  2.74, p  .10].

Transfer-of-Function Questionnaire
The mean ratings for each nonsense stimulus in each 

class and for the two CSs that signaled the different sched-
ules can be seen in Figure 11. An inspection of these data 
again shows lower ratings (more useless) for the members 
of Class 1, as compared with Class 2. The ratings for the VI 
stimulus were similar to the ratings for Class 1 members 
(useless), whereas the ratings for the DRL stimulus were 
similar to the ratings for Class 2 members (good ). A two-
factor ANOVA (class  stimuli) was performed on the 
data. This revealed a significant effect of class [F(1,14)  
90.70]. There was no main effect of stimuli (F  1) and no 
interaction between the two factors [F(2,28)  2.21].

In summary, the probability of getting an outcome given 
a response was higher with a DRL schedule than with a 
VI schedule with the same frequency of reinforcement (al-
though this difference was not significant). The stimulus 
that was associated with the DRL schedule was rated as 
good, and the stimulus related to the VI schedule as use-
less. Participants also showed that they would categorize 
these CSs with existing equivalence classes with the same 
function (i.e., good or useless), despite the fact that they 
had never previously been directly related. This pattern of 
results suggests that when schedules are compared with 
weak response reinforcement rules, the molecular proper-

Trial 1 was 6.00 (SD  5.45), on Trial 2, 10.80 (SD  
7.80), and on Trial 3, 11.00 (SD  7.84). An ANOVA 
revealed a statistically significant main effect of trial 
[F(2,28)  5.62].

The mean probabilities of an outcome given a response 
are shown in Figure 9. This shows an increase in out-
come probability across trials, with a greater probability 
of an outcome given a response on the DRL, as compared 
with the VI, schedule by the end of training. A repeated 
measures ANOVA (schedule  trial) revealed no statis-
tically significant main effect of schedule [F(1,14)  
2.73] and no interaction between trial and schedule 
[F(2,28)  1.82]. There was a significant main effect of 
trial [F(2,28)  10.44].

Transfer-of-Conditioning Test
Figure 10 reveals that the participants chose the CS as-

sociated with the DRL schedule in the presence of the 
stimuli participating in Class 1 (useless) less than in the 
presence of the stimuli participating in Class 2 (good ).
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ter than the stimuli associated with a VI schedule (lower 
outcome probability). The DRL stimulus was also catego-
rized significantly more times with the good equivalence 
class members than was the VI schedule stimulus. This 
suggests that in this context, even a small difference in 
outcome probability between schedules with a weak re-
sponse reinforcement rule can produce differences in the 
valence of the associated stimuli. 

Importantly, these results show how complex sched-
ules of reinforcement are (see Jenkins, 1970) and that, in 
different contexts, different aspects of the schedule can 
determine how good or bad the CSs present during the 
task are rated. When two schedules are compared with 
very different response reinforcement rules (VR vs. VI), 
the stimulus associated with the schedule that produces 
higher response rates (VR) is categorized more with the 
good class members and is given higher ratings than is the 
stimulus associated with the schedule with lower rates of 
responding (despite an equal rate of reinforcement on both 
schedules and a higher outcome probability produced by 
the VI schedule). It seems that, in this context, it is the fac-
tors responsible for the differences in response rate (not 
reinforcement rate) that are responsible for the evaluative 
functions.

This interpretation was supported by Experiments 2 
and 3, where the transfer effects were generally weaker 
than in Experiment 1. The rate of response was the same 
for both schedules in Experiment 2 (VR and DRH) and 
Experiment 3 (VRVI, VIVR), suggesting that when this 
aspect of the schedules is similar, there is little difference 
in how the stimuli associated with each schedule are rated 
and categorized. When participants were separated de-
pending on which schedule they responded the most on 
in Experiment 2, an interaction between group and which 
class the schedule stimuli were categorized with was 
found. The stimulus associated with the DRH was cat-
egorized with the good equivalence class in participants 
who had a higher response rate on the DRH schedule (as 

ties of the schedule may have more influence in determin-
ing the valence of the associated stimuli. In particular, it 
is the high probability that one response will produce an 
outcome as on the DRL schedule that produces higher rat-
ings of efficacy in the transfer-of-function questionnaire. 
This replicates previous findings (Reed, 1992).

GENERAL DISCUSSION

The present series of experiments explored the numer-
ous factors, such as response rate, response reinforcement 
rule, and probability of an outcome given a response, that 
can differ between schedules of reinforcement and their 
impact on the evaluative ratings (good, useless) given to 
CSs associated with each schedule. In addition, the aim of 
the experiments was to demonstrate whether these stimuli 
would join established equivalence classes, through de-
rived stimulus networks, with the same evaluative func-
tion (good, useless), even though these stimuli had not 
been directly associated with either of the schedules (Ex-
periments 1, 2, and 4). In addition, Experiment 3 was de-
signed to test for direct transfer by using CSs during the 
schedule tasks that were already members of preexisting 
equivalence classes, so participants could categorize the 
related stimuli. It was hoped that this would extend the 
generality of the effects.

Overall, these findings replicate those of Dack et al. 
(2009), in that the transfer of valence from the schedule 
task to the related stimuli appears to be determined mainly 
by differences in response rate between the schedules (Ex-
periments 1 and 2) and, to a lesser extent, by the response 
reinforcement rule and reinforcement rate (Experiment 2). 
However, when neither schedule was based on a strong 
response reinforcement rule (Experiment 4), although 
the differences in the probability of an outcome given a 
response between schedules was not found to be signifi-
cant, participants rated the stimuli associated with a DRL 
schedule (higher outcome probability) significantly bet-

1

2

3

4

5

6

7

A B VI Color DRL Color

Stimulus

Transfer-of-Function Questionnaire

M
ea

n
  R

at
in

g
(1

 =
 u

se
le

ss
, 7

 =
 g

oo
d

)

Class 1 Class 2

Figure 11. Results from Experiment 4: Mean ratings for the stimuli in each class (Class 1  
useless; Class 2  good) and the conditioned stimuli that signaled each schedule, with stan-
dard error bars. VI, variable interval; DRL, differential reinforcement of low rate.



364    DACK, REED, AND MCHUGH

and, therefore, more negative transfer might be expected. 
Further research repeating these experiments, but using a 
group of clinical participants, might shed some light on 
any differences between the factors of schedules of rein-
forcement that produce high or low causal efficacy ratings 
and, subsequently, any differences in the transfer of causal 
efficacy functions.

Importantly, the results of these experiments inform us 
about the types of contingencies within the environment, 
in a nondepressed population, that might produce nega-
tive and positive evaluations about the self and, through 
evaluative conditioning and derived stimulus relations, 
how these evaluations about the self might generalize 
to negative schemas about the environment and future 
events. In the majority of the experiments (see also Dack 
et al., 2009; cf. Experiment 4), the more participants re-
sponded in the task, the more they felt effective in the task. 
This might suggest that tasks that are effortful may lead 
to a sense of achievement, whereas tasks where a person 
is rewarded for doing very little, or even nothing at all, 
might possibly produce feelings of guilt or fraudulence. It 
has been shown that when participants imagine that they 
have worked hard on a project and succeeded, they ex-
pected more positive affective reactions than when they 
imagine that they succeeded with little effort (Jagacinski 
& Nicholls, 1984). To explore this issue, future studies 
could employ psychometric measures to investigate any 
changes in participants’ mood after being exposed to the 
different schedules of reinforcement.

However, in people with high levels of depressive symp-
tomology, differences may be found in how they rate their 
causal efficacy under different contingencies. In particu-
lar, there is some evidence (Costello, 1972) that the deliv-
ery of points may not function as reinforcers in depressed 
individuals. Given this, it might be predicted that the pat-
terns of causal efficacy would follow the results produced 
by outcome schedules, where higher ratings of efficacy 
are produced by schedules of reinforcement (such as DRL 
and VI schedules) that tend to reinforce low rates of re-
sponding, as compared with schedules (e.g., DRH or VR 
schedules) that reinforce high rates of responding (Reed, 
1992, 1993). In these studies, the outcomes (i.e., a flash-
ing light) used in the schedule tasks are also unlikely to act 
as reinforcers, and so similar patterns of causal efficacy 
might be expected. Further research would be needed to 
confirm this speculation.2

These experiments begin to inform us about the fac-
tors in the environment that produce positive and negative 
evaluations of self-performance in a task and how evalu-
ative conditioning may model how certain stimuli paired 
with these evaluations come to elicit feelings of hopeless-
ness, and helplessness, in a nonclinical population. In the 
transfer-of-conditioning tests, it was then shown that the 
CSs associated with the task would then join established 
stimulus equivalence classes, through derived stimulus 
networks, with the same evaluative function. This may 
be one possible learning-based approach to explaining 
the development of generalized evaluations (such as ef-
fectiveness, helplessness, etc.) without direct experience 

compared with the VR schedule). These effects suggest 
that the molar aspects of the schedule may play some role 
in determining the valence of the associated stimuli, in 
addition to the overt rate of response.

In Experiment 4, where neither schedule (DRL, VI) 
reinforced high rates of responding, participants rated 
and categorized the stimulus associated with the sched-
ule that had a higher probability of an outcome given a 
response (DRL), despite the fact that this schedule had 
lower response rates. By employing schedules with 
weaker  response–reinforcer correlations and the result-
ing low rates of responding, it seems that the participants 
paid more attention to the molecular aspects of the sched-
ule and, in particular, the probability of an outcome given 
a response prior to reinforcement. In a DRL schedule, 
where a response has to be produced in isolation to be 
reinforced, there will be a higher probability that just one 
response will produce an outcome, in comparisons with a 
VI schedule. In this context, the stimulus associated with 
the high outcome probability (i.e., the perception that one 
response will produce an outcome) is evaluated positively. 
This effect was found despite the fact that the differences 
in outcome probability and response rates were not statis-
tically significant.

It was thought that the results reported by Dack et al. 
(2009) may have been influenced by the interaction be-
tween the previous experimental procedure and the pos-
sible task demands brought about by common labeling 
between the efficacy judgments made after each exposure 
to the schedule (e.g., ineffective, effective) and each equiv-
alence class (each class contained either the word good or 
useless). This, in turn, may have led to some semantic am-
biguity in how participants categorized the related stimuli 
in the transfer-of-conditioning test. However, a transfer 
of valence was observed in Experiments 1 and 4, despite 
no judgment of causal efficacy being implemented after 
each schedule trial. Since there were still differences 
observed in the transfer-of-conditioning test and the 
 transfer-of-function questionnaire after these judgments 
were removed from the procedure, Experiments 1 and 4 
provide evidence of a genuine transfer effect.

Future studies are needed replicating these findings 
using a clinical population before the findings of these ex-
periments can be generalized to such clinical populations. 
Previous research (Alloy & Abramson, 1979) has shown 
differences in judgments of contingencies between re-
sponse and outcomes between depressed and nondepressed 
students. Depressed participants were found to judge the 
contingencies less favorably but more accurately, whereas 
the nondepressed participants overestimated the degree 
of contingency between their responses and outcomes. 
These results may be replicated in depressed and non-
depressed participants’ ratings of causal efficacy, where 
higher ratings may be found in a nondepressed population, 
as compared with a depressed population. There may also 
be differences in the transfer of causal efficacy functions 
between depressed and nondepressed groups. Depressed 
individuals would be expected to have more negative self-
evaluations about their effectiveness at the schedule tasks, 
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