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Abstract There are biases in perceptual matching between
shapes and labels referring to familiar others, compared with
when the labels refer to unfamiliar people. We assessed
whether these biases could be affected by differential feedback
(using the differential outcomes procedure [DOP]) compared
with when feedback is provided using a nondifferential out-
comes procedure (NOP). Participants formed associations be-
tween simple geometric shapes and labels referring to people
the participant did or did not know (self, best friend, other).
Subsequently, the task was to match a label to one of two
shapes shown on a trial. When feedback for correct responses
was given following the NOP condition, matches were faster
to known people (self and friend) compared with those to an
unknown person (stranger). However, this advantage for
known personal relations was eliminated when participants
were given feedback for correct responses following the
DOP condition. The data are consistent with prior work show-
ing that the DOP can facilitate the learning of taxing associa-
tions (for the stranger stimuli relative to the familiar self and
friend stimuli). In addition, the results suggest that the facili-
tated perceptual matching for stimuli associated to individuals
known personally may reflect better individuation of the

association between the shape stimulus and the label, a pro-
cess enhanced by using a DOP for associations with unfamil-
iar people.

Keywords Self-bias . Differential outcomes procedure .

Associative learning

There is considerable evidence that both memory and percep-
tion are strongly modulated by biases towards personally fa-
miliar people. For example, there is preferential processing of
stimuli relating to ourselves and to familiar others relative to
those relating to strangers. In studies of memory, individuals
remember both objects and trait terms better if they judge
them in relation to themselves compared with other people
(Conway, Collins, Gathercole, & Anderson, 1996). The mag-
nitude of the self-advantage varies according to how close to
the self the comparison category is. Overall, there is typically
an advantage for the self over close familiar others (Symons &
Johnson, 1997), but this has not always been found (Bowers
& Gilligan, 1979; Keenan & Ballet, 1980; Seger, Stone, &
Keenan, 2004). In studies of face perception, people are faster
and more accurate at making judgements about their own face
compared with other faces (Sui, Liu, & Han, 2009; Sui, Zhu,
& Han, 2006), and responses to faces of friends also benefit
relative to those of unfamiliar individuals.

One of the problems with studies using high-level judge-
ments is that it is difficult to tie-down exactly which processes
are modulated by self bias. To overcome this problem, we
(Sui, He, & Humphreys, 2012) recently developed a simple
associative learning procedure, which is sensitive to effects of
the self on perceptual processing. In this paradigm participants
are asked to form an association between a shape and a label
referring to themselves, a friend, or a stranger (e.g., circle-you;
square-friend; triangle-stranger). After just a few learning
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trials, a perceptual matching task is performed in which par-
ticipants have to judge whether a shape-label pair was one of
the original set (circle-you) or if it is a new pairing (circle-
stranger). Perceptual matching is substantially more efficient
for stimuli associated to the familiar people (the self but also
familiar others) compared with stimuli associated to unfamil-
iar people (Sui et al., 2012). Furthermore, this advantage for
self-related stimuli interacts with perceptual degradation of the
associated shape: reducing the contrast of the shape disrupts
the matching of shape-label pairs associated with other people
more than the matching of self-related stimuli. This last result
is consistent with self-association enhancing the perceptual
processing of shapes, so that the shapes require less contrast
to be matched.

Differences in the ease of perceptual matching for stimuli
related to the self and familiar others relative to unfamiliar
others are supported by evidence on brain imaging where
regions linked to attentional control are more activated for
unfamiliar others. Sui, Rotshtein, and Humphreys (2013) used
fMRI to measure brain activity in the matching task.
Responses to items linked to familiar others (e.g., the self)
increased activation in the ventromedial prefrontal cortex
(vmPFC) and the left posterior superior temporal sulcus
(LpSTS) compared with when the stimuli linked to unfamiliar
others. In contrast, responding to stimuli relating to unfamiliar
others was associated with increased activity in a
frontoparietal Battentional control^ network (Corbetta &
Shulman, 2002). This last result is consistent with more atten-
tional effort being required to judge the task associations
(shape and label) for other people. In the present study, we
examined whether these more difficult association effects are
modulated by how learning is induced.

Work on animal learning has pointed to the importance of
several factors that determine the ease of forming new associ-
ations. One critical factor is based on whether the learning is
linked to a Bdifferential outcome.^ Differential outcome has
been studied in conditional discriminative learning tasks in
which a correct choice response to a specific stimulus-
stimulus association is reinforced with a particular reinforcer
or Boutcome^ (Trapold, 1970; Trapold & Overmier, 1972).
Typically such tasks involve the presentation of a stimulus,
the Bsample^ stimulus, which must be associated with another
stimulus, usually referred to as the Bcomparison^ stimulus.
Each particular sample-comparison stimulus association re-
quires a specific response that has to be learned. Correct re-
sponses are usually reinforced to foster discriminative learn-
ing of such specific associations. For instance, in one learning
condition, Trapold (1970) associated a particular sample stim-
ulus (e.g., a click) with a particular response lever (e.g., the
one in the left) and other sample stimulus (e.g., a tone) with
other response lever (e.g., the one in the right) in a Skinner
box. The rats had to learn to press the correct lever depending
on the sample stimulus that was presented on each trial.

Correct responses were reinforced with a particular outcome
(e.g., pellets). That standard discriminative learning procedure
was compared with the differential outcomes procedure
(DOP). In the DOP, the design was similar to the one previ-
ously described except that each particular sample stimulus/
correct choice response was followed by a distinct and unique
outcome. Across trials, the rats learned that, in the presence of
a click, a press of the left lever systematically led to one type
of outcome (e.g., pellets), whereas in the presence of a tone, a
press of the right lever systematically led to a different out-
come (e.g., sucrose). The DOP had two important effects on
learning: 1) the rate of acquiring the association accelerated,
and 2) the final accuracy level was greater under the DOP than
under the standard learning procedure.

Since then, the DOP has been used to enhance both condi-
tional discriminative learning and memory, in both animals
and humans (for reviews, see Urcuoli, 2005; López-Crespo
& Estévez, 2013; Savage, 2001). In humans, the bulk of stud-
ies demonstrate that typically developing children and young
adults benefit from DOP in conditional discriminative learn-
ing tasks, when performance is compared with a
nondifferential outcome procedure (hereafter NOP), a control
condition more appropriate than the standard learning proce-
dure used in Trapold’s original study. In the NOP, the control
condition used here, the outcomes (reinforcers) are the same
as those in the DOP, but they are provided in a random way
(Estévez & Fuentes, 2003; Estévez, Fuentes, Mari-Beffa,
González, & Álvarez, 2001; Estévez et al., 2007; Maki,
Overmier, Delos, & Gutmann, 1995; Mok & Overmier,
2007; Mok, Thomas, Lungu, &Overmier, 2009). The benefits
of using the DOP also have been observed in people with
discriminative learning difficulties, such as those with
Down’s syndrome (Estévez, Overmier, Fuentes, &
González, 2003), adults with Prader-Willi syndrome
(Joseph, Overmier, & Thompson, 1997), or children born pre-
maturely (Martínez et al., 2012). Further studies have demon-
strated that the DOP is effective at improving memory-based
performance in healthy children (Martínez, Estévez, Fuentes,
& Overmier, 2009; Martínez, Flores, González-Salinas,
Fuentes, & Estévez, 2013), young adults (Martella, Plaza,
Estevez, Castillo, & Fuentes, 2012; Plaza, Estévez, López-
Crespo, & Fuentes, 2011), and older adults (López-Crespo,
Plaza, Fuentes, & Estévez, 2009), as well as individuals with
memory-based deficits, such as Korsakoff’s syndrome
(Hochhalter, Sweeney, Bakke, Holub, & Overmier, 2000) or
Alzheimer’s disease (Plaza, López-Crespo, Antúnez, Fuentes,
& Estévez, 2012). It is of some interest to note that self-
association has been shown to improve memory in patients
with severe amnesia (Sui & Humphreys, 2013).

The DOP benefits have been explained at both the cogni-
tive and neural levels (for reviews, see Savage, 2001; Savage
& Ramos, 2009). The consistent pairing of a sample stimulus
with a unique outcome, which is characteristic of the
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differential outcomes procedure, results in the activation of spe-
cific conditioned reinforcement expectations for each sample
stimulus. That is, when a sample stimulus is presented an ex-
pectation of the unique outcome associated with that sample
stimulus is activated. That expectation can be conceptualized
as a prospective memory Brepresentation,^ elicited by the sam-
ple stimulus, of which outcome will be forthcoming (Savage,
2001). These expectancies provide an additional source of in-
formation as learning takes place and as the expectancies are
robust to delays and/or working memory demands, correct
responding is facilitated. Ramirez and Savage (2007) showed
that the basolateral amygdala and the orbitofrontal cortex are
critical for the development and maintenance, respectively, of
outcome expectancies in animals when hedonic (e.g., food)
reinforcers are used. In contrast, under more standard
nondifferential outcomes conditions, there is only one source
of information that can guide correct responding. Under these
conditions, participants must rely on their retrospectivememory
for the previously presented sample stimulus to solve the task
successfully (Savage, 2001). The hippocampus has been main-
ly involved in this process in both animal (Savage, Buzzetti, &
Ramirez, 2004) and human (Mok et al., 2009) studies.

Interestingly, the perceptual matching procedure developed
by Sui and colleagues (Sui et al., 2012) has the structure of a
conditional discriminative learning task. Participants have to
learn that a particular label (the sample stimulus) is linked to a
particular shape (the comparison stimulus) and that association
(represented in the target display) requires a specific correct
choice response (to press a particular key). Explicit feedback after
a correct response may be provided (e.g., the word CORRECT,
the reaction time), or when feedback is not made explicit, the
participants notice when their responses are correct and that
knowledge can operate as an implicit feedback stimulus.

In this procedure, as in standard animal learning proce-
dures, correct responses are usually reinforced. However, for
the self and familiar others there may be a more differentiated
linkage formed between the sample and comparison stimuli
than is for the case for stimuli related to unfamiliar people,
given that we carry more information about known than un-
known people and that we may have more motivational inter-
est in familiar individuals. This advantage may be reduced if
differential outcomes learning can be introduced in the Sui
et al. matching procedure, and this may improve performance
mainly for unfamiliar people. This was the purpose of this
study, where we introduced the DOP into the personal associ-
ation task of Sui et al. (2012). We also examined the effects of
the self- and other-associations under conditions in which par-
ticipants had to select the stimulus matching a label (rather
than having participants decide whether a single shape and
label matched). Each display contained a label and two
shapes, and participants selected the shape matching the label.

The effects of the DOP procedure have been found partic-
ularly when the task is relatively demanding (Estévez et al.,

2001, 2007; Legge & Spetch, 2009; Plaza et al., 2011) and
might be more likely to emerge under conditions of competi-
tion between the shapes. In the nondifferential outcomes ver-
sion (the NOP condition) participants received outcomes after
correct self- and other-person matches in a randomway. In the
DOP procedure, participants received individuated outcomes
for each sample-comparison correct match. We asked whether
the DOP procedure selectively benefitted associations to un-
familiar people, consistent with matches to unfamiliar people
both being more difficult and attentionally demanding (Sui
et al., 2013) and normally less differentiated relative to asso-
ciations to known individuals.

Method

Participants

Thirty-eight undergraduates from the University of Almería
(Spain), ranging in age from 18 to 29 years, participated in the
experiment. They received course credits for their participa-
tion. All were naïve with respect to the purposes of the exper-
iment and had normal or corrected-to-normal vision.

Stimuli and materials

The stimuli consisted of three labels (YOU, FRIEND, STRA
NGER, in Spanish), which were associated to three target/
distracter shapes (triangle, square, pentagon). For half of the
trials, each label was presented with both an associated target
shape (e.g., YOU with triangle, FRIEND with square, STRA
NGER with pentagon) and a neutral distracter (the circle), i.e.,
the neutral distracter condition. For the other half of the trials,
the distracter shape was one of the stimuli associated with the
other two labels (e.g., if YOU was associated with triangle,
half of these trials contained a distracter square, associated
with FRIEND, and half contained a distracter pentagon, asso-
ciated with STRANGER), i.e., the incompatible distracter
condition. Primary and secondary reinforcers served as out-
comes. Primary reinforcers were a pen drive, a massage appa-
ratus, and a key ring. Three photographs of these prizes were
used as secondary reinforcers or outcomes.

The stimuli were presented in black on a white background
on a colour monitor (VGA) of a PC. The labels (YOU, FRIE
ND, STRANGER) were displayed in capital letters in font
Courier New 30. The shapes were 3.6-cm wide and 3.6-cm
high. Pictures of the outcomes measured approximately 10 ×
13 cm and were presented individually at the centre of the
screen along with the text: BYoumaywin a (one of the primary
reinforcers)!^ which appeared above the picture after a correct
response. E-prime (Schneider, Eschman, & Zuccolotto, 2002)
controlled the presentation of the stimuli as well as the collec-
tion of the reaction time (RT) and accuracy data.
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Procedure

The experiment consisted of two phases. In the association
phase, participants were told that the label referring to them-
selves (YOU) would be associated with a particular shape,
e.g., a triangle; the label referring to their named best friend
(FRIEND; participants were told to say the name of that per-
son aloud) would be associated with another shape, e.g., a
square; and the label referring to an unknown person (STRA
NGER) would be associated with a third shape, e.g., a
pentagon. Each label and its corresponding shape were pre-
sented four times on the screen to allow participants to form
the associations. Label and shape links were counterbalanced
across participants.

In the experimental phase, participants performed a target
localization task. On each trial, a fixation point (a plus sign)
was presented in the centre of the screen for 500 ms. The
fixation display was followed by the target display for
100 ms, which was then followed by a blank screen for
1200 ms or until the participant responded, whichever oc-
curred first. The target display contained the label on the upper
part of the screen and two shapes, the target and the distracter
shape, in the lower part of the screen (see Fig. 1 for an exam-
ple of an experimental trial). The target was always the shape
associated with the current label for a particular participant.
For half the trials the distracter shape was the one that was not
associated to any label (the neutral distracter condition) and
for the other half it was one of the shapes associated with
another labels (the incompatible distracter condition). The tar-
get shape was located on the right side of the screen for half
the trials and on the left side for the other half. Participants

responded by pressing the key BM^ if the target was on the
right side and the key BC^ if the target was on the left side. A
picture of a prize (the outcome) always followed a correct
response for 500 ms, whereas a blank screen followed incor-
rect responses for the same duration. Participants were told
that the prizes would be accumulated with correct responses
and raffled off at the end of the experiment as a present for
participation. Previous studies have demonstrated that raffling
off the prizes at the end of the study is an effective way of
promoting correct responses and therefore assessing the ef-
fects of the DOP (López-Crespo et al., 2009; Plaza et al.,
2011). Fast responses were encouraged as participants were
only allowed to press the response key within the aforemen-
tioned time frame. A blank screen lasting 200 ms followed the
reinforcer or the time-out period and then the next trial started.

Half of the participants were randomly assigned to the dif-
ferential outcomes procedure (DOP) condition and half to the
nondifferential outcomes procedure (NOP) condition. In the
DOP condition, each label/shape combination was followed
by a specific and unique outcome throughout the experiment.
In the NOP condition, the same outcomes used in the DOP
were used for each label/shape combination, but now they
were provided in a randommanner. All participants performed
6 blocks of 72 experimental trials. There were 216 trials with
the neutral distracter and 216 with an incompatible distracter,
36 trials in each possible combination: friend-distracter with
label Byou^; stranger-distracter with label Byou^; you-
distracter with label Bfriend^; stranger-distracter with label
Bfriend^; you-distracter with label Bstranger^; and friend-
distracter with label Bstranger.^ The instructions highlighted
both speed and accuracy in responding.

Fig. 1 Sequence of stimuli and exposition durations in the experiment
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Results

Table 1 shows the percentage of correct responses and the
mean of the correct RTs. Data from both dependent variables
were submitted to a 2 × 3 × 2 mixed ANOVAwith Outcome
Procedure type (DOP, NOP) as the between-participants fac-
tor, and Label (you, friend, stranger) and Distracter type (in-
compatible, neutral) as within-participants factors. When nec-
essary, post hoc comparisons were calculated by the Least
Significant Difference (LSD) test. The significance level to
reject the null hypothesis was set at p ≤ 0.05. Greenhouse–
Geisser (G–G) corrections were applied to the degrees of free-
dom of the repeated factor in order to correct for any violation
of the sphericity assumption, as assessed by the Mauchly’s W
test.

Accuracy analysis

The analysis conducted on response accuracy showed a sig-
nificant main effect of Distracter type [F(1, 36) = 207.20, p <
0.001, η2p = 0.852]. Participants were less accurate in the
incompatible distracter condition (77 % correct) than in the
neutral distracter condition (93 % correct). The
Distracter type × Outcome Procedure type interaction also
was significant [F(1, 36) = 7.33, p < 0.05, η2p = 0.169]. The
interaction analysis indicated that the interference effect (in-
compatible minus neutral) was reduced in the DOP condition
(interference effect = 13) compared with the NOP (interfer-
ence effect = 19) [F(1, 36) = 7.32, p < 0.05, η2p = 0.169]. The

trend was for this effect to be strongest for stranger-associated
stimuli, but no other effects were statistically significant.

Reaction time analysis

The analysis conducted on the RT data showed significant
main effects of Label [F(1.5, 55.1) = 6.81, p < 0.01, η2p =
0.159] and Distracter type [F(1, 36) = 98.38, p < 0.001, η2p =
0.732]. Regarding the label effect, post hoc comparisons re-
vealed that the label Bstranger^ (665 ms) produced longer RTs
than the labels Byou^ (630 ms) and Bfriend^ (637 ms) (ps <
0.05), but the latter two conditions did not differ significantly
(p > 0.05). Regarding the distracter type effect, the incompat-
ible distracter produced longer RTs than the neutral distracter
(671 vs. 617 ms). The main effect of Outcome Procedure type
was not significant (F < 1). However, there was a significant
Outcome Procedure type × Label × Distracter type interaction
[F(2, 72) = 5.10, p < 0.01, η2p = 0.124]. To further analyze the
three-way interaction, we first looked at the Outcome
Procedure type × Label interaction for each type of distracter.
With the neutral distracter, the Outcome Procedure type ×
Label interaction was not significant (F < 1). Only the main
effect of Label was significant [F(1.5, 54.5) = 9.46, p < 0.01,
η2p = 0.208]; that is, RTs to the label Bstranger^ were longer
than RTs to both the labels Byou^ and Bfriend.^ That pattern of
results changed with the incompatible distracter. Although the
main effect of Label was significant [F(1.6, 58.6) = 4.73, p <
0.05, η2p = 0.116], this effect was now modulated by a sig-
nificant Outcome Procedure type × Label partial interaction
[F(2, 72) = 3.32, p < 0.05, η2p = 0.084]. The partial interaction
analysis revealed a significant Label effect only in the NOP
condition [F(2, 36) = 6.04, p < 0.01, η2p = 0.251]. That is,
there were longer RTswith the label Bstranger^ comparedwith
the labels Byou^ and Bfriend^ (ps < 0.05). However, when
differential outcomes were arranged (in the DOP condition)
significant differences between the labels were no longer ob-
served (ps > 0.05). That is, RTs with the label Bstranger^ were
now reduced to the level of those observed with the labels
Byou^ and Bfriend.^

A second analysis of the three-way interaction took the
difference between the incompatible and the neutral distracter,
i.e., the interference effect, as the dependent variable. The
Outcome Procedure type × Label interaction was again signif-
icant [F(2, 72) = 5.10, p < 0.01, η2p = 0.124] (Fig. 2). The
interference effect with the label Bstranger^ was greater than
the interference effect with the labels Byou^ and Bfriend^ (ps <
0.05) in the NOP condition [F(2, 36) = 3.76, p < 0.05, η2p =
0.173]. In contrast, the interference effect did not differ signif-
icantly between the three labels in the DOP condition (ps >
0.05). In addition, only the interference effect with the label
Bstranger^ showed significant differences between the condi-
tions DOP and NOP [F(1, 36) = 8.72, p < 0.01, η2p = 0.195];

Table 1 Mean percentages of correct responses, standard error of the
mean (SE), and mean correct RTs (in milliseconds) as a function of
Outcome Procedure type (DOP, NOP), Label (you, friend, stranger),
and Distracter type (incompatible, neutral)

YOU FRIEND STRANGER

M SE M SE M SE

Accuracy

Differential (DOP)

Incompatible 80 3.0 78 3.1 79 3.3

Neutral 92 2.8 91 2.1 92 2.4

Nondifferential (NOP)

Incompatible 78 3.1 78 2.5 70 2.7

Neutral 95 0.6 95 1.0 92 1.0

Reaction times

Differential (DOP)

Incompatible 652 27.0 660 15.9 662 21.8

Neutral 596 20.1 611 13.2 624 17.1

Nondifferential (NOP)

Incompatible 661 19.1 663 24.3 728 23.9

Neutral 611 17.0 615 18.3 646 19.0
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the interference effect was greater under the NOP than under
the DOP condition.

To further analyze the modulation of Outcome Procedure
type on the interference effect observed with the label
Bstranger,^ we separated interference coming from the incom-
patible distracter associated with the label Byou^ (ID_YOU)
from that coming from incompatible distracter associated with
the label Bfriend^ (ID_FRIEND). Only the main effect of
Outcome Procedure type was significant [F(1, 36) = 8.72, p
< 0.01, η2p = 0.195], indicating that the DOP condition im-
proved performance (reducing the interference effect) to a
similar extent for both ID_YOU and ID_FRIEND trials
(Fig. 3).

Discussion

Participants formed associations between a personal label and
a shape. Subsequently, they had to select which of two shapes
matched a label. When participants were given the same set of
rewards randomly across each match condition, there were
advantages in selecting shapes associated with familiar others
(the self, the participant’s best friend) compared with an unfa-
miliar other. This replicates prior studies where single shapes
have to be matched with an associated label (Sui et al., 2012).
The novel result is that the cost for unfamiliar others was
eliminated when participants were given differential outcomes
feedback in the selection task. Under the DOP condition,

participants received individuated feedback (a different out-
come was given as feedback for each association). Studies
with both animal and humans have shown that associative
learning is facilitated under DOP conditions (López-Crespo
& Estévez, 2013), particularly under conditions where learn-
ing is more taxing and attentionally demanding (Estévez et al.,
2001, 2007; Plaza et al., 2011).

Work using fMRI has provided converging evidence that
the task of matching shape-label associations for unfamiliar
people is more attentionally demanding than matching similar
associations with familiar people (particularly relative to self-
matches; Sui et al., 2013). The present data fit with this, be-
cause the DOP was selectively beneficial for matching and
selecting targets associated with unfamiliar relative to familiar
others. We suggest that having differential outcomes feedback
helps to form stronger associative links between sample and
comparison stimuli, and, under the conditions examined here,
this benefits the ability to select the target shape linked to the
label for the unfamiliar person. The converse of this result is
that the links formed to familiar others (self, best friend) take a
form of differential learning from the outset, even under con-
ditions of non-differential outcomes. We suggest that this re-
flects the ability of participants to form individuated tokens for
familiar people, which can be associatively linked with the
shapes. This might in turn reflect the greater knowledge we
have about familiar others or the greater motivational signifi-
cance of familiar compared with unfamiliar people. A ques-
tion for future research will be to evaluate which are the crit-
ical factors that benefit associative learning and matching for
familiar relative to unfamiliar others.

One other point to note is, while studies using matching of
single shapes with labels have demonstrated benefits for self-
related stimuli over stimuli associated with familiar others (best
friend, mother; see Sui et al., 2012), we failed to find reliable
differences. We propose that this reflects a difference in the
procedures employed compared with those used previously.
Participants have to use the association to select between two
stimuli, essentially making the current task one of cued retriev-
al. Provided that there was a sufficient difference in association
strength between (1) the shapes linked to familiar target labels
(self, friend) and (2) the strength of the association of the same
label to the critical related distracter (respectively friend for the
self target, or self for the friend target), then the cue to select a
target based on differential familiarity may be equated. For
example, the self label may be strongly related to its own shape,
but also strongly differentiated from the friend shape. This may
mean that there is relatively low competition for a self target
from a friend distracter, but also low competition for a friend
target from a self distracter. In contrast, if matches between
single shapes and labels reflect the absolute strength of that
association, and not the relative difference between one associ-
ation and that to other stimuli, then self-biases may emerge in
experiments using single shape-label matches (if the absolute

Fig. 2 Interference effects (incompatible minus neutral) as a function of
Outcome Procedure type (DOP, NOP) and Label (you, friend, stranger).
Error bars represent the standard error of the mean. DOP = differential
outcomes procedure. NOP = nondifferential outcomes procedure

Fig. 3 Interference effects (incompatible minus neutral) produced by
ID_YOU and ID_FRIEND distracter stimuli paired with the label
Bstranger^ for conditions DOP and NOP. Error bars represent the
standard error of the mean. ID_YOU = incompatible distracter
associated with the label Byou.^ ID_FRIEND = incompatible distracter
associated with the label Bfriend.^ DOP = differential outcomes
procedure. NOP = nondifferential outcomes procedure
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strength of the association is increased for self-related items; Sui
et al., 2012). In addition, if the strength of association from the
label to the shape is generally weaker for unfamiliar items under
NOP learning, then the time to select the unfamiliar item may
suffer overall compared with both friend and self stimuli.
Moreover, there will be a greater benefit for unfamiliar associ-
ations from using DOP learning, as we observed.

It has been found that the effects of self-bias in perceptual
matching to associated shapes extends to members of the
same in-group (Moradi, Sui, Hewstone, & Humphreys,
2015), consistent with members of the in-group being assim-
ilated into a representation of the self (Aron, Aron, Tudor, &
Nelson, 1991). In the current experiments it may be that, in
addition to the procedure being sensitive to relative differ-
ences in familiarity, the participants may have selected closer
friends than in prior experiments, as this factor was not con-
trolled, and closer friends may be linked to the individual’s
self-representation. It is interesting to note that self-biases may
vary across different cultures. For example, self-biases in face
perception relative to familiar others tend to be larger in
Western than Eastern cultures (Sui et al., 2009), likely
reflecting the tendencies towards more individualistic vs.
more collectivist cognition and with the representations of a
friend being more strongly linked to the self in Eastern socie-
ties. Following from the current research, wemay ask whether
some of these cultural differences themselves reflect differen-
tial reward histories for information about the self vs. other
people. Is it the case that Western societies tend to use
more differential reward systems for information linked
to the self whilst group-level rewards are given in
Eastern cultures, reducing differences between the self
and close others? Clearly, these are questions for future
research.

Finally, we note that DOP procedures have been used suc-
cessfully to remediate a variety of learning problems, includ-
ing those affecting patients with Korsakoff’s syndrome
(Hochhalter et al., 2000) and Alzheimer’s disease (Plaza
et al., 2012). Similarly, self-reference effects have been shown
to improve the memory of amnesic individuals (Sui &
Humphreys, 2013). It would be interesting and potentially
important to assess the effects of combining self-reference
and DOP to stimuli to examine how these two effects combine
and whether there may be interactive gains from coupling
DOP and the self.

We conclude that linkages with familiar others can benefit
the formation of shape-label associations, and the use of these
labels in selection tasks, due to the associations being strongly
individuated (for the self and a best friend). For unfamiliar
others, there is a cost of having reduced individuated during
learning, but this can be overcome by introducing differential
outcomes procedures. The results highlight the role of indi-
viduated associations for enhancing learning and subsequent
selection performance.
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