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a b s t r a c t

Two experiments investigated the potential facilitative effects of prior instructed awareness and prede-
termined learning criteria on humans’ ability to make transitive inference (TI) judgments. Participants
were first exposed to a learning phase and required to learn five premise pairs (A+B�, B+C�, C+D�,
D+E�, E+F�). Testing followed, where participants made judgments on novel non-endpoint (BD, BE
and CE) and endpoint inferential pairs (AC, AD, AE, AF, BF, CF and DF), as well as learned premise pairs.
Across both experiments, one group were made aware that the stimuli could be arranged in a hierarchy,
while another group were not given this instruction. Results demonstrated that prior instructional task
awareness led to a minor performance advantage, but that this difference was not significant.
Furthermore, in Experiment 2, inferential test trial accuracy was not correlated with a post-experimental
measure of awareness. Thus, the current findings suggest that successful TI task performance may occur
in the absence of awareness, and that repeated exposure to learning and test phases may allow weak
inferential performances to emerge gradually. Further research and alternative methods of measuring
awareness and its role in TI are needed.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Considerable research has been conducted on the role of con-
scious awareness in learning and memory. Studies have found evi-
dence for learning in the absence of awareness (e.g., Bayley,
Frascino, & Squire, 2005; Cleeremans, Destrebecqz, & Boyer,
1998), while other findings indicate that awareness may (Clark &
Squire, 1998; Cohen & Eichenbaum, 1993) or may not (e.g., Mudrik,
Breska, Lamy, & Deouell, 2011; Purkis & Lipp, 2001; Williams,
2005) be needed for some forms of higher-order memory tasks
requiring the generalization and integration of learning. One such
widely studied task is the transitive inference (TI) task, which is
considered a hallmark of human and nonhuman reasoning abilities
(Vasconcelos, 2008). In a typical TI task, overlapping pairs of simul-
taneous discriminations are trained, such as A+B�, B+C�, C+D�,
and D+E� (where ‘‘+’’ indicates reinforced choices and ‘‘�’’ non-
reinforced choices), before novel combinations of stimulus pairs
(e.g., AE, BD) are presented in a test phase in the absence of feed-
back. Now, the AE test pair may be solved without reference to

the intervening pairs, and A chosen over E, since during training
A is always reinforced and E is never reinforced. On the other hand,
the BD pair have comparable training histories since reinforcement
is made available equally often for choices of B and D during train-
ing. Despite this, selection of B over D is predicted because D was
paired with E during training, which was never reinforced (Ellenb-
ogen, Hu, Payne, Titone, & Walker, 2007; Frank, Rudy & O’Reilly,
2003; Frank, Rudy, Levy, & O’Reilly, 2005; Greene, Spellman, Dusek,
Eichenbaum, & Levy, 2001; Lazareva & Wasserman, 2010; Libben &
Titone, 2008; Martin & Alsop, 2004; Merritt & Terrace, 2011;
Moses, Villate, Binns, Davidson, & Ryan, 2008; Moses, Villate, &
Ryan, 2006; Werchan & Gomez, 2013).

The ability to generalize learning and integrate information in
TI tasks may be mediated by conscious awareness (Libben &
Titone, 2008; Martin & Alsop, 2004; Moses et al., 2006, 2008).
‘‘Awareness’’ in this instance is said to refer to a conscious under-
standing that the stimuli may be ordered along a hierarchy, a rep-
resentation of which is then inspected and used to make inferential
judgements (Greene et al., 2001; Smith & Squire, 2005). Task
awareness is usually measured via post-experimental question-
naires, despite the acknowledged limitations of such measures
(e.g., Lovibond & Shanks, 2002). Greene et al. (2001) instructed
one group of participants that the stimuli formed a hierarchy,
while another group were instructed to learn the pairs by trial
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and error (see also, Libben & Titone, 2008). Measuring BD perfor-
mance early during the learning phase assessed relational reason-
ing: after each block of learning trials, BD trials were tested (and
retested). Greene et al. examined effects on subsequent perfor-
mance and task awareness and found that instructed awareness
led to faster learning and marginally greater accuracy on BD trials.
Despite this, the group given no instructions performed signifi-
cantly above chance on the BD test pair and that successful infer-
ential performance was not correlated with a post-experimental
measure of awareness. Furthermore, it was found that when per-
formance on BD was near perfect, task awareness was not high,
leading Greene et al. (2001) to propose that although explicit in-
structed awareness of the stimulus hierarchy is sufficient for TI,
it may not be necessary. Additional, conflicting evidence however
suggests that awareness of the stimulus hierarchy may in fact be
a critical factor in TI (Martin & Alsop, 2004; Moses et al., 2006,
2008; Smith & Squire, 2005).

Evidence for the role of awareness, and whether or not in-
structed awareness facilitates generalization and integration of
relational information, is therefore inconclusive and confounded
by methodological shortcomings. For instance, the two studies to
manipulate instructed awareness have employed differing learning
and testing protocols and yielded contrasting results (Greene et al.,
2001; Libben & Titone, 2008). That is, presenting the critical BD
probe trials during learning may more readily identify the time
course of the emergence of awareness and successful inferential
performance, but it is confounded by the instructional manipula-
tion. What are needed are unambiguous, separate demonstrations
of the role of instructed awareness of the stimulus hierarchy and
early BD testing on TI and post-experimental awareness measures.
In addition, it may be beneficial to determine whether factors other
than awareness, such as repeated exposure to learning and test
phases enhance TI. That is, the ability to display accurate TI perfor-
mances at test may rely on the establishment of stable patterns of
responding during learning and test phases, rather than awareness.

Thus, in the present study we investigated the relationship be-
tween instructed awareness of the stimulus hierarchy, post-exper-
imental awareness measures and methodological factors such as
early BD probing and repeated learning and testing on the general-
ization and integration of memory in TI. In Experiment 1, one
group of participants were instructed that the stimuli could be ar-
ranged in a hierarchy (Instructed group), while a second group
were not given this information (Uninstructed group). Both groups
then learned five premise pairs (A+B�, B+C�, C+D�, D+E� and
E+F�), followed by testing with inferential, non-endpoint (BD, BE
and CE), and endpoint pairs (AC, AD, AE, AF, BF, CF and DF) as well
as the previously learned premise pairs (AB, BC, CD, DE and EF).
Non-endpoint pairs represent the key trials in which generalized
relational learning is demonstrated as all stimuli have equal histo-
ries of reinforcement and non-reinforcement (unlike endpoint
pairs in which one stimulus is always reinforced and the other
non-reinforced; Vasconcelos, 2008). In addition, Experiment 1
adopted a predetermined test mastery criterion and repeated
exposure to learning and test phases, where necessary. Experiment
2 was similar except that the groups were presented with BD trials
during learning trial-blocks and administered a post-experimental
awareness questionnaire.

2. Materials and method: Experiment 1

2.1. Participants

Forty-three students, 20 men and 23 women, ranging in age
from 18 to 33 years (Mage = 20.51, SD = 2.59) were recruited via
the psychology subject pool at Swansea University. Participants

were allocated partial course credit on completion of the study,
and were randomly assigned to the Instructed (n = 20) or Unin-
structed (n = 23) groups. Ethical approval was obtained from the
Swansea University, Department of Psychology Ethics Committee
prior to commencement.

2.2. Apparatus and stimuli

Six images randomly selected from the Kanji script were used as
stimuli (see Fig. 1). The experimental task was programmed in E-
Prime� (version 1.2), which controlled the presentation of all stim-
uli and recorded all responses.

2.3. Procedure

2.3.1. Learning phase
For participants in both groups, the learning phase began with

the following onscreen instructions:

During this phase you will be presented with two images in the
middle right- and left-hand side of the computer screen. Your
task is to learn to select the correct image. To select the image
on the left, press the marked key on the left of the keyboard.
To select the image on the right, press the marked key on the
right of the keyboard. Sometimes the computer will give you
feedback, and at other times it will not. The computer will tell
you when this phase of the experiment is finished. Please press
the spacebar to begin!

Additionally, participants in the Instructed group were told,
‘‘There is an underlying hierarchy among the images. Your task is to
learn this hierarchy’’; participants in the Uninstructed group were
not given this information.

During this learning phase, all participants were presented with
five adjacent stimulus pairs (A+B�, B+C�, C+D�, D+E� and E+F�;
where ‘‘+’’ and ‘‘�’’ represent the reinforced and non-reinforced re-
sponses, respectively) and they were required to learn these pairs
by trial and error. Both images from a pair were presented simul-
taneously in the middle of the computer screen. To select the
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Fig. 1. The upper panel displays the Kanji images employed during training and
testing. The images are labelled A, B, C, D, E and F (participants were never exposed
to these labels). Also displayed are the premise, endpoint and non-endpoint test
pairs.
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image on the right, participants pressed the ‘‘m’’ key on the com-
puter keyboard, while participants pressed the ‘‘z’’ key to select
the image on the left. Both images remained onscreen until the
participant made a selection. Left- and right- screen position was
counterbalanced across trials. During learning, trials were followed
by feedback presented in white on a black background. For exam-
ple, when the premise pair AB was presented, selections of A were
reinforced with the word ‘‘Correct!’’ while selections of B were
unreinforced with the word ‘‘Wrong’’ (A+B�). Similarly, when the
premise pair BC was presented, correct selections of B were rein-
forced, while incorrect selections of C were unreinforced (B+C�).
The learning phase proceeded in this same manner for the remain-
ing three pairs CD (C+D�), DE (D+E�) and EF (E+F�). Feedback re-
mained onscreen for 1.5 s and was followed by an inter-trial
interval (ITI) of 1.5 s. The five premise pairs were presented in a
quasi-random order, four times each, within a block of twenty tri-
als. In order to successfully complete this phase, participants were
required to achieve 90% accuracy (i.e., make 18 out of 20 correct re-
sponses) on a given block. Learning blocks were repeated, if neces-
sary, until this criterion was met.

2.3.2. Testing
On reaching criterion during the learning phase, participants

proceeded immediately to the test phase, where all feedback was
omitted. During this test phase, participants were presented with
probes for the maintenance of the five premise pairs, alongside
probes for seven endpoint and three non-endpoint pairs (see Ta-
ble 1). Each test pair was presented four times, resulting in a total
of sixty test trials. In order to meet criterion at testing, participants
were required to achieve a minimum mean of 80% accuracy (i.e., 48
out of 60 correct responses), across all test pairs (premise, endpoint
and non-endpoint). If participants failed to meet this criterion, they
were re-exposed to the learning phase, followed again by testing
for a maximum of three further times.

2.4. Statistical analysis

Separate two-way mixed between (Group: Instructed/Unin-
structed) and within (Test Pair Type) analysis of variance (ANOVA)
were conducted to examine accuracy on the premise, endpoint and
non-endpoint test pairs. Post hoc comparisons were conducted
using pairwise comparisons.

3. Results and discussion

Initially, forty-three participants began Experiment 1 but four
from the Uninstructed group terminated their participation before
the maximum four exposures to testing (Instructed n = 20 and
Uninstructed n = 19, respectively). Four participants from the In-
structed group and seven from the Uninstructed group failed to
meet criterion during testing. Thus, 80% of Instructed participants
(16/20) and 63% of Uninstructed participants (12/19) met the test
criterion. Results demonstrated no significant differences in the
number of participants in the Instructed and Uninstructed groups
that met criterion at test (v2 (1, n = 39) = 1.46, p = .243). All partic-
ipants from both groups were included in the analyses, regardless
of whether or not they met the 80% test mastery criterion.

Instructed participants were exposed to the test phase a mean of
2.10 times (SD = 1.29), and Uninstructed participants a mean of
1.9 times (SD = 1.65). No significant difference was found in the
number of exposures to testing between groups (t(38) = .001,
p = 1.000).

3.1. Learning trials to criterion

The Instructed group required between 20 and 680 trials
(M = 107.14, SD = 132.28) and the Uninstructed group between
20 and 860 trials (M = 116.86, SD = 197.11) to meet the learning
criterion. Groups did not differ on the mean number of trials re-
quired to reach criterion, t(37) = �1.304, p = .20 (see also Supple-
mentary Material).

3.2. Accuracy: testing

3.2.1. Premise pairs
Fig. 2A displays the mean percentage correct on all premise

pairs. A two-way mixed ANOVA with premise pair (AB, BC, CD,
DE and EF) as within subjects factors and group (Instructed/Unin-
structed) as between subjects factor was conducted. Mauchly’s test
indicated that the assumption of sphericity had been violated

Table 1
Test trials employed in Experiments 1 and 2.

Test trial type

Premise pairs AB BC CD DE EF
Endpoint pairs AC AD AE AF BF CF DF
Non-endpoint pairs BD BE CE
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Fig. 2. Mean percentage accuracy on, (A) premise pairs, (B) endpoint pairs, and (C)
non-endpoint pairs, for participants in the Instructed and Uninstructed groups in
Experiment 1. Error bars indicate standard error.

A. Munnelly, S. Dymond / Neurobiology of Learning and Memory 109 (2014) 169–177 171



Author's personal copy

(v2(9) = 30.166, p = .001), therefore degrees of freedom were cor-
rected using Huynh-Feldt estimates of sphericity (e = .807; see
Fields, 2013). This analysis revealed no main effect for premise pair
(F(4, 148) = 1.081, p = .368; g2

p ¼ :028) or group (F(1, 37) = .001,
p = .973; g2

p ¼ :001). In addition, there was no interaction between
group and premise pair (F(4, 148) = .100, p = .967; g2

p ¼ :121). This
suggests that accuracy was similar on the premise pairs, and did
not differ between the groups.

3.2.2. Endpoint pairs
Fig. 2B displays the mean percentage correct on all endpoint

pairs. A two-way mixed ANOVA with endpoint pair (AC, AD, AE,
AF, BF, CF and DF) as within subjects’ factors and group (In-
structed/Uninstructed) as between subjects factor was conducted.
Mauchly’s test indicated that the assumption of sphericity had
been violated (v2(20) = 102.066, p = .001), therefore degrees of
freedom were corrected using Greenhouse Geisser estimates of
sphericity (e = .553). This analysis revealed a significant main effect
for endpoint pair (F(6, 222) = 5.086, p = .002; g2

p ¼ :121). Post hoc
comparisons revealed that the accuracy was significantly higher
on the endpoint pair, AF, over the endpoint pairs, AC and AD
(p = .048). In addition, there was neither a main effect for group
(F(1, 37) = 2.109, p = .155; g2

p ¼ :054) nor was there an interaction
between group and endpoint pair (F(6, 222) = 1.699, p = .165;
g2

p ¼ :044). Thus, accuracy did not differ on the endpoint pairs, or
between the groups.

3.2.3. Non-endpoint pairs
Fig. 2C displays the mean percentage correct on all non-end-

point pairs. A two-way mixed ANOVA with non-endpoint pair
(BD, BE and CE) as within subjects factors and group (Instructed/
Uninstructed) as between subjects factor revealed a significant
main effect for non-endpoint pair (F(2, 74) = 6.666, p = .002;
g2

p ¼ :103). Post hoc comparisons showed that accuracy was signif-
icantly higher on the non-endpoint pair CE over BD (p = .012). In
addition, there was no main effect for group (F(1, 37) = 2.722,
p = .107; g2

p ¼ :069) and no interaction between group and non-
endpoint pair (F(2, 74) = 1.561, p = .217; g2

p ¼ :040). This shows
that groups performed similarly on non-endpoint test pairs and
that accuracy was higher on CE trials than on BD trials. In addition,
for the Instructed group, accuracy on the BD non-endpoint pair
was greater than chance (binomial probability test, p < .05), while
for the Uninstructed group, accuracy was not greater than that ex-
pected by chance (binomial probability test, p > .05).

In summary, minimal evidence of between-group differences
was found on accuracy to endpoint and non-endpoint pairs, as well
as the premise pairs, with high accuracy on the non-endpoint pair
CE over BD observed for both groups. Overall, findings from Exper-
iment 1 indicate that while awareness of the stimulus hierarchy
may have a facilitative effect on generalization and integration of
relational memory in a TI task, it may not be necessary. Sixty-three
percent of participants who were not given instructions also met
the test criterion and required a similar number of trials to meet
the criterion as those given instructions. In this way, prior in-
structed awareness of the underlying hierarchy may be necessary,
but not sufficient for accurate relational learning to occur.

Our findings are similar to Greene et al. (2001), although it is
important to note that we used a 6-term series TI task, whereas
Greene et al. employed a 5-term series. It remains unclear whether
or not the Uninstructed group in Greene et al. would have per-
formed above chance levels on the additional non-endpoint pairs
(BE and CE) presented in the current study. Furthermore, and in
contrast to Experiment 1, Greene et al. exposed all participants
to a test phase involving only the BD pair at the end of each learn-
ing block. For example, if participants made a minimum of seven
out of eight correct responses on the BD test pair during the first

block of testing, the experiment ended, and participants were re-
quired to complete the post-experimental awareness question-
naire. If participants did not meet this criterion, the experiment
continued and awareness was only assessed on completion of the
entire experiment (Greene et al., 2001). Therefore, it may be possi-
ble that presentation of BD pairs at the end of learning blocks in
that study enhanced generalization and integration in the TI task
for the Uninstructed group.

4. Experiment 2

In Experiment 2, we investigated whether presenting the infer-
ential test pair, BD, throughout learning phases would lead to
greater accuracy on other inferential trials (e.g., BE and CE) at test.
A secondary aim was to examine association between performance
and post-experimental measures of awareness (Greene et al., 2001;
Lazareva & Wasserman, 2010).

5. Materials and method

5.1. Participants

Fifty-eight students, twenty-six men and thirty-two women,
ranging in age from 18 to 49 years (Mage = 21.61, SD = 4.92) were
recruited via the psychology subject pool at Swansea University.
Participants were allocated partial course credit, or paid £6, on
completion of the study, and were randomly assigned to the In-
structed (n = 29) or Uninstructed (n = 29) group at the start of the
experiment. Ethical approval was obtained from the Swansea Uni-
versity, Department of Psychology Ethics Committee prior to
commencement.

5.2. Procedure

The procedure for Experiment 2 was identical to Experiment 1,
with the exception that during the learning phase, participants
were now presented with probe trials for the non-endpoint test
pair, BD.

5.2.1. Learning phase
Similar to Experiment 1, participants were exposed to learning

with five premise pairs (A+B�, B+C�, C+D�, D+E� and E+F�).
However, in addition, four probe trials were presented, in which
the BD test pair was presented, in the absence of feedback. That
is, four BD probe trials were randomly interspersed among the pre-
mise pairs during learning blocks. Thus, participants were exposed
to a total of twenty learning trials and four BD probe trials during
the learning phase, and were required to achieve a minimum mean
of 90% (i.e., 18 out of 20 correct responses) on the five premise
pairs (AB, BC, CD, DE and EF). Accuracy on the BD probe pair did
not affect mastery criterion during learning, and no other inferen-
tial (non-endpoint) probe trials were presented.

5.2.2. Testing
This phase was identical to Experiment 1.

5.2.3. Post-experimental awareness questionnaire
After completing the experiment, participants were provided

with a questionnaire, which sought to determine what strategies,
if any, were used to respond to novel test pairs. In order to deter-
mine an awareness score for each participant, two scorers were
provided with a scoring guide for each question in the awareness
questionnaire. Each question was assigned a score between 0 and
2 (where 2 = definite awareness, 1 = some awareness, and 0 = no
awareness; see also Moses et al., 2006). For instance, a score of 2

172 A. Munnelly, S. Dymond / Neurobiology of Learning and Memory 109 (2014) 169–177



Author's personal copy

was awarded if a participant correctly ordered all six stimuli in the
hierarchy, a score of 1 was awarded for two or less errors on this
ordering, and a score of 0 was awarded if a participant made three
or more errors on the ordering of the stimulus hierarchy (see Sup-
plementary Materials for information on how each question was
scored). Each participant received a total score out of 18 for their
level of awareness. In order to calculate inter-observer agreement,
the number of agreements between both scorers was divided by
the number of agreements + disagreements � 100. Inter-observer
agreement between both scorers was high (83%).

5.3. Statistical analysis

Separate two-way mixed between (Group: Instructed/Unin-
structed) and within (Test Pair Type) Analysis of Variance (ANOVA)
were conducted to examine accuracy on the premise, endpoint and
non-endpoint test pairs. Post hoc comparisons were conducted
using pairwise comparisons. In addition, Pearson correlations were
conducted individually for the Instructed and Uninstructed groups
on accuracy scores to the non-endpoint pairs, BD, BE and CE, using
scores to Question 9 of the awareness questionnaire. Individual
questionnaire scores for participants in the Instructed and Unin-
structed groups can be seen in Tables 2 and 3.

6. Results and discussion

Initially, fifty-eight participants began Experiment 2 but four
participants from the Uninstructed group terminated their partici-
pation before the maximum four exposures to testing (Instructed
n = 29 and Uninstructed n = 25). Four participants from the In-
structed group and five from the Uninstructed group failed to meet
criterion during testing. Thus, 86% of Instructed participants (25/
29) and 69% of Uninstructed participants (20/29) met the test

criterion. Results demonstrated no significant differences in the
number of participants in the Instructed and Uninstructed groups
that met criterion at test (v2 (1, n = 58) = 2.48, p = .115). All partic-
ipants from both groups were included in the analyses, regardless
of whether or not they met the 80% test mastery criterion. In-
structed and Uninstructed groups were exposed to the test phase
a mean of 1.79 (SD = 1.17) and 2.32 (SD = 1.15) times, respectively,
which did not differ statistically, (t(52) = �1.584, p = .120).

6.1. Learning trials to criterion

The Instructed group required between 24 and 384 trials
(M = 114.46, SD = 95.84), while the Uninstructed group required
between 24 and 432 trials (M = 147.34, SD = 176.94) to meet crite-
rion. This difference was not significant, t(52) = �.146, p = .883; see
also Supplementary Data).

6.2. Accuracy: testing

6.2.1. Premise pairs
Fig. 3A displays the mean percentage correct on all premise

pairs. A two-way mixed ANOVA with premise pair (AB, BC, CD,
DE and EF) as within subjects factors and group (Instructed/Unin-
structed) as between subjects factor revealed no main effect for
premise pair (F(4, 208) = 1.245, p = .293; g2

p ¼ :023) or group (F(1,
52) = .296, p = .588; g2

p ¼ :006), and nor was there an interaction
between group and premise pair (F(4, 208) = .933 p = .446;
g2

p ¼ :018). As found in Experiment 1, this indicates that both
groups performed similarly, and accuracy did not differ on the pre-
mise pairs at testing.

6.2.2. Endpoint pairs
Fig. 3B displays the mean percentage correct on all endpoint

pairs. Mauchly’s test indicated that the assumption of sphericity
had been violated (v2(20) = 78.664, p = .001), therefore degrees of
freedom were corrected using Greenhouse Geisser estimates of
sphericity (e = .608). A two-way mixed ANOVA with endpoint pair

Table 2
Awareness scores to each question for participants in the Instructed group in
Experiment 2.

Participant Q.1 Q.2 Q.3 Q.4 Q.5 Q.6 Q.7 Q.8 Q.9 Total/18

Pass (n = 25)
1 1 2 2 2 2 2 2 2 2 17
2 2 2 2 2 2 2 2 2 2 18
3 1 1 0 2 2 2 2 1 2 13
4 2 0 2 2 2 2 2 2 2 16
5 1 0 0 0 2 2 1 0 0 6
6 1 2 2 2 2 2 0 2 2 15
7 1 2 2 2 2 2 2 2 2 17
8 1 0 0 0 0 2 1 1 2 7
9 1 1 0 2 2 2 2 0 2 12

11 1 2 2 2 2 2 1 2 1 15
12 1 2 1 2 2 2 2 1 2 15
13 1 0 2 2 2 2 1 2 2 14
14 1 0 0 2 2 2 2 0 2 11
16 1 1 0 2 2 2 2 2 2 14
17 2 2 1 0 2 2 2 2 2 15
20 2 0 2 2 2 2 2 2 2 16
21 2 0 1 2 2 2 1 2 2 14
22 2 2 2 2 2 2 1 2 2 17
23 2 0 0 2 2 2 0 2 2 12
24 2 2 0 2 2 2 1 2 0 13
25 2 2 1 2 2 2 0 2 2 15
26 0 0 2 2 2 2 1 1 1 11
27 1 1 0 2 2 2 1 2 2 13
28 1 2 2 2 2 2 0 2 2 15
29 2 1 2 2 2 0 1 1 2 13

Fails (n = 4)
10 1 2 0 2 0 2 2 0 2 11
15 1 2 2 0 0 2 2 0 2 11
18 2 2 2 0 2 2 2 0 2 14
19 2 0 0 0 0 0 1 0 2 5

Table 3
Awareness scores to each question for participants in the Uninstructed group in
Experiment 2.

Participant Q.1 Q.2 Q.3 Q.4 Q.5 Q.6 Q.7 Q.8 Q.9 Total/18

Pass (n = 20)
1 2 1 0 2 2 2 2 2 1 14
3 1 0 0 2 2 2 1 2 2 12
8 1 0 2 2 2 2 2 1 2 14
9 2 1 0 0 2 2 2 2 2 13

11 0 2 2 2 2 2 0 2 2 14
12 1 0 1 0 0 2 1 0 0 5
13 1 0 2 2 2 2 2 2 0 13
15 1 1 0 2 2 2 2 0 2 12
16 1 2 2 2 2 2 2 2 2 17
17 2 1 1 2 0 2 1 1 0 10
18 1 2 2 0 0 2 2 0 2 11
19 1 0 2 2 2 2 2 0 2 13
20 2 0 2 0 2 2 1 0 2 11
21 1 2 1 2 2 2 0 2 2 14
22 0 0 2 2 2 2 0 2 2 12
23 2 0 1 0 0 2 1 0 2 8
24 1 2 2 0 0 2 0 0 2 9
25 2 1 1 2 2 2 1 2 2 15
28 2 0 1 2 2 2 0 2 2 13
29 2 1 0 2 2 2 1 2 0 12

Fails (n = 5)
5 1 2 1 2 0 0 0 0 2 8
6 1 1 0 0 0 2 2 0 2 8

10 1 1 0 0 0 2 2 0 2 8
26 0 0 0 0 0 0 0 0 1 1
27 1 2 2 0 0 0 0 0 1 6
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(AC, AD, AE, AF, BF, CF and DF) as within subjects factors and group
(Instructed/Uninstructed) as between subjects factor revealed a
main effect for endpoint pair (F(6, 312) = 3.038, p = .022;
g2

p ¼ :055). Post hoc comparisons revealed that accuracy was sig-
nificantly higher on the endpoint pair AF, over the endpoint pair,
AC (p = .006). No other differences were observed. In addition,
there was no main effect for group (F(1, 52) = .368, p = .814;
g2

p ¼ :009) and no interaction between group and non-endpoint
pair (F(6, 312) = .368, p = .814; g2

p ¼ :007). In summary, accuracy
differed on the endpoint pairs AF and AC, but not between the
groups.

6.2.3. Non-endpoint pairs
Fig. 3C displays the mean percentage correct on all non-end-

point pairs. Mauchly’s test indicated that the assumption of sphe-
ricity had been violated (v2(2) = 9.136, p = .010), therefore degrees
of freedom were corrected using Huynh-Feldt estimates of spheric-
ity (e = .903). A two-way mixed ANOVA with non-endpoint pair
(BD, BE and CE) as within subjects factors and group (Instructed/
Uninstructed) as between subjects factor revealed that a main ef-
fect for non-endpoint pair just missed significance (F(2,
104) = 3.004, p = .060; g2

p ¼ :055). In addition, there was no main
effect for group (F(1, 52) = 1.342, p = .252; g2

p ¼ :025) and no inter-
action between group and non-endpoint pair (F(2, 104) = .703,
p = .484; g2

p ¼ :013). Thus, accuracy did not differ on the non-end-
point pairs, or between the groups. In addition, for both the
Instructed and Uninstructed groups, accuracy on the BD non-end-
point pair was greater than chance (binomial probability test,
p < .05).

7. Additional analysis

To determine whether the introduction of BD probe trials
during the learning phase of Experiment 2 had a facilitative effect
on performance accuracy on the non-endpoint pair BD, further
analyses were conducted. Mauchly’s test indicated that the
assumption of sphericity had been violated (v2(2) = 6.740,
p = .034), therefore degrees of freedom were corrected using
Huynh-Feldt estimates of sphericity (e = .972). A 2 (Group: In-
structed/Uninstructed) � 2 (Experiment: 1: No BD probe trials;
Experiment 2: BD probe trials) � 3 (Non-endpoint pair: BD, BE
and CE) mixed ANOVA revealed a main effect for non-endpoint
pair (F(2, 180) = 9.919, p = .001; g2

p ¼ :099). Post hoc comparisons
revealed that accuracy was significantly higher on the non-
endpoint pair CE over BD (p = .001) and BE (p = .001). In addition,
this analysis revealed no main effect for group (F(1, 90) = 2.432,
p = .122; g2

p ¼ :026), or experiment (F(1, 90) = 1.493, p = .225;
g2

p ¼ :016), nor was there an interaction between non-endpoint
pair and experiment (F(2, 180) = 1.096, p = .335; g2

p ¼ :012) or
non-endpoint pair and group (F(2, 180) = 1.143, p = .320;
g2

p ¼ :013). Thus, neither the instructed awareness nor introduc-
tion of the BD trials during the learning phase in Experiment 2
influenced inferential accuracy at test.

8. Correlations between test accuracy and post-experimental
measures of awareness

As mentioned, Pearson correlations were conducted individu-
ally for the Instructed and Uninstructed groups on accuracy scores
to the non-endpoint pairs, BD, BE and CE, using scores to Question
9 of the awareness questionnaire. This analysis revealed no corre-
lation between task awareness and accuracy on the BD, BE and CE
non-endpoint pairs, for either the Instructed or Uninstructed
groups (all p’s > .05; see Table 4).
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Fig. 3. (A) Mean percentage accuracy on, (A) premise pairs, (B) endpoint pairs, and
(C) non-endpoint pairs, for participants in the Instructed and Uninstructed groups
in Experiment 2. Error bars indicate standard error.

Table 4
Pearson correlation scores for awareness to Question 9 and test accuracy for
participants in the Instructed and Uninstructed groups in Experiment 2 to the non-
endpoint pairs, BD, BE and CE.

Pair Instructed Uninstructed

Non-endpoint pairs
BD .460 .524
BE .098 .390
CE �.181 �.788
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9. General discussion

In this study, we investigated the role of instructed task aware-
ness in the generalization and integration of relational memory in
a TI task, and sought to determine the potential facilitative effects
of adopting a predetermined test mastery criterion and repeated
exposures to learning and test phases. Results from Experiments
1 indicated that 80% of the Instructed group, and 63% of the Unin-
structed group, met criterion at test. Similarly, in Experiment 2,
86% of the Instructed group and 69% of the Uninstructed group
met test criterion. Thus, results from Experiments 1 and 2 demon-
strated that awareness of the underlying stimulus hierarchy may
not be necessary for successful task performance. Experiment 2
further revealed that awareness of the hierarchy was not corre-
lated with accuracy on non-endpoint test pairs both for partici-
pants who did and did not receive the instructed awareness
manipulation.

9.1. Role of instructed task awareness

In both experiments, accuracy on the endpoint and non-end-
point test pairs did not differ between the Instructed and Unin-
structed groups. In addition, although minor improvements were
noted for the Uninstructed group in Experiment 2 on non-endpoint
pairs with the introduction of the BD probe trials during the learn-
ing phase, the difference in accuracy between Experiments 1 and 2
on the non-endpoint pairs was not significant. Thus, taken to-
gether, findings from Experiments 1 and 2 suggest that awareness
of the stimulus hierarchy may not be necessary for successful TI
task performance.

Experiment 2 of the current study sought to determine the po-
tential facilitative effects associated with the introduction of BD
probe trials during the learning phase, for the Uninstructed group.
That is, would the introduction of BD probe trials during learning,
facilitate accurate responding on the non-endpoint pairs at test?
Indeed, previous research suggests that correct selections of B over
D in the BD test pair is evidence for successful inferential respond-
ing, as both B and D are equally reinforced and non-reinforced
during training (Vasconcelos, 2008). Furthermore, it has been pro-
posed that awareness of the underlying stimulus hierarchy should
be related to successful performance on the BD test pair (Smith &
Squire, 2005). However, despite this, a number of studies have
demonstrated successful inferential performance on the BD test
pair in the absence of awareness (e.g., Frank, Rudy, Levy, & O’Reilly,
2005; Greene et al., 2001). For instance, a previous study by Greene
et al. (2001) sought to determine whether presenting BD probe tri-
als at the end of learning blocks, would more clearly determine the
relationship between inferential performances at test, and aware-
ness of the task. The authors found that the Uninstructed group
performed significantly above chance on the BD test pair and that
successful inferential performance was not correlated with a post-
experimental measure of awareness. This finding led Greene et al.
(2001) to propose that explicit instructed awareness of the stimu-
lus hierarchy may not be necessary for TI. With respect to Experi-
ment 2 of the current study, and in contrast to Greene et al., four
unreinforced probe trials for the non-endpoint pair, BD, were
presented during the learning phase. Although improvements in
accuracy were noted for the Uninstructed group on the BD and
BE non-endpoint pairs in Experiment 2 over those reported in
Experiment 1, this difference was not significant. Furthermore,
the Uninstructed group performed below-chance in Experiment 1
and above-chance in Experiment 2 on the BD non-endpoint pair.
Although the reasons for the differences observed in accuracy of
the Uninstructed group to the BD pair in the current study and
those in the Greene et al. (2001) study remain unclear, procedural

differences between the studies may at least partially account for
the current findings. For instance, the Uninstructed group were ex-
posed to a greater number of non-endpoint test pairs (e.g., BD, BE
and CE), in comparison to Greene et al. Thus, it remains unclear
whether the Uninstructed group in the Greene et al. study would
have performed above chance on the BD non-endpoint pair if par-
ticipants were exposed to additional non-endpoint test pairs (BE
and CE), as in the current study. The inconsistencies between the
current study and Greene et al. (2001), and the differences in accu-
racy on the BD non-endpoint pair between the studies when 5- and
6-items are employed, highlight the need for further research to
determine the factors that influence the emergence of TI.

The finding that awareness of the stimulus hierarchy did not
lead to significant differences in accuracy between the Instructed
and Uninstructed groups on endpoint and non-endpoint test pairs
also warrants further discussion. For example, considerable debate
exists in the literature on TI as to whether awareness is necessary
for individuals to respond to inferential problems at test. For in-
stance, Frank et al. (2005) and Greene et al. (2001) found evidence
for the expression of TI in adult humans in the absence of explicit
awareness, whereas Moses et al. (2006) and Lazareva and Wasser-
man (2010) report that awareness of the stimulus hierarchy is
necessary for successful inferential responding. With respect to
Experiments 1 and 2 of the current study, results revealed that
awareness of the stimulus hierarchy was not necessary for success-
ful task performance, and that 63% (Experiment 1) and 69% (Exper-
iment 2) of participants in the Uninstructed groups met criterion at
test. In addition, Experiment 2 reported that responding on the
inferential, non-endpoint pairs, BD, BE and CE, were not correlated
with post-experimental measures of awareness, for either group.
These findings are similar to Lazareva and Wasserman (2010),
who reported that providing participants with additional instruc-
tions at the start of the experiment does not guarantee awareness
at the end of the experiment. Taken with findings from Experiment
2 of the current study, these findings are important considering the
debate regarding the role of awareness on the emergence of TI. In-
deed, the disparity observed across studies regarding the role of
awareness on TI, illustrates that alternative methods of examining
the role of awareness on the emergence of TI might be needed. For
example, the role of awareness may be more clearly identified by
incorporating concurrent, trial-by-trial measures (Lovibond &
Shanks, 2002). Concurrent probing of awareness may be consid-
ered preferable to the use of post-experimental questionnaires,
which often follow a period of non-reinforced testing (Lovibond
& Shanks, 2002), as was the case in Experiment 2, and permits
the development of cognitive and behavioral processes to be
tracked simultaneously during an experiment. Another alternative
procedure involves identifying the role of private verbal behavior
in operant learning by requiring participants to ‘‘talk aloud’’
throughout all experimental tasks (Cabello, Luciano, Gomez, &
Barnes-Holmes, 2004; Hayes, 1986). Verbalizations may then be
transcribed and correlations tested between the content of verbal
categories and behavioral performance measures. These proce-
dures aim to determine whether verbal behavior affects partici-
pants’ ability to contact the programmed contingencies during
learning and generalization tasks, by measuring both concurrently,
and may prove useful in future studies seeking to examine the role
of awareness in TI.

9.2. Role of learning and test mastery criterion and repeated test
exposures

A secondary aim of the present study was to examine the role of
learning and test mastery criterion and repeated test exposures on
TI test performance. Previous studies have tended to present a
fixed number of learning trial blocks and employ a lower accuracy
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criterion (e.g., 75% in Ellenbogen et al., 2007) on some but not all
premise pairs, or have repeated trial blocks and presented fewer
training trials in additional blocks (e.g., Heckers, Zalesak, Weiss,
Ditman, & Titone, 2004; Smith & Squire, 2005). To our knowledge,
the present study is the first to employ combined accuracy and
exposure criteria during both learning and testing within a tradi-
tional TI paradigm. Previous neurobehavioral research with a 5-
term hierarchy has employed similar learning and testing criteria
but with contextually controlled matching-to-sample procedures
examining arbitrary relations of more than and less than rather
than the overlapping simultaneous discrimination format of the
current experiments (e.g., Hinton, Dymond, von Hecker, & Evans,
2010; Munnelly, Dymond, & Hinton, 2010). In behavioral research
on relational memory ability, the practices of ensuring premise
pairs are learned to high accuracy and of incorporating combined
mastery and exposure criteria during test phases is widely used
to determine whether or not stable inferential performance has
emerged (Dymond & Rehfeldt, 2000; Dymond & Roche, 2013).
Methodological approaches like this are based on a functional view
of learning (Chiesa, 1994; De Houwer, Barnes-Holmes, & Moors,
2013) in which behavior changes as a result of regularities in the
environment. According to this approach, prior learning experi-
ences with a limited subset of information (e.g., the premise pairs)
are usually sufficient for relational integration and generalization
to occur among untested, nonadjacent events (e.g., endpoint and
non-endpoint pairs). Learning the premise pairs to high accuracy,
ab initio, forms the basis on which novel relational memory gener-
alization occurs. Because the expression of relational memory of-
ten emerges gradually and at a different pace across individuals,
using a predetermined exposure criterion thus allows for both pre-
dicted and unpredicted performances to emerge. In this way, a
functional approach makes no assumptions about the ability of
individuals who failed tests for TI to subsequently pass such tests
and only requires that their learning histories be relatively well
matched and controlled prior to the crucial test phases. Moreover,
it assumes that, for largely unspecified reasons, the same proce-
dures may not be uniformly effective in leading to the expression
of relational skills for all those tested. It becomes then an empirical
issue to design tasks that maximize these environmental regulari-
ties and lead to the expression of complex relational skills such as
TI in the majority of participants. The present approach with its
emphasis on predetermined learning and exposure criteria and
parsimony may therefore provide useful in further research on
the cognitive, relational processes underlying TI (De Houwer,
2011; De Houwer et al., 2013).

9.3. Clinical neuroscience implications

The present findings may have implications for understanding
the emergence of relational memory abilities in individuals that
suffer from cognitive impairments, such as amnesia (e.g., Smith &
Squire, 2005) and schizophrenia (e.g., Armstrong, Kose, Williams,
Woolard, & Heckers, 2010; Coleman et al., 2010; Titone, Ditman,
Holzman, Eichenbaum, & Levy, 2004). A number of studies have
shown that TI is impaired in individuals with schizophrenia (e.g.,
Titone et al., 2004). More specifically, while Titone et al. found that
BD performance was impaired in schizophrenia patients (see also,
Coleman et al., 2010), this group was able to learn the premise
pairs, and display high levels of accuracy on the endpoint pair
AE, at comparable levels to controls. Interestingly, awareness of
the stimulus hierarchy is unlikely to be a factor affecting the emer-
gence of TI in schizophrenia because conscious awareness is not
significantly associated with the ability to make inferential judg-
ments in this group (Coleman et al., 2010). Armstrong, Williams,
and Heckers (2012) have proposed that in fact individuals with
schizophrenia suffer from a differential relational memory deficit

and that task awareness is not the contributing factor in explaining
TI impairment. In their study, the authors investigated the poten-
tial facilitative effects of exposing patients to reduced-sized learn-
ing blocks and additional feedback during learning phases in an
attempt to maximize the number of patients exposed to the infer-
ential tests. Only 8% (3/37) of the schizophrenia patients failed to
complete the learning phase, which was an improvement on previ-
ous findings (Armstrong et al., 2010). The learning and testing pro-
tocol employed in the present experiments may therefore provide
an alternative method to examine the emergence of TI in individ-
uals suffering from cognitive impairments, such as schizophrenia.
Furthermore, if additional feedback and reduced learning blocks
were incorporated alongside additional learning and test phases,
it may be possible to generate more accurate inferential respond-
ing in patients with schizophrenia. Clearly, these issues warrant
further investigation.

Neuroimaging research has shown that TI performance in both
healthy controls and clinical groups, such as those with schizo-
phrenia and psychosis, involves differential activation of an
extended network encompassing frontal and parietal lobes, hippo-
campus, midbrain (ventral tegmental area/substantia nigra), and
anterior cingulate cortex (ACC) (Acuna, Eliassen, Donoghue, &
Sanes, 2002; Heckers et al., 2004; Hinton et al., 2010; Ongur
et al., 2006; Shohamy & Wagner, 2008; Van Elzakker, O’Reilly, &
Rudy, 2003; Williams, Avery, Woolard, & Heckers, 2012). For in-
stance, Shohamy and Wagner (2008) found that hippocampal
activation did not differ between correct training trials and gener-
alization trials, but that the magnitude of activation increase in the
hippocampus and midbrain during learning was associated with
subsequent accuracy on the generalization test. The correlation be-
tween hippocampal and midbrain activation during learning and
subsequent test performance was not influenced by either the
strength of retention of the trained pairs or by self-reported aware-
ness of the stimulus hierarchy. Shohamy and Wagner’s findings
indicating that post-experimental awareness of the underlying
hierarchy was largely independent of both task performance and
midbrain/hippocampal modulation are consistent with the present
findings from Experiment 2 showing that awareness was not cor-
related with test accuracy in either group. Instructed task learning,
which resembles the present task awareness manipulation, is
known to activate lateral prefrontal and parietal cortices (Cole,
Laurent, & Stocco, 2013; Stocco, Lebiere, O’Reilly, & Anderson,
2012), although it remains to be seen whether or not these regions
are recruited in an instructed TI task. Future research might, there-
fore, investigate the role of task awareness instructions on the dif-
ferential recruitment of hippocampus, midbrain, frontal regions
and ACC during relational learning and generalization testing.

10. Conclusion

The present findings were obtained with a relatively small sam-
ple size and suggest that task awareness and BD probe presenta-
tion could play a role in facilitating the generalization and
integration of relational memory in a TI task. Further research with
larger samples sizes is necessary to replicate the findings and
determine the size of any possible effects (Lakens, 2013), if any,
of task awareness and emergent probe presentation on TI abilities.
Moreover, the potential utility of incorporating mastery criterion
during test phases and of exposing participants to additional learn-
ing and test phases, if the predicted patterns of performance do not
emerge initially, should be considered in future research on TI.

Overall, we found that awareness of the stimulus hierarchy may
not be necessary for successful task performance. Experiment 2 re-
vealed that accuracy on inferential test trials (BD, BE and CE) did
not correlate with awareness. Neurobehavioral research is needed
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that incorporates alternative methods to determine the specific
role of task awareness and the neural circuitry underpinning rela-
tional memory integration and generalization.
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