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We conducted a questionnaire survey using a cross-sectional sample of early and
middle adolescents aged 10-15 (n = 351) in order to investigate relationships between
temperament, metacognition, and frames of reference in behaviors in public situations.
The sample was divided into two groups by age (ear group: 10-12; middle-adolescence
group: 13-15) and were analyzed by Multiple Group Structural Equation Modeling.
Explanatory variables were four components of temperament [effortful control (EfC), affil-
iativeness (Afil), surgency (Sur), and negative affect (NgA)] and metacognition. Objective
variables were three components of frames of reference in behaviors in public situations
[egocentrism (Ego), neighborhood evaluation (Nei), and public values (Pub)]. In both age
groups, EfC had a negative effect on Ego, and Sur had a negative effect on Nei. However,
only in the middle-adolescence group did Afil and NgA have significant effects on Pub.
Meanwhile, metacognition in the ear group had a positive effect on Ego and Nei, but
these relations disappeared in the middle-adolescence group, and only in the middle-ad-
olescence group did metacognition have a positive effect on Pub. We discuss frames of
reference in behaviors in public situations from the viewpoint of the development of social
cognition in early and middle adolescence in relation to temperament and metacognition.

Keywords: temperament, metacognition, frames of reference in behaviors in public situations, social cognition,
affiliation

INTRODUCTION

Our development as social beings begin within the family when we are infants and then continues in
ever-widening arenas as we move through childhood and adolescence into adulthood (Selman, 2003).
Recently, the number of neurobiological studies of behavioral changes occurring in adolescence has
sharply increased. These findings are used to imply that adolescents have poor self-control (that
is, they lack the ability to keep inappropriate emotions, desires, and behaviors in check). However,
in neutral settings, adolescents show good self-control, equaling or even exceeding that shown by
some adults, whereas in emotional situations, their ability to keep impulses under control is heavily
overloaded compared with that of adults and children (Casey and Caudle, 2013).

Casey (2015) argues that research findings about changes specific to adolescents in terms of self-
control and underlying brain organization further our understanding of the motivations behind
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adolescents occasionally displaying criminal behaviors. When
under emotional pressure or facing potential threats or challenges
from peers, emotional centers in the adolescent brain may take
control of more immature prefrontal circuits, which may lead to
rash behaviors. Concerning delinquent behaviors, Nagafusa et al.
(2012) investigated the association between the range of groups
or persons whom an adolescent cares about when acting in public
situations and juvenile delinquency in children in reformatory
institutions. A total of 1,248 children (aged 12-19) in reforma-
tory institutions completed the scale for the frame of reference in
behaviors in public situations (Sugawara et al., 2006). This scale
has five factors: egocentrism (Ego), peer evaluation, neighborhood
evaluation (Nei), concern about others (Oth), and public values
(Pub). These factors reflect that the range of groups or persons
whom an individual cares about when acting in public situations
is gradually widening. Nagafusa et al. (2012) suggest that juvenile
delinquents in reformatory institutions show a narrow range of
referent frames in behaviors in public situations. That study also
indicated that older juvenile delinquents showed a wider range of
groups or persons whom they care about when acting in public
situations compared with younger juvenile delinquents.

Given the developmental change in width in the frame of
reference in behaviors shown by Nagafusa et al. (2012), this could
assist self-control in adolescence. However, there have been no
studies on how this expansion occurs in adolescence or how other
adolescent mental functions are related to this phenomenon.

Temperament has been defined as a constitutionally based set
of individual differences in reactivity and self-regulation in the
domains of emotions, activity, and attention (Rothbart and Bates,
2006). An increasing number of studies of neural systems show
that individual differences in temperament provide the founda-
tion for the drive to learn, competence, and expertise (Posner
and Rothbart, 2007). Factor-analytic work using parent- or
self-reported behavioral questionnaires yielded broad factors of
temperament, with surgency (Sur)-extraversion being positively
related to mastery motivation. Affiliativeness (Afil), which is
related to behaviors involving a desire for closeness with others, is
assumed to be independent of measures of shyness and extraversion
(Putnam et al., 2001). This is based on the biology of behaviors that
could support social motivation. Another factor, called effortful
control (EfC), is linked to individual differences in self-regulation
and reactivity control. EfC consists of the capacity to suppress
dominant reactions in preference for performing subdominant
reactions, spot errors, or taking part in planning. It can be also
seen as the capacity for keeping ones behaviors, emotions, and
attention under control (Rothbart, 2011). EfC is associated with
the development of the prefrontal cortex (e.g., Gulley et al., 2016).
It is reported that EfC—being able to regulate one’s own emotions
and behaviors—in early adolescence may positively influence one’s
prosocial behavior and negatively affect the self-centered tenden-
cies observed in adolescence (Luengo Kanacri et al., 2013).

In addition to temperament, we measure metacognitive ability,
which increases with age during adolescence (Weil et al., 2013).
Metacognition comprises the processes through which individu-
als monitor and control their cognitive processes. However, it can
also apply to others, a process known as “mentalizing” (Frith,
2012). When acting in a public situation, metacognitive ability

is necessary to care about one’s own mind (egocentricism) and
other people. Following Duckworth et al. (2014), we define
metacognition as the ability to deploy a range of self-control
strategies. In other words, metacognition consists of knowing
what facilitates self-control instead of making it more difficult.
This can be acquired directly, modeled for observation, and even
practiced by schoolchildren. Duckworth et al. thus suggest that
children be taught that self-control emerges most effectively
through selectively avoiding—as opposed to directly control-
ling—inappropriate impulses, even if age-related increases in the
ability to engage in metacognition play a part in the age-related
maturing of self-control.

Therefore, we investigate the relations between temperament,
metacognition, and frames of reference in behaviors in public
situations from a developmental perspective. The aim of this
study is to explore how temperaments and metacognition relate
to frames of reference in behaviors in public situations in early
and middle adolescence.

MATERIALS AND METHODS

Participants

This survey was conducted in five elementary and three junior
high schools in the Tokai region of Japan, located in the center of
the country on the Pacific side and one of the most industrialized
regions of the country. The questionnaires were distributed to
1,923 students and their parents. The adolescents ranged from
the fifth grade of elementary school (10-11 years old) to the third
grade of junior high school (14-15 years old). The collection rate
was 22.7%, 80.3% of which were available data because there were
no missing values in questionnaire responses from participants
or their parents. Thus, in this study, only children’s self-reported
answers were analyzed. Thus, data from 351 adolescents (179
females and 172 males) were analyzed.

Measures

Frames of Reference in Behaviors in Public
Situations

Five ranges of groups or persons whom an individual cares about
when acting [Ego, peer relationships (Peer), Nei, Oth, Pub] were
measured using the scale of frames of reference in behaviors in
public situations (Sugawara et al., 2006). Table 1 presents defini-
tions and sample items for each subscale. This scale has 20 items,
which were rated by the participants on a five-point scale from
“never” to “almost always” Subscale scores were calculated by
averaging the scores of applicable scale items.

Japanese Version of the Revised Early-Adolescence
Temperament Questionnaire (Japanese EATQ-R)

Four components of temperament [EfC, Afil, Sur, and nega-
tive affect (NgA)] were measured using the Japanese version
of EATQ-R, which was developed by Sukigara et al. (2013)
based on the original EATQ-R (Ellis and Rothbart, 2001).
This questionnaire has 103 items classified into 13 subscales:
activation control (AC), activity level, affiliation (Af), attention
(At), fear (Fe), frustration (Fr), high-intensity pleasure (HIP),
inhibitory control (IC), perceptual sensitivity (PS), pleasure
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TABLE 1 | Subscale definitions and sample items for frames of reference in
behaviors in public situations (Sugawara et al., 2006).

TABLE 2 | Subscale definitions and sample items for Japanese metacognitive
awareness inventory (Schraw and Dennison, 1994; Abe and Ida, 2010).

Components Definition and sample item Components Definition and sample item
Scale of frames  Egocentrism An extent to behave in terms of self-interest. Japanese Monitoring Assessment of one’s learning or strategy use
of reference in (e.g.,) “Whatever you do, you take your own metacognitive and analysis of performance and strategy
behaviors in course.” awareness effectiveness after a learning episode.
public situations Peer relationship An extent to behave in terms of managing inventory (g.g.,) | summarize what I've learned after |
. . . finish.”
the evaluation from one’s peer or friends.
(e.g.,) “You aren’t reluctant to do what all of Control Skills and strategy sequences used to process
your friends have done.” information more efficiently (e.g., organizing,
Neighborhood An extent to behave in terms of managing elabo.ratmg, summan;mg, and sele(l:tn/e
. ) R . focusing) and Strategies for correcting
evaluation the evaluation from one’s neighborhood. ;
PR . . comprehension and performance errors.
(e.g.,) “I dislike a local gossip derived from . .
B (e.g.,) “I change strategies when | fail to
my trouble.
understand.”
Concerns about  An extent to behave in terms of the interest -
) Knowledge Knowledge about cognition. Knowledge
others of the people present on that occasion. . R
. ) about cognition  of one’s skills, intellectual resources, and
(e.g.,) “I always pay attention to try not to -
. B abilities as a learner, knowledge about how
annoy with someone. . .
to implement learning procedures (e.g.,
Public values An extent to behave in terms of public strategies), and knowledge about when and

interest.
(e.g.,) “You have to keep your commitment
to the mutual agreement.”

sensitivity (PIS), shyness (Sh), depressive mood (DM), and
aggression (Ag).

The self-report form asks adolescents to circle the answer that
best describes how true each statement is for them. Response
options use a five-point Likert-type scale: 1 = almost always
untrue; 2 = usually untrue; 3 = sometimes true, sometimes
untrue; 4 = usually true; and 5 = almost always true. Appropriate
items were reverse scored, and subscale scores are computed as
an average score of applicable scale items.

We calculated four dimension score, as follows:

i. EfC: average of scale scores for: AC, At, and IC.

ii. Afil: average of scale scores for: Af, PS, and PIS.

iii. Sur: average of scale scores for: HIP, Fe, and Sh. However, Fe
and Sh were inverted and summed.

iv. NgA: average of scale scores for: Fr, DM, and Ag.

Japanese Metacognitive Awareness (MC) Inventory
To measure the participant’s MC, we used the adults’ metacognition
scale, which was constructed using items from the MC inventory
(Schraw and Dennison, 1994) adapted for Japanese by Abe and Ida
(2010). The wordings of the inventory items were adjusted so that
adolescents could understand it. This scale has 28 items classified
into three factors: monitoring (Mon), control (Ctl), and metacog-
nitive knowledge (Knw). Table 2 presents definitions and sample
items for each subscale. These items were rated by the participants
on a five-point scale from “never” to “almost always.” Each subscale
score was the arithmetic mean of applicable scale items.

Pubertal Status

Pubertal status was assessed via self-report using the body
changes questionnaire, a scale adapted from Kaminaga (2007).
Both male and female adolescents were asked to report on the
pubertal development of body hair growth and growth spurts in

why to use learning procedures.
(e.g.,) “l understand my intellectual strengths
and weaknesses.”

height: males were also asked about voice changes, muscular body;,
and first ejaculation; females were asked about breast growth,
subcutaneous fat, and menstruation. Four questions had the
following options: “not yet,” “in progress,” and “have completed.”
First ejaculation or menstruation was assessed via “No” or “Yes”

Four questions for males and females were scored as follows:
“not yet” = 1, “in progress” = 2, and “have completed” = 3. The
last item was scored as follows: “No” =1, “Yes” = 2. Overall scores
were calculated by summing all items for which a score was given,
and the sum of the scores was divided by five.

Validity of Scales

For frames of reference in behaviors in public situations, in our
models shown below, covariate coefficients between Ego and Pub
scores, Nei and Pub scores were negative, and one between Ego
and Nei score was positive. These were consistent with the results
of the interfactorial correlation of the scale of frames of refer-
ence in behaviors in public situations in Nagafusa et al. (2012).
Therefore, it is suggested that a factorial validity of used scales
was confirmed.

According to Muris and Meesters (2009), the reliability and
validity of the self-report version of the EATQ-R in early ado-
lescents (n = 1,055) are acceptable. For Japanese EATQ-R, the
same structure as Muris and Meesters (2009) was confirmed in
the models shown below; this suggested that the factorial validity
was confirmed.

For Japanese MC inventory, a confirmatory factor analysis was
carried out and a factor structure similar to that of Abe and Ida
(2010) was confirmed. This suggests that factorial validity has
been confirmed.

Procedure
The questionnaires were distributed to students and their parents
by each classroom teacher, and the participants were asked to
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drop the questionnaire into a post box after filling in answers. The
cover page of the questionnaire mentioned that “Answering the
questionnaire is not an obligation. Please only answer if both the
parents and the children are willing to answer the questionnaire.”
Therefore, all the parents provided written informed consent
concerning their and their children’s participation. If the ques-
tionnaire came back with responses, the adolescent participants
received a gift certificate worth ¥ 500 ($4.50) as a token of our
appreciation.

This research project was approved by the Ethical Committee
of Nagoya City University (No. 12002). This questionnaire was
anonymously completed by the participants.

Data Analysis

The responses of participants were analyzed with multiple group
structural equation modeling, using R (R Core Team, 2017) and
lavaan (Rosseel, 2012) software packages. In this analysis, the
covariances of the latent variables that showed low interfacto-
rial correlation, and non-significant paths in both groups were
eliminated. The model was assessed for goodness-of-fit using
the comparative fit index (CFI), Tucker-Lewis index (TLI), the
rootmean square error of approximation (RMSEA), and the
standardized root mean square residual (SRMR).

RESULTS

Descriptive Statistics

The states of development of adolescent physical development
in males/females for each group were shown in Tables 3 and 4.
To allow a cross-sectional analysis, the adolescents were divided
into two groups by age. Figure 1 shows the mean pubertal
development scores for female and male as a function of age.
Changes in adolescent hormones are related to temperament
and adolescent risk orientation; so we grouped the participants
based on their sexual maturity. Since sexual maturity greatly
differs between the ages of 12 and 13, they were divided into two
groups of 10-12-year-old and 13-15-year-old [early adolescence
(E): 10-12 years old (n = 165; 73 females, 92 males), and mid-
dle adolescence (M): 13-15 years old (n = 186; 106 females, 80
males)]. Average scores and SD for each component for each
group are summarized in Table 5. Following a t-test, a significant
difference (p < 0.05) was found in the average score only for two
components (shown in Table 5). However, no clear trend was
found for age.

Analysis by Multiple Group Structural
Equation Modeling

Multiple group structural equation modeling was used to
examine the relations between temperament and MC as well as
the frames of reference in behaviors in public situations due to
age differences. We calculated metacognition score (MC) as the
average of three subscales (Mon, Ctl, and Knw) scores, since the
correlations between the three subscales were high, respectively.
Regarding frames of reference in behaviors in public situations,
the correlations between Peer and Nei [r(364) = 0.400, p < 0.000],

Oth and Pub [r(364) = 0.463, p < 0.000] were both high. From
the viewpoint of simplifying the model by reducing latent vari-
ables and observed variables, Peer and Oth are omitted from the
model. Thus, only Ego, Nei, and Pub were included into the
model. Inoue (1977) has divided the Japanese social space into
three categories, i.e., “Miuchi, Seken, and Tanin,” which corre-
spond to the remaining variables Ego, Nei, and Pub, respectively.
Explanatory variables were the components of temperament
and MC, and objective variables were the components of the
frames of reference in behaviors in public situations. The path
diagrams are shown in Figure 2 for the early-adolescence group
and Figure 3 for the middle-adolescence group (CFI = 0.768;

TABLE 3 | The state of development of adolescent physical development in
males for each group.

Male Not Developing Have Total
developed (%) (%) developed (%)

Fast Early 41 (41.0) 58 (68.0) 1(1.0 100
height Middle 9(10.7) 71 (84.5) 4(4.8) 84
growth
Total 50 (27.2) 129 (70.1) 5(2.7) 184
Voice Early 82 (82.8) 5(15.2) 2(2.0) 99
break Middle 15 (17.9) 32 (38.1) 37 (44.0) 84
Total 97 (53.0) 47 (25.7) 39 (21.3) 183
Hair Early 78 (78.8) 20 (20.2) 1(1.0) 99
growth Middle 9(10.7) 55 (65.5) 20 (23.8) 84
Total 87 (47.5) 75 (41.0) 21 (11.5) 183
Muscle Early 56 (56.6) 43 (43.4) 0(0.0) 99
development  \jiddle 2 (14.3) 69 (82.1) 3(3.6) 84
Total 68 (37.2) 112 (61.2) 3(1.6) 183
First Early 87 (88.8) 11(11.2) 98
ejaculation  Middle 53 (63.9) 30 (36.1) 83
Total 140 (77.3) 41 (22.7) 181

TABLE 4 | The state of development of adolescent physical development in
females for each group.

Female Not Developing Have Total
developed (%) (%) developed (%)
Fast height Early 10 (13.3) 59 (78.7) 6 (8.0) 75
growth Middle 10(8.8) 68 (60.2) 35 (31.0) 113
Total 20 (10.6) 127 (67.6) 41 (21.8) 188
Breast Early 15 (20.0) 60 (80.0) 0(0.0) 75
development  Middle 5 (4.4) 95 (84.1) 13 (11.5) 113
Total 20 (10.6) 155 (82.4) 13(6.9) 188
Hair growth  Early 31 (41.3) 42 (56.0) 2(2.7) 75
Middle 3(2.7) 83 (74.1) 26 (23.2) 112
Total 34 (18.2) 125 (66.8) 28 (15.0) 187
Increase of Early 43 (57.3) 30 (40.0) 2(2.7) 75
subcutaneous  \iddle 36 (31.9) 67 (59.3) 10(8.8) 113
fat Total 79 (42.0) 97 (51.6) 12 (6.4) 188
First Early 47 (62.7) 28 (37.3) 75
menstrual Middle 14 (12.4) 99 (87.6) 113
period Total 61 (32.4) 127 (67.6) 188
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FIGURE 1 | Mean pubertal development scores for female and male as a function of age. Vertical bars indicate the standard errors.

TLI = 0.730; RMSEA = 0.080; SRMR = 0.091). As can be seen,
in both groups, EfC was negatively related to Ego, and Sur
had a positive effect on Nei. However, in these models, as the
coefficient of Sur is inverted between positive and negative, this
indicates that the higher the characteristics of Sur, the lower the
tendency to care about Nei.

Metacognitive awareness in the early group had positive
effects on Ego and Nei, but these relations disappeared in the
middle group. On the other hand, in the middle group, Afil has a
positive effect, and NgA has a negative effect on Pub. MC also has
a positive effect on Pub.

DISCUSSION

The purpose of the present study was to investigate the relations
between temperament, metacognition, and frames of reference in
behaviors in public situations from a developmental perspective

in early and middle adolescence (aged 10-15 years old). To allow
for a cross-sectional analysis, the adolescents were divided into
two groups by age (early adolescence: 10-12 years old; middle
adolescence: 13-15 years old). We demonstrated, in both groups,
the higher the EfC, the lower the tendency to Ego, and the higher
the Sur, the lower the tendency to care about Nei. On the other
hand, as for differences depending on age, metacognition in the
early group had positive effects on Ego and care about Nei. While
in the middle group, Afil had a positive effect, and NgA had a
negative effect on Pub.

Egocentrism in frames of reference in behaviors in public
situations is the tendency to follow one’s own desire without
respecting others. It is thought that consideration of others is
based on theory of mind, that is, understanding of their own
and other individuals’ mental states. EfC refers to the ability to
inhibit a dominant response in order to perform a subdominant
response (Rothbart, 2011). Many studies indicate that EfC (or
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TABLE 5 | Average scores, SDs, and Cronbach’s as for each group.

Scale Early- Middle- « Two-tailed
adolescence® adolescence® p-values of
t-test
M SD M SD

Japanese EATQ-R

Activation control 3.28 0.61 3.156 0.69 0.668

Attention 293 070 3.09 0.61 0.756

Inhibitory control 3.11 054 324 054 0.669

Affiliation 343 053 343 0.63 0.658

Perceptual 343 067 344 067 0.546

sensitivity

Pleasure sensitivity  3.10 084 3.17 0.79 0.764

High-intensity 322 066 321 064 0.659

pleasure

Fear 327 064 314 064 0613

Shyness 3.11 0.83 3.18 0.81 0.763

Frustration 327 064 314 064 0.682

Depressive mood 256 067 287 083 0.718

Aggression 2.83 0.61 277 065 0.762

Activity level 335 092 307 082 0.778

Effortful control 3.01 053 3.16 0.51 0.310

Affiliativeness 333 049 335 051 0.698

Surgency 227 057 233 0.6 0.329

Negative affect 289 049 293 054 0.509

Japanese metacognitive awareness inventory

Monitoring 293 077 289 069 0845 0.623

Control 329 074 336 068 0.769 0.281

Knowledge about 360 066 361 059 0713 0.930

cognition

Frames of reference in behaviors in public situations

Egocentrism 218 078 238 090 O0O.721 <0.05

Peer relationship 3.10 0.74 3.07 0.73 0.458 0.699

Neighborhood 395 076 383 087 0.69% 0.295

evaluation

Concern about 365 070 385 0.63 0.608 <0.01

others

Public values 388 069 386 062 0616 0.974

in = 162.

bn =183.

self-regulation) was significantly related to theory of mind in tod-
dler and preschool children (Carlson and Moses, 2001; Carlson
etal., 2004; Sabbagh et al., 2006; Hughes and Ensor, 2007; Korucu
et al,, 2017), and middle childhood (aged 7-12 years old) (Bock
et al,, 2015). In this study, we confirmed a similar trend in early
and middle adolescence.

Furthermore, Ego can be regarded as antisocial trend.
Nagafusa et al. (2012) suggested that juvenile delinquents in
reformatory institutions had higher scores of Ego, compared
with juvenile non-delinquents. Kochanska et al. (1997) show
strong links between IC and multiple, diverse measures of
children’s conscience at early school age, including observa-
tions of moral conduct, moral cognition, and moral self in
toddler and early school age. The present result that EfC seems

to suppress Ego is consistent with the result of Luengo Kanacri
et al. (2013).

Surgency consists of individual differences in the need to
seek new sensations in early- and mid-adolescence (Capaldi
and Rothbart, 1992). Sensation-seeking relates to the strength
of a person’s desire for new experiences and need for sensory
triggering (Arnett, 1992; Zuckerman, 1994). It is also linked
with a predilection for high-risk activities, such as reckless
driving, varied sexual experiences, stimulant use, low-level
criminal acts (Arnett, 1992), and antisocial behavior (Mann
et al., 2017). Adolescents are frequently considered more
extreme in their sensation-seeking compared with children or
adults, a view backed by empirical studies (Arnett, 1992). On
the other hand, Nei represents an extent to behave in term of
managing the evaluation from one’s neighborhood. In other
words, the fact that Nei is low means that the person does not
mind the evaluation from his neighborhood. In our result,
higher the characteristics of Sur, lower are the Nei. In other
words, when Sur is high, it means one acts against one’s neigh-
borhood’s evaluation. As mentioned above, sensation-seeking
has high relevance to antisocial behavior, so the results of this
study also support it.

Metacognition in the early adolescence had positive effects
on Ego and Nei. On the other hand, in middle adolescence,
metacognition had a positive effect on Pub. Considering the
frames of reference in behaviors in public situations from
the viewpoint of development of social cognition, it can be
regarded as corresponding to each stage of Selman’s social
perspective taking (Selman, 2003). Based on his theory, chil-
dren from 3 to 5 years old are at Level 0: to understand my
own perspective [first-person (egocentric) and physicalistic
level]. From 6 to 7 years old, children are at Level 1: to under-
stand your perspective, distinct from mine (first-person
and subjective level). From about 8-11 years old, children
are at Level 2: to understand your view of my (subjective)
perspective (second-person and reciprocal level). From about
11-14 years old, children are at Level 3: to understand her
or his view of us (our perspective) (third-person and mutual
level). The final stage is Level 4: to understand my own per-
spective in the context of multiple perspectives (third-person
and generalized other level) (ages 15-18). In this stage, the
adolescent now considers others’ perspectives with reference
to the social environment and culture that the other person
comes from, assuming that the other person will believe and
act in accord with their society’s norms and values. It can be
thought that Level 0 and 1 in this theory corresponds to Ego
in the frames of reference in behaviors in public situations,
Level 2 to Peer and Nei, Level 3 to Oth, and Level 4 cor-
responds to Pub.

Monitoring others’ perceptions by applying metacognition
to others is called “mentalizing” (Frith, 2012). Metalizing, in
other words, is taking another person’s perspective. In early
adolescence, the participants were considered to be at Level 2.
In this stage, since metacognition is used for perspective taking
familiar others, metacognition is thought to have had a positive
effect on Nei. Also, since it is also possible to re-capture one’s
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sense of self from the viewpoint of a third party, it is thought
that the focus on myself has increased, and the effect of meta-
cognition on Ego has also increased. In middle adolescence, the
effect of metacognition on Pub was moderate. This result may
mean that people with advanced metacognition can acquire a
more abstract perspective of others and thereby have a public
perspective.

In middle adolescence, Afil had a positive effect on Pub. Afil
covers a spectrum of behaviors promoting emotional links with
other humans, including emotion-based communication, close-
ness, and responsiveness in human interactions (Ellis, 2002).
From the viewpoint of evolutionary psychology, it is thought
that sociality has developed to maintain and develop the group
and help individuals behave well in the group. From the view-
point of indirect reciprocity (Nowak and Sigmund, 1998), Afil is
not only cooperation with the surrounding people, but may be
related to the orientation of the altruistic behavior of the entire
population.

In middle adolescence, occurring neuroendocrine changes
might be particularly associated with aggressive risk-taking
behaviors in boys or the tendency to affiliate with deviant peers
in girls (Vermeersch et al., 2008). These might reflect the present
negative effects, made up of scales measuring Ag, Fr, and DM.
One of the reasons for the negative relations between NgA and
Pub might be the adolescence risk-taking tendency.

In contrast, in early adolescence, neither the relation between
Afil and Pub nor the relation between NgA and Pub was statis-
tically significant. As they are taught by teachers or parents to
think about the Pub, the relations were not confirmed between
temperament or metacognition and Pub.

Finally, we show the limitations of this research. Tasks or
evaluations by familiar adults (parents or teachers) were often
used to evaluate EfC or self-regulation skills. We use self-report
questionnaires to assess temperament and metacognition.
In particular, in order to evaluate metacognition by sense
of self, it is necessary to develop meta-Mon, which is part
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of metacognition. Therefore, it is unclear exactly how meta-
cognition have been evaluated in adolescence during which
metacognition is developing. Moreover, the questionnaire to
assess metacognition was based on the adult version. Even if we
changed the expression of the questionnaire for adolescence,
there is a possibility that metacognition of adolescent was not
measured correctly. And we conducted a cross-sectional survey.
The data were collected at one time point, so we cannot draw
inferences about causality. A further longitudinal examination
is required.
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