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Abstract

This study investigated the efficacy of a culturally modified resilience education program on

Japanese adolescents’ well-being from a differential susceptibility perspective. First, a cul-

turally modified resilience education intervention was developed by employing the SPARK

resilience program and implemented with 407 Japanese high school students in Tokyo

(age = 15–16, M = 192, F = 215). To test intervention efficacy, students’ level of resilience,

self-esteem, self-efficacy, and depression were measured pre-, post-, and three months

after intervention. Additionally, sensory processing sensitivity, using the Japanese version

of the Highly Sensitive Child Scale for Adolescence, was measured as an index of individual

sensitivity. Analysis of variance was used to examine the baseline differences and interac-

tion effects of students’ gender and level of sensory processing sensitivity. Latent growth

curve models were used to assess the overall effects of the intervention and change over

time. Results indicated that the intervention was effective in enhancing students’ overall

self-efficacy; and that highly sensitive students, who scored significantly lower in well-being

than their counterparts at baseline, responded more positively to the intervention, and had a

greater reduction in depression and promotion of self-esteem. These findings provided

unique evidence in line with the differential susceptibility perspective and useful implications

to develop personalized treatment interventions for adolescents in different cultural

contexts.

Introduction

Mental health problems in the youth population are prevalent across the globe. According to

the World Health Organization (WHO), depression is the second-leading cause of illness and

disability among young people aged 15–19 years [1]. The symptoms of depression range from

cognitive, emotional, motivational, and physical aspects [2]; it interferes with the normal
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functioning of affected people and its effects encompass disruption of educational attainment,

role transitions, and employment stability [3–5]. In Japan, one study found that 7.8% of pri-

mary school students and 22.8% of secondary school students showed high levels of depressive

symptoms [6]. Also, it was reported that about 3.7% (estimated as 1 in 27) of secondary stu-

dents were on long-term absenteeism (more than 30 school days) in 2018, which was associ-

ated with socio-emotional difficulties that precluded them from attending school [7]. Though

the etiology of depression is multifaceted, research suggests that depression has strong rela-

tionships with low self-efficacy as well as low self-esteem [8–10]. For instance, while self-effi-

cacy refers to individuals’ beliefs in their own effectiveness that is associated with motivation

[11], self-esteem represents individuals’ sense of self-worth [12]. Depressed individuals show

symptoms of loss of interest and pleasure in almost all activities and experience feelings of

worthlessness with excessive self-blame [2], which imply significant decline in self-efficacy as

well as damaged self-esteem. Taken together, efforts to cultivate and enhance positive self-

regard (i.e., self-efficacy, self-esteem) are crucial in order to prevent undesirable consequences

of mental health problems in Japanese adolescents.

While the family provides a proximal context for fostering positive adolescent self-regard,

the school offers an ideal social opportunity through the implementation of evidence-based

socio-emotional programs (i.e., universal approach). These endeavors are particularly evident

in Western countries, where large-scale approaches have been undertaken [13, 14]. For exam-

ple, intervention programs that incorporate cognitive behavioral therapy (CBT) are well docu-

mented and are often referred to as “resilience programs” as they aim to enhance individual

protective factors that prevent negative consequences from life challenges [15]. Among various

protective factors, sense of self-worth, self-regulation skills, self-efficacy, and close relation-

ships have been found to contribute to individual resilience in the children’s adaptive systems

[16, 17]. While the concept of resilience in developmental sciences refers to “a dynamic process

wherein individuals display positive adaptation despite experiences of significant adversity”

[18, p. 858], the findings of protective factors that buffer negative influences have greatly

informed practical application and helped to shape many preventative interventions. Indeed,

research have found that such resilience intervention programs were effective in alleviating

mental health problems [14, 19].

However, research also indicates heterogeneous outcomes regarding interventions, depend-

ing on participants’ ethnicity or culture, the forms of delivery, and the facilitators [20–22]; fur-

thermore, overall effect sizes were reported to be relatively small [21, 23]. Hence, some issues

arise when introducing preventative interventions to Japanese adolescents. First, the feasibility

within the cultural context must be considered. Since mental health issues are defined with ref-

erence to the socio-cultural background [2], the content of the program must be well-matched

with their unique context. One apparent characteristic of the Japanese context is the collectivist

culture with high homogeneity, which fundamentally determines individual experiences

regarding emotion, cognition, and motivation [24, 25]. Unlike schools in other developed

countries (e.g., the United States of America, United Kingdom), little diversity is observed in

Japanese high schools. For example, there were less than 0.1% (3,000 out of 3,300,000) of stu-

dents whose first language was not Japanese among the total high school students in 2016 [26].

This means the vast majority of Japanese high schools consist of solely Japanese nationals. Fur-

thermore, a cross cultural study suggested that emotional aspects of well-being in Japan were

closely related to interdependent and interpersonal engagement of the self, whereas Americans

were related to independent and interpersonal disengagement of the self [27]. Therefore, when

introducing an intervention program for Japanese youth, these contextual differences
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including emotion, self-regard, and motivational inclination need to be considered. Second,

the implementation of the program should be supported by sound empirical evidence. Because

the introduction of any new program in a school setting would require considerable invest-

ment, the effectiveness of the intervention should be estimated prior to its large-scale applica-

tion. Thus, potential moderators that would affect the outcomes of a universal approach

should be carefully investigated.

Among many factors, gender is a strong predictor of mental health problems and it would

interact with intervention outcomes. In particular, adolescent girls are known to be at a higher

risk, and gender differences are reported to begin at puberty [28]. Hence, investigating the

moderating effect of gender differences would lend valuable insight into implementing pre-

ventative intervention for adolescents. In addition, individual personality differences may con-

siderably interact with intervention outcomes. For example, previous research found a strong

correlation between depression and neuroticism [29, 30] and suggests that personality differ-

ences predict treatment outcomes [30, 31]. Likewise, considering the underlying mechanisms

in individual psychobiological bases, namely, sensory processing sensitivity (SPS), would pro-

vide useful insight. Research indicates that SPS lays the foundation for registering and process-

ing external information and is associated with a low threshold for environmental stimuli,

strong emotional responsiveness, and deep information processing [32, 33]. Individuals with

high SPS may also be described as “introverted” in personality and “difficult” in temperament;

however, this is conceptually distinct from previously studied personality sub-traits [34, 35].

Moreover, this individual sensitivity—or, more specifically, “susceptibility” to environmental

stimuli—has been found to moderate outcomes of person x environmental interactions [36,

37]. This is because susceptible individuals tend to be more responsive to both positive and

negative external stimuli; therefore, what are traditionally viewed as vulnerability factors can

function as plasticity factors as well [38, 39]. This view has been supported by growing evi-

dence [40, 41] and was theorized as the differential susceptibility theory (DST) from evolution-

ary–neurodevelopmental perspectives [38, 39, 42]. Employing the DST perspective within a

Japanese context, adolescents with high SPS, particularly girls, may report lower well-being

and higher levels of depression than less sensitive youths under stressful circumstances; yet, at

the same time, they would benefit more from supportive intervention than their counterparts

would. Thus, considering students’ gender and SPS as potential moderators would allow for

valuable insight into school-based adolescent interventions.

As detailed above, this study aims to address two main issues regarding the implementation

of preventative intervention within a Japanese context: 1) the intervention program should be

culturally sensitive, and thus, modifications must be made when applying it to Japanese adoles-

cents; 2) intervention outcomes should be adequately estimated, as it is likely that students’

gender and susceptibility would moderate intervention outcomes. Therefore, in an attempt to

facilitate effective intervention in the Japanese context, this study developed a Japanese version

of intervention by employing a proven program and sought to test its overall effectiveness with

respect to students’ well-being. Then, to investigate the moderation effects of gender and indi-

vidual sensitivity from a DST perspective, we hypothesized that highly sensitive youths, partic-

ularly girls, would report lower well-being and higher depression at baseline but would show

greater positive outcomes than less sensitive students after intervention. Since few empirical

studies on this subject have been reported in Japan, or more broadly, non-Western countries

[43], this empirical study will provide a valuable contribution to adolescent intervention stud-

ies in different cultural contexts and will further our understanding of person x environmental

interactions.
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Materials and methods

Development of the intervention program

First, in an attempt to develop a culturally suitable intervention, we employed an existing

intervention program: the SPARK resilience program, which was originally developed and val-

idated in the United Kingdom [36, 44, 45]. This program was developed based on CBT compo-

nents and incorporating findings from resilience studies, which aims to foster protective

factors (e.g., self-esteem, self-efficacy, self-regulation skills) to promote individual resilience

and prevent depression [44, 45]. By employing this intervention program, we first created a

translated version of the program in collaboration with bilingual professionals; then consulted

with school teachers and a school psychologist, who had extensive experience in clinical work,

about its applicability to Japanese adolescents. Through the course of consultation, three

major issues were raised: 1) the time constraints within school curricula to implement a whole

program, 2) the relevance of the examples and case studies, and 3) the order of lesson delivery

in consideration of students’ acceptability. To resolve the first two issues, we carefully modified

the time allocation of lessons by compressing the original 12 one-hour package to a 6 one-

hour package and replaced case studies with more familiar examples. Although the reduction

in the lesson hours might have affected the efficacy of the program, it would not have other-

wise been possible to implement it in the existing school curricula. Therefore, we prioritized

the pragmatic accommodation by ensuring the program quality. The last issue concerned not

only practical aspects of lesson delivery, but also acceptability, and by extension, the efficacy of

the program. The original program was designed to introduce the roles of, and the ways to

deal with one’s cognition, and then proceed to deal with emotions. However, as adolescence is

a phase marked with heightened emotionality [46] and the interdependent nature of the Japa-

nese self-construct would likely make them more susceptible to others’ emotions rather than

their own cognition [27], we modified the lesson order to first introduce and deal with emo-

tions, then proceed to cognition. The modification process was carefully discussed with rele-

vant professionals, practitioners, as well as the original program developers. Table 1 shows the

Japanese version of the program and its comparison with the original program.

Intervention procedure

Study context and participants. The modified version of the SPARK resilience program

was introduced to the first-grade students (aged 15–16 years) of a high school in Tokyo. The

selected school has a unique curriculum in that it sends all second graders for a one-year over-

seas program with the aim to develop their English proficiency through real life experiences.

According to the Tokyo Metropolitan Government, the average tuition fee for the first year of

the private high school is JPY934,000 (approximately US$8,780), whereas the government

Table 1. Japanese version of the SPARK resilience program with reference to the UK version.

Lesson Contents UK Lesson

1 What is resilience? Introduction of multidimensional construct of resilience 1

2 Magic of distraction Role of emotions and skills to deal with them 8

3 Resilience muscle training Protective factors enhancing resilience 11

4 Growing from adversity Concepts and examples of post-traumatic growth 10

5 Understand the negative spiral Psychological mechanism of negative spiral (CBT model) 2, 3, 4, 5

6 Challenge your negative spiral Role of perception and challenge in the negative spiral 6, 7, 9

Each lesson consists of interactive lectures and practical activities. The original lesson plan can be found in [44, 45].

https://doi.org/10.1371/journal.pone.0239002.t001
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school’s fee for the first year is JPY125,000 (US$1,176) [47, 48]. Additionally, sending the stu-

dents to the one-year overseas program requires substantial cost for the family, which indicates

that parents or caregivers of students of the current school are high income families. Though

the number of students with special educational/medical needs is quite low in this school with

an average of around 3% each year, there is a school psychologist who closely monitors their

school adjustment.

While this overseas program has benefitted students’ development in many ways, a certain

number of students developed mental health problems and had to terminate their participa-

tion in the program. An informal survey conducted by the school psychologist in the previ-

ous year indicated that the students exhibited high level of anxiety before the overseas

program. Therefore, the teachers wished to enhance students’ resilience (i.e., protective) fac-

tors to promote their well-being, and consulted the school psychologist, who had regular con-

tact with the students, to provide preventative measures before the students’ departure.

Consequently, the program was introduced as a universal educational intervention within

regular lessons in a span of three months in the first year of high school; that is, one year

prior to their participation in the program. Before the program implementation, the school

psychologist was trained on the program, and the school’s deciding committee led by the

school principal agreed to provide the intervention program by the aforementioned school

psychologist consistently, and the board waived the need for parental consent. The students

answered self-report questionnaires pre- and post-intervention, as well as three months after-

ward. When administering the pre-intervention questionnaire at the beginning of the aca-

demic year, the students were informed of the purpose of the program and the survey, and

their right to withdraw their participation from the study; their verbal consent was obtained

and recorded on the register list.

This psychoeducational support has been carried out by the same school psychologist for all

first graders from three classes (with the typical class size of 45 students) since 2015. While no

compensation was given to the students for participating in the intervention, the students

received their own “resilience album” upon completion of the intervention each year, and

most of them took these albums to their overseas programs. To maximize the statistical power,

and to address the current research purposes, we used aggregated data from three cohorts who

received the above mentioned intervention (N = 407, M = 192, F = 215). We confirmed no sta-

tistical differences among the study variables in these three cohorts. As shown in Fig 1, the

final data consist of 395 (M = 174, F = 221) because some students left school amid term or

absent on the days of the session, hence, were unable to complete the questionnaire. We also

confirmed there was no statistical differences between the participants who completed the pro-

gram and those who dropped out. The institutional review board of Tokyo Kasei University

approved this study based on the agreement from the school board (H30-08). The study proto-

col and detailed lesson plans can be found in supporting materials (S1–S5 Files).

Outcome measures

As a measure of students’ self-regard, self-esteem was measured using the Rosenberg Self-

Esteem Scale [49, 50]. This is a 10-item questionnaire with a 4-point scale ranging from 1

(strongly disagree) to 4 (strongly agree), which asks about the respondent’s evaluation of self-

worth. The total score was calculated; higher scores represented positive self-regard. Addition-

ally, self-efficacy was measured using the General Self-Efficacy Scale [51, 52]. This is a 10-item

questionnaire that measures a respondent’s general self-efficacy on a 4-point scale ranging

from 1 (strongly disagree) to 4 (strongly agree). The Cronbach’s alpha of each scale was excel-

lent (α = .80 and .90 for self-esteem and self-efficacy, respectively).

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 5 / 17

https://doi.org/10.1371/journal.pone.0239002


In this study, we also measured students’ perception of resilience factors using the Bidimen-

sional Resilience Scale [53], which was developed and validated in Japan. This is a 21-item

measure with a 5-point scale ranging from 1 (strongly disagree) to 5 (strongly agree). Although

it has seven subscales under two dimensions (i.e., innate and acquired), we used the mean

score of the 21 items to represent individual resilience levels. The English translation of this

scale can be found in the supporting materials (S6 File). The Cronbach’s alpha of this scale was

excellent (α = .87).

To test the intervention efficacy with respect to mental health prevention, we measured stu-

dents’ depression levels using the Birleson Depression Self-Rating Scale for Children [54, 55].

This is an 18-item measure with a 3-point scale ranging from 0 (never) to 2 (most of the time),

and it evaluates the mood, cognitive, and somatic aspects of depressive symptoms. The total

score was used as an index of students’ depression levels. The Cronbach’s alpha of this scale

was also excellent (α = .86).

Fig 1. Flowchart of the resilience education intervention.

https://doi.org/10.1371/journal.pone.0239002.g001
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In addition, to test the moderation effects of an individuals’ susceptibility, we measured stu-

dents’ SPS using the Japanese version of the Highly Sensitive Child Scale for Adolescence

(J-HSCS) [56]. This scale is a translated version of the Highly Sensitive Child Scale [33], origi-

nally developed and validated in the United Kingdom. Although the original English version

has 12 items, the J-HSCS consists of 11 items, as one of them did not yield a sufficient factor

loading [56]. While the J-HSCS was reported to have three subscales (aesthetic sensitivity, low

sensory threshold, and ease of excitation), the purpose of this study was to evaluate the overall

adolescents’ sensitivity; therefore, we calculated the mean score of 11 items and then created

the study variables. The Cronbach’s alpha of this scale was acceptable (α = .70).

Analysis plan

As a first step, we examined the descriptive data and bivariate correlation among the study var-

iables. Further, to test the overall effects of the culturally modified intervention, we conducted

a latent growth curve model (LGCM) analysis [57] on all the students’ data and assessed their

changes from pre- to post-intervention, as well as three months after the intervention. The

LGCM is an excellent approach that allows us to see the group mean and individual variance

at baseline (i.e., intercept) and the rate of change over time (i.e., slope). After examining the

overall effects, we conducted a two-way analysis of variance (ANOVA) by creating two gender

groups and three SPS groups (i.e., high [+1SD], middle, and low [−1SD] on the J-HSCS) to

examine the baseline differences and interaction effects of students’ gender and level of SPS.

Finally, we conducted further LGCM analysis with gender and individual SPS as predictors of

the model. Fig 2 illustrates the hypothesized model of the final LGCM. In this model, if the

estimated regression weight from the predictors to the intercept (i.e., β1, β3) was found to be

significant, it would indicate a significant baseline difference as a function of the predictors.

Likewise, if the coefficients from the predictors to the slope (i.e., β2, β4) were found to be signif-

icant, it would suggest that the changes after the intervention were moderated by a function of

the predictors. In this study, all analyses were conducted using SPSS (ver. 23) and Amos (ver.

23), and the level of significance was set at α = .05.

Results

Table 2 presents the descriptive statistics and bivariate correlation among the study variables.

As previous studies have indicated, self-esteem and self-efficacy showed a significant negative

association with students’ depression, cross-sectionally and longitudinally. Additionally, stu-

dents’ resilience score was found to have a negative association with depression and a positive

association with self-esteem and self-efficacy. Interestingly, a higher level of sensitivity showed

a negative association with self-esteem and self-efficacy and a positive association with

depression.

The results of the LGCM analysis to examine the overall intervention effects on the study

variables are presented in Table 3. Results indicated that the intervention positively affected

the enhancement of students’ overall self-efficacy, with an excellent model fit (x2 = .66, p = .42,

comparative fit index [CFI] = 1.00, root mean square of approximation [RMSEA] = .00). Nota-

bly, the variance of the intercept was statistically significant, which indicates that the inter indi-

vidual differences were large at baseline; additionally, the mean level of change (i.e., slope) was

statistically positive (β = .48, p< .001), suggesting an overall positive effect of the intervention

in self-efficacy enhancement. However, except for the above mentioned effects, no statistical

difference was detected before and after the intervention regarding resilience, self-esteem, or

depression.
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Having examined the overall efficacy of the intervention, we proceeded to investigate the

moderation effects of individual differences. First, we investigated baseline differences with a

two-way ANOVA based on students’ gender and sensitivity groups (Table 4). The results

found a main effect of gender on self-esteem, which indicated that female students tended to

report lower self-esteem (F(1, 391) = 3.94, p< .05). Also, main effects of sensitivity difference

were found with self-esteem (F(2, 391) = 8.26, p< .001), self-efficacy (F(2, 389) = 2.43, p<
.01), and depression (F(2, 388) = 11.00, p< .001); these results confirmed that highly sensitive

adolescents, both male and female, reported a significantly lower level of self-esteem and self-

efficacy and a higher level of depression. Additionally, the results indicated interaction effects

Fig 2. Hypothesized latent growth curve model with gender and SPS as predictor variables. T1, T2, and T3

represent pre-, post-, and three-months follow-up measurements, respectively. “Var” indicates study variables

measured with the Bidimensional Resilience Scale (BRS), Rosenberg Self Esteem Scale (RSES), General Self Efficacy

Scale (GSES), and the Birleson Depression Self Rating Scale for Children (DSRS). SPS was measured with the Japanese

version of the Highly Sensitive Child Scale for Adolescence (J-HSCS).

https://doi.org/10.1371/journal.pone.0239002.g002
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between gender and sensitivity on resilience (F(2, 394) = 3.63, p< .05), indicating that highly

sensitive male students reported significantly lower levels of resilience at baseline. In sum,

these results partially supported our hypothesis that girls and highly susceptible individuals

would report lower levels of well-being without adequate support (i.e., at baseline).

Finally, to test the moderation effects of the predictors, we ran an LGCM analysis on each

study variable (Table 5). The results indicated moderation effects on depression fit best with

the current data, yielding excellent model fit (x2 = 7.40, p = .19, CFI = 1.00, RMSEA = .03). In

this model, a significant regression weight from the SPS predictor to the intercept (β = 2.05,

p< .001) and slope (β = −.51, p< .01) were found, which suggested that highly sensitive

Table 2. Summary of intercorrelations, means, and standard deviations for main variables.

1 2 3 4 5 6 7 8 9 10 11 12 13 M SD
1 T1_J-HSCS 5.08 0.80

2 T1_BRS -.06 74.45 12.17

3 T2_BRS -.06 .59��� 75.37 12.32

4 T3_BRS -.02 .54��� .75�� 74.42 13.56

5 T1_RSES -.29��� .53��� .42�� .40�� 24.56 5.76

6 T2_RSES -.15�� .32��� .51��� .44��� .55��� 25.28 5.71

7 T3_RSES -.13�� .29��� .47��� .52��� .53��� .70��� 25.07 5.53

8 T1_GSES -.13� .71��� .47��� .40��� .60��� .39��� .35��� 26.68 5.65

9 T2_GSES -.11� .49��� .69��� .57��� .43��� .59��� .45��� .56��� 27.38 5.84

10 T3_GSES -.04 .42��� .57��� .71��� .42��� .47��� .60��� .48��� .56��� 27.66 6.51

11 T1_DSRS .27��� -.52��� -.35��� -.38��� -.59��� -.36��� -.39��� -.45��� -.34��� -.36��� 11.70 6.26

12 T2_DSRS .22��� -.37��� -.52��� -.47��� -.42��� -.57��� -.53��� -.34��� -.48��� -.38��� .60��� 11.36 6.33

13 T3_DSRS .12� -.31��� -.43��� -.56��� -.38��� -.45��� -.62��� -.24��� -.35��� -.48��� .58��� .68��� 11.90 6.66

�p< .05,

��p< .01,

���p< .001.

Intercorrelations of study variables for all participants (N = 407) are presented. Scale abbreviations are: J-HSCS = the Japanese version of Highly Sensitive Child Scale for

Adolescence, BRS = Bidimensional Resilience Scale, RSES = Rosenberg Self Esteem Scale, GSES = General Self Efficacy Scale, and DSRS = the Birleson Depression Self

Rating Scale for Children.

https://doi.org/10.1371/journal.pone.0239002.t002

Table 3. Efficacy of the intervention in latent growth curve model (LGCM).

Intercept Slope Fit Indices

M Var M Var x2 (df) p CFI RMSEA

BRS 74.69��� 88.91��� -0.09 18.26��� 4.21 (1) .04 .99 .09

(-0.58) (11.66) (0.31) (5.69)

RSES 24.72��� 19.72��� 0.18 3.47��� 3.34 (1) .07 .99 .08

(0.28) (2.71) (0.14) (1.18)

GSES 26.75��� 19.17��� 0.48��� 2.12 0.66 (1) .42 1.00 .00

(0.28) (2.97) (0.16) (1.48)

DSRS 11.58��� 22.50��� 0.14 1.57 3.96 (1) .05 .99 .09

(0.30) (3.26) (0.15) (1.56)

���p< .001. M represents overall mean effect on the study variables, while Var represents variance of individual differences in the study variables. CFI = comparative fit

index; RMSEA = root mean square of approximation; BRS = Bidimensional Resilience Scale; RSES = Rosenberg Self Esteem Scale; GSES = General Self Efficacy Scale;

and DSRS = the Birleson Depression Self Rating Scale for Children. The numbers in the parenthesis are standard errors for means and variance of each variable.

https://doi.org/10.1371/journal.pone.0239002.t003
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students reported higher levels of depression at baseline; yet, after the intervention, they

reported a larger rate of positive change. Nevertheless, such moderation effects were not found

with respect to gender. While we could not find convincing moderation effects on other vari-

ables, there was a good indication of a similar trend in self-esteem changes (intercept: β =

−1.88, p< .001; slope: β = .60, p< .001; x2 = 29.47, p = .00, CFI = .95, RMSEA = .11). There-

fore, to further investigate the moderation effect, we conducted a post-hoc analysis by

Table 4. Baseline differences for main variables by gender, SPS, and interactions.

Male Female Main effects (Gender) Main effects (SPS) Interaction effects (Gender x SPS)

M SD M SD F(df) F(df) F(df)
BRS SPS (0) 73.53 14.45 76.23 13.28 0.41 (1, 394) n.s. 1.45 (2, 394) n.s. 3.63 (2, 394) p< .05

SPS (1) 76.87 10.57 73.26 11.63

SPS (2) 70.92 13.92 74.26 10.54

RSES SPS (0) 27.08 4.94 25.75 5.66 3.94 (1, 391) p< .05 8.26 (2, 391) p< .001 0.40 (2, 391) n.s.
SPS (1) 25.22 5.51 23.47 5.37

SPS (2) 23.50 6.67 23.03 5.97

GSES SPS (0) 27.43 5.62 27.85 6.32 0.14 (1, 389) n.s. 2.43 (2, 389) p< .01 1.46 (2, 389) n.s.
SPS (1) 27.32 5.35 25.78 4.93

SPS (2) 25.72 5.58 26.17 6.24

DSRS SPS (0) 9.25 5.71 10.11 5.76 1.00 (1, 388) n.s. 11.00 (2, 388) p< .001 0.04 (2, 388) n.s.
SPS (1) 11.39 6.18 11.84 5.92

SPS (2) 13.38 7.04 14.01 6.28

SPS (0), (1), (2) each represents low (-1SD), medium, high (+1SD) in SPS group respectively. SPS was measured with the Japanese version of Highly Sensitive Child Scale

for Adolescence (J-HSCS). BRS = Bidimensional Resilience Scale; RSES = Rosenberg Self Esteem Scale; GSES = General Self Efficacy Scale; and DSRS = the Birleson

Depression Self Rating Scale for Children.

https://doi.org/10.1371/journal.pone.0239002.t004

Table 5. Effects of gender and SPS as predictors on efficacy of the intervention in latent growth curve model (LGCM).

Predictors Intercept Slope Fit Indices

β SE β SE x2 (df) p CFI RMSEA

BRS

Gender 0.19 1.18 0.63 0.64 17.41 (5) .00 .97 .08

SPS -0.93 0.74 0.29 0.40

RSES

Gender 1.04 0.54 -0.08 0.28 29.47 (5) .00 .95 .11

SPS -1.88��� 0.34 0.60��� 0.17

GSES

Gender 0.48 0.55 0.15 0.32 401.46 (5) .00 .00 .44

SPS -0.93�� 0.35 0.29 0.20

DSRS

Gender -0.45 0.59 -0.10 0.30 7.40 (5) .19 1.00 .03

SPS 2.05��� 0.37 -0.51�� 0.19

��p< .01,

���p< .001.

β represents estimated regression weight of predictors. SPS was measured with the Japanese version of Highly Sensitive Child Scale for Adolescence (J-HSCS).

CFI = comparative fit index; RMSEA = root mean square of approximation; BRS = Bidimensional Resilience Scale; RSES = Rosenberg Self Esteem Scale;

GSES = General Self Efficacy Scale; and DSRS = the Birleson Depression Self Rating Scale for Children.

https://doi.org/10.1371/journal.pone.0239002.t005
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examining each predictor one at a time; that is, rather than testing two predictors simulta-

neously, we ran an LGCM analysis with a single predictor. Additionally, we freed one parame-

ter estimate from the slope to the T3_Var [57]. The results showed improvement of the model

with the SPS predictor, as indicated with the Akaike information criterion (AIC) change from

59.47 to 23.93, and it yielded excellent model fit (x2 = 1.93, p = .59, Δx2 = 27.53, CFI = 1.00,

RMSEA = .00) with the regression weight on the intercept β = −2.10 (p< .001) and the slope

β = 1.15 (p< .001). Although the LGCM with the gender predictor improved the model fit as

well (the AIC changed from 59.47 to 24.94; x2 = 2.94, p = .40, Δx2 = 26.53, CFI = 1.00, RMSEA

= .00), the moderation effect was observed only with the intercept (β = −1.48, p< .001) but not

the slope (β = .50, n.s.). These post-hoc results suggested that both male and female adolescents

with higher sensitivity reported lower levels of self-esteem at baseline, however, these highly

sensitive adolescents showed larger improvements in self-esteem scores after the intervention

program. These findings provided supportive evidence for our hypothesis that highly sensitive

individuals tend to report lower well-being at baseline, reflecting their high susceptibility.

Nonetheless, they benefit more from the intervention, with larger plasticity, which reflects dif-

ferential susceptibility perspectives.

Discussion

The purpose of the current study was twofold: 1) to develop a culturally suitable preventative

intervention and evaluate its overall efficacy; and 2) to investigate the moderation effects of

gender and SPS on Japanese youths’ well-being from a DST perspective. To pursue the latter

objectives, we hypothesized that highly sensitive individuals, particularly girls, would be at a

higher risk of mental health problems, and hence, they would report lower levels of self-regard

and higher levels of depression at baseline. Moreover, by employing DST perspectives [38, 39,

42], we also hypothesized that these same—seemingly vulnerable—individuals would benefit

more from supportive intervention.

Our first purpose to develop a culturally modified intervention was achieved through the

collaboration of multiple professionals and practitioners. The informal feedback from the stu-

dents and the teachers were overall positive, which may partly owe to the experienced facilita-

tor’s delivery. Yet, the result from the overall evaluation utilizing an LGCM analysis yielded

small but significant intervention effects on the enhancement of adolescents’ general self-effi-

cacy, irrespective of gender and individual SPS differences. The outcomes of this intervention

appear to be in line with previous findings from studies on school-based Social and Emotional

Learning (SEL). Results of a meta-analysis also indicated significant effects in enhancing stu-

dents’ attitudes toward self (e.g., self-efficacy) [58]. The program modification in this study,

which dealt with emotions prior to cognition aiming to suit Japanese students, might have

favorably impacted the outcome as well. According to Bandura’s proposition [11], the expecta-

tions of personal efficacy are derived from four major principal sources—individual perfor-

mance accomplishments, vicarious experiences, exhortation, and physiological state. In

particular, the fourth component of physiological status refers to emotional constituents, such

as relaxation and desensitization, which would ease personal emotional burdens (e.g., fear,

anxiety) to undertake target behavior. Given the unique context of the study participants,

attending a one-year overseas program would add tremendous pressure. Acknowledging and

learning skills to deal with emotions might have contributed to build a sense of self-reliance,

thus promoting self-efficacy. Nonetheless, we could not find beneficial effects on the reduction

of depression, nor the enhancement of other study measures (i.e., self-esteem, resilience).

These null outcomes seem to be inconsistent with the findings of studies conducted with
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western adolescents [19, 23]. However, the findings somehow resonate with previous findings

that pointed out the heterogeneous effects of interventions [20, 21].

Therefore, our next step of inquiry examined the interaction effects of moderators that

might have masked the effectiveness of the intervention. First, we tested baseline differences as

a function of gender and SPS differences with a two-way ANOVA. The results found a main

effect of gender on self-esteem, indicating that girls tended to report lower self-esteem than

boys; however, this gender main effect was not found with other variables. Although research

suggests that adolescent girls are at a higher risk of depression [28], the results from the present

study did not find such a tendency. Rather, individual SPS showed significant main effects on

self-esteem, self-efficacy, and depression; that is, highly sensitive students showed lower self-

regard and higher levels of depression. The main effects of youth SPS can be understood from

a diathesis–stress framework. Given the context of the present study, the students were to

depart for a long-term overseas program, and they might have been dealing with considerable

levels of stress and anxiety. When such external stress interacts with dispositional susceptibil-

ity, it would negatively affect the students’ psychological well-being (i.e., dual risk), and this

might have been pronounced in the baseline differences.

Consequently, the next question was whether the preventative intervention would success-

fully alleviate these adolescents’ mental health conditions and promote their positive self-

regard. We carried out an LGCM analysis with predictor variables to examine the interaction

effects of gender and individual SPS. The results indicated significant interaction effects of SPS

on the reduction of depression. Highly sensitive adolescents, who initially reported lower well-

being, experienced greater benefit from the intervention, and an increase in self-esteem was

also observed. As the literature on DST suggests, susceptible individuals are more responsive

to both positive and negative external information [38, 39, 42]; thus, this moderation effect can

function as a “hidden efficacy” of the interventions [59]. Importantly, few empirical studies

have been conducted in non-western contexts [39, 43]; nonetheless, these results replicated

previous findings on the moderation effects of SPS on intervention efficacy reported from dif-

ferent cultural backgrounds [36, 37]. This suggests that phenotypic SPS—underpinned by bio-

physiological substrates [32, 34, 35]—predicts the strength of individual responsiveness to the

external information irrespective of the societal differences. In other words, although the mean

distribution or population may vary, SPS would manifest common functionality in the context

of person and environment interaction even in different cultural contexts. Furthermore, these

moderation effects seem to corroborate findings from previous research that indicated target-

group interventions were more effective than a universal approach [20, 23]. From a practical

point of view, it would be beneficial to inform school professionals about these moderation

effects of individual differences in the universal approach, with a scope to optimize interven-

tion efficacy and to ultimately better accommodate effective intervention for young people.

Finally, among the study variables, resilience did not yield either overall effects or moder-

ated effects in the present study. Although it goes beyond our scope to discuss conceptional

and operational issues surrounding resilience research in detail [60], it would be feasible to

interpret our findings as proof of the complexity of the construct, which requires a longer time

frame to ascertain, and the ultimate requirement of interaction with adversity. However, our

investigation revealed that highly sensitive boys scored lowest in resilience levels before the

intervention. While the present study did not find specific effects on this particular group of

students, the question emerged as to whether research attention has traditionally been dispro-

portionately focused on “vulnerable girls.” Perhaps societal expectations (e.g., masculinity)

pose more pressure on sensitive boys to meet societal standards, such that it eventually

becomes detrimental to their well-being. Nevertheless, future research is needed to identify the

problem and investigate the mechanism. Furthermore, this study found favorable effects on
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susceptible individuals, but not for less susceptible adolescents. Although the definitive mecha-

nism is unclear, this might have been due to ceiling effects. Since the students already showed

high level of well-being in the beginning, their change over time could not have been ade-

quately captured with the current measurement. In this regard, a qualitative approach, such as

interviews, would help refine the intervention program. Nonetheless, these findings emphasize

the need to optimize intervention efficacy according to adolescents’ responsiveness. As men-

tioned earlier, personality differences have been found to predict depression and long-term

outcomes [30, 31]; therefore, clinical treatment is personalized under expert supervision.

Given that sensitivity differences interact with intervention efficacy, similar personalized treat-

ment ought to be made available under adequate supervision, even in the case of universal

interventions.

This study provided empirical evidence for the efficacy of a culturally modified resilience

education and discussed the interaction effects of individual sensitivity from the DST perspec-

tive. While it contributes uniquely by providing novel evidence, it also warrants further refine-

ment to overcome limitations. First, the intervention was implemented only in one high

school with a single-arm design; therefore, the generalizability of the current findings should

be carefully considered. Replication of this study in other school settings, preferably with a

control group randomized design, would be necessary. Particularly, as adolescence is a phase

of dynamic change, investigating different age groups, in consideration of potential modera-

tion effects, would lend further insight. Additionally, while the intervention aimed to prevent

mental health problems, no clinical diagnoses were made; hence, other therapeutic/medical

treatment that the students might have received have not been accounted for. Further, the data

collection was completed within one year. A follow-up survey over a longer time span would

facilitate determining long term outcomes.

Conclusion

The current paper provided novel evidence of a culturally modified intervention program and

its efficacy for promotion of students’ self-efficacy. Though youth mental health problems are

prevalent across the globe, studies on culturally suitable interventions are not abundant. The

findings of this study indicated the value of accommodating intervention programs according

to the target population’s cognitive, emotional, and motivational inclinations. In addition, the

findings of moderation effects of SPS highlighted the importance of considering individual dif-

ferences when implementing a universal approach intervention. These results could be partic-

ularly useful when designing personalized interventions for the best interests of the target

individuals.

Supporting information

S1 File. TREND checklist.

(DOCX)

S2 File. Intervention study protocol (Japanese).

(DOCX)

S3 File. Intervention study protocol (English).

(DOCX)

S4 File. Lesson plan (Japanese).

(DOCX)

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s004
https://doi.org/10.1371/journal.pone.0239002


S5 File. Lesson plan (English).

(DOCX)

S6 File. Items of the Bidimensional Resilience Scale (BRS).

(DOCX)

S7 File. Dataset.

(SAV)

Acknowledgments

The authors would like to thank the students and teachers who participated in this research

project. We also thank Ms. Hiromi Adachi (Japan Positive Education Association) for her

valuable contribution to the preparation of the Japanese version of SPARK resilience educa-

tion, Yukako Nakane M.A. for her contribution to the data preparation, and Misako Kobaya-

shi M.A. for her valuable feedback. The authors’ gratitude also goes to Editage (www.editage.

com) for English language editing.

Author Contributions

Conceptualization: Chieko Kibe, Miki Suzuki, Ilona Boniwell.

Data curation: Miki Suzuki.

Formal analysis: Chieko Kibe.

Investigation: Chieko Kibe, Miki Suzuki, Mari Hirano.

Methodology: Chieko Kibe, Mari Hirano.

Project administration: Chieko Kibe, Miki Suzuki.

Resources: Miki Suzuki, Ilona Boniwell.

Supervision: Mari Hirano, Ilona Boniwell.

Writing – original draft: Chieko Kibe.

Writing – review & editing: Chieko Kibe, Miki Suzuki, Mari Hirano, Ilona Boniwell.

References
1. World Health Organization. Global Accelerated Action for the Health of Adolescents (AA-HA!): Guid-

ance to support country implementation. Geneva: World Health Organization. 2017. https://www.who.

int/maternal_child_adolescent/topics/adolescence/framework-accelerated-action/en/

2. American Psychiatric Publishing. The Diagnostic and Statistical Manual of Mental Disorders (DSM-5).

Philadelphia: American Psychiatric Association; 2013.

3. Thapar A, Collishaw S, Pine DS, Thapar AK. Depression in adolescence. Lancet. 2012; 379:1056–67.

https://doi.org/10.1016/S0140-6736(11)60871-4

4. Kerig PK, Ludlow A, Wenar C. Developmental psychopathology: From infancy through adolescence.

6th ed. London: McGraw-Hill;2012.

5. Kessler RC. The costs of depression. Psychiatr Clin North Am. 2012; 35: 1–14. https://doi.org/10.1016/

j.psc.2011.11.005

6. Denda K, Kako Y, Sasaki Y, Ito K, Kitagawa S, Oyama T. Depressive symptoms in a school sample of

children and adolescents: Using the Birleson Depression Self-Rating Scale for Children (DSRS-C). Jpn

J Child Adolesc Psychiatr. 2004; 45: 424–436.

7. Japan Ministry of Education, Culture, Sports, Science and Technology. Findings on problem behaviors,

school refusal, and related issues in school children. 2019. Japanese. https://www.mext.go.jp/content/

1410392.pdf

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0239002.s007
http://www.editage.com
http://www.editage.com
https://www.who.int/maternal_child_adolescent/topics/adolescence/framework-accelerated-action/en/
https://www.who.int/maternal_child_adolescent/topics/adolescence/framework-accelerated-action/en/
https://doi.org/10.1016/S0140-6736%2811%2960871-4
https://doi.org/10.1016/j.psc.2011.11.005
https://doi.org/10.1016/j.psc.2011.11.005
https://www.mext.go.jp/content/1410392.pdf
https://www.mext.go.jp/content/1410392.pdf
https://doi.org/10.1371/journal.pone.0239002


8. Bandura A, Pastorelli C, Barbaranelli C, Caprara GV. Self-efficacy pathways to childhood depression. J

Pers Soc Psychol. 1999; 76: 258–269. https://doi.org/10.1037/0022-3514.76.2.258

9. Muris P. Relationships between self-efficacy and symptoms of anxiety disorders and depression in a

normal adolescent sample. Pers Individ Differ. 2002; 32:337–348. https://doi.org/10.1016/S0191-8869

(01)00027-7

10. Orth U, Robins RW, Roberts BW. Low self-esteem prospectively predicts depression in adolescence

and young adulthood. J Pers Soc Psychol. 2008; 95:695–708. https://doi.org/10.1037/0022-3514.95.3.

695

11. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev. 1977; 84: 191–

215. https://doi.org/10.1037/0033-295X.84.2.191

12. Harter S. The development of self-esteem. In: Kernis M, editor. Self-esteem issues and answers: A

sourcebook of current perspectives, New York: Psychology Press; 2006; pp. 144–150.

13. Wyn J, Cahill H, Holdsworth R, et al. MindMatters, a whole-school approach promoting mental health

and wellbeing. Aust NZ J Psychiatry. 2000; 34:594–601. https://doi.org/10.1080/j.1440-1614.2000.

00748.x

14. Challen AR, Machin SJ, Gillham JE. The UK Resilience Programme: A school-based universal nonran-

domized pragmatic controlled trial. J Consult Clin Psychol. 2014; 82:75–89. https://doi.org/10.1037/

a0034854

15. Kibe C, Boniwell I. Teaching well-being and resilience in primary and secondary school. In: Joseph S,

editor. Positive psychology in practice: Promoting human flourishing in work, health, education, and

everyday life. New Jersey: Wiley; 2015. pp. 297–312.

16. Masten AS, Coatsworth JD. The development of competence in favorable and unfavorable environ-

ments: Lessons from research on successful children. Am Psychol. 1998; 53: 205–220. https://doi.org/

10.1037//0003-066x.53.2.205

17. Masten AS. Global perspectives on resilience in children and youth. Child Dev. 2014; 85: 6–20. https://

doi.org/10.1111/cdev.12205

18. Luthar SS, Cicchetti D. The construct of resilience: Implications for interventions and social policies.

Dev Psychopathol. 2000; 12: 857–885. https://doi.org/10.1017/S0954579400004156

19. Stallard P, Simpson N, Anderson S, Carter T, Osborn C, Bush S. An evaluation of the FRIENDS pro-

gramme: A cognitive behaviour therapy intervention to promote emotional resilience. Arch Dis Child.

2005; 90:1016–19. https://doi.org/10.1136/adc.2004.068163

20. Das JK, Salam RA, Lassi ZS, Khan MN, Mahmood W, Patel V, et al. Interventions for adolescent mental

health: An overview of systematic reviews. J Adolesc Health. 2016; 59:S49–S60. https://doi.org/10.

1016/j.jadohealth.2016.06.020

21. Dray J, Bowman J, Campbell E, Freund M, Hodder R, Wolfenden L, et al. Effectiveness of a pragmatic

school-based universal intervention targeting student resilience protective factors in reducing mental

health problems in adolescents. J Adolesc. 2017; 57:74–89. https://doi.org/10.1016/j.adolescence.

2017.03.009

22. Lopez SJ, Edwards LM, Pedrotti JT, Ito A, Rasmussen HN. Culture counts: Examinations of recent

applications of the Penn Resiliency Program or, toward a rubric for examining cultural appropriateness

of prevention programming. Prevention & Treatment. 2002; 5: Article 12.

23. Werner-Seidler A, Perry Y, Calear AL, Newby JM, Christensen H. School-based depression and anxiety

prevention programs for young people: A systematic review and meta-analysis. Clin Psychol Rev.

2017; 51:30–47. https://doi.org/10.1016/j.cpr.2016.10.005

24. Markus HR, Kitayama S. Culture and the self: Implications for cognition, emotion, and motivation. Psy-

chol Rev. 1991; 98: 224–253.

25. Han S, Northoff G. Culture-sensitive neural substrates of human cognition: A transcultural neuroimag-

ing approach. Nat Rev Neurosci. 2008; 9: 646–654. https://doi.org/10.1038/nrn2456

26. Japan Ministry of Education, Culture, Sports, Science and Technology. Annual report of students with

Japanese language supports 2016. 2017. Japanese. http://www.mext.go.jp/b_menu/houdou/29/06/__

icsFiles/afieldfile/2017/06/21/1386753.pdf

27. Kitayama S, Markus HR, Kurokawa M. Culture, emotion, and well-being: Good feelings in Japan and

the United States. Cogn Emot. 2000; 14: 93–124. https://doi.org/10.1080/026999300379003

28. Kessler RC. Epidemiology of women and depression. J Affect Disord. 2003; 74:5–13. https://doi.org/10.

1016/s0165-0327(02)00426-3

29. Schmitz N, Kugler J, Rollnik J. On the relation between neuroticism, self-esteem, and depression:

Results from the National Comorbidity Survey. Compr Psychiatry. 2003; 44:169–76. https://doi.org/10.

1016/S0010-440X(03)00008-7

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 15 / 17

https://doi.org/10.1037/0022-3514.76.2.258
https://doi.org/10.1016/S0191-8869%2801%2900027-7
https://doi.org/10.1016/S0191-8869%2801%2900027-7
https://doi.org/10.1037/0022-3514.95.3.695
https://doi.org/10.1037/0022-3514.95.3.695
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.1080/j.1440-1614.2000.00748.x
https://doi.org/10.1080/j.1440-1614.2000.00748.x
https://doi.org/10.1037/a0034854
https://doi.org/10.1037/a0034854
https://doi.org/10.1037//0003-066x.53.2.205
https://doi.org/10.1037//0003-066x.53.2.205
https://doi.org/10.1111/cdev.12205
https://doi.org/10.1111/cdev.12205
https://doi.org/10.1017/S0954579400004156
https://doi.org/10.1136/adc.2004.068163
https://doi.org/10.1016/j.jadohealth.2016.06.020
https://doi.org/10.1016/j.jadohealth.2016.06.020
https://doi.org/10.1016/j.adolescence.2017.03.009
https://doi.org/10.1016/j.adolescence.2017.03.009
https://doi.org/10.1016/j.cpr.2016.10.005
https://doi.org/10.1038/nrn2456
http://www.mext.go.jp/b_menu/houdou/29/06/__icsFiles/afieldfile/2017/06/21/1386753.pdf
http://www.mext.go.jp/b_menu/houdou/29/06/__icsFiles/afieldfile/2017/06/21/1386753.pdf
https://doi.org/10.1080/026999300379003
https://doi.org/10.1016/s0165-0327%2802%2900426-3
https://doi.org/10.1016/s0165-0327%2802%2900426-3
https://doi.org/10.1016/S0010-440X%2803%2900008-7
https://doi.org/10.1016/S0010-440X%2803%2900008-7
https://doi.org/10.1371/journal.pone.0239002


30. Bagby RM, Quilty LC, Ryder AC. Personality and depression. Can J Psychiatry. 2008; 53:14–25.

https://doi.org/10.1177/070674370805300104

31. Duggan CF, Lee AS, Murray RM. Does personality predict long-term outcome in depression? Br J Psy-

chiatry. 1990; 157:19–24.

32. Aron EN, Aron A. Sensory-processing sensitivity and its relation to introversion and emotionality. J Pers

Soc Psychol. 1997; 73:345–68. https://doi.org/10.1037//0022-3514.73.2.345

33. Pluess M, Assary E, Lionetti F, et al. Environmental sensitivity in children: Development of the Highly

Sensitive Child Scale and identification of sensitivity groups. Dev Psychol. 2018; 4:51–70. https://doi.

org/10.1037/dev0000406

34. Aron EN, Aron A, Jagiellowicz J. Sensory processing sensitivity: A review in the light of the evolution of

biological responsivity. Pers Soc Psychol Rev. 2012; 16:262–82. https://doi.org/10.1177/

1088868311434213

35. Greven CU, Lionetti F, Booth C, et al. Sensory processing sensitivity in the context of environmental

sensitivity: A critical review and development of research agenda. Neurosci Biobehav Rev. 2019;

98:287–305. https://doi.org/10.1016/j.neubiorev.2019.01.009

36. Pluess M, Boniwell I. Sensory-processing sensitivity predicts treatment response to a school-based

depression prevention program: Evidence of vantage sensitivity. Pers Individ Dif. 2015; 82:40–5.

https://doi.org/10.1016/j.paid.2015.03.011

37. Slagt M, Dubas JS, van Aken MA, Ellis BJ, DekovićM. Sensory processing sensitivity as a marker of dif-

ferential susceptibility to parenting. Dev Psychol. 2018; 54:543–58. https://doi.org/10.1037/dev0000431

38. Belsky J, Bakermans-Kranenburg MJ, Van IJzendoorn MH. For better and for worse: Differential sus-

ceptibility to environmental influences. Curr Dir Psychol Sci. 2007; 16:300–4.

39. Belsky J, Pluess M. Beyond diathesis stress: Differential susceptibility to environmental influences. Psy-

chol Bull. 2009; 135:885–908. https://doi.org/10.1037/a0017376

40. Van IJzendoorn MH, Belsky J, Bakermans-Kranenburg MJ. Serotonin transporter genotype 5HTTLPR

as a marker of differential susceptibility? A meta-analysis of child and adolescent gene-by-environment

studies. Transl Psychiatry. 2012; 2, e147–e147.

41. Pluess M, Belsky J. Differential susceptibility to parenting and quality child care. Dev Psychol. 2010;

46:379–90. https://doi.org/10.1037/a0015203

42. Ellis BJ, Boyce WT, Belsky J, Bakermans-Kranenburg MJ, Van IJzendoorn MH. Differential susceptibil-

ity to the environment: An evolutionary-neurodevelopmental theory. Dev Psychopathol. 2011; 23:7–28.

https://doi.org/10.1017/S0954579410000611

43. Iimura S, Kibe C. Highly sensitive adolescent benefits in positive school transitions: Evidence for van-

tage sensitivity in Japanese high-schoolers. Dev Psychol. 2020; https://doi.org/10.1037/dev0000991

44. Boniwell I, Ryan L. SPARK resilience: A teacher’s guide. London: University of East London; 2009.

45. Pluess M, Boniwell I, Hefferon K, Tunariu A. Preliminary evaluation of a school-based resilience-pro-

moting intervention in a high-risk population: Application of an exploratory two-cohort treatment/control

design. PLoS One. 2017; 12: e0177191. https://doi.org/10.1371/journal.pone.0177191

46. Galván A, Tottenham N. Adolescent brain development. In: Cicchetti D, editor. Developmental psycho-

pathology, volume 2, Developmental neuroscience, 3rd ed. NY: Wiley; 2016. pp. 1–36.

47. Tokyo Metropolitan Government. Tuition fees of private co-education high schools in Tokyo. 2019.

https://www.metro.tokyo.lg.jp/tosei/hodohappyo/press/2019/12/12/02.html

48. Tokyo Metropolitan Board of Education. Tokyo Metropolitan High Schools Guide to Admissions 2020

Academic Year. 2020. https://www.kyoiku.metro.tokyo.lg.jp/en/guide.html

49. Rosenberg M. Society and the adolescent self-image. Princeton: Princeton University Press; 1965.

50. Sakurai S. Investigation of the Japanese version of Rosenberg’s Self-esteem Scale. Bulletin of Tsukuba

Developmental and Clinical Psychology. 2000; 12:65–71.

51. Schwarzer R, Jerusalem M. Generalized Self-Efficacy scale. In: Weinman J, Wright S, Johnston M, edi-

tors. Measures in health psychology: A user’s portfolio. Causal and control beliefs. Windsor, UK:

NFER-NELSON; 1995. pp. 35–37.

52. Ito K, Schwarzer R, Jerusalem M. Japanese Adaption of the General. Self-Efficacy Scale. 2005. http://

userpage.fu-berlin.de/~health/japan.htm

53. Hirano M. A study of the classification of resilience factors: Development of the Bidimensional Resil-

ience Scale (BRS). Japanese Journal of Personality. 2010; 19:94–106.

54. Birleson P. The validity of depressive disorder in childhood and the development of a self-rating scale: A

research report. J Child Psychol Psychiatry. 1981; 22:73–88. https://doi.org/10.1111/j.1469-7610.1981.

tb00533.x

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 16 / 17

https://doi.org/10.1177/070674370805300104
https://doi.org/10.1037//0022-3514.73.2.345
https://doi.org/10.1037/dev0000406
https://doi.org/10.1037/dev0000406
https://doi.org/10.1177/1088868311434213
https://doi.org/10.1177/1088868311434213
https://doi.org/10.1016/j.neubiorev.2019.01.009
https://doi.org/10.1016/j.paid.2015.03.011
https://doi.org/10.1037/dev0000431
https://doi.org/10.1037/a0017376
https://doi.org/10.1037/a0015203
https://doi.org/10.1017/S0954579410000611
https://doi.org/10.1037/dev0000991
https://doi.org/10.1371/journal.pone.0177191
https://www.metro.tokyo.lg.jp/tosei/hodohappyo/press/2019/12/12/02.html
https://www.kyoiku.metro.tokyo.lg.jp/en/guide.html
http://userpage.fu-berlin.de/~health/japan.htm
http://userpage.fu-berlin.de/~health/japan.htm
https://doi.org/10.1111/j.1469-7610.1981.tb00533.x
https://doi.org/10.1111/j.1469-7610.1981.tb00533.x
https://doi.org/10.1371/journal.pone.0239002


55. Nagai S. Investigation of the factor structure model and normative data for Depression Self-Rating

Scale for Children (DRDS) among junior high-school students. Japanese Journal of Research on Emo-

tions. 2008; 16: 133–140. https://doi.org/10.4092/jsre.16.133

56. Kibe C, Hirano M. Development of the Japanese Version of Highly Sensitive Child Scale for Adoles-

cence (HSCS-A). Japanese Journal of Personality. 2019; 28:108–118.

57. Duncan TE, Duncan SC, Strycker LA. An introduction to latent variable growth curve modeling: Con-

cepts, issues, and application. New York: Routledge; 2006.

58. Durlak JA, Weissberg RP, Dymnicki AB, Taylor RD, Schellinger KB. The impact of enhancing students’

social and emotional learning: A meta-analysis of school-based universal interventions. Child Dev.

2011; 82: 405–432. https://doi.org/10.1111/j.1467-8624.2010.01564.x

59. Bakermans-Kranenburg MJ, Van Ijzendoorn MH. The hidden efficacy of interventions: Gene× environ-

ment experiments from a differential susceptibility perspective. Ann Rev Psychol. 2015; 66: 381–409.

https://doi.org/10.1146/annurev-psych-010814-015407

60. Luthar SS, Cicchetti D, Becker B. The construct of resilience: A critical evaluation and guidelines for

future work. Child Dev. 2000; 71:543–62. https://doi.org/10.1111/1467-8624.00164

PLOS ONE Differential susceptibility in Japanese resilience education

PLOS ONE | https://doi.org/10.1371/journal.pone.0239002 September 14, 2020 17 / 17

https://doi.org/10.4092/jsre.16.133
https://doi.org/10.1111/j.1467-8624.2010.01564.x
https://doi.org/10.1146/annurev-psych-010814-015407
https://doi.org/10.1111/1467-8624.00164
https://doi.org/10.1371/journal.pone.0239002

