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Psychological research has devoted considerable attention to the relationship between the multiple
category dimensions that can be extracted from faces. In the present studies, we investigated the role of
experience and learning on the way the social perceiver deals with multiple category dimensions.
Specifically, we tested whether learning which of 2 dimensions is the most relevant to the task at hand
influences the encoding and retrieval of both task-relevant and irrelevant dimensions. In our studies,
participants went through several cycles, each consisting of a study and a test phase. We manipulated the
structure of the tests such that participants were probed on only 1 category dimension (age or gender),
despite viewing faces of both category dimensions in all study phases. We hypothesized that when
participants were repeatedly tested on 1 dimension, they would proactively control their attention toward
that specific dimension and away from the nonrelevant dimension. Five studies demonstrated that: (a)
participants learned which dimension was test-relevant such that they gradually became faster and more
accurate on that dimension; (b) when the gender dimension was test-relevant, participants were faster and
more accurate retrieving information concerning the target faces’ gender than age, while the opposite did
not happen when the age dimension was test-relevant; and (c) this dominance of the gender dimension
is mainly caused by the inhibition of the age dimension. Implications about the importance of previous
experience and control for research on social categorization in general and research examining the
interplay between gender and age are discussed.
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Imagine the following scenario. You work in a consulting com-
pany and your director has chosen you to run a focus group about
a supermarket chain. She did not give you any particular instruc-
tions about what to look for in the focus group. During the focus
group discussions, you took notes about each candidate’s views on
different topics. After this first focus group discussion, you meet
with your director. In this meeting, she asked you several questions
about the views expressed by the senior versus the junior members
of the group and particularly about how they differed. Will this
meeting with the director, namely the nature of the questions she
asked you, influence the way you will run the next focus group
discussion about the supermarket chain?

As illustrated in this hypothetical scenario, the purpose of the
present research is to examine whether learning the task require-
ments determines the encoding and retrieval of new social infor-
mation. In other words, do the requirements of a previous retrieval
task help people tune their encoding strategies to the most relevant
stimulus dimensions when confronted with similar yet new stim-
uli? We tested this idea in the context of social categorization from
faces. Namely, we examined the encoding and retrieval of two
basic social categories for person perception—gender and age
(Brewer, 1988; Fiske & Neuberg, 1990). Going back to our sce-
nario, you could learn from the questions asked by the director that
the age of the focus group members is a critical dimension and, in
the next group discussion, shift your attention (either tacitly or
more deliberately) to the age and away from the gender of the
group members.

In the next paragraphs, we elaborate on these ideas. Namely, we
first briefly review the social cognition literature on the extraction of
social categories from facial cues. Then, we describe the studies that
have examined the interplay between multiple category dimensions.
Finally, we detail the goal and hypothesis of our research.

The Prevalence of Social Categorization

People spontaneously classify other people according to their
social category memberships (Allport, 1954; Tajfel & Turner,
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1979, 1986). Upon seeing an unfamiliar person, we may, for
example, categorize the person as a senior, infer that the person
may need help to go up the stairs and consequentially adjust our
behavior to help the person. This elegant cognitive strategy dra-
matically facilitates the perceiver’s job as it reduces the demands
of dealing with several different people every day. Social catego-
rization is, thus, an essential element of social perception (Allport,
1954; Brewer, 1988; Fiske & Neuberg, 1990; Freeman & Ambady,
2011; Macrae & Bodenhausen, 2000).

One important conclusion that can be drawn from early research
is that the encoding of social category memberships typically
occurs spontaneously and unintentionally. For example, several
studies using the classic “Who said what?” paradigm (Taylor,
Fiske, Etcoff, & Ruderman, 1978) have shown that the mere
observation of a discussion between members of different social
categories is enough to trigger category encoding. This process is
reflected by the pattern of recall errors systematically committed
by participants when later asked to match each discussion state-
ment with its original speaker. That is, they tend to show a higher
likelihood of misattributing a statement to a member of the speak-
er’s category than to a member of a different category (e.g., Blanz,
1999; Klauer, Ehrenberg, & Wegener, 2003; Klauer & Wegener,
1998; Pietraszewski, Cosmides, & Tooby, 2014; Stangor, Lynch,
Duan, & Glas, 1992; Taylor et al., 1978; van Twuyver & van
Knippenberg, 1995).

From all the social category dimensions described in the liter-
ature, race, gender, and age seem to possess a unique cognitive
status. According to classic social perception models, these dimen-
sions have such a high level of chronic accessibility—presumably
because of its frequent activation in daily life—that one cannot
avoid noticing and using them (e.g., Brewer, 1988; Fiske & Neu-
berg, 1990). Another reason why these particular category dimen-
sions are so salient to the perceiver is their distinct physical
markers. They are easily distinguished based on a host of facial
features (e.g., skin texture, skin color, hairstyle, and hair color/
quantity; Berry & McArthur, 1986; Blair, Judd, & Chapleau, 2004;
Brebner, Martin D., & Macrae, 2009; Burt & Perrett, 1995; John-
son & Tassinary, 2005; MacLin & Malpass, 2001; Macrae &
Martin, 2007). Actually, categorization accuracy for race, age, and
gender typically approaches ceiling levels (George & Hole, 1995;
D. Martin & Macrae, 2007; Remedios, Chasteen, Rule, & Plaks,
2011).

Numerous ERP studies have shown that these perceptually basic
category dimensions are encoded at very early stages of visual
processing regardless of their relevance to the perceiver’s task
(e.g., Ebner, He, Fichtenholtz, McCarthy, & Johnson, 2011; Free-
man, Ambady, & Holcomb, 2010; Ito & Urland, 2003; Kubota &
Ito, 2007; Mouchetant-Rostaing & Giard, 2003; for a review, see
Amodio, Bartholow, & Ito, 2014). For example, Ebner and col-
leagues (2011) demonstrated that the age of the target faces (young
vs. old) affected electrophysiological responses as soon as 160 ms
after stimulus onset.

Furthermore, it appears that the encoding of these basic category
dimensions occurs even when faces are displayed in suboptimal
conditions. For example, research has shown that manipulations
that typically interfere with the encoding of the target’s identity,
like face inversion, blurring, or brief presentation, have little or no
impact on the extraction of category information (e.g., Cloutier &

Macrae, 2007; Cloutier, Mason, & Macrae, 2005; Macrae, Quinn,
Mason, & Quadflieg, 2005).

How to Deal With Multiple Category Dimensions?

In much of the early research on social categorization, the
emphasis was on studying the effects of a single focal category
dimension on the person perception process (Macrae & Boden-
hausen, 2000). Researchers deliberatively manipulated stimulus
faces such that they only varied along the dimension of interest
(e.g., gender) while keeping all other possible dimensions constant
(e.g., age). Although this approach revealed important insights,
real life is much more complex. For example, when actual persons
are encountered, multiple category dimensions can be readily
extracted from the face alone, and from these dimensions, multiple
stereotypical inferences, some of them contradictory, can be
drawn. Thus, it is important to understand how perceivers deal
with this complexity problem. Do they focus solely on one dimen-
sion or do they simultaneously categorize along multiple dimen-
sions (for recent reviews, see Bodenhausen & Peery, 2009; Crisp
& Hewstone, 2007)?

According to one theoretical account, perceivers solve the com-
plexity problem by focusing on one relevant category dimension
while inhibiting other nonrelevant, but applicable, dimensions
(Bodenhausen & Macrae, 1998; Brewer, Ho, Lee, & Miller, 1987;
Hewstone, Islam, & Judd, 1993; Roccas & Brewer, 2002). That is,
although perceivers might be perceptually sensitive to nonrelevant
category dimensions, the first dimension to reach a certain activa-
tion threshold will come to dominate social perception. Nonrel-
evant category dimensions will be actively inhibited so that per-
ceivers can coherently focus on the dimension of interest
(Bodenhausen & Macrae, 1998; Macrae, Bodenhausen, & Milne,
1995; Sinclair & Kunda, 1999, 2000). Thus, according to this
account, any category dimension can become temporarily domi-
nant depending on its contextual and motivational relevance (for a
review of the main determinants of category dominance, see
Bodenhausen, Todd, & Becker, 2007).

The perspective that perceivers are able to focus only on one
relevant category dimension is, however, inconsistent with a num-
ber of findings showing that nonrelevant dimensions can interfere
with the processing of relevant dimensions (e.g., Carpinella, Chen,
Hamilton, & Johnson, 2015; Freeman, Nakayama, & Ambady,
2013; Hess, Adams, & Kleck, 2004; Johnson, Freeman, & Pauker,
2012; Purdie-Vaughns & Eibach, 2008; Smith & Zarate, 1992;
Stroessner, 1996; Zárate & Smith, 1990; for a review, see Johnson,
Lick, & Carpinella, 2015). For example, it has been shown that
race and gender mutually influence one another, such that manip-
ulating the race of target faces systematically biased gender cate-
gorizations (Johnson et al., 2012) while varying the masculinity or
femininity of facial cues affected race categorizations (Carpinella
et al., 2015).

The Present Research

As demonstrated in the previous paragraphs, research has yet to
find a satisfactory solution to the problem of how the social
perceiver deals with multiple category dimensions. We argue that
a contributing factor for this knowledge gap is the neglect of
experience and learning. In our view, the problem of dealing with
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multiple category dimensions is a problem of control, of establish-
ing processing priorities between these dimensions according to
context constraints and goal requirements. Several authors have
argued that there are two types of control: proactive and reactive
(e.g., Braver, 2012; Purmann, Badde, & Wendt, 2009; Ridderink-
hof, 2002). Proactive control is the process by which the sustained
and anticipatory maintenance of goal-relevant information is ac-
complished, and it is required for adaptive cognitive performance.
Reactive control, on the other hand, reflects transient conflict
detection and unpredicted stimulus-driven interference obstacles
derived from task-irrelevant previous learning (Braver, 2012). One
typical characteristic of the process of adaptive proactive control is
that it requires knowledge about, experience, and practice with the
relevant task to be implemented. Typically, social categorization
paradigms deal with a single study and test cycle (e.g., Klauer et
al., 2003), the residual effects of previous tasks (e.g., Macrae et al.,
1995), novel tasks for participants or with surprising requirements
(e.g., Freeman & Johnson, 2016), and/or aleatory changes in the
required task responses (e.g., Carpinella et al., 2015; Quinn &
Macrae, 2005). Under these conditions, reactive dominates proac-
tive control and responses are typically suboptimal, with substan-
tial interference effects from task-irrelevant attributes.

Therefore, in the present research, we sought to further
explore how people deal with multiple category dimensions
under conditions that allow for proactive control. Specifically,
we focused on the relationship between gender and age under
several cycles of study and test. We chose these two category
dimensions because they have received considerably much less
attention when compared with gender and race (e.g., Cloutier,
Freeman, & Ambady, 2014; Klauer et al., 2003; Quinn &
Macrae, 2005). To do so, we drew on recent developments in
memory research suggesting that the act of retrieving informa-
tion from memory is a powerful learning tool, both in boosting
future recallability and in potentiating subsequent encoding
(e.g., Arnold & McDermott, 2013; Cho, Neely, Crocco, &
Vitrano, 2017; Garcia-Marques, Nunes, Marques, Carneiro, &
Weinstein, 2015; Karpicke & Roediger, 2007).

According to recent research by Garcia-Marques and colleagues
(2015), the experience of retrieval can serve as a powerful cue for
the most effective ways to encode similar information in compa-
rable future study episodes. The idea tested by these researchers
was that repeatedly retrieving information from memory furnishes
participants with knowledge regarding the specificities of the
retrieval task, allowing for the adaptive control of subsequent
encoding and/or retrieval strategies. In their study, participants
went through several successive cycles, each composed of a study
phase followed by a test phase. What was manipulated across
cycles was only the structure of the test phases. No instruction-
based manipulations were used. In one between-participants con-
dition, the lures were exemplars from different taxonomic catego-
ries than the exemplars previously studied (e.g., animal
exemplars � exemplars from different categories); in the other
condition, lures and studied exemplars all belonged to the same
category. Thus, for the participants in the former condition, the
structure of the test encouraged the use of a conceptually based
encoding strategy in the next cycle’s study phase. That is, the
identification of the category of the exemplars included in each
study list was sufficient to assure good performance in the subse-
quent recognition test. For the participants in the latter condition,

however, the test did not encourage the use of conceptually based
encoding strategy. For these, the best encoding strategy was to
attend to the distinctive features of the studied exemplars.

More important, in the last cycle, all participants were tested
with lures from the same category of the previously studied ex-
emplars. This means that the structure of the test changed for the
participants who had been tested in the previous cycles with the
lures from a different category. Thus, if these participants learned
the structure of the tests and adapted their encoding strategies
accordingly, they should have attended more to the category mem-
bership of the exemplars and less their distinctive features. If this
was the case, then the recognition performance of these partici-
pants in this cycle should have dropped abruptly comparing with
their performance in the previous cycles. Indeed, this was what the
results of this study showed. Actually, their performance was so
low that it stayed at the level of the participants who were always
tested with lures from the same category.

The hypothesis examined in the current research stems directly
from the ideas just described. Specifically, we predicted that the
requirements of past and (expected) future tests would determine
participants’ encoding of age and gender information. Thus, if in
previous tests participants were probed on the gender of a set of
target faces, we expected them to learn the relevance of gender to
the test and gradually shift their attention to the gender of new
faces and away from the age of the same faces. As a consequence,
they should show better memory performance for gender than age.
We expected the reverse pattern when age was the test-relevant
dimension, namely when previous tests probed participants regard-
ing the age of the faces. Hence, in line with previous work (see
Bodenhausen & Macrae, 1998; Macrae et al., 1995; Sinclair &
Kunda, 1999, 2000), our hypothesis also predicts that one category
dimension can temporarily dominate social perception. However,
such temporary dominance will be the result of proactive control
implemented throughout the successive study-test cycles.

Our study differs from previous social categorization studies,
particularly those that have used the Who-Said-What paradigm
(e.g., Klauer et al., 2003; Stangor et al., 1992; Taylor et al., 1978),
in two main aspects. First, we manipulated the relevance of social
dimensions in the retrieval phase while leaving the encoding phase
untouched. To our knowledge, all the existing studies have ori-
ented participants’ encoding processes by delivering their manip-
ulations during the instructions to the task or during encoding
phase itself. For example, Klauer et al. (2003) made the partici-
pants focus on a given relevant dimension using stereotypical
discussion topics of each category dimension.

Second, because we were interested in understanding the dy-
namic changes in encoding strategies as a result of previous test
requirements, we created an experimental paradigm that gives the
opportunity for participants to learn from the tests. We believe this
is an important feature of our paradigm because it not only resem-
bles the way we acquire new information in everyday life but also
seems to allow for proactive control to be established as we
explained above.

By integrating research in social categorization with recent ideas
coming from research on learning and memory (Garcia-Marques et
al., 2015), we hope that new insights will be gained about the way
people encode multiple category dimensions from faces.
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Sample Sizes, Diversity, and Open Science Practices

Because the true effect size of our predicted effect was un-
known, we did not conduct an a priori power analysis. Instead, we
relied on previous research using a similar multiple study-test
cycles paradigm (see Garcia-Marques et al., 2015) to determine
our minimum sample sizes. In that research, we found reliable
effects with samples around 40 participants per condition. Thus, in
the present studies, we aimed having at least 40 participants per
between-subjects condition. Whenever possible (i.e., if there were
students still needing course credits or we still had research funds
available), we went beyond the minimum predetermined sample
size (i.e., 40) and tried to recruit as many participants as we could
during the term of the study. The data for each study were
collected in one shot without prior statistical analyses. We report
all data exclusions, all manipulations, and all measures. All mate-
rials and data are available at the Open Science Framework web-
site (osf.io/5ucr9).

The samples used in this research are homogenous in terms of
nationality (Portuguese), racial group (White), and socioeconomic
characteristics (university students). We chose these samples be-
cause our research was guided by the assumption that the pro-
cesses under study are relatively low level and, thus, likely to be
universal. Previous research indicates that the extraction of social
category dimensions from faces is robust across different cultural
groups (e.g., Cloutier et al., 2014; Freeman et al., 2013; Klauer et
al., 2003).

Study 1

To test our hypothesis, we developed a new paradigm that
combines features from Garcia-Marques et al.’s (2015) paradigm
with features from the “Who Said What?” paradigm (Taylor et al.,
1978). Thus, in our paradigm, participants went through four
study-test cycles. In the study phases, participants viewed different
pairs of picture-statement. The pictures depicted faces of young
and older male and female individuals. The statements were about
topics irrelevant for gender and age. After each study phase,
participants’ memory was probed. We manipulated the structure of
the test in the first three cycles. Namely, participants were asked to
either retrieve the gender (gender-relevant condition) or the age
(age-relevant condition) of the faces accompanying each state-
ment. With this manipulation, we expected participants to gradu-
ally learn which social dimension was relevant for test perfor-
mance and which one was not. More important, in the fourth and
last cycle, the structure of test was the same in both conditions.
Namely, participants were asked to retrieve both the gender and
the age of the faces accompanying the statements. For half the
statements, they had to retrieve the gender while for the other half
they had to retrieve the age. If participants indeed learned the test
structure and adapted their encoding strategies accordingly, they
should have a better performance (regarding memory accuracy and
response time) on the test-relevant dimension than the test-
irrelevant dimension.

Method

Participants. We recruited 87 students (66 women and 21
men; Mage � 23.46 years, SDage � 5. 93 years) from the Univer-

sity of Lisbon. They received monetary compensation for their
participation. In all studies reported here, participants gave in-
formed consent before participation. The Ethics Committee of the
Faculty of Psychology of the University of Lisbon approved this
research.

Materials. The stimulus materials consisted of pictures of
faces and statements. Sixty-four pictures of unfamiliar faces were
selected from The Center for Vital Longevity Face Database
(Minear & Park, 2004). Thirty-two pictures depicted young faces
and 32 depicted old faces.1 Within each age category, half were
men and half women. For each picture used in this and in the
following studies, the background was removed, as well as any
particular feature that could make the face particularly distinctive
(e.g., necklaces and earrings). All pictures were then grayscaled
and standardized to the approximate size of 140 � 186 pixels.

Sixty-four statements were constructed. These statements were
related with four different topics: 16 statements referred to aspects
that could be improved in the city of Lisbon; 16 to cinema and
cultural preferences; 16 were about traveling destines and habits;
and 16 were about cuisine and food preferences. All statements
had roughly the same length and were neutral regarding the gender
and age dimensions (see Table 25 in the supplemental materials for
the complete list of statements used in all studies and details on
how these sentences were constructed and selected).

Procedure. The study was run in sessions of up to eight
participants at a time. Participants sat in front of CRT computer
screens in individual workstations. All instructions and stimuli
were presented on the computer. Participants learned that they
were going to participate in a study that intended to recreate those
everyday situations where one observes a group of unfamiliar
people discussing certain topics. They further learned that they
would see faces of several individuals, each one accompanied by
a statement made by that individual about the topic under discus-
sion, and that their task was simply to pay attention to the different
pairs of faces and statements. After this general instruction, par-
ticipants went through four study-test cycles. At the beginning of
each cycle, immediately before the start of the study phase, they
saw a screen indicating the topic under discussion in that cycle.
The order of presentation of the discussion topics was counterbal-
anced using a Latin Square design.

Each study phase consisted of 16 faces and 16 statements. In
each trial, a face was displayed at the center of the screen with the
respective statement underneath for 6,000 ms. The intertrial inter-
val was 500 ms. The order of trials was randomized individually
for each participant. Each face and statement appeared only once
during the multiple study phases. There were an equal number of
young men (4), young women (4), old men (4), and old women (4)
in each study phase. Taking into account these constraints, the
formation of the pairs of faces and statements was randomly by the
computer, individually for each participant.

Following each study phase, participants completed a filler task
(math equations) for 1 min, and then received a memory test. In
this test, only the statements from the previous study phase were
presented. Specifically, in each test trial a statement was shown at

1 The age of the junior faces used in the five studies ranged from 18
years old to 32 years old while for senior faces the ages ranged from 65
years old to 88 years old.
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the center of the screen accompanied by a probe question (dis-
played at the top of the screen) and by two response options
(displayed at the bottom of the screen). In the first three study-test
cycles, the test was manipulated between participants. Namely,
half of the participants were asked whether the statement was
made by a young or an old person (age-relevant condition; n �
43), while the other half was asked whether the statement was
made by a male or a female person (gender-relevant condition; n �
44). Depending on the condition, for half of the statements (eight)
the correct option was man or young while for the other half it was
woman or old. There was no time limit to respond, but participants
were instructed to do it without too much thought. After they
completed the test phase, a new study phase was immediately
initiated.

The fourth and last test phase was identical in both conditions.
Namely, for half of the statements, participants were probed on the
same focal category dimension of the previous tests, while for the
remaining half of the statements they were probed on the nonfocal
dimension (i.e., the dimension that had been irrelevant until then).
Thus, participants in the age-relevant condition continued making
judgments about the age of the faces (on eight statements), exactly
as in the previous test phases, but now they also had to retrieve
from memory the gender of the faces (on eight statements). Sim-
ilarly, in the gender-relevant condition, in addition to retrieving the
gender of the faces, participants also had to retrieve their age. To
guarantee that participants would easily realize that they needed to
make two different judgments, we presented the new probe ques-
tion, and the respective response options, in a different color
(green). The assignment of the sentences to the type of probe
question was counterbalanced across participants such that all 16
sentences received both types of probes.

More important, none of the instruction screens presented dur-
ing the study contained any information about the structure of the
subsequent test phases. Therefore, participants only realized what
their task was when they started responding to the tests. The idea
behind this was to let participants learn the structure and require-
ments of the tests by doing them. In the end of the study, partic-
ipants were debriefed, paid, and thanked for their participation.

Results

In this and the following studies, we report �p
2 as effect-sizes for

omnibus and planned analysis of variance (ANOVA) tests. For
planned tests, we report 95% confidence intervals (95% CI) around
�p

2.2 The dependent measures were the number of correct responses
and the latencies of those responses. For reasons of brevity and
clarity, we only report the results that are directly relevant to our
hypothesis. Additional statistical analyses, as well as the full
ANOVA tables for all analyses reported in this article, can be
found in the online supplemental materials.

A preliminary analysis revealed that four participants responded
correctly to all trials and, therefore, their data were not included in
the main statistical analyses. This procedure left us with a final
sample size of 83 participants: 42 in the gender-relevant condition
and 41 in the age-relevant condition. The inclusion of these par-
ticipants’ data in the statistical analyses does not change the results
described below.

Performance on cycles 1–3. To assess whether participants
learned the structure of the first three tests, we analyzed the

number of correct responses in each cycle and the median time3

participants took to correctly respond. A 2 (test structure: gender-
relevant, age-relevant) � 3 (study-test cycle: 1–3) mixed model
ANOVA on the number of correct responses did not yield any
significant results. As can be seen in Table 1, participants’ perfor-
mance was very high already on the first cycle, which did not leave
much room for improvement in the following cycles.

The same mixed model ANOVA on the median response times
though revealed a strong main effect of study-test cycle, F(2,
162) � 87.73, p � .001, �p

2 � .52. If participants learned the
structure of tests, then there should have been a decrease in
response times from cycle to cycle. To test this prediction, we ran
a linear contrast that was highly significant, F(1, 81) � 135.26,
p � .001, �p

2 � .62, 95% CI [.49, .71]. There was no interaction
between study-test cycle and test structure, which suggests that the
same data pattern was obtained for the two test structure conditions
(see Table 1).

Performance on cycle 4. We submitted the number of correct
responses on the fourth test to a 2 (test structure: gender-relevant,
age-relevant) � 2 (probed dimension: age, gender) mixed-model
ANOVA, with test structure manipulated between-participants and
probed dimension manipulated within-participant. This analysis
revealed a significant interaction between test structure and probed
dimension, F(1, 81) � 4.05, p � .047, �p

2 � .05 (see Figure 1). As
predicted, in the gender-relevant condition, participants had better
memory for the gender than for the age of the faces, F(1, 81) �
7.54, p � .007, �p

2 � .08, 95% CI [.01, .21]. However, in the
age-relevant condition, participants’ memory performance was
equally good for the two dimensions, F(1, 81) � 0.01, p � .908,
�p

2 � .001, 95% CI [.00, .03].
We performed the same ANOVA on median response times.

This analysis showed a significant interaction between test struc-
ture and probed dimension, F(1, 81) � 11.61, p � .001, �p

2 � .12.
In the gender-relevant condition, participants were faster to cor-
rectly retrieve the gender (M � 3,081 ms, SE � 174 ms) than the
age (M � 3,406 ms, SE � 154 ms) of the faces, F(1, 81) � 8.20,
p � .005, �p

2 � .09, 95% CI [.01, .22]. In contrast, in the
age-relevant condition, there was a trend toward a faster retrieval
of age (M � 3,267 ms, SE � 156 ms) than gender (M � 3,494 ms,
SE � 176 ms) information, F(1, 81) � 3.84, p � .053, �p

2 � .04,
95% CI [.00, .16]. There were no more statistically significant
results.

Discussion

Study 1 tested the hypothesis that participants can learn from the
test requirements which category dimensions are the relevant ones
and use that knowledge to tune their encoding strategies when
confronted with new faces. As predicted, participants became
faster from test to test, which suggests that they indeed learned the
structure of the tests. However, memory accuracy showed no
significant improvement across the three first cycles. This might

2 Partial eta-squares and 95% CI were calculated using STATA statis-
tical software (StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP).

3 We used the median in our analysis because the median is less affected
by outliers than the mean (Ratcliff, 1993). However, using the mean does
not change any of the results reported in this article.
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have been because the task was relatively easy, as demonstrated by
the high level of accuracy registered in all cycles. We addressed
this issue in the next study.

To test whether the test structure manipulation implemented in
the three first cycles impacted encoding of gender and age, we
analyzed participants’ performance on cycle four. We found that,
when the gender was the test-relevant category dimension, partic-
ipants indeed had better memory for gender than for age. They
were also faster retrieving the gender information. However, when
the age was the test-relevant dimension, we did not find differ-
ences in memory accuracy nor in time between the two dimen-
sions.

Taken together, these results seem to suggest an asymmetry
between gender and age categorizations. Namely, when gender
was the test-relevant dimension, participants were capable of en-
coding gender-diagnostic information independently of age. In
contrast, when age was the test-relevant dimension, participants
encoded the two dimensions to same extent.

Study 2

In Study 2, we sought to replicate and clarify the findings
obtained in Study 1. Namely, we tried to understand whether the
difference between gender and age in the gender-relevant condi-
tion was mainly caused by a more efficient encoding of the
test-relevant dimension or, instead, whether it was driven by the
inhibition of the test-irrelevant dimension. By inhibition we are not
referring to a suppression process operating during retrieval (e.g.,
Anderson & Bjork, 1994; Anderson, Bjork, & Bjork, 1994), but to
an attention control of which information enters working memory
during encoding (see Hasher, 2007; Hasher & Zacks, 1988). To
help disentangle these two processes (i.e., more efficient encoding
of the test-relevance dimension vs. inhibition of the test-irrelevant
dimension), we included a new between-participants condition in
which all tests required the retrieval of both social dimensions.

We also changed one response label in the age-relevant condi-
tion. Namely, because the word “old” in the Portuguese language
has a masculine and a feminine version, we decided, in the previ-
ous study, to present both versions on the screen (idoso/a). How-
ever, by doing this we might have unintentionally increased the
accessibility of the gender dimension in this condition, which
might help explaining the obtained results. Thus, to correct for this
problem, in the current study we replaced the label old with
“senior,” which in the Portuguese language is a gender-neutral

word. Additionally, we also added a response deadline to increase
the difficulty of the task and, as a consequence, decrease the level
of accuracy.

Method

Participants. There were 133 students (93 women and 40
men; Mage � 23.35 years, SDage � 6. 06 years; one participant did
not report her age) of the University of Lisbon who took part in
this study. They received partial course credit in return for their
participation.

Materials. In this study, we used 68 pictures of faces, the
same 64 of Study 1 plus 4 new ones also selected from The Center
for Vital Longevity Face Database (Minear & Park, 2004). Two of
these new pictures were of young faces (one man and one woman)
and the other two of old faces (one man and one woman). We also
constructed 16 new statements, four of each topic, to add to our
existing pool; thus, making a total 80 statements. The new faces
and statements were used as buffer trials in last study-test cycle, as
explained in the section below.

Procedure. The procedure mirrored that of Study 1, with a
few differences. The first was a new condition to serve as a
baseline in which we probed participants on both categories in all
test phases. Namely, for half of the statements, participants had to
respond whether it was a man or a woman who said them while for
the other half of the statements; they had to indicate whether it was
a junior (“jovem”) or a senior person who said them. Thus, in
Study 2 there were three between-participants conditions: a
gender-relevant condition (n � 44), in which participants were
probed on gender in the first three cycles and then on gender and
age in the fourth cycle; an age-relevant condition (n � 44), where
participants were probed on age in the first three cycles and both
on age and gender in the last cycle; and a baseline condition (n �
45), in which they were probed on both category dimensions in all
cycles.

Table 1
Mean Number of Correct Responses and Mean Median
Response Times (in Milliseconds), Overall, and by Test
Structure Condition, on the Three Study-Test Cycles (Study 1)

Test structure Cycle 1 Cycle 2 Cycle 3

Gender-relevant 14.83 (.22) 14.74 (.23) 14.88 (.20)
3,035 (166) 2,379 (123) 2,253 (116)

Age-relevant 14.63 (.22) 14.95 (.23) 14.93 (.20)
3,251 (168) 2,455 (124) 2,210 (118)

Overall 14.73 (.16) 14.84 (.16) 14.90 (.14)
3,143 (118) 2,417 (87) 2,232 (83)

Note. Response times are in italics; Standard errors of the means are
presented in parentheses.

Figure 1. Mean number of correct responses and mean median response
times (in milliseconds) as a function of test structure and probed dimension
(Study 1). Error bars depict standard errors of the means.
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The second difference was that participants were given a re-
sponse deadline of 4,000 ms; if they did not respond within this
time, the following warning appeared at the top of the screen: “The
time is over! Please give your response now!”. This warning
remained on the screen until a response was entered. The computer
recorded the responses below and above the 4,000 ms deadline.

The third difference was that the number of trials in the fourth
study-test cycle increased from 16 to 20. These extra four pairs
were created from the new stimuli described in the Materials
section. Namely, in the fourth cycle, participants saw two more
young faces (one man and one woman) and two more old faces
(one man and one woman) relative to the previous cycles. These
faces were paired with four newly created sentences about the
topic in question. All 20 pairs were presented in a random order.
In the test phase, the four statements from the new pairs were
always the first to appear. On two of them, participants were
probed on the same focal category of the previous tests, while for
the other two they were probed on the nonfocal category. Our goal
with the inclusion of these buffer trials was to exclude the possible
negative impact of the new test structure on participants’ response
times. For example, participants might have been surprised with
the request to retrieve the irrelevant category, and that might have
delayed their responses (for reviews on task switching effects see
Kiesel et al., 2010; Monsell, 2003). These trials were not included
in the statistical analyses.

Results

A preliminary analysis revealed that one participant from the
gender-relevant condition responded incorrectly to more than 50%
of all trials (i.e., bellow chance level) and, therefore, her data was
not included in the main statistical analyses. This left us with a
final sample size of 132 participants. The inclusion of this partic-
ipant’s data in the analyses does not change the results reported
below. Next, we report the results for the responses given within
the deadline. However, it is important to note that these results do
not change when we also include the responses given after the
deadline (see the description of these results in the online supple-
mental materials).

Performance on cycles 1–3. We submitted the number of
correct responses provided by each participant within the response
deadline to a 3 (test structure: gender-relevant, age-relevant, base-
line) � 3 (study-test cycle: 1–3) mixed model ANOVA. This
analysis revealed a statistically significant main effect of study-test
cycle, F(2, 258) � 3.61, p � .028, �p

2 � .03. Although the linear
contrast did not reach statistical significance, F(1, 129) � 3.40,
p � .060, �p

2 � .03, 95% CI [.00, .10], the pattern of means (see
Table 2, bottom row) suggests that there was some improvement
on memory accuracy throughout the cycles. There was also a
significant interaction between test-structure and study-test cycle,
F(4, 258) � 2.63, p � .035, �p

2 � .03. To interpret this interaction,
we ran linear contrasts within each test-structure condition. In the
gender-relevant condition, the linear contrast was not significant,
F(1, 129) � 0.11, p � .744, �p

2 � .00, 95% CI [.00, .04].
Considering the response deadline, performance was very good in
the first cycle (seen in Table 2, first row), which might have left
little room for improvement in the subsequent two cycles. Regard-
ing the age-relevant condition, the linear contrast was significant,
F(1, 129) � 14.67, p � .001, �p

2 � .10, 95% CI [.02, .21]. Finally,

in the baseline condition, the linear contrast was not significant,
F(1, 129) � 0.04, p � .831, �p

2 � .00, 95% CI [.00, .03], which
suggests that participants’ performance remained somewhat stable
across cycles.

We again conducted the same analysis on median response
times. This analysis revealed a strong main effect of study-test
cycle, F(2, 258) � 42.63, p � .001, �p

2 � .25. A linear contrast
confirmed that participants became faster across cycles, F(1,
129) � 76.25, p � .001, �p

2 � .37, 95% CI [.24, .48]. There was
also a significant interaction between test-structure and study-test
cycle, F(4, 258) � 8.73, p � .001, �p

2 � .12. Linear contrasts
showed that responses were faster across cycles in the gender-
relevant condition, F(1, 129) � 19.25, p � .001, �p

2 � .13, 95% CI
[.04, .24] and in the age-relevant condition, F(1, 129) � 102.37,
p � .001, �p

2 � .44, 95% CI [.32, .54], but not in the baseline
condition, F(1, 129) � 0.33, p � .565, �p

2 � .00, 95% CI [.00, .05]
(see Table 2).

Performance on cycle 4. We submitted the number of correct
responses given within the response deadline to a 3 (test structure:
gender-relevant, age-relevant, baseline) � 2 (probed dimension:
age, gender) mixed-model ANOVA. The interaction between test
structure and probed dimension was significant, F(2, 129) � 8.45,
p � .001, �p

2 � .12 (see Figure 2). To decompose this interaction,
we first ran planned contrasts within each test structure condition.
Consistent with our hypothesis, participants in the gender-relevant
condition had worse memory for age than for gender, F(1, 129) �
24.58, p � .001, �p

2 � .16, 95% CI [.06, .27]. In the age-relevant
condition, there was again no difference between gender and age,
F(1, 129) � 0.27, p � .601, �p

2 � .00, 95% CI [.00, .04].
Regarding the baseline condition, participants showed similar
memory for gender and age, F(1, 129) � 0.35, p � .553, �p

2 � .00,
95% CI [.00, .05]. As clearly illustrated in Figure 2, the difference
between gender and age in the gender-relevant condition seems to
be driven by a memory loss for age (the irrelevant dimension)
rather than a memory gain for gender (the relevant dimension).
Indeed, participants in the gender-relevant condition had worse
performance for age than participants in the baseline condition,
F(1, 129) � 14.21, p � .001, �p

2 � .10, 95% CI [.02, .20]. For the
gender category dimension, memory performance was the same
between gender-relevant and baseline conditions, F(1, 129) �
0.02, p � .894, �p

2 � .00, 95% CI [.00, .02].
A 3 (test structure: gender-relevant, age-relevant, baseline) � 2

(probed dimension: age, gender) mixed-model ANOVA on median

Table 2
Mean Number of Correct Responses and Mean Median
Response Times (in Milliseconds), Overall, and by Test
Structure Condition, on the Three Study-Test Cycles (Study 2)

Test structure Cycle 1 Cycle 2 Cycle 3

Gender-relevant 13.35 (.47) 13.44 (.39) 13.21 (.40)
2,305 (76) 2,006 (70) 2,071 (76)

Age-relevant 11.77 (.47) 13.34 (.38) 13.39 (.40)
2,535 (75) 2,153 (69) 2,003 (75)

Baseline 11.98 (.46) 12.42 (.38) 11.89 (.40)
2,583 (74) 2,325 (68) 2,553 (74)

Overall 12.37 (.27) 13.07 (.22) 12.83 (.23)
2,474 (43) 2,161 (40) 2,209 (44)

Note. Response times are in italics; Standard errors of the means are
presented in parentheses.
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response times also yielded a significant interaction between test
structure and probed dimension, F(2, 129) � 8.44, p � .001, �p

2 �
.12 (see Figure 2). Consistent with our hypothesis, and with Study
1, participants in the gender-relevant condition took longer to
retrieve age than gender information, F(1, 129) � 20.81, p � .001,
�p

2 � .14, 95% CI [.05, .25], while in the age-relevant condition
there was only a trend in the opposite direction, F(1, 129) � 1.30,
p � .255, �p

2 � .01, 95% CI [.00, .07]. Regarding the baseline
condition, participants were significantly faster to retrieve gender
than age information, F(1, 129) � 6.76, p � .010, �p

2 � .05, 95%
CI [.00, .14]. We also compared the time participants took to
retrieve gender information in gender-relevant condition versus the
baseline condition as well as the time taken to retrieve age infor-
mation in the same two conditions. None of these comparisons
reached statistical significance (all Fs � 3.66 and ps � .058).

Discussion

The results of Study 2 replicated and extended those of Study 1.
Namely, in the first three cycles, we again observed a decrease in
response times, suggesting that participants learned the structure of
the tests. Regarding correct responses, the data pattern indicates
some improvement (though nonsignificant) across cycles. Al-
though the inclusion of a response deadline resulted in more errors,
its impact was not what we expected as the accuracy levels were
still very high. Thus, we believe we would have observed a
significant improvement if the task had been more difficult. In the
next study, we introduced some modifications to our paradigm
with the goal making participants’ task even more difficult.

Regarding performance on the fourth cycle, we found that
participants were more accurate and faster for gender than age
when gender was the test-relevant category dimension. As in the
previous study, we again did not find any differences between
these two dimensions when age was the test-relevant dimension.
More important, the results showed that the obtained difference
between gender and age in the gender-relevant condition was
because of a memory performance decrease for age and not by a
boost in memory performance for gender. These results suggest

that repeated testing did not lead to an improvement on the
encoding of the test-relevant dimension (gender), but rather to an
inhibition of the test-irrelevant dimension (age).

Study 3

In Study 2, we found evidence suggesting that participants
learned throughout the cycles to inhibit the age of the faces rather
than becoming better at encoding their gender. One possible con-
cern about this study, however, is that this result might reflect a
ceiling effect for gender information. That is, there might not have
been a memory enhancement for gender information because the
performance was already so high that it did not leave room for
improvement. To address this concern, in Study 3 we modified our
paradigm to increase the task difficulty and, thus, decrease partic-
ipants’ performance. If the results of Study 2 were because of a
ceiling effect, then reducing participants’ performance should give
rise to a memory enhancement of gender information.

Method

Participants. There were 151 students (103 women and 48
men; Mage � 23.23 years, SDage � 4. 83 years; 2 participants did
not report their age) of the University of Lisbon took who part in
this study. They received a monetary compensation for their par-
ticipation.

Materials. We added 30 new pictures of faces to the pool of
68 used in the previous studies. The new faces were also taken
from The Center for Vital Longevity Face Database (Minear &
Park, 2004). Thus, in this study we used 48 young and 48 old
faces, half of which were men and half were women. Two extra
faces, a young female and a young male, were used as buffers in
the last cycle.

We used the same 80 statements of the previous studies to which
we added 24 newly constructed statements; thus, making a total
104 statements. There were 26 statements about each topic: aspects
that could be improved in the city of Lisbon; cinema and cultural
preferences; traveling destines and habits; cuisine and food pref-
erences (see Table 25 in the supplemental materials).

Figure 2. Mean number of correct responses and mean median response times (in milliseconds) as a function
of test structure and probed dimension (Study 2). Error bars depict standard errors of the means.
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Procedure. The procedure was similar to that of the previous
studies, with some differences. The most important difference was
that, in each one of the four study phases, the faces were presented
before the statements and for a very short period. Namely, each
study trial had the following structure: there was a blank screen for
1,000 ms, followed by a fixation mark (�) for 500 ms; then, a face
was presented for 300 ms; fixation mark and face were located
slightly above the center of the screen; after the face disappeared,
there was a blank screen for 250 ms; finally, a statement was
shown slightly below the center of the screen during 4,000 ms.

The second difference was that we increased the number of
face-statement pairs in each cycle. Namely, participants saw 24
different pairs in the first three cycles and 26 pairs in the fourth
cycle. The two extra pairs in the fourth cycle were used as buffers
and were not included in the statistical analyses. In the study
phase, the two buffer pairs were presented in a random order
together with the other pairs. In the test phase, the sentences that
composed the buffer pairs were always the first to be presented. On
one of these sentences, we probed participants on the same focal
category of the previous tests, while on the other we probed them
on the nonfocal category.

The third and last difference relative to previous studies was
that, in the test phases, the statement remained on the screen for
only 4,000 ms. If participants did not provide a response within
this deadline, they received a feedback message on the screen
(“Respond faster!”), followed by a new statement.

Results

A preliminary analysis revealed that the overall performance of
six participants was bellow chance level and, therefore, their data
was not included in the main statistical analyses. This procedure
left us with a final sample size of 145 participants: 49 participants
in the gender-relevant condition, 49 in the age-relevant condition,
and 47 in the baseline condition. Including the data from these six
participants in the analyses does not change the results reported
next.

Performance on cycles 1–3. A 3 (test structure: gender-
relevant, age-relevant, baseline) � 3 (study-test cycle: 1–3) mixed
model ANOVA on the number of correct responses revealed a
statistically significant effect of study-test cycle, F(2, 284) �
39.70, p � .001, �p

2 � .22. To test whether the data showed the
predicted positive linear pattern, we ran a linear contrast that was
highly significant, F(1, 142) � 67.44, p � .001, �p

2 � .32, 95% CI
[.20, .43]. There was no interaction between test structure and
study-test cycle, which suggests that there was a performance
improvement in all test structure conditions (see Table 3).

The same mixed model ANOVA on response times also showed
a main effect of study-test cycle, F(2, 284) � 54.39, p � .001,
�p

2 � .28. As expected, there was a significant linear pattern
between the first and the third cycles, F(1, 142) � 103.50, p �
.001, �p

2 � .42, 95% CI [.30, .52]. Again, there was no interaction
between test structure and study-test cycle (see Table 3).

Performance on cycle 4. A 3 (test structure: gender-relevant,
age-relevant, baseline) � 2 (probed dimension: age, gender)
mixed-model ANOVA on the number of correct responses given
within the response deadline revealed that the interaction between
test structure and probed dimension was once again significant,
F(2, 142) � 4.08, p � .019, �p

2 � .05 (see Figure 3). As predicted,

participants performed worse for age than for gender in the gender-
relevant condition, F(1, 142) � 7.41, p � .007, �p

2 � .05, 95% CI
[.004, .13]. The opposite did not happen in the age-relevant con-
dition, namely participants performed equally well for gender and
age, F(1, 142) � 0.55, p � .459, �p

2 � .00, 95% CI [.00, .05]. In
the baseline condition, participants also showed similar memory
performance for both social dimensions, F(1, 142) � 0.67, p �
.413, �p

2 � .00, 95% CI [.00, .05]. As in the previous study,
participants in the gender-relevant condition performed worse on
the age dimension (the irrelevant dimension) than did participants
in the baseline condition, F(1, 142) � 18.15, p � .001, �p

2 � .11,
95% CI [.03, .21]. For the gender dimension, memory performance
was similar between participants in the gender-relevant and base-
line conditions, F(1, 142) � 1.20, p � .275, �p

2 � .01, 95% CI [.00,
.06].

Regarding the response times, the 3 (test structure) � 2 (probed
dimension) mixed-model ANOVA did not show a significant
interaction between test structure and probed dimension, F(2,
142) � 0.74, p � .477, �p

2 � .01. As can be seen on Figure 3,
participants were faster for gender than for age in all conditions.

Discussion

The results of Study 3 corroborate the key findings from Studies
1 and 2. Specifically, we replicated the finding that gender infor-
mation is better recalled than age information in the gender-
relevant condition. Again, there was no evidence of a memory
advantage of age over gender information in the age-relevant
condition. Importantly, we also replicated the finding from Study
2 showing that the difference between gender and age is caused by
a memory performance decrease for the age information. Because
the modifications introduced to the paradigm significantly reduced
participants’ performance, this result rules out the possible concern
that the obtained results reflect a ceiling effect for gender infor-
mation. Surprisingly, in this study, the response times did not
accompany memory accuracy as we did not find an interaction
between test structure and probed dimension on response times.
Participants were faster for gender information in the three condi-
tions.

Regarding performance on the three first cycles, we found
evidence of test structure learning not only in response times but
also in memory accuracy. That is, we found that participants

Table 3
Mean Number of Correct Responses and Mean Median
Response Times (in Milliseconds), Overall, and by Test
Structure Condition, on the Three Study-Test Cycles (Study 3)

Test structure Cycle 1 Cycle 2 Cycle 3

Gender-relevant 16.45 (.45) 18.59 (.42) 19.18 (.43)
2,086 (60) 1,972 (61) 1,863 (55)

Age-relevant 17.90 (.47) 19.59 (.42) 20.12 (.43)
2,131 (60) 1,938 (61) 1,797 (55)

Baseline 17.02 (.45) 19.30 (.43) 19.36 (.44)
2,461 (62) 2,197 (63) 2,129 (56)

Overall 17.12 (.26) 19.16 (.24) 19.55 (.25)
2,226 (35) 2,036 (36) 1,930 (32)

Note. Response times are in italics; Standard errors of the means are
presented in parentheses.
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became faster and more accurate throughout the cycles. In the next
study, we used a new task to further test if the age dimension was
indeed inhibited was a result of its test-irrelevance.

Study 4

Studies 1–3 provided converging evidence for an asymmetrical
relationship between gender and age, such that gender dominates
face processing when it is test-relevant, and it remains highly
salient when it is test-irrelevant. Studies 2 and 3 found evidence
suggesting that the gender dominance pattern obtained when gen-
der is test-relevant is driven by the inhibition of age information
(the test-irrelevant dimension) rather than by an increased memory
for gender information. In Study 4, we further examined the
conclusion that participants inhibited the age dimension.

One signature of category activation is the enhanced accessibil-
ity of its corresponding knowledge structures (e.g., stereotypes;
Brewer, 1988; Devine, 1989; Fiske & Neuberg, 1990). As widely
demonstrated, accessible stereotypes provide the perceiver with
expectancies that shape subsequent information processing (for a
review, see Macrae & Bodenhausen, 2000). For example, people
take less time reading expectancy-consistent than expectancy-
inconsistent information following stereotype activation (e.g.,
Brewer, Dull, & Lui, 1981; Stern, Marrs, Millar, & Cole, 1984; for
other similar expectancy-based effects on reading times, see, e.g.,
Bargh & Thein, 1985; Belmore, 1987; O’Brien, Rizzella, Albrecht,
& Halleran, 1998; Pérez, Joseph, Bajo, & Nation, 2016; Ziegler &
Burger, 2011).

Thus, if the age dimension becomes inhibited as a result of our
test-structure manipulation, we predict that the corresponding ste-
reotypes will become less accessible to participants and, therefore,
will have no impact on subsequent information processing. Put
simply, if one cannot recall whether someone is young or old, one
will not be influenced by the corresponding age stereotypes. To
test for the presence of inhibition, we designed a task inspired by
the extensive research showing expectancy-based effects on read-
ing times. Namely, after the three study-test cycles where partic-
ipants either had to retrieve the gender or the age of faces, they

were presented with a new task. They saw new faces paired with
behavioral sentences. These sentences described behaviors that
were congruent or incongruent with the age stereotype and simul-
taneously neutral regarding the gender stereotype gender. The
participants’ task was to establish a mental connection between
each pair of face-behavior. The task was self-paced, and we
measured the time spent attending to each pair. If the age dimen-
sion indeed got inhibited throughout the study-test cycles, it should
not influence performance in this task. Namely, one should not
observe the typical reading time difference between stereotype
congruent (i.e., lower reading times) and incongruent information
(i.e., higher reading times). On the other hand, if the age category
was still active, then the time difference between stereotype con-
gruent and incongruent information should emerge (see Brewer et
al., 1981; Stern et al., 1984).

Note that this task is independent of the test-structure manipu-
lation implemented in the first three study-test cycles, which
supposedly is causing the inhibition of the age dimension. Thus,
unless the age dimension was inhibited in memory, its correspond-
ing stereotypes should influence the processing of stereotype con-
gruent and incongruent information (for a similar rationale, see,
e.g., Anderson & Spellman, 1995). This is a crucial feature of our
paradigm because “in order to make a strong claim in any study
about the presence or absence of inhibition, or about variations in
the magnitude of inhibition as a function of condition or popula-
tion, it is necessary to include an independent probe of the im-
paired items’ accessibility” (Anderson & Levy, 2007, p. 82).

Method

Participants. There were 128 students (108 women and 20
men; Mage � 19.10 years, SDage � 3.14 years; 2 female partici-
pants did not report their age) of the University of Lisbon who took
part in this study. They received partial course credit for their
participation.

Materials. We used 84 faces from the pool used in the pre-
vious studies (Minear & Park, 2004). From these, 42 were young
faces (21 men and 21 women), and 42 were old faces (21 men and

Figure 3. Mean number of correct responses and mean median response times (in milliseconds) as a function
of test structure and probed dimension (Study 3). Error bars depict standard errors of the means.
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21 women). In this study, we used statements from only three
discussion topics: 20 about aspects that could be improved in the
city of Lisbon; 20 about traveling destines and habits; and 20 about
cuisine and food preferences. Besides, we also used sentences
describing stereotypical behaviors of young (e.g., Got a tattoo this
week) and old (e.g., Took the medications during lunch) people.
These behaviors were neutral regarding the gender dimension. See
the supplemental materials (Table 26) for more details on devel-
opment and selection of these stimuli.

Procedure. The procedure was similar to that of Studies 1 and
2, with an important difference. Again, participants read that the
study intended to recreate the everyday situations where one
observes a group of unknown people discussing specific issues.
Then, participants went through three study-test cycles where they
saw, in the study phases, 20 different pairs of face-statement (for
5,000 ms each). In the test phases, participants had 4,000 ms to
answer to each statement. The computer recorded only the re-
sponses provided within this deadline. The discussion topics used
in these three cycles were: aspects that could be improved in the
city of Lisbon; traveling destines and habits; cuisine and food
preferences. The order of presentation of the topics throughout the
three cycles was counterbalanced using a Latin Square design.

Different from the previous studies, there was no fourth cycle.
Instead, participants were given a new task. As explained before,
the goal of this task was to measure the activation of the age
dimension. Namely, they received an instruction on the computer
screen saying they would see several pictures of faces, each
accompanied by a sentence describing a behavior performed by
that person. Instructions informed them they should pay attention
to each pair because in a later phase they were going to receive a
memory test about the pairs. They were told to press the spacebar
key when they felt they had learned the association between the
person in the picture and the respective behavior described in the
sentence. They had a maximum of 15 s to learn each pair, after
which a new pair would appear on the computer screen. We
recorded the time that participants took learning each pair, that is,
the time elapsed between the onset of a pair and the participant’s
spacebar press. Participants saw a total of 26 pairs: 6 with young
faces (3 men and 3 women) and stereotypical behaviors of young
people; 6 with young faces (3 men and 3 women) and counterst-
ereotypical behaviors of young people (i.e., stereotypical of old
people); 6 with old faces (3 men and 3 women) and stereotypical
behaviors of old people; and 6 with old faces (3 men and 3 women)
and counterstereotypical behaviors of old people (i.e., stereotypical
of old young). The composition of these pairs was randomly
determined by the computer, individually for each participant.
After seeing all pairs, the study ended without their memory being
tested. They were then adequately debriefed, paid, and thanked for
their participation.

Results

A preliminary analysis revealed that, on the fourth cycle, three
participants pressed the spacebar faster than 1,000 ms in more than
50% of the trials, which suggests they did not try to establish a
connection between faces and behaviors as requested by the in-
structions. The data from these participants were, thus, excluded
from all analyses. This procedure left us with a final sample size
of 125 participants: 65 participants in the gender-relevant condi-

tion and 63 in the age-relevant condition. The inclusion of these
participants’ data does not change the results reported next.

Performance on cycles 1–3. A 2 (test structure: gender-
relevant, age-relevant) � 3 (study-test cycle: 1–3) mixed model
ANOVA on the number of correct responses revealed only a
significant main effect of study-test cycle, F(2, 246) � 31.76, p �
.001, �p

2 � .20. As predicted, participants’ performance across
cycles exhibited a positive linear shape, F(1, 123) � 45.30, p �
.001, �p

2 � .27, 95% CI [.14, .38]. We conducted the same analysis
on response times and the results showed again only a significant
main effect of study-test cycle, F(2, 246) � 27.88, p � .001, �p

2 �
.18. Replicating previous results, the linear contrast revealed
that participants became significantly faster throughout the
cycles, F(1, 123) � 42.65, p � .001, �p

2 � .26, 95% CI [.13,
.37] (see Table 4).

Reading times task. Participants pressed the spacebar in
99.93% (SD � 3.66%) of the trials. We calculated the median time
each participant took to press the spacebar in each condition. A 2
(test structure: gender-relevant, age-relevant) � 2 (type of pair:
congruent, incongruent) � 2 (target age: young, old) mixed-model
ANOVA on the median response times unveiled the following
results. Consistent with previous research, there was a main effect
of type of pair, F(1, 123) � 10.03, p � .002, �p

2 � .07, such that
participants took longer to press the spacebar when confronted
with incongruent (M � 3,752 ms, SE � 236 ms) than with
congruent pairs (M � 3,585 ms, SE � 223 ms). The main effect of
test structure was also significant, F(1, 123) � 7.12, p � .009,
�p

2 � .05, namely, participants in the age-relevant condition pro-
cessed the face-behavior pairs faster (M � 3,242 ms, SE � 225
ms) than participants in the gender-relevant condition (M � 4,095
ms, SE � 227 ms). The predicted interaction between test structure
and type of pair, however, did not reach statistical significance,
F(1, 123) � 1.05, p � .308, �p

2 � .01. Despite the nonsignificant
interaction, and to provide a direct test to our hypotheses, we
conducted the corresponding planned contrasts. Contrasts showed
a significant difference between congruent and incongruent pairs
in the age-relevant condition (Mcongruent � 3,131 ms, SEcongruent �
314 ms vs. Mincongruent � 3,353 ms, SEincongruent � 332 ms), F(1,
123) � 8.85, p � .003, �p

2 � .07, 95% CI [.01, .16], but not in the
gender-relevant condition (Mcongruent � 4,038 ms, SEcongruent �
316 ms vs. Mincongruent � 4,152 ms, SEincongruent � 335 ms), F(1,
123) � 2.28, p � .134, �p

2 � .02, 95% CI [.00, .09]. The three-way
interaction between test structure, type of pair, and target age did

Table 4
Mean Number of Correct Responses and Mean Median
Response Times (in Milliseconds), Overall, and by Test
Structure condition, on the Three Study-Test Cycles (Study 4)

Test structure Cycle 1 Cycle 2 Cycle 3

Gender-relevant 15.23 (.30) 16.89 (.25) 16.76 (.30)
2,133 (55) 1,996 (48) 1,957 (50)

Age-relevant 15.25 (.29) 16.44 (.25) 16.97 (.29)
2,169 (54) 1,967 (48) 1,887 (50)

Overall 15.24 (.21) 16.67 (.18) 16.86 (.21)
2,151 (38) 1,982 (33) 1,922 (35)

Note. Response times are in italics; Standard errors of the means are
presented in parentheses.
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not reached statistical significance, F(1, 123) � 3.48, p � .064,
�p

2 � .03 (see Table 21 in the supplemental materials for the
complete ANOVA table).

Discussion

In Study 4, we further tested the hypothesis that the age dimen-
sion was inhibited in the gender-relevant condition, as a result of
the test structure manipulation employed in the first three cycles.
To do so, we included a task designed to access the activation of
age stereotypes. We reasoned that, if the age dimension was indeed
inhibited in the gender-relevant condition, one should not observe
a manifestation of age stereotypes on the reading times task.
Conversely, in the age-relevant condition, we expected stereotype
activation effects on reading times. Consistent with previous re-
search showing expectancy-based effects on reading times (e.g.,
Brewer et al., 1981; Stern et al., 1984), results showed longer
reading times for incongruent than congruent pairs. More impor-
tant, there was a significant difference between congruent and
incongruent pairs in the age-relevant condition, but that difference
failed to emerge in the gender-relevant condition (i.e., participants
spent the same time attending to congruent and incongruent pairs).
This pattern of results is consistent with our hypothesis, although
it should be carefully interpreted given that the interaction was not
significant.

Study 5

In the previous study, we tested the hypothesis that the age
dimension is inhibited in memory as a consequence of its contin-
ued irrelevance for the tests in the three initial cycles of the
experiment. Inhibition was accessed immediately after the cycles
phase using a different task, namely a reading time task. Our
inhibition hypothesis predicted an asymmetrical interaction be-
tween test structure and type of pair, such that one should have
observed a reading time difference between congruent and incon-
gruent pairs in the age-relevant condition but not in the gender-
relevant condition. Although the obtained reading times pattern is
consistent with our hypothesis, two factors limit the conclusions
one can draw from the results. The first is that the interaction
between test structure and type of pair did not reach statistical
significance. The second is the absence of a baseline condition in
which neither gender nor age is test-relevant. Without such con-
dition, it is difficult to understand whether the reading time ad-
vantage for the congruent pairs over incongruent pairs is caused by
the enhanced activation of the age dimension when the age of the
target faces is test-relevant or by inhibition of the age dimension
when age is test-irrelevant. To argue for the presence of inhibition,
one would need to show that the reading time advantage for
congruent pairs in age-relevant and baseline conditions are of
similar magnitude and both are larger than an analogous result in
the gender-relevant condition. To overcome these limitations, in
Study 5 we added a baseline condition consisting only of the
reading time task. That is, participants were not exposed to our test
structure manipulation. This way we could measure the activation
of the age dimension when none of the category dimensions were
previously made relevant.

Method

Participants. There were 210 students (170 women and 40
men; Mage � 22.55 years, SDage � 6.29 years) of the University of
Lisbon who participated in this study in return for monetary
compensation.

Materials. We used the exact same materials of Study 4.
Procedure. The procedure was similar to that of Study 4, with

one modification: a new condition consisting only of the reading
times task. Thus, participants were randomly assigned to one of
three between-participants conditions: gender-relevant condition,
age-relevant condition, or baseline condition. As in Study 4, par-
ticipants assigned to the gender- and age-relevant conditions first
went through three initial study-test cycles (where they were
always tested on the gender or age dimension, depending on the
condition) and then completed the reading times task. In the
baseline condition, participants completed only the reading times
task. In the reading times task, they were asked to press the
spacebar key once they felt they had learned the association
between the person in the picture and the behavior described in the
sentence presented underneath. Half of the pairs of faces and
behaviors were congruent with the age stereotype, and half were
incongruent.

Results

The data from five participants were excluded from all analyses
because of the reasons detailed next. We excluded the data from
two participants in the gender-relevant condition because one did
not respond to any trial in cycle 1 and the other did not press the
spacebar in any trial of the reading times task. In the age-relevant
condition, we also removed the data of two participants because
one of them did not respond to any trial in cycle 1 and the other
pressed the spacebar faster than 1,000 ms in more than 50% of the
trials in the reading times task. Finally, we removed the data of one
participant from the baseline condition for pressing the spacebar in
less than 50% of the trials. More important, including these par-
ticipants’ data does not change the results reported next. The final
sample consisted of 205 participants: 68 participants in the gender-
relevant condition, 68 in the age-relevant condition, and 69 in the
baseline condition.

Performance on cycles 1–3. This analysis was conducted
only on data from the gender- and age-relevant conditions, as the
baseline condition did not include the three study-test cycles. A 2
(test structure: gender-relevant, age-relevant) � 3 (study-test cy-
cle: 1–3) mixed model ANOVA on the number of correct re-
sponses showed only a significant main effect of study-test cycle,
F(2, 268) � 25.97, p � .001, �p

2 � .16. As expected, performance
across cycles exhibited a positive linear trend, F(1, 134) � 53.10,
p � .001, �p

2 � .28, 95% CI [.16, .39]. No other effects were
significant. We conducted the same analysis on response times and
the results also revealed a significant main effect of study-test
cycle, F(2, 268) � 48.62, p � .001, �p

2 � .27. Consistent with the
results from previous studies, the linear contrast showed that
participants became significantly faster throughout the cycles,
F(1, 134) � 81.43, p � .001, �p

2 � .38, 95% CI [.25, .48] (see
Table 5).

Reading times task. Participants pressed the spacebar in
98.43% (SD � 3.25%) of the trials. We submitted participants’
reading times to a 3 (test structure: gender-relevant, age-relevant,
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baseline) � 2 (type of pair: congruent, incongruent) � 2 (target
age: young, old) mixed-model ANOVA. This analysis revealed
three significant effects. Replicating previous results, there was a
main effect of type of pair, F(1, 202) � 21.19, p � .001, �p

2 � .09,
such that participants took longer to press the spacebar for incon-
gruent (M � 4,661 ms, SE � 204 ms) than congruent face-
behavior pairs (M � 4,391 ms, SE � 198 ms). The main effect of
test structure was also significant, F(2, 123) � 7.12, p � .009,
�p

2 � .05. Post hoc tests (Sheffé) showed that participants in the
baseline condition took longer processing the face-behavior pairs
(M � 4,095 ms, SE � 227 ms) than participants in the age-relevant
condition (M � 3,688 ms, SE � 242 ms; p � .001) and partici-
pants in the gender-relevant condition (M � 3,964 ms, SE � 242
ms; p � .001). There was no significant difference between
participants in the age-relevant and gender-relevant conditions
(p � .722). The predicted interaction between test structure and
type of pair was significant, F(2, 202) � 3.68, p � .030, �p

2 � .03
(see Figure 4). As hypothesized, participants were faster pressing
the spacebar for congruent than incongruent face-behavior pairs in
both the age-relevant condition, F(1, 202) � 15.65, p � .001, �p

2 �
.07, 95% CI [.02, .15], and baseline condition, F(1, 202) � 12.77,
p � .001, �p

2 � .06, 95% CI [.01, .13]. More important, such
reading time advantage for congruent pairs was not observed in the
gender-relevant condition, F(1, 202) � 0.20, p � .653, �p

2 � .00,
95% CI [.00, .03]. There was no significant three-way interaction
between test structure, type of pair, and target age, F(2, 202) �
0.42, p � .660, �p

2 � .00.
To directly compare the magnitude of the reading time ad-

vantage of congruent relative to incongruent pairs across the
three conditions, we subtracted, for each participant, the time
spent on incongruent pairs from the time spent on congruent
pairs and submitted these difference scores to an ANOVA, with
test structure as the only factor. This analysis revealed a sig-
nificant main effect of test structure, F(2, 202) � 4.18, p �
.017, �p

2 � .04. In line with our hypothesis, post hoc tests
(Sheffé) showed that the difference scores obtained in the
age-relevant (Mcong-incong � �409 ms, SE � 100 ms) and
baseline (Mcong-incong � �407 ms, SE � 99 ms) conditions
were of similar magnitudes (p � .999), and that both were
significantly larger than the difference score obtained in the
gender-relevant condition (Mcong-incong � �54 ms, SE � 100
ms; p � .045).

Discussion

In Study 5, we sought to address two limitations of Study 4,
namely the nonsignificant interaction between test structure and
type of pair and the lack of a baseline condition in which neither
gender nor age is test-relevant. To this end, we used the same
experimental design of Study 4 with one modification: we added a
baseline condition in which participants only completed the read-
ing time task. Thus, contrary to what occurred in the other two
conditions, in this condition participants were not exposed to the
test structure manipulation. Consistent with our hypothesis, we
found that participants took less time on congruent than on incon-
gruent face-behavior pairs both when the age-dimension was test-
relevant (age-relevant condition) and when neither age nor gender
were test-relevant (baseline condition). In contrast, when the gen-
der dimension was test-relevant (gender-relevant condition), par-
ticipants took approximately the same time on congruent and
incongruent pairs.

Two other effects were obtained. We again obtained longer
reading times for incongruent than congruent face-behavior pairs;
thus, replicating the results of Study 4 and previous findings in the
literature (e.g., Brewer et al., 1981; Stern et al., 1984). There was
also a main effect of test structure, with longer reading times for
the baseline condition relative to the two other conditions. Such a
result might be explained by the absence of initial study-test cycles
in the baseline condition. One possibility is that reading times were
longer in the baseline condition because of less practice. Another
possibility is that this difference was instead motivated by the
speedup of participants in age-relevant and gender-relevant con-
ditions who had to go through the three study-test cycles before
reaching the reading times task. Past research suggests that longer
response times often have larger SDs, which can complicate inter-
pretations of response time differences (e.g., Wagenmakers &
Brown, 2007). However, in this task the SD in the baseline
condition (SD � 1,886 ms) was slightly smaller than the SDs in the
other two conditions (SDage-relevant � 1,996 ms, SDgender-relevant �
1,996 ms), so this does not compromise the interpretation of our

Figure 4. Mean median reading times (in milliseconds) as a function of
type of test structure and type of pair. Error bars depict standard errors of
the means.

Table 5
Mean Number of Correct Responses and Mean Median
Response Times (in Milliseconds), Overall, and by Test
Structure condition, on the Three Study-Test Cycles (Study 5)

Test structure Cycle 1 Cycle 2 Cycle 3

Gender-relevant 15.40 (.30) 16.31 (.28) 16.78 (.29)
2,166 (58) 2,006 (56) 1,893 (57)

Age-relevant 14.54 (.30) 16.21 (.28) 16.66 (.29)
2,181 (58) 1,969 (56) 1,847 (57)

Overall 14.97 (.21) 16.26 (.20) 16.72 (.20)
2,174 (41) 1,988 (40) 1,870 (41)

Note. Response times are in italics; Standard errors of the means are
presented in parentheses.
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results. Moreover, the observation that longer response times have
larger SDs is based on means, which are sensitive to skewed
distributions, but we have used median reading times in all anal-
yses, which are not sensitive to skew. Thus, taken together, these
results provide compelling support to the hypothesis that the
age-dimension is inhibited in memory when it is test-irrelevant.

General Discussion

The goal of the current research was to investigate the role of
experience and learning on the encoding and retrieval of basic
social category dimensions such as age and gender. Drawing on
recent memory research (Garcia-Marques et al., 2015), we hypoth-
esized that repeated testing would provide participants with knowl-
edge about the relevance of each category dimension and allow
them to control their subsequent encoding strategies accordingly.
Specifically, if participants were repeatedly tested on one category
dimension (age or gender), they should learn to focus their atten-
tion on that dimension and away from the other nonrelevant
dimension. We obtained a robust pattern of results across studies.
Consistent with our prediction, in Studies 1 to 5 participants
became faster at retrieving information regarding the category
dimension tested on cycles 1 to 3. In Studies 3 and 4, we also
obtained a significant increase in memory accuracy from cycle 1 to
cycle 3, while in Studies 1 and 2, because the overall performance
was near ceiling level, we only obtained a trend in the expected
direction. We interpret these results as strong evidence that par-
ticipants learned the structure of the tests (i.e., the relevant dimen-
sion), as the target materials changed from cycle to cycle, and the
test requirements were kept constant.

Regarding the consequences of learning the test structure on the
encoding and retrieval of the age and gender category dimensions
(i.e., performance on cycle 4), we found different results depend-
ing on which dimension was test-relevant on the previous cycles.
Namely, when the gender dimension was test-relevant on cycles 1
to 3, participants were faster and more accurate retrieving infor-
mation concerning the gender than the age of the target faces. On
the other hand, when the age dimension was test-relevant on cycles
1 to 3, participants were equally fast and accurate retrieving
information concerning age and gender of the faces. We obtained
this pattern in Studies 1 to 3. More important, results of Studies 2
and 3 suggest that the difference between gender and age in the
gender-relevant condition is mainly because of the inhibition of
age information (test-irrelevant information) rather than to an
improvement on memory for the gender information.

In Study 4, we provided a new test to the hypothesis that the age
dimension was inhibited in the gender-relevant condition. For this
purpose, we measured the activation of age stereotypes following
three cycles where we manipulated the test-relevance of the age or
the gender dimensions. If the age dimension was in fact inhibited
in the gender-relevant condition, one should not observe the typ-
ical reading time difference between stereotype congruent and
incongruent information in this condition. If, however, the age
dimension was still active, then one should obtain the time differ-
ence between stereotype congruent and incongruent information
(e.g., Brewer et al., 1981; Stern et al., 1984). The obtained results
are consistent with our predictions, as we found a reading time
difference between congruent and incongruent pairs of faces and
behaviors in the age-relevant condition but not in the gender-

relevant condition. However, the predicted interaction did not
reach statistical significance, which constrains our interpretation of
the results. Additionally, because we did not include a baseline
condition in which neither age nor gender was test-relevant, we did
not know what mechanism caused the reading time difference
between congruent and incongruent pairs. That is, if it was mainly
driven by the activation of the age dimension when age was
test-relevant or by the inhibition of the age dimension when age
was test-irrelevant.

To address the issues mentioned above, in Study 5 we added a
baseline condition to the design used in Study 4. In this condition,
participants completed only the reading times task, which allowed
us to access the activation of the age dimension in the absence of
test structure manipulation. If the age dimension was inhibited in
the gender-relevant condition, then the results of the baseline
condition should match the results of the age-relevant condition
(i.e., longer reading times for incongruent than congruent pairs),
and differ from the results of the gender-relevant condition. In-
deed, these were the results of Study 5. These results support the
hypothesis that participants inhibited the age dimension when
the age of the target faces was test-irrelevant. Taken together, the
current set of studies provides initial support for the application of
the distinction of reactive versus proactive control framework to
multiple categorization and social cognition in general.4

Implications for Multiple Categorization Research

The present research was guided by the general principle that
the complexities of multicategorical targets faced by social per-
ceivers are dealt by them in real-time, in an incremental and
trial-and-error manner that leads to adaptation and, thus, facilitated
subsequent performance. Moreover, the success in overcoming
these complexities greatly depends on the specific requirements of
the relevant social tasks and of the nature of the social context,
allowing for more or less learning. Overcoming the complexities
of multicategorical information is, therefore, a matter of cognitive
control. Thus, we argue that dynamic learning and cognitive con-
trol are powerful determinants of temporary category dominance.

Although previous research has provided great insights into the
complexities of multiple categorization of social actors, we con-
tend that it also has greatly overlooked dynamic learning and
cognitive control. The current research aimed to overcome this
relative neglect and, therefore, it diverges from previous research
in several important ways. First, by including successive cycles of
learning and test, our experimental paradigm reproduces the dy-
namic nature of social reality, allowing the nature of the test to
inform subsequent encoding processes. Second, the cycles of

4 In a similar vein, recent research by Amodio and Swencionis (2018)
has shown the effect of proactive control on implicit racial bias. To do so,
the authors manipulated response interference as a means to induce pro-
active control. Namely, they varied the proportion of congruent and incon-
gruent prime-target pairings within different blocks of trials in the Weap-
ons Identification Task (Payne, 2001). Low-interference blocks consisted
of more stereotype congruent (Black–gun and White–tool) than incongru-
ent trials (Black–tool and White–gun), while high-interference blocks
consisted of more incongruent than congruent trials. The idea was that high
interference blocks, because of their experienced difficulty, should engage
a proactive mode of control that enhances focus on the primary task of
identifying the object (gun or tool), thereby reducing racial bias. The
results were congruent with this prediction.
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learning and test provide sequential data that illustrate learning
processes and the gradual modifications of control processes.
Third, by changing the requirements of the final test, our approach
is also able to document the costs of previous learning when test
requirements change. The present paradigm is, thus, meant to offer
evidence of the cognitive mastering of specific tasks involving
social knowledge and its associated costs in performance on dif-
ferent subsequent tasks with requirements.

A handful of studies on social categorization have examined the
interplay between age and gender categorizations from faces, and
the results are mixed. Specifically, there is evidence showing an
asymmetrical relationship between the two dimensions. On the one
hand, in some tasks, the nonrelevant age dimension interferes with
the processing of the task relevant gender dimension. For example,
using a Garner interference task, Quinn and Macrae (2005) found
that when the goal was to categorize the target faces by gender,
participants’ performance was worse when the age of the targets
also varied relative to when it remained constant. In contrast, when
the goal was to categorize the faces according to their age, it did
not matter if the gender of faces was kept constant or not (for
similar findings, see Wiese, Schweinberger, & Neumann, 2008).

On the other hand, a recent study by Cloutier and colleagues
(2014) showed precisely the opposite relationship between age and
gender. Namely, when participants were asked to make age cate-
gorizations of faces for younger and older, male and female,
individuals, their hand movements were attracted toward the ap-
plicable nonrelevant gender category option. However, when the
goal was to categorize the faces according to their gender, the
authors did not find any evidence of attraction to the applicable
nonfocal age category.

There is also evidence for a symmetrical relationship between
age and gender. Namely, D. Martin and colleagues (2015) found
that participants were slower and less accurate when, in two
consecutive trials, the task-relevant dimension was repeated (e.g.,
younger face–younger face) and the nonrelevant dimension
switched (e.g., male–female) relative to when the nonrelevant
dimension also repeated (e.g., male–male). Conversely, when the
task relevant dimension switched (e.g., younger face–older face),
their performance was more hindered when the nonrelevant di-
mension repeated (e.g., male–male) than when it switched (e.g.,
male–female). More important, this pattern was obtained both
when age and gender were relevant to the task. Thus, these results
suggest that age and gender mutually influence one another.

Finally, a study by Klauer et al. (2003) using the “Who Said
What?” paradigm obtained some evidence showing that age and
gender can dominate social perception independently of one an-
other. Namely, these authors manipulated the relevance of age and
gender by using discussion topics stereotypical of each category
dimension. In the three studies in which the age of the speakers
was made relevant via discussion topic, participants showed higher
recall for the age of the speakers than for its gender in two of these
studies. In the two studies in which gender was made relevant,
participants’ recall performance was always better for the gender
of the speakers.

The results of the present studies showed an asymmetrical
relationship in the encoding of gender and age information, with
gender prevailing over age information and, thus, they seem con-
sistent with the findings of Cloutier and colleagues (2014).

Relations to Existing Models of Selective Attention and
Category Learning

Our approach to multiple categorizations shares some ideas with
existing models of selective attention and category learning, but it
also diverges from these in several key aspects. Namely, research
on selective attention has consistently shown that the selection of
specific stimulus dimensions can be driven by the low-level per-
ceptual characteristics of a stimulus (e.g., the salience or distinc-
tiveness of its features) or by our expectations and goals for the
task at hand (e.g., Folk & Remington, 1998; Ruz & Lupianez,
2002; Theeuwes, 2010; Wolfe, 1994; Yantis, 2002). In line with
this, we argue that when one is exposed for the first time to a task
in which one is asked to judge an unfamiliar individual in some
dimension, category selection might result from the interaction of
both bottom-up and top-down attentional processes (for a similar
idea, see Freeman & Ambady, 2011). However, when given the
opportunity to learn the structure and requirements of the task,
category selection is mainly determined by task-relevance. That is,
we propose that bottom-up selective attention is gradually replaced
and constrained by top-down selective attention as a function of
the learning accumulated by the experience with previous tasks.

Regarding category learning models, there are also similarities
between our approach and some of these models’, particularly to
those that attribute a central role to selective attention in preserving
and facilitating learning (e.g., Kruschke, 2001). However, there are
many relevant differences to these models’ proposals. For exam-
ple, instead of repeating pairs of stimuli (e.g., cues and outcomes)
multiple times and then give feedback on whether participants
correctly learned the association (for a review, see Kruschke,
2011), we always present new stimuli in each cycle while main-
taining the test structure constant. Thus, our focus is on whether
participants can learn the relevance of some dimensions based on
the structure of tests and not on reinforcing accurate performance
per se. Learning dimension relevancy must be a cognitive precur-
sor of accurate performance, but no associative learning model that
we know of deal with both processes. However, of course, it is
easy to think of extensions of current associative learning models
to encompass relevance and accuracy learning. Another essential
feature of our research is that we used highly meaningful stimuli
(age and gender categories) about which people possess a rich
network of previous knowledge (e.g., stereotypes). This feature is
nonnegligible as previous knowledge can bias information pro-
cessing (e.g., Macrae & Bodenhausen, 2000) and, thus, facilitate or
interfere with manipulations aimed at activating or inhibiting cat-
egory encoding.

Possible Reasons for the Dominance of Gender
Categorizations

How to explain the prevalence of gender categorizations ob-
served in Studies 1–3? There might be multiple explanations for
this finding. Pinpointing exactly what (and how) is facilitating the
encoding of gender information is beyond the scope of the present
work. Below we discuss the possibilities that we believe to be the
most relevant ones and are hopeful future research will clarify
which may best explain the current findings.

One possible explanation is related with the diagnosticity of the
facial features associated with each category dimension. Namely,
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one of the most diagnostic features to discriminate between men
and women is the person’s hairstyle (Brown & Perrett, 1993;
Burton, Bruce, & Dench, 1993). For example, it has been shown
that the hair alone is sufficient to trigger category and stereotype
activation (Freeman, Ambady, Rule, & Johnson, 2008; Macrae &
Martin, 2007). An interesting find, among the many facial features
that support the distinction between young and older people is also
the hair, particularly the color and quantity of hair (Berry &
McArthur, 1986). Thus, although the hair is a diagnostic feature
for both dimensions, the style (i.e., long or short) is more critical
to gender while the color is more critical to age. This aspect might
be of extreme relevance for our results as we used grayscale
photographs and, therefore, unintentionally reduced the relative
importance of the hair color for age categorizations. In fact, this
aspect may have also played a role in other studies (e.g., Cloutier
et al., 2014).

A second potential explanation is language. Language shapes
our cognitive understanding of the world around us (Boroditsky,
2001; Boroditsky, Schmidt, & Phillips, 2003; Whorf, 1956). Spe-
cifically, the grammatical gender of a language can affect cogni-
tion such that differences across languages lead to differences in
cognition (e.g., Boroditsky et al., 2003; Konishi, 1993; Sera et al.,
2002; Vigliocco, Vinson, Paganelli, & Dworzynski, 2005). For
example, Boroditsky and colleagues (2003) discovered that Span-
ish native-speakers described a “key” (a feminine marked noun)
with feminine characteristics (e.g., golden, little) whereas German
speakers described key (a masculine marked noun in the German
language) with masculine characteristics (e.g., hard, heavy). Thus,
the fact that the Portuguese language is a gendered language (i.e.,
most nouns and adjectives are assigned to masculine or feminine
gender), might have contributed to maintain the gender dimension
active in the age-relevant condition, even though we used gender-
neutral labels (i.e., young and senior). Despite the existing studies
showing an influence of language and cognition, there is also
research questioning the pervasiveness of this influence (e.g.,
Bender, Beller, & Klauer, 2018; Ramos & Roberson, 2011; Sera et
al., 2002). For example, research by Ramos and Roberson (2011)
showed that the grammatical gender of object nouns biases the
categorization judgments of Portuguese speakers, but only when
the task instruction makes explicit reference to gender. Removing
explicit references to gender eliminates its impact on categoriza-
tion judgments.

Thus, if the absence of hair color in the photographs and the fact
that the Portuguese language is gendered are contributing (sepa-
rately or jointly) to the encoding of gender information irrespective
of its test-relevance, then manipulating the hair color (brown vs.
white) and/or replicating these studies with native speakers of a
less gendered language (e.g., English speakers) should make the
encoding of gender dependent of its test-relevance, just like we
observed for age.

Another possibility is that despite both category dimensions are
fundamental for person perception, gender is a more fundamental
dimension as it is learned (and overlearned) very early in life.
Infants as young as 3 to 4 months of age differentiate faces based
on gender (Quinn, Yahr, Kuhn, Slater, & Pascalis, 2002) and by 12
months they are able to integrate visual and auditory gendered
information about a speaker (e.g., Poulin-Dubois, Serbin, Kenyon,
& Derbyshire, 1994). Moreover, multiple developmental studies
show that preschool-aged children spontaneously use gender in-

formation to guide their social inferences and preferences about
other individuals (e.g., Dunham, Baron, & Banaji, 2016; Maccoby,
2002; C. L. Martin & Ruble, 2004; Shutts, Banaji, & Spelke, 2010;
Yee & Brown, 1994). For example, preschoolers assign more
positive than negative traits to children of their own gender (e.g.,
Albert & Porter, 1983); when presented with information about
unfamiliar children, they say that they would prefer to be friends
with other children of their own gender (e.g., C. L. Martin, 1989;
C. L. Martin et al., 1999); and they use gender as a cue to
remember faces in the “Who said what?” paradigm (Weisman,
Johnson, & Shutts, 2015). Developmental research suggests that
increasing the perceptual discriminability between boys and girls
by means of gender-stereotypic markers (e.g., hairstyles, clothing;
Wild et al., 2000) or exposing children to environments that are
characterized by gender-based sorting (e.g., boys and girls sports’
teams and bathrooms; Bigler & Liben, 2006) are examples of
social practices that causally contribute to the early salience of
binary gender categorizations and to the development of corre-
sponding gender stereotypes and prejudices (for a recent discus-
sion on this see Hyde, Bigler, Joel, Tate, & van Anders, 2019).

Research on evolutionary psychology also suggests that gender
might be more crucial than age. According to the evolutionary
approach, our ancestors inhabited a social world in which encoding
the gender of an individual would have enabled a large variety of
useful inferences and decisions such as, for example, quickly
decide who was a potential mate, friend, or rival. Thus, natural
selection favored our cognitive machinery to encode gender in an
automatic and mandatory fashion (e.g., Kurzban, Tooby, & Cos-
mides, 2001; Pietraszewski et al., 2014). In line with this reason-
ing, it has been shown that gender categorizations are not disrupted
by factors that typically erase race categorizations, as, for example,
the presence of cues that increased the relevance of a cross-cutting
coalitional category (e.g., two rival basketball teams; Kurzban et
al., 2001, Experiments 3 and 4). Although we recognize the
plausibility of this explanation, it is hard to reconcile it with
existing findings (described above) showing that gender categori-
zations decrease when gender is not task-relevant (Quinn & Mac-
rae, 2005; Wiese et al., 2008). Additionally, recent research shows
that the findings obtained by Kurzban et al. (2001; Studies 3 and
4) might have been caused by a confound related with the partic-
ular coalitional category used (basketball teams), such that when
this issue is removed, gender categorizations are shown to be
greatly reduced in the presence of situational cues that decrease
their relevance (Klauer, Hölzenbein, Calanchini, & Sherman,
2014; Study 5). Thus, based on this research, we have reasons to
believe that gender categorization might be more malleable than
assumed by the evolutionary approach.

Finally, yet another possibility is that gender categorizations are
easier because they typically involve only two alternatives (man or
woman) while age categorizations are more complex as they
involve a wide range of options. To minimize for the eventual
impact of this issue, we selected our stimulus faces such that young
and senior faces would be easily distinguishable regarding their
age category and our task required participants to respond whether
the statements were said by a junior or senior person. Thus,
although we do not think this issue played a particular role in our
studies, the “gender binary” may facilitate the everyday encoding
of gender information, in contrast to age information.
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If the pervasiveness of gender categorizations is because of its
evolutionary significance and/or to the gender binary, then manip-
ulations like the ones outlined above (or others) should have little
or no impact on gender encoding, which should always occur
irrespective of its test-relevance.

Conclusion

To date, most findings on the relation between multiple category
dimensions were obtained under conditions that restricted partic-
ipants’ ability to learn the task requirements and, thus, to proac-
tively control their processing strategies. In the current research,
we proposed that, when given the opportunity, people are capable
of learning the relevance of each category dimension and control-
ling their subsequent encoding strategies accordingly. The results
of five studies supported our hypothesis such that they showed that
the encoding of age information is dependent of task-relevance,
while the encoding of gender information seems relatively inde-
pendent of task-relevance. Taken together, the current findings
provide initial evidence that control processes shape that category
dimension will momentarily dominate person perception.
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