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Abstract
Although a growing number of empirical studies have revealed that activating mate-related

motives might exert a specific set of consequences for human cognition and behaviors,

such as attention and memory, little is known about whether mate-related motives affect

self-regulated learning. The present study examined the effects of mate-related motives

(mate-search and mate-guarding) on study-time allocation to faces varying in attractive-

ness. In two experiments, participants in mate-related priming conditions (Experiment 1:

mate-search; Experiment 2: mate-guarding) or control conditions studied 20 female faces

(10 highly attractive, 10 less attractive) during a self-paced study task, and then were given

a yes/no face recognition task. The finding of Experiment 1 showed that activating a mate-

search motive led the male participants to allocate more time to highly attractive female

faces (i.e., perceived potential mates) than to less attractive ones. In Experiment 2, female

participants in the mate-guarding priming condition spent more time studying highly attrac-

tive female faces (i.e., perceived potential rivals) than less attractive ones, compared to par-

ticipants in the control condition. These findings illustrate the highly specific consequences

of mate-related motives on study-time allocation, and highlight the value of exploring human

cognition and motivation within evolutionary and self-regulated learning frameworks.

Introduction
An evolutionary perspective suggests that people possess fundamental social motives (e.g. self-
protection, mate acquisition, mate retention, and child rearing) shaped by natural selection to
produce behaviors that increase reproductive fitness [1–3]. A growing number of empirical
studies revealed that if these motivational states were aroused, they would exert a specific set of
consequences for human cognition and behavior in relation to specific kinds of fitness-relevant
stimuli in the social environment [1]. Mate-related motives, as one of fundamental social
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motives, might also be expected to have functionally specific effects on downstream social
behaviors [4–10]. For instance, Maner et al. adopted a visual cuing method to assess partici-
pants’ attentional adhesion to potential mates or rivals when their mate-related motive was
activated [4]. In their Experiment 1 and 2, activating a mate-search motive increased the time
to shifting a participant’s attention away from attractive members of the opposite sex (i.e.,
desirable mating partners). Experiment 3 extended the previous studies by examining pro-
cesses associated with different mating-related motive: mate-guarding goal (i.e., guarding
against reproductive threats posed by same-sex rivals). This experiment revealed that mate-
guarding priming increased attentional adhesion to physically attractive members of one’s own
sex. These experiments suggested that mate-related motives priming might guide basic, lower
order social perception (i.e., human attention) [4]. Subsequent research replicated these find-
ings in different social contexts. Researchers also found that mate-related motives priming
influenced not only basic-level cognitive processes, such as the way to categorize the opposite
sex’s character by facial attractiveness [6] or memory of attractive opposite-sex faces [9], but
also higher-level cognition and behavior, such as conspicuous consumption tendencies [5] and
creative activities [10].

Despite this growing literature, little is known about how mate-related motives interact with
goal-relevant stimuli to influence self-regulated learning (SRL). This is the focus of the current
study. SRL is learning that is guided by metacognition (thinking about thinking), strategic
action (planning, monitoring, and evaluating personal progress against a standard), and moti-
vation to learn, which plays a crucial role in the complex social life of humans [11–18]. Our
ancestors and current humans both have been living in a world flooded with large amounts of
information (e.g., the location of a predator or prey’s lair, remembering the name or face of the
pretty girl at a party) [19]. Due to the limited cognitive and temporal resources, individuals had
to allocate precious resources to remember valuable information. Ineffective ways to learn fit-
ness-relevant information could have serious or even fatal consequences for an individual’s life.
Thus, it is important for us to optimize our time and effort in a study situation [20, 21].

There are several features of SRL. Firstly, SRL is goal-oriented, that is, “directly toward
reducing a discrepancy between current perceived state and a goal relevant to performance or
learning” [12]. Secondly, individuals regulate their learning behaviors flexibly based on the dif-
ferent study situations or motivational states [22–24]. Previous research found that both young
and old participants allocated a greater amount of study time to high-value words than to low-
value words (i.e., each word was displayed with a point value ranging from 1 to 30 points) and
thus maximized the likelihood of achieving their learning goals [24]. Finally, although much of
individuals’ SRL involves self-awareness and reflection, self-regulation itself does not require
that regulators are conscious of their ongoing efforts [12]. In one of our previous studies, we
found that individuals preferred to first study large-font items rather than small-font items,
and this font-size effect occurred without awareness [25].

Study-time allocation is one of the most frequently used methods to measure the SRL pro-
cess [20–24]. One of the well-established paradigms is to record how much time individuals
spend on a given learning item (i.e., self-paced study time), and the differences in study time
allocated to various types of learning material would reflect individuals’ control of their study
process. A highly attractive female face implies a high reproductive value, which represents an
ideal mate for a male, or a main intrasexual rival for other females [1, 4, 26–27]. Thus, face
attractiveness is a cue of health and fecundity [28, 29]. Functionally speaking, remembering
highly attractive female faces is vital for males and females in mating-related situations (e.g.,
mate-search and mate-guarding) [1]. From the perspective of study-time allocation, allocating
more time to highly attractive faces than to less attractive ones could enhance an individual’s
likelihood of successfully remembering those attractive faces, eventually helping the individual
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to obtain his or her mating goals (finding an ideal mate or guarding their mate from other
rivals) [1, 22]. Thus, study-time allocation could have a relevant functional role in human
reproductive fitness. Metcalfe and Jacobs used this analogy to argue that people try to optimize
their study-time allocation in a learning environment, similar to other species that try to opti-
mize their efficiency in foraging situations. Humans’ success as learners depends on the effec-
tiveness of these strategies, just as animals’ evolutionary fitness depends on their foraging
effectiveness [20]. Since the mate-related motives induce functional processes, and since spend-
ing more time on highly attractive female faces in a mate-related environment could be benefi-
cial for individuals to solve their mating problems, it is natural to predict that mate-related
motives affect study-time allocation to female faces varying in attractiveness.

In the present study, we used well-validated priming procedures to activate particular mat-
ing-related motives and investigated whether activating the mate-search motives (Experiment
1) would have a specific influence on study-time allocation to female faces varying in attractive-
ness. To reproduce successfully (i.e., to produce viable offspring and raise them to reproductive
age) [1], individuals not only need to find an ideal mate but also need to guard their mates
from same-sex rivals [4]. Adopting the same face material and study procedure, Experiment 2
(mate-guarding) was designed to conceptually extend the findings of Experiment 1 by investi-
gating the study-time allocation effects on female participants. We predicted that participants
whose mate-related motives were activated would allocate more time to studying highly attrac-
tive female faces.

Experiment 1
In this experiment, we manipulated the priming condition (mate-search vs. happiness-control)
using a guided imagery procedure [4, 6]. After the priming procedure, male participants per-
formed a revised version of the self-paced face-learning task [30], which provided a measure of
study-time allocation. Figs 1 and 2 show the flow diagram of Experiment 1 and the self-paced
face-learning task (Figs 1 and 2). We hypothesized that activation of a mate-search motive
would lead male participants to allocate more time to studying highly attractive female faces.

2.1. Methods
2.1.1. Participants. This study was approved by Zhejiang Normal University Research

Ethics Review Committee.The individual in this manuscript has given written informed con-
sent (as outlined in PLOS consent form) to publish these case details. Thirty male Chinese
undergraduate students (mean age = 19.59 years, SD = 1.37 years) were recruited and provided
written consent before the experiment. All participants were right-handed single males with
normal vision. They were randomly assigned to either the mate-search or happiness-control
condition and tested individually by the same male experimenter. Upon completion of the
experiment, they received financial compensation. During the experiment, one participant in
the happiness-control group quit the experiment for personal reasons.

2.1.2. Materials. Forty color photographs of Chinese female faces that displayed neutral
expressions were used. All face photographs were frontal views, which were taken from the
Oriental Face Database (OFD) [31]. We standardized each image in size (320 x 307 pixels) and
removed the background of the photograph using Adobe Photoshop CS5. In a pilot study, 31
independent participants (15 female, 16 male, mean age = 20.2 years) were asked to rate the
attractiveness of each female face on a 7-point Likert scale (1 = unattractive, 7 = highly attrac-
tive). We then divided all photographs into two sets (i.e., highly attractive and less attractive
faces). An independent-samples t-test confirmed a significant difference in attractiveness
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between the highly attractive (M = 4.52, SE = 0.14) and less attractive face set (M = 2.23,
SE = 0.07), p< 0.001.

2.1.3. Design and procedure. A 2 (attractiveness: highly attractive vs. less attractive) × 2
(condition: mate-search vs. happiness-control) mixed design was adopted, with condition as
the between-subjects factor and attractiveness as the within-subject factor.

After signing their consent forms, participants were told that the study investigated imagi-
nation and memory. Participants were randomly assigned to either the mate-search or happi-
ness-control condition. Participants in the mate-search condition were requested to imagine
that their student society would be arranging a dating party in a few days and they were invited
together with some single female students. Participants in the happiness-control condition
were requested to imagine that they were arranging a trip with their families for the next vaca-
tion. All participants were asked to visualize each event based on the script. After finishing the
guided imagery procedure, all participants were asked to report the valence and arousal level of
their emotions, romantic feelings, mating motivation, and sexual arousal on a 7-point Likert
manipulation check scale [32].

Next, participants in the two conditions were asked to study 20 female faces with different
instructions. For the mate-search condition, participants were told that the face images
belonged to the single female students who would join the imaginary dating party. For the hap-
piness-control condition, participants were told that the face images belonged to strangers
whom they would meet during the imaginary family trip. All participants were instructed that
they were free to allocate their study times and that they would be tested on a face recognition
task after they had finished the study task. They were also encouraged by the experimenter to
try their best to remember all the faces.

The self-paced face-learning task was controlled by the software E-Prime (version 1.1) and
included three phases: self-paced study phase, distraction task, and face recognition phase.
During the self-paced study phase, 20 faces (10 highly attractive and 10 less attractive faces)

Fig 1. Flow diagram of Experiment 1. (due to the copyrights of the face database, the face image is a
sample provided by a volunteer, and not the actual experimental material).

doi:10.1371/journal.pone.0132207.g001
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were presented sequentially in random order. Presentation of the final face was followed by a
2-min distraction task that consisted of solving simple arithmetic problems. In the face recog-
nition phase, 40 faces (20 distracters and 20 targets) were displayed one at a time in random
order. Participants were instructed to press two different keys (F/J) to indicate whether they
had seen the presented face before [33]. The assignment of the keys to the two answers was
counterbalanced across participants. After the experiment, we asked every participant two
questions about the experiment (i.e., “Could you really imagine the scenario we provided?
Could you guess the possible purpose of this study?”). All participants reported that they were
able to imagine the scenario we provided. None of them guessed the real purpose of this study
or the connection between the imagination and memory task. Finally, the participants were
debriefed and dismissed.

Fig 2. Flow diagram of self-paced study task.

doi:10.1371/journal.pone.0132207.g002
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2.2. Results
2.2.1. Manipulation check. To evaluate the effectiveness of the manipulation, we com-

pared the valence and arousal of emotion, romantic feelings, mating motivation, and sexual
arousal between the two groups by independent-samples t-test [32]. As expected, participants
in the mate-search condition reported greater sexual arousal (M = 4.27, SE = 0.28) than in the
happiness-control condition (M = 2.43, SE = 0.31), t(27) = 4.39, p< 0.001; more romantic feel-
ings (M = 4.00, SE = 0.34) than in the happiness-control condition (M = 2.86, SE = 0.35), t(27)
= 2.36, p< 0.05; and greater motivation to seek a mate (M = 5.27, SE = 0.23) than in the happi-
ness-control condition (M = 3.14, SE = 0.46), t(27) = 4.17, p< 0.005. No significant differences
between conditions were found for valence (mate-search:M = 5.07, SE = 0.18; happiness-con-
trol:M = 5.36, SE = 0.23) and arousal of emotion (mate-search:M = 4.00, SE = 0.39; happiness
control:M = 4.71, SE = 0.45), ps> 0.05.

2.2.2. Recognition performance. The mean correct percentages for face recognition were
calculated. A 2 (attractiveness: highly attractive vs. less attractive) × 2 (condition: mate-search
vs. happiness-control) repeated-measures ANOVA revealed a significant effect of attractive-
ness, F(1,27) = 16.37, p< 0.001, η2 = 0.38. In particular, the mean correct percentages for
highly attractive faces (M = 0.84, SE = 0.02) reliably exceeded the mean percentages for less
attractive faces (M = 0.77, SE = 0.02). There was neither a significant main effect of condition,
F(1,27) = 0.38, p = 0.54, η2 = 0.01, nor a significant interaction effect between attractiveness
and condition, F(1,27) = 0.12, p = 0.73, η2 = 0.004.

2.2.3. Self-paced study times. The mean self-paced study times for highly attractive and
less attractive faces were computed to examine whether the mate-search motives activation
had an influence on the study-time allocation for the different sets of faces, as measured by the
average study time (in seconds) for each face (Fig 3). A 2 (attractiveness: highly attractive vs.
less attractive) × 2 (condition: mate-search vs. happiness-control) repeated-measures ANOVA
revealed a significant main effect of attractiveness, F(1, 23) = 7.98, p< 0.05, η2 = 0.26, showing
that highly attractive faces (M = 6.77, SE = 1.09) were allocated more time than less attractive
faces (M = 5.99, SE = 1.01). There was no significant main effect of condition, F(1,27) = 0.03,
p = 0.85, η2 = 0.01, but there was a significant interaction between attractiveness and condition,
F(1,27) = 10.15, p< 0.005, η2 = 0.27. A simple effect test revealed that participants allocated
more time to study highly attractive (M = 6.98, SE = 1.74) than less attractive faces (M = 5.39,
SE = 1.50) in the mate-search condition, t(14) = 3.77, p< 0.005, d = 0.24. However, the happi-
ness-control condition yielded no significant differences in study time between highly attrac-
tive (M = 6.53, SE = 1.34) and less attractive faces (M = 6.65, SE = 1.37), t(13) = -0.36, p = 0.72.

2.3. Discussion
In accordance with our hypothesis, the participants whose mate-search motives were activated
allocated more time to study highly attractive faces than less attractive faces, while participants
in the control condition allocated equivalent time to the two groups of female faces. This result
suggests that activating mate-search motives might influence individuals’ SRL processes.

These findings are consistent with an evolutionary psychological perspective about mating
and adaptive behaviors [1–6]. The participants who imagined joining a dating party might
have developed a specific bias to study highly attractive female faces rather than trying to
remember less attractive faces. This study time allocation bias could indicate potential mating-
related functions, that is, a greater chance to remember highly attractive female faces. On the
other hand, because the happiness-control scenario was devoid of any romantic connotations
and thus did not prime mate-related motives, no effects were observed for the control condi-
tion (also see another mini experiment in S1 File).
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Experiment 2
In Experiment 2, we sought to replicate the findings of Experiment 1 by activating female par-
ticipants’mate-guarding motives. Previous studies showed that same-sex individuals with
highly attractive faces would be considered as more threatening rivals [4, 34–37]. Priming jeal-
ousy by an imagery task would activate the female participants’mate-guarding motivation and

Fig 3. Mean study times (in seconds) allocated to highly and less attractive female faces for the mate-search and happiness-control conditions in
Experiment 1. Error bars represent standard error of the mean.

doi:10.1371/journal.pone.0132207.g003
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induce adaptive cognitions or behaviors [4]. Therefore, similar to the influence of the mate-
search motives in male participants, we predicted that activating the mate-guarding motives
would lead the female participants to spend more time on studying highly attractive same-sex
faces.

3.1. Methods
3.1.1. Participants. Fifty undergraduate female students (mean age = 21.61 years,

SD = 1.88 years) participated in Experiment 2. All participants were right-handed with normal
vision. Participants were randomly assigned to the mate-guarding or anxiety-control group.
All participants claimed that they were in a romantic relationship or had dated someone in the
past [6].

3.1.2. Materials. The female faces photographs used in this experiment were the same as
in Experiment 1.

3.1.3. Design and procedure. A 2 (attractiveness: highly attractive vs. less attractive) × 2
(condition: mate-guarding vs. anxiety-control) mixed design was adopted with condition as
the between-subjects factor and attractiveness as the within-subject factor.

The procedure was the same as in Experiment 1, except for the guided imagery procedure.
The participant in the mate-guarding condition was asked to visualize a friend telling her that
her boyfriend was flirting with other females in a bar; if they were single, they were asked to
imagine the same scenario with someone they had been dating in the past or currently had
romantic feelings for [6]. For the anxiety-control condition, participants performed a similar
task but the imagined boyfriend situation was replaced by an anxiety situation, in which they
failed an important exam. After the imagery tasks, participants completed the manipulation
check scales regarding their valence and arousal of emotion and jealousy level. Participants in
two conditions were then introduced to the self-paced face-learning task with different intro-
ductions. For the mate-guarding condition, participants were requested to imagine that the
face images belonged to 20 females who were in the same bar with their boyfriend, and one of
them was flirting with their boyfriends. For the anxiety-control condition, participants were
asked to imagine that the face images belonged to strangers.

After the experiment, we also asked every participant the same two questions as in Experi-
ment 1. All participants reported that they were able to imagine the scenario we provided.
None of them could guess the real purpose of this study or the connection between the imagi-
nation and memory task.

3.2. Results
3.2.1. Manipulation check. To evaluate the effectiveness of the manipulation, we com-

pared the valence and arousal of emotion and jealousy level between the two groups by an inde-
pendent- samples t-test. As expected, participants in the mate-guarding condition reported a
greater jealousy level (M = 4.44, SE = 0.34) than in the anxiety-control (M = 2.96, SE = 0.31),
t(48) = 3.38, p< 0.001. No significant differences were found for valence (mate-guarding:
M = 2.08, SE = 0.24; anxiety-control:M = 2.28, SE = 0.23) and arousal of emotion (mate-guard-
ing:M = 2.80, SE = 0.35; anxiety-control:M = 2.96, SE = 0.36) between the two groups,
ps> 0.05.

3.2.2. Recognition performance. The mean correct percentages for face recognition were
calculated. A 2 (attractiveness: highly attractive vs. less attractive) × 2 (condition: mate-guard-
ing vs. anxiety-control) repeated-measures ANOVA revealed a significant main effect of attrac-
tiveness, F(1,48) = 36.64, p< 0.001, η2 = 0.43. In particular, the mean correct recognition
percentages for highly attractive faces (M = 0.90, SE = 0.01) significantly exceeded mean correct
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percentages for less attractive faces (M = 0.79, SE = 0.03). Neither asignificant main effect of
condition, F(1,48) = 0.002, p = 0.97, η2 < 0.001, nor a significant interaction effect between
attractiveness and condition were found between the two groups, F(1,48) = 0.003, p = 0.96,
η2 < 0.001.

3.2.3. Self-paced study times. Mean self-paced study times for highly and less attractive
faces were computed to examine whether the mate-guarding goal activation had an influence
on the study-time allocation for the two sets of faces (Fig 4). A 2 (attractiveness: highly

Fig 4. Mean study times (in seconds) allocated to highly and less attractive female faces for the mate-guarding and anxiety-control conditions in
Experiment 2. Error bars represent standard error of the mean.

doi:10.1371/journal.pone.0132207.g004
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attractive vs. less attractive) × 2 (condition: mate-guarding vs. anxiety-control) repeated-mea-
sures ANOVA revealed a significant main effect of attractiveness, F(1,48) = 59.39, p< 0.001,
η2 = 0.53, showing that highly attractive faces (M = 5.01, SE = 0.32) were allocated more time
than less attractive faces (M = 3.93, SE = 0.28). There was no significant main effect of condi-
tion, F(1,48) = 0.05, p = 0.83. There was a significant interaction between attractiveness and
condition, F(1,48) = 42.42, p< 0.001, η2 = 0.47. The subsequent simple effect test revealed
that participants allocated more time to studying highly attractive faces (M = 5.57, SE = 0.47)
than less attractive faces (M = 3.56, SE = 0.38) in the mate-guarding condition, t(24) = 8.41,
p< 0.001, d = 0.86. However, the anxiety-control condition showed no significant differences
between study time for highly attractive (M = 4.50, SE = 0.41) and less attractive faces
(M = 4.38, SE = 0.42), t(24) = 0.81, p = 0.43.

3.3. Discussion
The findings of Experiment 2 extended those of Experiment 1 by activating another type of
mate-related motives, that is, mate-guarding goals. The results confirmed our hypothesis that
when the priming condition referred to mate guarding and evoked participants’ jealously, the
highly attractive faces were studied longer than the less attractive faces. The participants in the
control condition allocated equivalent time to the two groups of female faces. This finding was
in line with previous research, which argued that the mate-guarding cues activated the mate-
guarding motives and directed the adaptive behavior bias towards highly attractive same-sex
faces [4]. Taken together, the findings from Experiments 1 and 2 are consistent with the
hypothesis that mating-related motives lead people to allocate more study time to highly attrac-
tive female faces.

General Discussion
The current study showed that participants (Experiment 1: males; Experiment 2: females)
whose mate-related motives (Experiment 1: mate-search motives; Experiment 2: mate-guard-
ing motives) were activated allocated more time to study highly attractive female faces than less
attractive ones, suggesting that mate-related motives priming might have an influence on SRL.
To our knowledge, this is the first study to explore the relationship between mate-related
motives and SRL, which can widen our views on both evolutionary psychology and SRL.

Evolutionary psychologists have suggested that mate-relevant information is processed by a
highly specialized, content-specific information-processing module that has evolved as a solu-
tion to recurring fitness-relevant problems [1, 38]. The different strategies to allocate time for
the same face materials revealed different motivational states between the participants in the
mate-related and control groups. As revealed by previous research, mate-related motives (i.e.,
mate-search and mate-guarding) interacted with goal-relevant stimuli to influence the individ-
ual’s cognitive processes, such as attention [4], basic social categories [5], and memory [9]. In
the current study, participants might also have activated mate-related motives and thus allo-
cated more study time to highly attractive female faces, which could enhance the chance to
solve fitness-relevant problems. In the mate-search condition in Experiment 1, if a male spent
more time memorizing females with highly attractive faces, he would have a better chance of
remembering those faces later, which could theoretically help him to develop some targeted
strategies to flirt with the ideal girl. In Experiment 2, because the highly attractive same-sex
faces imply a threat from potential rivals, spending more time to memorize these faces could
help the female to remember them and adopt further strategies to guard her mate (e.g., keeping
an eye on the attractive rivals who might visit her mate’s Facebook page or preventing her
mate from meeting the rivals) [4, 36]. Although participants in both the mate-search and
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mate-guarding groups showed similar patterns in study-time allocation for faces, the underly-
ing motives and goals are quite different, which has specific implications for reproductive fit-
ness. These results are in accordance with previous theories and a burgeoning body of research
about domain-specific motivations and behaviors [1].

The main results also indicate that the learning situation and motivational state affect
study-time allocation. Individuals adopted different study-time allocation strategies to maxi-
mize the likelihood of efficiently obtaining their goals [22, 24]. Based on the theories of evolu-
tionary psychology that we stated above, the participants in the mate-related conditions
regulated their study-time allocation to maximize the chance to remember the highly attractive
female faces. It is worth mentioning that, in our two experiments, although all participants
were instructed to set up a learning goal to memorize all female faces, the participants whose
mate-related goals were activated did not seem to follow the instruction, confirming the power-
ful influence of mate-related motivation [2].

An alternative explanation of these effects could involve the attentional process. Previous
research revealed that mate-related motives induced the individuals’ attention bias toward
highly attractive faces [4]. Having limited cognitive resources, the attentional focus will help
the individuals to spend their limited resources to process the most relevant information. How-
ever, in our view, the attentional process cannot solely explain the present results. As stated in
the introduction section, SRL represents learning that is guided by metacognition, strategic
action, and motivation to learn. Reflected in the self-paced study process, SRL refers to learners’
decision about when to begin and terminate the study process and how long to spend on spe-
cific items, which involves many other cognitive and behavioral components (e.g., monitoring,
choice, decision-making). According to the agenda-based regulation model, which was recently
proposed by Ariel et al. to explain SRL [22], learners’ study decisions were guided by an agenda
that they developed to prioritize and allocate time for items to study. Indeed, attention plays an
important role in the SRL process, because it helps individuals to maintain their learning
agenda during the self-paced study process. However, the SRL process does not merely involve
attentional processes. As for the experimental conditions in the current study, the participants
in the mate-related conditions might have constructed an agenda (either consciously or uncon-
sciously) to remember the highly attractive female faces. When they performed the self-paced
study task, the participants might have allocated more attention to highly attractive faces and
decided to spend more time remembering them, because this learning strategy was in accor-
dance with the agenda. When they attended to the less attractive faces, they likely terminated
their study earlier, because remembering less attractive faces would not help the attainment of
the learning goal (i.e., remembering more attractive female faces). Therefore, the attention pro-
cess plays an important role in the SRL process, just like the other processes (e.g., memory,
decision making). Further research should try to clarify the role of attentional processes by ana-
lyzing eye-tracking and behavioral data under similar conditions as in the current study.

Another interesting finding of this study was the improved memory for the highly attractive
faces regardless of the context that was primed in both experiments. That is, facial attractive-
ness had a different effect on the two dependent variables, namely memory performance and
study-time allocation. On one hand, the finding of improved memory for highly attractive
faces agrees with previous research [39]; for example, Marzi and Viggiano adopted a face-rec-
ognition task and found that highly attractive faces were remembered better than less attractive
faces [39]. On the other hand, we found that participants spent more time to study highly
attractive faces in the mating conditions, but did not show better recognition of these faces. It
seems that even though more study time was allocated, it did not aid in recognition. This find-
ing might reflect the so-called “labor-in-vain effect” (i.e., increased study-time on specific items
yields little or no improvement in memory performance) [40–42], that was first described by
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Nelson and Leonesio [40]. In their three experiments, the participants in the accuracy-empha-
sis group spent more time (ranging from twice as long in Experiment 1 to seven times as long
in Experiment 3) to study items than those in the speed-emphasis group. However, the two
groups showed little or no reliable difference in recall performance. This effect was confirmed
in subsequent research using different learning materials and under different task constraints
[41–43]. For instance, Mazzoni and Cornoldi examined whether they could eliminate the
labor-in-vain effect. Their findings showed that the strategy of time allocation was influenced
by manipulations of the task constriaints. However, none of these manipulations eliminated
the labor-in-vain effect [41]. Metcalfe argued that there are two necessary conditions for the
control of study to be helpful: monitoring must be accurate and appropriate choices must be
implemented during study [21]. Considering that an individual’s metacognitive monitoring
might sometimes not be accurate, one of the possible reasons for a labor-in-vain effect could be
learners’ inadequate monitoring during self-paced study [30]. Another explanation for this
effect might be the “smoke detector principle”. This states that, where the potential payoff of a
correct detection greatly outweighs the cost of a false alarm, the sensitivity of the mechanism
should be high [44]. In the current study, the reproductive fitness problem is so vital that indi-
viduals are predicted to choose a strategy that risks wasting effort and time on false alarms
because the payoff of a correct detection of sexual opportunity or a mate guarding situation
from an attractive woman are very high.

The current study highlights the integration of social cognition and SRL. Most of the materi-
als used in traditional SRL (metacognition) studies were noun-noun pairs or single words [22].
The findings based on these materials are difficult to generalize to tasks involving learning
items outside of the semantic realm [40]. Some researchers acknowledge that we need to extend
the research field of SRL to the social realm [45, 46]. However, this line of research has not
been fully incorporated into the SRL (or metacognition) tradition. The current research con-
firms the hypothesis that activating mate-related goals had an influence on SRL and provides
additional empirical evidence. Further studies could differentiate the influence of various social
cognition components on SRL.

Another important implication of this study is that the findings may shed light on the
unconscious process of SRL. Although self-regulated learning has been widely investigated ever
since it was introduced in the 1980s [11], the degree of consciousness of this process has not
received much attention. However, Ariel and Dunlosky found that learners’ study decisions
could be influenced by two kinds of processing: agenda-based process (which was thought to
be voluntarily controlled and conscious) and habitual process (which was thought to be auto-
matic and unconscious), suggesting that self-regulated learning might occur either consciously
or unconsciously [47]. In the current study, we found that the priming effect of mate-related
motives on study-time allocation was significant and none of the participants realized the real
connection between the imagination and face-study task, or the real intention of this study. As
Reder et al argued, it is important to distinguish between the strategy-selection processes
(study-time allocation) and the strategy itself [48]. We argue that participants in the mating-
related groups might have been unaware about what caused them to allocate more time to the
highly attractive faces. Although we make no claim that the participants in this study were
unaware about the study strategies they adopted, our results together with previous studies sug-
gest that there might be an unconscious process that affects self-regulated learning.

There are several limitations of this study. First, we did not examine gender differences in
the two experiments, which might limit the generalizability of the findings [6, 49]. Based on the
theories of sexual selection and investment, a highly attractive opposite-sex face is an important
index for the male (but not for the female) intending to find a mate. The present study indi-
cated that the males in the mate-search group spent more time on attractive female faces,
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which supports the sexual selection theory [6]. Future research could benefit from specifically
testing gender differences in the two experiments by using male and female face photographs.
Second, we did not ascertain possible interactions of mate-related motives priming and indi-
vidual differences such as sociosexual orientation [6, 50]. For instance, in a recent study, Ritter
et al. found that self-regulation capacity (ego depletion) plays an important role in romantically
involved individuals’ attention process toward attractive faces [51]. Further research will be
necessary to better understand the effects of individual differences on study-time allocation.
Additionally, although all participants in the mate-guarding group claimed to have successfully
envisioned the scenario, it is unclear whether additional factors, such as degree of relationship
satisfaction and jealousy level, had moderating effects on the results. Furthermore, to make the
anxiety condition in Experiment 2 more congruent with the mate-guarding condition, further
research could add the instruction that the faces belonged to women who did better in the
exam than the participant to the current imagery instruction.

In summary, the current study provides evidence that mate-related motives affect study-
time allocation to female faces varying in attractiveness. In our opinion, the present research
illustrates that bridging the perspectives of evolutionary psychology and SRL may deepen the
understanding of both fields.

Supporting Information
S1 Fig. Mean study times (in seconds) allocated to highly and less attractive female faces for
the three conditions in mini experiment. Error bars represent standard error of the mean.
(TIF)

S1 File. Mini experiment for Experiment 1.
(DOC)

Acknowledgments
The authors would like to thank anonymous reviewers for their insightful comments and
Meng Zhang (Zhejiang University) for the very constructive comments on the manuscript.

Author Contributions
Conceived and designed the experiments: XL YZ FL. Performed the experiments: YZ PL. Ana-
lyzed the data: XJ HJ. Contributed reagents/materials/analysis tools: YZ XJ HJ. Wrote the
paper: WL XL YZ FL HC.

References
1. Dunbar RIM, Barrett L. Oxford handbook of evolutionary psychology. Oxford: Oxford University Press;

2007.

2. Kenrick DT, Neuberg SL, Griskevicius V, Becker D, Schaller M. Goal-driven cognition and functional
behavior: The fundamental-motives framework. Curr Dir Psychol Sci. 2010; 19: 63–67. PMID:
21874097

3. Caporael LR. Evolutionary psychology: Toward a unifying theory and a hybrid science. Annu Rev Psy-
chol. 2001; 52: 607–628. PMID: 11148319

4. Maner JK, Gailliot MT, Rouby DA, Miller SL. Can't take my eyes off you: Attentional adhesion to mates
and rivals. J Pers Soc Psychol. 2007; 93: 389–401. PMID: 17723055

5. Sundie JM, Kenrick DT, Griskevicius V, Tybur JM, Vohs KD, Beal DJ. Peacocks, Porsches, and Thor-
stein Veblen: Conspicuous consumption as a sexual signaling system. J Pers Soc Psychol. 2011; 100:
664–680. doi: 10.1037/a0021669 PMID: 21038972

The Effects of Mate-Related Motives on Study-Time Allocation

PLOS ONE | DOI:10.1371/journal.pone.0132207 June 29, 2015 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132207.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0132207.s002
http://www.ncbi.nlm.nih.gov/pubmed/21874097
http://www.ncbi.nlm.nih.gov/pubmed/11148319
http://www.ncbi.nlm.nih.gov/pubmed/17723055
http://dx.doi.org/10.1037/a0021669
http://www.ncbi.nlm.nih.gov/pubmed/21038972


6. Maner JK, Miller SL, Moss JH, Leo JL, Plant EA. Motivated social categorization: Fundamental motives
enhance people's sensitivity to basic social categories. J Pers Soc Psychol. 2012; 103: 70–83. doi: 10.
1037/a0028172 PMID: 22545747

7. Greitemeyer T, Kastenmüller A, Fischer P. Romantic motives and risk-taking: An evolutionary
approach. J Risk Res. 2013; 16: 19–38.

8. Maner JK, McNulty JK. Attunement to the fertility status of same-sex rivals: Women's testosterone
responses to olfactory ovulation cues. Evol Hum Behav. 2013; 34: 412–418.

9. Karremans JC, Dotsch R, Corneille O. Romantic relationship status biases memory of faces of attrac-
tive opposite-sex others: Evidence from a reverse-correlation paradigm. Cognition. 2011; 121: 422–
426. doi: 10.1016/j.cognition.2011.07.008 PMID: 21903209

10. Griskevicius V, Cialdini RB, Kenrick DT. Peacocks, picasso, and parental investment: The effects of
romantic motives on creativity. J Pers Soc Psychol. 2006; 91: 63–76. PMID: 16834480

11. Efklides A. Interactions of metacognition with motivation and affect in self-regulated learning: The
MASRLmodel. Educ Psychol. 2011; 46: 6–25.

12. Dunlosky J, Ariel R. Self-Regulated learning and the allocation of study time. Psychol Learn Motiv.
2011; 54: 103–140.

13. Bandura A. Social cognitive theory of self-regulation. Organ Behav HumDecis Process. 1991; 50:
248–287.

14. Buckner JC, Mezzacappa E, BeardsleeWR. Self-regulation and its relations to adaptive functioning in
low income youths. Am J Orthopsychiatry. 2009; 79: 19–30. doi: 10.1037/a0014796 PMID: 19290722

15. Zimmerman BJ. Development of self-regulated learning: Which are the key subprocesses? Contemp
Educ Psychol. 1986; 11: 307–313.

16. Kurman J. Gender self-enhancement, and self-regulation of learning behaviors in junior high school.
Sex Roles. 2004; 50: 725–735.

17. Bjork RA, Dunlosky J, Kornell N. Self-regulated learning: Beliefs, techniques, and illusions. Annu Rev
Psychol. 2013; 64: 417–444. doi: 10.1146/annurev-psych-113011-143823 PMID: 23020639

18. Son LK, Sethi R. Adaptive learning and the allocation of time. Adapt Behav. 2010; 18: 132–140.

19. Buss DM. Evolutionary personality psychology. Annu Rev Psychol. 1991; 42: 459–491. PMID:
2018400

20. Metcalfe J, JacobsWJ. People's study time allocation and its relation to animal foraging. Behav Pro-
cesses. 2010; 83: 213–221. doi: 10.1016/j.beproc.2009.12.011 PMID: 20026197

21. Metcalfe J. Metacognitive judgments and control of study. Curr Dir Psychol Sci. 2009; 18: 159–163.
PMID: 19750138

22. Ariel R, Dunlosky J, Bailey H. Agenda-based regulation of study-time allocation: When agendas over-
ride item-based monitoring. J Exp Psychol Gen. 2009; 138: 432–447. doi: 10.1037/a0015928 PMID:
19653800

23. Dunlosky J, Hertzog C. Older and younger adults use a functionally identical algorithm to select items
for restudy during multitrial learning. J Gerontol B Psychol Sci Soc Sci. 1997; 52: 178–186.

24. Castel AD, Murayama K, FriedmanMC, McGillivray S, Link I. Selecting valuable information to remem-
ber: Age-related differences and similarities in self-regulated learning. Psychol Aging. 2013; 28: 232–
242. doi: 10.1037/a0030678 PMID: 23276210

25. Li F, Xie R, Li X, Li W. The influence of perceptual information on control processes involved in self-reg-
ulated learning: Evidence from item selection. Psychon Bull Rev. 2014 Nov 21. [Epub ahead of print].
doi: 10.3758/s13423-014-0762-7

26. Rhodes G. The evolutionary psychology of facial beauty. Annu Rev Psychol. 2006; 57: 199–226.
PMID: 16318594

27. Hahn AC, Perrett DI. Neural and behavioral responses to attractiveness in adult and infant faces. Neu-
rosci Biobehav Rev. 2014; 46: 591–603. doi: 10.1016/j.neubiorev.2014.08.015 PMID: 25199981

28. Confer JC, Perilloux C, Buss DM. More than just a pretty face: men's priority shifts toward bodily attrac-
tiveness in short-term versus long-termmating contexts. Evol Hum Behav. 2010; 31: 348–353.

29. Pflüger LS, Oberzaucher E, Katin S, Holzleitner IJ, Grammer K. Cues to fertility: Perceived attractive-
ness and facial shape predict reproductive success. Evol Hum Behav. 2012; 33: 708–714.

30. Tullis JG, Benjamin AS. On the effectiveness of self-paced learning. J Mem Lang. 2011; 64: 109–118.
PMID: 21516194

31. Gao X, Tian C. Multi-view face recognition based on tensor subspace analysis and view manifold
modeling. Neurocomputing. 2009; 72: 3742–3750.

The Effects of Mate-Related Motives on Study-Time Allocation

PLOS ONE | DOI:10.1371/journal.pone.0132207 June 29, 2015 14 / 15

http://dx.doi.org/10.1037/a0028172
http://dx.doi.org/10.1037/a0028172
http://www.ncbi.nlm.nih.gov/pubmed/22545747
http://dx.doi.org/10.1016/j.cognition.2011.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21903209
http://www.ncbi.nlm.nih.gov/pubmed/16834480
http://dx.doi.org/10.1037/a0014796
http://www.ncbi.nlm.nih.gov/pubmed/19290722
http://dx.doi.org/10.1146/annurev-psych-113011-143823
http://www.ncbi.nlm.nih.gov/pubmed/23020639
http://www.ncbi.nlm.nih.gov/pubmed/2018400
http://dx.doi.org/10.1016/j.beproc.2009.12.011
http://www.ncbi.nlm.nih.gov/pubmed/20026197
http://www.ncbi.nlm.nih.gov/pubmed/19750138
http://dx.doi.org/10.1037/a0015928
http://www.ncbi.nlm.nih.gov/pubmed/19653800
http://dx.doi.org/10.1037/a0030678
http://www.ncbi.nlm.nih.gov/pubmed/23276210
http://dx.doi.org/10.3758/s13423-014-0762-7
http://www.ncbi.nlm.nih.gov/pubmed/16318594
http://dx.doi.org/10.1016/j.neubiorev.2014.08.015
http://www.ncbi.nlm.nih.gov/pubmed/25199981
http://www.ncbi.nlm.nih.gov/pubmed/21516194


32. Griskevicius V, Goldstein NJ, Mortensen CR, Cialdini RB, Kenrick DT. Going along versus going alone:
When fundamental motives facilitate strategic (non)conformity. J Pers Soc Psychol. 2006; 91: 281–
294. PMID: 16881765

33. Nomi JS, Rhodes MG, Cleary AM. Emotional facial expressions differentially influence predictions and
performance for face recognition. Cogn Emot. 2013; 27: 141–149. doi: 10.1080/02699931.2012.
679917 PMID: 22712473

34. Koranyi N, Rothermund K. When the grass on the other side of the fence doesn't matter: Reciprocal
romantic interest neutralizes attentional bias towards attractive alternatives. J Exp Soc Psychol. 2012;
48: 186–191.

35. Maner JK, Gailliot MT, DeWall CN. Adaptive attentional attunement: Evidence for mating-related per-
ceptual bias. Evol Hum Behav. 2007; 28: 28–36.

36. Massar K, Buunk AP. Judging a book by its cover: Jealousy after subliminal priming with attractive and
unattractive faces. Pers Individ Dif. 2010; 49: 634–638.

37. Vaillancourt T. Do human females use indirect aggression as an intrasexual competition strategy?Phi-
los Trans R Soc Lond B Biol Sci. 2013; 368: 1–7.

38. Bell R, Buchner A, Erdfelder E, Giang T, Schain C, Riether N. How specific is source memory for faces
of cheaters? Evidence for categorical emotional tagging. J Exp Psychol Learn MemCogn. 2012; 38:
457–472. doi: 10.1037/a0026017 PMID: 22022957

39. Marzi T, Viggiano MP. When memory meets beauty: Insights from event-related potentials. Biol Psy-
chol. 2010; 84: 192–205. doi: 10.1016/j.biopsycho.2010.01.013 PMID: 20109520

40. Nelson TO, Leonesio RJ. Allocation of self-paced study time and the "Labor-in-Vain Effect". J Exp Psy-
chol Learn MemCogn. 1988; 14: 676–686. PMID: 2972804

41. Mazzoni G, Cornoldi C. Strategies in study time allocation: Why is study time sometimes not effective?
J Exp Psychol Gen. 1993; 122: 47–60.

42. Dunlosky J, Ariel R. The influence of agenda-based and habitual processes on item selection during
study. J Exp Psychol Learn MemCogn. 2011; 37: 899–912. doi: 10.1037/a0023064 PMID: 21480756

43. Pelegrina S, Bajo MT, Justicia F. Allocation of time in self-paced memory tasks: The role of practice,
instructions, and individual differences in optimizing performance. Learn Individ Differ. 1999; 11: 401–
429.

44. Schaller M, Park JH. The behavioral immune system (and why it matters). Curr Dir Psychol Sci. 2011;
20: 99–103.

45. Watier NN, Collin CA. Metamemory for faces, names, and common nouns. Acta Psychol (Amst). 2011;
138: 143–154.

46. Jost JT, Kruglanski AW, Nelson TO. Social metacognition: An expansionist review. Pers Soc Psychol
Rev. 1998; 2: 137–154. PMID: 15647141

47. Ariel R, Dunlosky J. When do learners shift from habitual to agenda-based processes when selecting
items for study? MemCognit. 2013; 41: 416–428. doi: 10.3758/s13421-012-0267-4 PMID: 23135748

48. Reder LM, Schunn CD. Metacognition does not imply awareness: Strategy choice is governed by
implicit learning and memory. In: Reder LM, editor. Implicit Memory and Metacognition. Hillsdale: Law-
rence Erlbaum. 1996. pp. 45–77.

49. Badcock C. Evolutionary psychology: A critical introduction. Oxford: Polity Press; 2000.

50. Simpson JA, Gangestad SW. Individual Differences in Sociosexuality: Evidence for Convergent and
Discriminant Validity. J Pers Soc Psychol. 1991; 60: 870–883. PMID: 1865325

51. Ritter SM, Karremans JC, van Schie HT. The role of self-regulation in derogating attractive alternatives.
J Exp Soc Psychol. 2010; 46: 631–637.

The Effects of Mate-Related Motives on Study-Time Allocation

PLOS ONE | DOI:10.1371/journal.pone.0132207 June 29, 2015 15 / 15

http://www.ncbi.nlm.nih.gov/pubmed/16881765
http://dx.doi.org/10.1080/02699931.2012.679917
http://dx.doi.org/10.1080/02699931.2012.679917
http://www.ncbi.nlm.nih.gov/pubmed/22712473
http://dx.doi.org/10.1037/a0026017
http://www.ncbi.nlm.nih.gov/pubmed/22022957
http://dx.doi.org/10.1016/j.biopsycho.2010.01.013
http://www.ncbi.nlm.nih.gov/pubmed/20109520
http://www.ncbi.nlm.nih.gov/pubmed/2972804
http://dx.doi.org/10.1037/a0023064
http://www.ncbi.nlm.nih.gov/pubmed/21480756
http://www.ncbi.nlm.nih.gov/pubmed/15647141
http://dx.doi.org/10.3758/s13421-012-0267-4
http://www.ncbi.nlm.nih.gov/pubmed/23135748
http://www.ncbi.nlm.nih.gov/pubmed/1865325

