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The purpose of this study was to adapt a Japanese version of the Big Five
Inventory-2 (BFI-2-J) to examine its factor structure, reliability, validity, and
measurement invariance. The BFI-2-J assesses five domains and 15 facets
of the Big Five personality traits. We analyzed two datasets: 487 Japanese
undergraduates and 500 Japanese adults. The results of the principal
component analysis and confirmatory factor analysis revealed that the domain-
facet structure of the BFI-2-J was similar to that of other language versions.
The reliability of the BFI-2-J is sufficient. The correlation coefficients between
the BFI-2-J and the other Big Five and self-esteem measures supported
convergent and discriminant validity. Moreover, we confirmed measurement
invariance across age and sex groups in domain-level and facet-level models.
The results suggest that the BFI-2-J is a good instrument for measuring the
Big Five personality traits and their facets in Japan. The BFI-2-J is expected
to be useful in Japanese personality research and international comparative
research.

KEYWORDS

Big Five personality, personality measurement, facet, personality structure, BFI,
non-WEIRD

Introduction

The Big Five personality traits (or the Five-Factor Model) describe a fundamental and
comprehensive framework that classifies various psychological traits into five dimensions:
Extraversion, Agreeableness, Conscientiousness, Negative Emotionality (or Neuroticism),
and Open-Mindedness (or Openness to Experience). These five dimensions were initially
discovered using the lexical approach (e.g., Norman, 1963; Goldberg, 1981; Tupes and
Christal, 1992). Subsequent research incorporated constructs from personality
questionnaires, leading to the Five-Factor Model (Costa and McCrae, 1992). Therefore, the

01 frontiersin.org


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.924351﻿&domain=pdf&date_stamp=2022-10-14
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.924351/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.924351/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.924351/full
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.924351
mailto:shinyosh8.5@gmail.com
https://doi.org/10.3389/fpsyg.2022.924351
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Yoshino et al.

Big Five and Five-Factor Model differ somewhat in terms of their
research methods and detailed interpretation of factors. However,
these two models are more alike than different (John et al., 2008).
Moreover, the structure of these five factors has been reasonably
consistent across cultural areas and countries (McCrae et al.,
2005a; Schmitt et al., 2007), although lexical representations of
some factors (especially Neuroticism and Openness to Experience)
vary across cultures (De Raad et al., 2010), and models with more
than five basic traits were developed, such as the HEXACO model
(Ashton and Lee, 2007). The Big Five personality traits have been
examined not only in research on individual differences in
personality but also in research on wider fields such as associations
with life outcomes (Ozer and Benet-Martinez, 2006; Roberts et al.,
2007; Soto, 2019) and the geographical differences between and
within countries (McCrae et al., 2005b; Schmitt et al., 2007;
Rentfrow et al., 2008).

The Big Five Inventory (BFI) (John and Srivastava, 1999; John
et al., 2008) is one of the most frequently used measures of the
lexically based Big Five. The BFI consists of 44 items and assesses
each domain with between 8 to 10 items. The BFI is often used
because it reflects the meaning of the Big Five personality traits in
each item accurately, it is expressed in plain phrases, and consists
of useful items (John and Srivastava, 1999; John et al., 2008).
Moreover, the BFI has been shown to converge with measures
based on trait adjectives, as well as questionnaire representations
of the Five-Factor Model (John and Srivastava, 1999; John et al.,
2008). The BFI has been translated into other languages and its
validity has been confirmed (e.g., Fossati et al., 2011).

The BFI is typically used to assess the scores at the domain level.
Soto and John (2017) recently developed the BFI-2 because the Big
Five domains are at a high level in the hierarchy of personality
structures, and considerable research on facets of the Big Five
personality traits has been published since the development of the
original BFI (Hofstee et al., 1992; Goldberg, 1993; Saucier and
Ostendorf, 1999; DeYoung et al., 2007). Some personality
psychology studies have found the importance of examining the
characteristics of facets in each domain (Soto and John, 2017).
While the Big Five domains summarize a large amount of behavioral
information, the facets can predict some specific behaviors more
strongly than the domain because of their high fidelity (Paunonen
and Ashton, 2001; Soto and John, 2017). Recent studies have also
found that the facets of some Big Five domains have distinct
patterns on gender (Weisberg et al., 2011) and age trends (Soto
etal, 2011). For example, females tend to score higher than males
in the sociability and positive affect aspect of Extraversion, whereas
males tend to score higher in the assertiveness aspect.

The BFI-2 has demonstrated a robust hierarchical structure at
the domain and facet levels and good validity (Soto and John,
2017). Additionally, compared to the BFI, a key advantage of the
BFI-2 is that it is easy to control for acquiescent responses (i.e.,
consistently agreeing or disagreeing with items, regardless of their
content) due to the equal number of forward-keyed and reverse-
keyed items on the domain and facet scales (Soto and John, 2017).
Several types of research using the BFI-2 have already been
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published, such as relationships with life outcomes (Soto, 2019,
2021). It is possible that BFI-2 may replace the BFI in psychological
research in the future.

The original BFI-2 has been translated into German (Danner
et al.,, 2016; Rammstedt et al., 2020), Dutch (Denissen et al., 2020),
Slovak (Halama et al., 2020), Russian (Shchebetenko et al., 2020),
Danish (Vedel et al., 2021), Chinese (Zhang et al., 2021), Turkish
(Cemalcilar et al., 2021), and Norwegian (Follesdal and Soto,
2022). The development of many language scales of BFI-2 would
encourage comparison not only at the domain level (McCrae et al.,
2005b; Schmitt et al.,, 2007) but also at the facet level among
cultural areas or countries. Moreover, a growing body of recent
research in psychology has focused on non-WEIRD (Western,
educated, industrialized, rich, and democratic) populations
(Henrich et al., 2010). Previous studies have found associations
between life outcomes and psychological variables with the Big
Five personality traits (Ozer and Benet-Martinez, 2006; Roberts
et al., 2007; Soto, 2019). However, these results were usually
observed in Western populations, and it was unclear whether they
were replicated in the non-WEIRD population. Cemalcilar et al.
(2021) examined the predictive validity of BFI-2 in the Turkish
population in a non-WEIRD area. They found that many trait-
outcome associations replicated the results of Ozer and Benet-
Martinez (2006) and Soto (2019), as well as some cultural
differences involving religiosity and social dominance. Evidence
of similarities and differences in psychological associations will
promote understanding across cultural contexts. It is necessary to
translate the BFI-2 into various languages to examine the
generalizability of the Big Five personality traits and their
predictive validity across cultural areas and countries.

Research on personality structures and the Big Five personality
traits has also been conducted in Japan, with a major focus on the
lexical approach. Some personality terms have been identified in
Japanese dictionaries (Aoki, 1971; Tsuji, 2001; Murakami, 2002;
Hashimoto, 2018). Based on these Japanese trait adjectives,
previous studies have examined the taxonomy of personality traits
and replicated five dimensions as a comprehensive personality
structure (Murakami, 2003; Kashiwagi et al., 2005).

There are several Japanese Big Five measures. Some scales
have been translations of English measures, such as the NEO-PI-R
(Costa and McCrae, 1992; Shimonaka et al., 1999) and the
Ten-Item Personality Inventory (TIPI) (Gosling et al., 2003; Oshio
etal, 2012, 2013, 2014), while others were developed as original
Japanese measures, such as the Big Five Scale based on trait
adjectives (BFS) (Wada, 1996), the Five-Factor Personality
Questionnaire (FFPQ) (Study Group of the FFPQ, 1998), and the
Big Five Personality Inventory (BFPI) (Murakami and Murakami,
1999). The BFI-2 has some merits in compensating for the
shortcomings of the existing Japanese Big Five measures. First,
BFI-2 items are a reasonably large pool of clear, descriptive
phrases. The BFS (Wada, 1996) is a major Big Five measure in
Japan. The number of citations of the BFS’s report was 150 as of
July 10, 2022 on Google Scholar, while the NEO-PI-Rs report
(Shimonaka et al., 1999) was 24, the FFPQ-50 (Fujishima et al.,
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2005) was 30, and the BFPI (Murakami and Murakami, 1999) was
44. However, the BFS’s items are single-word adjectives that can
be ambiguous to interpret (John et al., 2008). The BFI and BFI-2
have been considered as measures consisting of simple and plain
phrases compared with the scales of trait adjectives (John et al.,
2008; Soto and John, 2017). Moreover, the TIPI-J (Oshio et al.,
2012) and the short form of the BFS (BFS-S; Namikawa et al.,
2012), which are short instruments, are currently widely used.
Although these very brief measures are suited to surveys that
include many items to reduce the burden on respondents, the
constructs of personality traits covered by them have a narrow
range and are sometimes unclear (Sleep et al., 2021). By contrast,
the BFI-2 can assess both domains and facets using a sufficient
number of items and has a robust structure. Second, the BFI-2
matches international comparative research because it has been
translated into various languages. The original Japanese
measures—namely the FFPQ and the BFPI—have not been
translated into other languages, and are therefore not suitable for
cross-cultural research. Additionally, there is no published
research on the development of the Japanese version of the BFI,
although studies using this measure in Japan have been reported
(e.g., Schmitt et al., 2007). We therefore believe that evidence
regarding the adaptation of a Japanese-language BFI-2 would
contribute to the growth of personality research in Japan.

For these reasons, the purpose of this study was to adapt a
Japanese version of the BFI-2 (BFI-2-]) using both student and
community samples. First, we investigated the hierarchical factor
structure of the BFI-2-J using principal component analysis (PCA)
and confirmatory factor analysis. The BFI-2-] assesses each Big
Five domain using 12 items and each facet using four items as in
the BFI-2. Extraversion includes facets of Sociability, Assertiveness,
and Energy Level. Agreeableness includes the facets of
Compassion, Respectfulness, and Trust. Conscientiousness
includes the facets of Organization, Productiveness, and
Responsibility. Negative Emotionality includes facets of Anxiety,
Depression, and Emotional Volatility. Open-Mindedness includes
the facets of Intellectual Curiosity, Aesthetic Sensitivity, and
Creative Imagination. Second, we examined reliability and validity
by confirming the test-retest correlations, internal consistency
indices, and convergent and discriminant validity of the BFI-2-]
using other Big Five measures, as well as self-esteem. Previous
research indicates that self-esteem is strongly, positively associated
with Extraversion and negatively associated with Negative
Emotionality (Robins et al., 2001; Halama et al., 2020). There is
also a positive association between self-esteem and
Conscientiousness, but Agreeableness and Open-Mindedness are
not related to it when compared with these three domains (Robins
et al,, 2001). These associations have proven to be robust across
cultural areas (Gebauer et al., 2015; Vazsonyi et al., 2015). Third,
we investigated the measurement invariance of the BFI-2-] across
age and sex groups. In research on the Russian adaptation,
Shchebetenko et al. (2020) examined the measurement invariance
of the BFI-2 across sex and age groups (25years and younger
versus 26years and older). The result supported strict
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measurement invariance of the BFI-2’s hierarchical structure
across both groups. The BFI-2-] is expected to be useful in wide
participants by examining the BFI-2-J's measurement invariance
across demographic groups. To do this, we conducted a
multigroup analysis of the domain-level and facet-level structures
within each domain.

Materials and methods
Participants and procedures

This study consisted of a student sample and a community
sample. The participants in the student sample included 495
undergraduate students at Waseda University in Tokyo and
Ritsumeikan University in Kyoto and Osaka. The participants in
Waseda University in Tokyo were 330 students responding to
questionnaires after class on April 18, 2018 (Time 1) and 252
students on May 9, 2018 (Time 2). For students who participated
at both times, we used the responses at Time 1. Participants at
Ritsumeikan University in Kyoto and Osaka were recruited from
the International Situations Project (Lee et al., 2020). One hundred
students responded to an online questionnaire, including the
BFI-2-]. Lee et al. (2020) did not examine the personality structure
in Japan and just scored the Big Five domains in each country.
Omitting four non-Japanese undergraduate students and four
responses with many missing values (i.e., above 30 items) on the
BFI-2-] yielded a final sample of 487 undergraduate students (287
females, 186 males, and 14 who did not report gender; mean
age=20.01, SD=3.92). Most (95%) were under the age of 25 years.

We examined reliability and validity using the participants
from Waseda University in Tokyo. A total of 171 undergraduate
students participated at both Time 1 and Time 2, which was used
to examine the test-retest reliability. Moreover, at each time point,
two questionnaire forms were administered. There were thus a
total of four forms: one including the BFS-S and the TIPI-J; one
including the FFPQ-50; one including the BFPL; and one including
the NEO-FFI. The former two questionnaires were distributed
randomly at Time 1, and the latter two questionnaires were
distributed randomly at Time 2. All four forms also included the
BFI-2-], and were therefore to examine convergent and
discriminant validity. The number of responses to the BFS-S and
TIPI-], FFPQ-50, BFPI, and NEO-FFI was 150, 152, 87, and 119,
respectively. The sample size for the BFPI was smaller than others
due to researcher error. However, this sample size is still large
enough to detect convergent correlations (e.g., 95% power to
detect correlations stronger than 0.36).

The participants in the community sample included 500
Japanese adults (250 females and 250 males; mean age =44.94,
SD=14.07). We conducted an online survey in April 2019 with
Agekke Corporation’ to recruit a sample that was more diverse in
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terms of age (with 100 adults in their 20s, 30s, 40s, 50s, and 60s,
respectively) to examine measurement invariance across age and
sex groups. Two hundred thirty-seven participants had university
degree or more; 83 participants had completed vocational school;
150 participants had completed junior high school, 17 had
completed high school; and 13 participants did not report
educational level. These participants responded to an online
questionnaire, including the BFI-2-J and a self-esteem measure, to
examine predictive validity.

Measures

We used seven scales, including six Big Five measures and one
self-esteem measure. The BFI-2-] was completed by all
participants. Other Big Five measures were completed by a part of
the student sample, as described above, and the self-esteem
measure was completed by the community sample. Table 1
presents the measures included in each survey.

Japanese version of Big Five Inventory

The BFI-2 (Soto and John, 2017) was translated from English
into Japanese after obtaining the authors permission.
We translated fluent Japanese text that retained each item’s original
meaning, and considered multiple translation options for some
items. In a series of pilot studies, we removed items with poor
convergent correlations or low principal component loadings, and
wrote new items to replace them. The final set of 60 items was
decided after seven pilot studies, which were participated in by 30,
21, 53, 73, 67, 72, and 227 undergraduates, respectively. The
BFI-2-] was then re-translated into English by a native English
speaker at a translation and editing service. The authors of the
English-language BFI-2 checked for discrepancies from the
original version. We then slightly revised the language used in
some items.

The final BFI-2-] was included in all the surveys. The BFI-2-]
consists of 60 items, with 12 items assessing each domain and four

TABLE 1 Survey and assessing measures.

10.3389/fpsyg.2022.924351

items assessing each facet. Each item was rated on a 5-point scale
ranging from 1 (strongly disagree) to 5 (strongly agree). The
items is in the

Japanese version of the presented

Supplementary Table S1.

Short form of the Big Five Scale (Japanese
original)

The BES-S (Namikawa et al., 2012) consists of 29 Japanese trait
adjectives and assesses each domain with five to seven items. This
scale was developed by using item response theory to select a
subset of items from the full BFS, which consists of 60 trait
adjectives (Wada, 1996). Each item was rated on a 7-point scale
ranging from 1 (strongly disagree) to 7 (strongly agree). In the
sample of this survey, Cronbach’s alpha coeflicients were 0.89,
0.80, 0.82, 0.88, and 0.79 for Extraversion, Agreeableness,
Conscientiousness, Negative
Mindedness, respectively.

Emotionality, and Open-

Japanese version of the Ten-ltem Personality
Inventory

The TIPI-J (Oshio et al., 2012, 2013, 2014) consists of 10 items
translated from the TIPI (Gosling et al., 2003) and assesses each
domain with two items. Each item was rated on a 7-point scale
ranging from 1 (strongly disagree) to 7 (strongly agree). The
previous study also examined the validity across languages (Oshio
et al., 2014). In the present sample, correlation coeflicients
between the two items measuring each Big Five domain were 0.64,
0.30, 0.26, 0.40, and 0.45 for Extraversion, Agreeableness,
Conscientiousness, Negative
Mindedness, respectively.

Emotionality, and Open-

Five-Factor Personality Questionnaire-50
(Japanese original)

The FFPQ-50 (Fujishima et al., 2005) consists of 50 items that
assess each Big Five domain with 10 items. The FFPQ-50 is a
shortened version of the original, 150-item FFPQ (Study Group
of the FFPQ, 1998). Each item was rated on a 5-point scale ranging

Big Five measure Self esteem
Sample type  Place Wave BFI-2-] TIPI-] BFS-S FFPQ-50 BFPI NEO-FFI RSES-]
Student Kyoto and Osaka °
Student Tokyo Time 1 ° ° o
Student Tokyo Time 1 o o
Student Tokyo Time 2 ° o
Student Tokyo Time 2 ° o
Community Online ° °
Frontiers in Psychology 04 frontiersin.org
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from 1 (strongly disagree) to 5 (strongly agree). In the present
sample, Cronbach’s alpha coefficients were 0.81, 0.80, 0.82, 0.87,
and 0.77 for Extraversion, Agreeableness, Conscientiousness,
Negative Emotionality, and Open-Mindedness, respectively.

Big Five Personality Inventory (Japanese
original)

The BFPI (Murakami and Murakami, 1999) consists of 12
items assessing each Big Five domain. Each item was responded
to with “Yes” (coded 1) or “No” (coded 0). In the present sample,
Cronbach’s alpha coeflicients were 0.91, 0.82, 0.82, 0.90, and 0.75
for Extraversion, Agreeableness, Conscientiousness, Negative
Emotionality, and Open-Mindedness, respectively.

Japanese version of NEO Five-Factor Inventory

The NEO-FFI (Shimonaka et al., 1999) consists of 60 items
translated from the original, English-language version (Costa and
McCrae, 1992) and assesses each Big Five domain with 12 items.
Each item was rated on a 4-point scale ranging from 1 (strongly
disagree) to 4 (strongly agree). In the present sample, Cronbach’s
alpha coefficients were 0.86, 0.74, 0.75, 0.78, and 0.69 for
Extraversion, Conscientiousness,

Agreeableness, Negative

Emotionality, and Open-Mindedness, respectively.

Japanese version of Rosenberg’s self-esteem
scale

The RSES-J (Sakurai, 2000) consists of 10 items translated
from Rosenberg’s self-esteem scale (RSES) (Rosenberg, 1965).
Each item was rated on a 4-point scale ranging from 1 (strongly
disagree) to 4 (strongly agree). In the present sample, Cronbach’s
alpha coefficient was 0.86.

Ethical concerns

This study was approved by the Research Ethics Committee of
Waseda University (application number 2017-HNO026). The
participants were informed of the following: participation in the
survey was voluntary, no disadvantage would be caused by
participation or non-participation, participants could stop
answering at any time during the survey, and responses would
be collected anonymously. They took part in the survey after
consenting to participate.

Analysis plan

Our analysis closely follows the plan of Soto and John (2017),
in order to directly compare the results obtained for the BFI-2-]
with the English-language source version of the BFI-2. First,
we examined the factor structure of each student and community
sample. We confirmed the basic domain-level structure using 60
items with a PCA after centering each individual’s set of item
responses around their within-person mean to control for
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acquiescence at the item level (Soto and John, 2017). Additionally,
we conducted a PCA using the means of the 15 facet scales. Next,
we examined the facet-level structure within each Big Five domain
(CFA).
and validity of

using a confirmatory factor Second,
the reliability the

BFI-2-]. We examined the test-retest reliability by asking the

analysis
we investigated
participants to take part both times in the student sample. There
was an interval of 3 weeks between times 1 and 2. Internal
consistency was assessed using Cronbach’s alpha and Omega
coeflicients for both samples. We also examined convergent and
discriminant validity using the correlation coefficients between
the BFI-2-] and the other Big Five measures in the student sample.
Moreover, we analyzed the correlation coeflicients between the
BFI-2-] and self-esteem measure in the community sample. Third,
we examined measurement invariance (MI) across age and sex
groups in the domain-level structure and facet-level structures
within each domain using the dataset of the community sample.
The responses were divided into age groups of <45 (n=239)
and >45years (n=261) because their median age was 45.50.
According to the most recent national census, the Japanese
median age is 48.61;” thus, a cutoff of 45years closely reflects the
status of classifying the Japanese population as younger or older
people. We compared the fit of the models by imposing restrictions
at the four levels of invariance: configural, metric, strong, and
strict. Configural invariance includes the same items and number
of factors for each group. Next, metric invariance indicates that
factor loading parameters are equal across groups, which are
added to configural invariance. In addition to metric invariance,
strong invariance means that the item intercepts are invariant
across groups. Finally, strict invariance also constrains the residual
variances to be equal across groups.

We used R (version 3.6.2; R Core Team, 2019) to analyze
the datasets.

Results
Factor structure

We examined the domain-level structure of the BFI-2-] in the
student and community samples. We used 60 items after
computing each participant’s mean response across the full set of
60 items (prior to reverse-coding the negatively keyed items), and
then subtracting this within-person mean from each of their
individual item responses. In each sample, visual inspection of the
pattern of eigenvalues suggested five components above the scree
line (Supplementary Figures SI, S2). Moreover, the parallel
analysis suggested the extraction of five components in the
community sample and six components in the student sample.
Table 2 presents the results of the PCA extracted and varimax
rotated five components. Items usually had absolute principal
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TABLE 2 Loadings from a principal components analysis of the 60 items.

10.3389/fpsyg.2022.924351

Student Community
Items E A C N (0] E A C N (0]
Extraversion
Sociability
Item 01 0.76 0.20 —-0.01 0.19 0.05 0.70 0.23 0.17 0.32 0.04
Item 16 —0.76 —0.08 0.09 0.01 —0.06 —0.73 —0.16 0.00 0.04 —0.07
Item 31 —0.81 0.00 —0.06 —-0.12 —0.06 —0.72 —0.08 -0.21 -0.29 —-0.03
Item 46 0.67 0.01 —-0.09 0.04 —-0.03 0.69 0.12 -0.13 0.04 —-0.05
Assertiveness
Item 06 0.80 0.05 0.04 0.14 0.11 0.67 0.12 0.20 0.31 0.08
Ttem 21 0.66 —-0.08 0.22 0.07 0.05 0.45 —0.04 0.43 0.22 0.10
Item 36 —0.40 0.21 —-0.20 —-0.19 —-0.19 —0.35 0.08 -0.25 —0.18 -0.26
Item 51 —0.58 0.16 —0.28 —0.01 —0.12 —0.46 0.20 —0.40 —0.10 —0.19
Energy level
Item 11 —0.49 —0.09 0.28 0.21 —0.11 —0.51 0.15 0.19 0.25 —0.12
Item 26 —0.78 —0.12 —0.12 —0.07 —0.12 —0.67 —0.08 —0.32 —0.31 —0.09
Item 41 0.68 0.19 0.10 0.18 0.06 0.53 0.10 0.24 0.41 0.17
Item 56 0.61 0.16 —-0.16 —-0.12 0.07 0.58 0.03 —0.01 0.17 0.14
Agreeableness
Compassion
Item 02 0.18 0.56 0.15 0.18 0.13 0.22 0.61 0.27 0.06 0.11
Item 17 -0.27 —0.38 —-0.03 0.26 -0.23 -0.26 —0.49 —-0.06 0.19 -0.23
Item 32 0.02 0.49 0.16 0.03 0.03 0.17 0.39 0.08 0.18 0.10
Item 47 -0.17 —0.62 —-0.05 —-0.05 0.03 -0.27 —0.57 —-0.18 —0.02 —0.20
Respectfulness
Item 07 0.05 0.58 0.21 0.01 0.09 0.14 0.63 0.19 0.02 0.12
Item 22 0.31 —0.43 —0.08 —0.31 —0.01 0.22 —0.52 —0.09 —0.06 0.09
Item 37 —0.03 —0.49 —0.10 —0.23 0.15 0.03 —0.59 —0.15 —0.23 —0.06
Item 52 —0.06 0.58 0.16 —-0.02 0.05 0.03 0.62 0.34 —0.02 0.10
Trust
Item 12 0.10 —0.36 0.12 —0.33 —-0.01 0.05 —0.40 0.08 —0.36 —0.01
Item 27 —-0.07 0.42 —-0.02 0.40 0.05 —0.14 0.53 —0.06 0.29 0.12
Item 42 —-0.15 —0.37 —-0.05 —0.35 0.04 —-0.07 —0.37 0.08 —0.45 -0.13
Item 57 0.23 0.44 —-0.12 0.20 0.11 0.23 0.39 0.12 0.24 0.13
Conscientiousness
Organization
Item 03 0.17 —-0.06 —0.62 0.09 0.03 0.04 —0.06 —0.61 0.09 —0.03
Item 18 —0.18 —0.05 0.63 0.02 0.01 —0.09 0.10 0.66 —0.07 0.03
Item 33 -0.07 0.02 0.62 —0.01 0.11 0.00 0.07 0.61 0.01 0.11
Item 48 0.01 —0.11 —0.60 —0.02 —0.10 —0.03 -0.19 —0.62 0.00 —0.08
Productiveness
Item 08 —0.16 —0.12 —0.50 0.09 —0.11 -0.27 —0.04 —0.58 —0.10 —0.06
Item 23 -0.21 —0.06 —0.57 —-0.09 0.03 —0.14 -0.17 —0.55 -0.25 0.06
Item 38 0.19 0.05 0.55 0.19 —-0.06 0.18 0.15 0.58 0.15 0.16
Item 53 0.09 0.38 0.40 0.09 —-0.11 0.08 0.37 0.53 0.09 0.04
Responsibility
Item 13 0.01 0.17 0.65 —-0.07 —0.04 0.12 0.34 0.52 —-0.07 0.02
Item 28 0.02 0.04 —0.55 —-0.03 0.12 0.00 —-0.03 —0.59 -0.21 0.02
Ttem 43 0.33 0.13 0.57 0.05 —0.05 0.31 0.17 0.48 0.13 0.12
Item 58 0.00 —0.20 —0.56 0.01 0.10 —0.11 —0.36 —0.53 —0.12 —0.12
(Continued)
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TABLE 2 (Continued)
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Student Community
Items E A C N o E A C N (6]
Negative emotionality
Anxiety
Item 04 0.06 0.13 —-0.02 0.76 —-0.03 0.22 0.10 0.17 0.70 0.14
Item 19 —-0.17 —0.04 0.18 —0.62 0.05 —-0.05 0.03 0.07 —0.68 0.06
Item 34 —0.14 —0.04 0.03 —0.75 0.05 -0.23 —-0.07 —-0.09 —0.73 —-0.03
Item 49 0.10 —-0.10 0.02 0.61 —-0.19 0.14 —-0.09 0.10 0.73 0.00
Depression
Item 09 0.06 —-0.10 -0.29 0.54 0.06 0.16 —-0.03 -0.14 0.64 0.10
Ttem 24 0.15 0.23 —0.03 0.58 —-0.02 0.20 0.22 0.08 0.60 0.16
Item 39 -0.17 —-0.05 —-0.05 —0.72 0.13 -0.21 =0.11 —0.18 —0.69 0.03
Item 54 -0.27 —-0.02 —-0.10 —0.73 0.12 -0.29 =0.11 —0.26 —0.69 —0.05
Emotional volatility
Item 14 0.10 -0.23 —-0.19 —0.59 —-0.05 0.01 —0.45 -0.25 —0.48 —0.08
Item 29 —0.11 0.05 0.22 0.73 —0.08 —-0.03 0.26 0.35 0.59 0.00
Item 44 —-0.09 0.25 0.27 0.60 —-0.03 —0.08 0.35 0.38 0.42 0.02
Item 59 0.08 -0.21 —0.06 —0.69 —0.06 0.05 —0.31 —0.26 —0.57 —0.15
Open-mindedness
Intellectual curiosity
Item 10 0.38 0.06 0.02 0.08 0.49 0.34 0.09 0.25 0.19 0.36
Item 25 0.00 —-0.03 —-0.11 0.19 —0.48 —-0.12 0.05 -0.23 0.14 —0.33
Item 40 —0.01 —0.01 0.18 —0.44 0.34 —-0.06 —0.12 0.20 —0.45 0.23
Item 55 —-0.05 0.03 0.00 0.12 —0.55 —-0.07 —0.18 =0.12 —-0.07 —0.54
Aesthetic sensitivity
Item 05 0.07 —0.08 0.08 0.13 —0.77 —0.01 —-0.12 0.02 0.02 —0.75
Item 20 —-0.09 0.09 —-0.09 —-0.07 0.69 0.01 0.16 —-0.07 0.00 0.80
Item 35 —0.08 0.04 —-0.07 —0.11 0.71 —-0.05 0.14 —0.05 0.04 0.74
Item 50 —0.08 —-0.18 0.04 0.13 —0.56 -0.13 —0.31 0.01 0.09 —0.60
Creative imagination
Item 15 0.20 —-0.12 0.04 0.13 0.61 0.26 —-0.09 0.47 0.29 0.40
Item 30 —-0.28 0.05 —0.04 —-0.05 —0.62 -0.26 —-0.03 —0.40 —-0.16 —0.56
Item 45 —-0.13 —-0.12 0.13 —-0.04 -0.23 -0.23 —-0.11 -0.21 —-0.19 —0.40
Item 60 0.31 —-0.14 —-0.01 0.08 0.63 0.31 —-0.16 0.31 0.21 0.51

Each individual item’s response was subtracted from the within-person mean. Absolute loadings of 0.30 or stronger are bolded. The participants in the student and community sample

included 487 and 500 Japanese adults, respectively. Cumulative proportion of variance is 0.44 (student sample) and 0.46 (community sample).

loadings ranging from 0.30 or stronger on the intended
component, although there were several cross-loadings. Averaged
across the 60 BFI-2-J items, the mean absolute values of the
intended primary loadings were 0.59 (student sample) and 0.56
(community sample), whereas the mean absolute values of the
remaining loadings were only 0.11 (student sample) and 0.15
(community sample). Additionally, to test the robustness of these
results, we also examined the domain-level structure using a PCA
with oblimin rotation, an exploratory factor analysis (EFA;
maximum likelihood method) with varimax rotation, and an EFA
with oblimin rotation (Supplementary Tables S2-54). Across the
four analyses (PCA or EFA extraction x varimax or oblimin
rotation), correlations between corresponding pairs of factor or
component scores averaged 96 in the student sample and 0.88 in
the community sample. These results indicate that the BFI-2-J’s
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domain-level structure was robust across variations in extraction
and rotation.

We also examined the domain-level structure using the mean
of the raw item scores for each facet. In the PCA extracted and
varimax rotated five components, all 15 facets had the strongest
loading on the intended component in both samples (Table 3). All
these primary loadings were at least 0.62, and averaged 0.79
(student sample) and 0.77 (community sample). Taken together,
these results indicate that the BFI-2-J’s intended Big Five structure
can be clearly recovered from both its items and facet scales.

At the end of this section, we examined facet-level structures
within each Big Five domain using CFA (maximum likelihood
method). Following the statistical procedures of previous BFI-2
research (Soto and John, 2017; Halama et al., 2020; Vedel et al.,
2021), we compared five models fit to the raw item scores within
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TABLE 3 Loadings from a principal components analysis of the 15 facet scores.

Student Community

E A C N (0] E A C N (0]
Extraversion
Sociability 0.87 0.08 —0.02 —0.11 0.05 0.86 0.18 0.06 —0.15 0.03
Assertiveness 0.80 —0.10 0.24 —0.14 0.14 0.70 —0.03 0.35 —0.25 0.23
Energy level 0.86 0.14 —0.04 0.01 0.13 0.84 0.05 0.07 —0.18 0.16
Agreeableness
Compassion 0.25 0.78 0.14 0.05 0.12 0.32 0.76 0.22 0.01 0.21
Respectfulness —0.15 0.76 0.22 -0.20 —0.05 —0.05 0.80 0.33 —0.12 0.07
Trust 0.06 0.62 —0.05 —0.48 0.05 0.05 0.69 —0.04 —0.50 0.06
Conscientiousness
Organization —0.17 0.03 0.81 0.02 0.06 —0.01 0.08 0.86 0.01 0.13
Productiveness 0.22 0.17 0.76 —0.10 0.01 0.27 0.18 0.75 —0.23 0.09
Responsibility 0.10 0.11 0.85 0.01 —0.09 0.22 0.28 0.75 —0.16 0.09
Negative emotionality
Anxiety —0.15 —0.05 0.05 0.89 0.12 —0.26 —0.02 —0.06 0.89 0.01
Depression —0.21 —0.06 0.05 0.87 0.09 —0.33 —0.13 —0.10 0.85 —0.03
Emotional volatility 0.13 —-0.22 -0.22 0.78 0.03 0.02 -0.37 -0.37 0.67 —0.09
Open-mindedness
Intellectual curiosity 0.13 0.00 0.11 0.22 0.75 0.17 0.01 0.26 0.08 0.73
Aesthetic sensitivity —0.07 0.11 —0.09 0.11 0.80 0.01 0.26 —0.09 —0.04 0.81
Creative imagination 0.32 —0.04 —0.04 —0.14 0.71 0.38 0.00 0.35 —0.30 0.62

Facet scores were calculated using the average of four items in each facet. Absolute loadings of 0.60 or stronger are bolded. The participants in the student and community sample

included 487 and 500 Japanese adults, respectively. Cumulative proportion of variance is 0.72 (student sample) and 0.76 (community sample).

each domain: single domain model (a single factor defined all 12
items within a domain), single domain plus acquiescence model
(the substantive domain factor and an acquiescence method
factor), forward-keyed and reverse-keyed items model (two
correlated factors defined by the domain’s forward-keyed and
reverse-keyed items), three facets model (three factors
representing the three BFI-2 facet scales within a domain), and
three facets plus acquiescence model (three factors representing
the three BFI-2 facet scales and an acquiescence method factor).
We report the Chi-square, comparative fit index (CFI), Tucker—
Lewis index (TLI), root mean square error of approximation
(RMSEA), and Bayesian information criterion (BIC) as fit statistics
for these models in Table 4. Based on conventional guidelines
(e.g., Marsh et al.,, 2004), we interpreted values greater than 0.90
for CFI and TLI and smaller than 0.08 for RMSEA as indicating
acceptable model fit. In both samples, the three facets plus
fit
and Open-

acquiescence model provided an acceptable for

Conscientiousness, Negative ~Emotionality,
Mindedness, except for TLI of Conscientiousness in the
community sample, although this model did not have a good fit
for Extraversion and Agreeableness. In terms of Extraversion, the
goodness of fit of the three facets plus acquiescence model was
improved by including error covariance between items 16 and 46
for both samples (student sample: y* (49)=309.11, CFI=0.91,
TLI=0.88, RMSEA =0.10, BIC=14849.52; community sample: y*
(49)=258.55, CFI=0.92, TLI=0.89, RMSEA =0.09,

BIC=15588.42). The fit statistics of structure within Agreeableness
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did not improve by including ad hoc error co-variances. The factor
loadings in the three facets plus acquiescence model are shown in
the Supplementary Table S5. These results indicate that the BFI-2’s
intended facet-level structure can be clearly recovered for four of
the five Big Five domains.

Reliability and validity

Table 5 presents Cronbach’s alpha and Omega in each survey
and retest correlations between time 1 and 2 in the student sample
for each domain and facet, as well as scale means and standard
deviations. Cronbachs alpha and Omega coefficients at the
domain level were all above or near 0.80. At the facet level,
coefficients tended to be low values; specifically, the coefficients of
Trust in Agreeableness and Intellectual curiosity in Open-
mindedness were under 0.60 in both samples. On the other hand,
retest correlations between times for both the domains and facets
ranged from 0.72 to 0.90. These results indicate that the BFI-2-J
domain and facet scales have adequate internal consistency, as well
as retest reliability.

Table 6 presents correlation coefficients between mean scores
of each domain and facet on the BFI-2-] and mean scores of each
domain on other Big Five measures (i.e., BFS-S, TIPI-], FFPQ-50,
BFPI, and NEO-FFI) to test convergent and discriminant validity.
The five domains of the BFI-2-] were highly associated with the
corresponding domains of other Big Five measures (r=0.54-0.87,
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TABLE 4 Fit statistics for confirmatory factor analyses of BFI-2-J items.

‘e 3 OUIYSOA

Student Community

X df CFI TLI RMSEA BIC X daf CFI TLI RMSEA BIC
Extraversion
Single domain 495.86 54 0.85 0.81 0.13 15005.32 460.77 54 0.84 0.80 0.12 15759.57
Single domain plus acquiescence 489.21 53 0.85 0.81 0.13 15004.86 412.47 53 0.86 0.82 0.12 15717.48
Forward and reverse keyed items 482.53 53 0.85 0.81 0.13 14998.19 404.46 53 0.86 0.82 0.12 15709.48
Three facets 447.19 51 0.86 0.82 0.13 14975.22 433.68 51 0.85 0.80 0.12 15751.12
Three facets plus acquiescence 431.90 50 0.87 0.82 0.13 14966.12 362.60 50 0.87 0.83 0.11 15686.26
Agreeableness
Single domain 441.40 54 0.62 0.54 0.12 15287.86 540.14 54 0.67 0.60 0.13 15024.47
Single domain plus acquiescence 352.65 53 0.71 0.63 0.11 15205.30 370.76 53 0.79 0.73 0.11 14861.30
Forward and reverse keyed items 342.36 53 0.72 0.65 0.11 15195.01 357.07 53 0.80 0.75 0.11 14847.61
Three facets 307.44 51 0.75 0.67 0.10 15172.47 513.27 51 0.69 0.60 0.13 15016.24
Three facets plus acquiescence 231.06 50 0.82 0.77 0.09 15102.27 316.08 50 0.82 0.76 0.10 14825.26
Conscientiousness
Single domain 397.21 54 0.76 0.71 0.11 15635.85 586.80 54 0.71 0.64 0.14 15588.11
Single domain plus acquiescence 362.41 53 0.78 0.73 0.11 15607.24 323.29 53 0.85 0.81 0.10 15330.82
Forward and reverse keyed items 368.38 53 0.78 0.72 0.11 15613.21 323.11 53 0.85 0.82 0.10 15330.63
Three facets 217.37 51 0.88 0.85 0.08 15474.57 522.21 51 0.74 0.66 0.14 15542.17
Three facets plus acquiescence 161.57 50 0.92 0.90 0.07 15424.96 224.70 50 0.90 0.87 0.08 15250.87
Negative emotionality
Single domain 372.43 54 0.87 0.84 0.11 15663.62 670.47 54 0.77 0.72 0.15 15631.82
Single domain plus acquiescence 349.66 53 0.88 0.85 0.11 15647.04 463.66 53 0.84 0.81 0.12 15431.23
Forward and reverse keyed items 344.69 53 0.88 0.85 0.11 15642.07 441.17 53 0.85 0.82 0.12 15408.74
Three facets 179.67 51 0.95 0.93 0.07 15489.42 473.92 51 0.84 0.79 0.13 15453.91
Three facets plus acquiescence 135.30 50 0.96 0.95 0.06 15451.24 200.19 50 0.94 0.93 0.08 15186.40
Open-mindedness
Single domain 586.60 54 0.69 0.62 0.14 16166.99 742.84 54 0.63 0.54 0.16 16193.79
Single domain plus acquiescence 585.37 53 0.69 0.61 0.14 16171.95 675.15 53 0.66 0.58 0.15 16132.32
Forward and reverse keyed items 586.35 53 0.69 0.61 0.14 16172.93 718.78 53 0.64 0.55 0.16 16175.95
Three facets 133.45 51 0.95 0.94 0.06 15732.41 299.65 51 0.86 0.82 0.10 15769.25
Three facets plus acquiescence 112.42 50 0.96 0.95 0.05 15717.57 143.18 50 0.95 0.93 0.06 15618.99

CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square error of approximation; BIC, Bayesian information criterion. CFI and TLI values > 0.90 and RMSEA values <0.08 are in bold. The participants in the student and community
sample included 487 and 500 Japanese adults, respectively.
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TABLE 5 Descriptive statistics and reliability coefficients.

10.3389/fpsyg.2022.924351

Student Community r (test-
M SD a (0] M SD a w retest)
Extraversion 2.98 0.72 0.89 0.90 2.72 0.68 0.87 0.88 0.89
Sociability 3.22 0.91 0.86 0.86 2.82 0.89 0.82 0.82 0.85
Assertiveness 2.63 0.78 0.74 0.76 2.52 0.78 0.71 0.72 0.84
Energy level 3.10 0.78 0.73 0.73 2.82 0.69 0.65 0.68 0.78
Agreeableness 331 0.48 0.74 0.74 3.26 0.50 0.79 0.79 0.85
Compassion 3.38 0.62 0.59 0.60 3.26 0.63 0.63 0.65 0.72
Respectfulness 3.55 0.57 0.51 0.47 3.52 0.64 0.62 0.62 0.72
Trust 2.98 0.66 0.58 0.58 3.00 0.56 0.53 0.54 0.78
Conscientiousness 2.77 0.58 0.82 0.82 3.18 0.58 0.84 0.83 0.85
Organization 2.85 0.79 0.73 0.74 3.26 0.70 0.67 0.68 0.74
Productiveness 2.73 0.70 0.65 0.66 3.20 0.71 0.67 0.65 0.76
Responsibility 2.72 0.64 0.63 0.64 3.07 0.64 0.62 0.62 0.74
Negative emotionality 3.13 0.73 0.89 0.89 3.06 0.69 0.89 0.89 0.90
Anxiety 3.33 0.83 0.77 0.78 3.24 0.81 0.76 0.77 0.80
Depression 3.14 0.81 0.71 0.73 3.04 0.78 0.73 0.75 0.83
Emotional volatility 2.92 0.87 0.81 0.82 2.89 0.79 0.80 0.80 0.85
Open-mindedness 3.28 0.60 0.81 0.81 3.08 0.57 0.80 0.81 0.85
Intellectual curiosity 3.50 0.66 0.59 0.59 3.21 0.58 0.43 0.43 0.80
Aesthetic sensitivity 3.29 0.96 0.82 0.83 2.99 0.89 0.82 0.83 0.88
Creative imagination 3.03 0.71 0.69 0.72 3.03 0.74 0.75 0.77 0.80

The term between the test and retest was three weeks. The participants in the student and community sample included 487 and 500 Japanese adults, respectively. The test-retest analysis

samples were 171 university students in Tokyo.

M=0.72) apart from the association of Open-mindedness
between the BFI-J and the BEPI (r=0.29). The facets of the BFI-2-]
were also highly associated with the convergent domains of each
Big Five measure compared with the divergent domains.
Interestingly, the BFI-2-] Open-Mindedness facets converged
much more strongly with some Japanese Big Five measures (e.g.,
the FFPQ-50) than with others (e.g., the BFPI), suggesting that the
definition of this domain varies across measures. The correlation
coefficients between means of the domains and the facets in the
BFI-2-J are shown in the Supplementary Table S6. Overall, these
results indicate that the BFI-2-] shows good convergent and
discriminant validity with other Japanese Big Five measures.

Table 6 also presents the correlation coefficients between the
BFI-2-] and RSES-J. As expected, high Extraversion and low
Negative Emotionality correlated strongly with self-esteem at both
the domain and facet levels (approximately |r|>0.50). Moreover,
self-esteem’s correlation coefficient with Conscientiousness was
higher than with Open-mindedness or Agreeableness. Open-
mindedness, and Agreeableness moderately correlated with self-
esteem. These results were very consistent with expectations from
previous research on personality traits and self-esteem, and
further support the validity of the BFI-2-].

Measurement invariance

Our final set of analyses examined MI across age and sex
groups in the domain-level and facet-level models in the
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community sample. The domain-level model adopted exploratory
structural equation modeling (ESEM) (Asparouhov and Muthén,
2009) using the mean scores of each of the 15 facets because there
were several cross-loadings at the domain level. The domain-level
model with ESEM consisted of all facets loaded on all five domains
with EFA (varimax rotation, maximum likelihood method); all
facets had their strongest loading on their intended primary factor
(Supplementary Table S7). The facet-level models adopted the
three facets plus acquiescence model, described above, within
each Big Five domain.

Tables 7, 8, present the results of the MI analyses across age
and sex groups. We adopted a decrease in CFI of no more than
0.01 and an increase in RMSEA of no more than 0.015 as the
standards for establishing MI (Chen, 2007). The CFI values
indicate that the test of strong invariance resulted in fit similar to
metric invariance models with the exception of MI across age
groups for the Open-Mindedness facet-level model and MI across
sex groups for the domain-level model, as well as the Extraversion,
and Agreeableness facet-level models. The RMSEA values indicate
no more than modest decreases in fit at stricter levels of MI for
both the domain and facet-level models. Overall, these results
suggest that scores from the BFI-2-] are strictly comparable across
sex and age groups at the level of the Big Five domains, and
strongly comparable at the facet level.

After confirming at least strong MI of the BFI-2-],
we examined the mean-level differences between age and sex
groups. Table 9 presents the mean-level differences for age (<45
versus >45 years) and sex. These results indicate that older people
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TABLE 6 Correlations of the BFI-2-J with the BFS-S, TIPI-J, FFPQ-50, BFPI, NEO-FFI, and RSES-J.

BES-S TIPI-J FFPQ-50 BFPI NEO-FFI
RSES-J
E A C N (0] E A C N (0] E A C N (0] E A C N (0] E A C N (6]
Extraversion 0.85 -0.06 -0.06 -043 046 0.87 -—0.11 015 -019 037 073 032 009 -032 018 085 026 009 -0.09 038 074 014 024 -032 0.09 0.60
Sociability 090 -0.05 -0.10 -038 031 0.88 -0.14 005 -021 023 066 035 001 -028 009 083 024 -005 -023 023 072 024 013 -028 0.08 0.46
Assertiveness 059 -0.03 009 -041 0.39 0.66 —0.07 024 —022 0.35 0.60 0.18 0.18 —0.40 0.17 0.75 0.30 0.13  -0.04 0.53 044 -011 026 =035 0.11 0.59
Energy level 071  -0.07 -0.15 -033 051 071 -0.08 012 -0.07 042 060 029 006 -0.14 020 062 013 018 007 023 071 020 026 -0.19 0.03 0.52
Agreeableness 0.12 061 024 -031 0.14 000 0.3 018 -029 0.3 016 074 027 -031 -0.09 0.1 061 021 -025 001 040 075 033 -035 0.02 0.36
Compassion 019 034 027 =011 014 013 043 031 -0.16 0.09 018 069 025 -0.03 003 018 062 027 004 022 046 0.68 030 -026 0.01 0.33
Respectfulness -0.08 053 025 -0.15 -0.03 -0.16 0.58 0.14 -020 -0.01 0.01 055 030 =020 -0.17 -0.10 029 026 -028 =012 015 052 033 -0.17 0.00 0.25
Trust 0.14 045 003 -039 0.18 003 038 -0.05 -026 020 018 052 011 -0.50 -0.08 0.13 046 -0.02 -034 -0.09 032 0.62 018 -042 0.03 0.31
Conscientiousness  0.00 026 0.80 0.03 005 -0.02 026 0.66 -0.05 -0.05 0.3 019 084 -020 -0.16 006 032 073 020 039 007 020 076 -039 0.12 0.54
Organization -020 026 070 012 -0.05 -020 021 041 -0.06 -0.09 -0.14 0.3 061 001 -010 -0.08 021 053 028 022 -006 0.05 0.55 030 0.12 0.34
Productiveness 021 014 040 -0.14 016 017 015 047 -=0.09 000 013 020 077 -027 -0.11 021 037 0.69 005 040 019 030 068 -039 0.07 0.54
Responsibility 004 019 068 0.05 003 004 023 064 005 000 012 015 073 -028 -020 004 020 0.60 014 036 005 016 063 -025 0.11 0.50
Negative -024 -0.56 003 079 -0.12 -0.17 =035 0.9 0.77 -0.08 -0.14 -021 -0.17 0.82 029 -019 -0.17 003 0.78 -0.01 -041 -038 -020 0.70 -0.14 —0.63
emotionality
Anxiety —-0.25 -0.38 0.08 0.79 -0.15 -0.19 -0.24 0.11 0.69 —0.14 -0.09 -0.08 -0.08 0.77 026 -0.23 -0.07 0.09 0.79 0.00 -0.41 =037 -0.17 0.66 —0.07 —0.56
Depression -0.31 -040 0.10 075 -0.13 -022 -0.27 0.14 065 -0.11 -021 -0.18 -0.05 0.78 023 -0.18 -012 012 073 0.00 =051 -035 -0.12 0.67 -0.11 —0.65
Emotional -0.10 -0.70 -0.11 0.60 -0.04 -0.04 -043 0.00 071 004 -0.07 -028 -0.30 0.61 027 -0.08 -028 -0.12 0.55 -0.04 -0.17 -029 -024 055 =019 —043
volatility
Open- 0.09 -0.02 -0.08 -0.03 0.4 011 0.03 -0.04 -0.06 0.58 -0.06 0.17 =007 026 083 0.05 007 005 025 029 012 =001 009 -0.18 0.70 0.43
mindedness
Intellectual 0.05 —0.04 -0.03 0.08 043 005 -003 0.00 001 040 0.1 015 004 030 066 011 018 019 028 039 -002 -0.17 0.04 -0.09 0.66 0.26
curiosity
Aesthetic 0.01 -0.05 -0.01 0.07 028 000 000 -0.01 002 027 -020 006 -0.13 025 0.65 -017 001 -0.04 028 —0.02 0.01 -0.02 002 -0.08 0.66 0.19
sensitivity
Creative 0.17 006 -0.15 -022 0.52 020 009 =009 -019 0.5 012 020 -005 0.02 058 026 -003 0.00 -0.03 039 033 014 016 -028 0.30 0.57
imagination

Absolute correlation coefficients >0.50 are in bold. The respondents to the BFS-S, TIPI-], FFPQ-50, BFPI, and NEO-FFI were 150, 152, 87, and 119 university students, respectively. There were 500 respondents to the RSES-].
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TABLE 7 Fit statistics for measurement invariance analyses at each age group.

10.3389/fpsyg.2022.924351

X df CFI TLI RMSEA BIC ACFI ARMSEA
Domain using facet scores
Configural/Metric 307.97 180 0.97 0.96 0.05 13058.45
Strong 329.05 190 0.96 0.96 0.05 13017.39 —0.003 0.001
Strict 395.02 205 0.95 0.95 0.06 12990.14 —0.014 0.007
Extraversion
Configural 436.93 100 0.87 0.83 0.12 15733.85
Metric 461.64 109 0.86 0.84 0.11 15702.63 —0.006 —0.002
Strong 474.48 117 0.86 0.85 0.11 15665.75 —0.002 —-0.003
Strict 559.58 129 0.83 0.83 0.12 15676.28 —0.028 0.005
Agreeableness
Configural 389.53 100 0.81 0.75 0.11 14889.51
Metric 409.97 109 0.81 0.76 0.11 14854.02 —0.007 —0.003
Strong 426.79 117 0.80 0.77 0.10 14821.12 —0.006 —0.002
Strict 496.68 129 0.76 0.76 0.11 14816.43 —0.037 0.004
Conscientiousness
Configural 276.06 100 0.91 0.88 0.08 15293.24
Metric 299.46 109 0.90 0.88 0.08 15260.71 —0.008 0.000
Strong 302.74 117 0.90 0.89 0.08 15214.28 0.003 —0.004
Strict 386.19 129 0.86 0.86 0.09 15223.16 —0.038 0.010
Negative emotionality
Configural 278.46 100 0.93 0.91 0.08 15298.64
Metric 288.51 109 0.93 0.92 0.08 15252.76 0.000 —0.003
Strong 301.11 117 0.93 0.92 0.08 15215.64 —0.002 —0.002
Strict 346.56 129 0.92 0.92 0.08 15186.51 —0.013 0.003
Open-mindedness
Configural 204.81 100 0.94 0.93 0.06 15723.12
Metric 208.39 109 0.95 0.94 0.06 15670.77 0.003 —0.004
Strong 246.87 117 0.93 0.92 0.07 15659.53 —0.016 0.006
Strict 276.75 129 0.92 0.92 0.07 15614.84 —0.010 0.001

CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square error of approximation; BIC, Bayesian information criterion. CFI and TLI values >0.90 and RMSEA

values <0.08, are in bold. The sample was divided into two age groups: 44 years or younger (n=239) and 45 years or older (n=261). The fit statistics on the domain model have the same

values between the configural and metric models because the ESEM was analyzed with the loadings on the EFA. The analyses of MI in each domain are used in the model of the three

facets plus acquiescence.

tended to score moderately lower in Negative Emotionality, as well
as higher in Conscientiousness, Agreeableness, and Open-
Mindedness, than younger people; these age differences extended
to most but not all facets within these domains. Table 9 also shows
that sex differences were generally small, although at the facet
level, females tended to score moderately higher on Aesthetic
sensitivity, and lower on Assertiveness, than males.

Discussion

This study aimed to adapt the BFI-2-] which was translated
from the original, English-language version of the BFI-2.
We investigated the BFI-2-] for factor structure at the domain and
facet levels, as well as reliability, validity, and measurement
invariance across age and sex groups. The overall results of these
analyses using two datasets provided evidence that the BFI-2-J
provides reliable and valid assessment of Big Five domains and
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facets in the Japanese language and cultural context. Given the
increasingly widespread use of the BFI-2, we conclude that the
BFI-2-] is more suitable for international and cross-cultural
research than original Japanese measures.

We found that the domain-level structure of the BFI-2-] was
nearly the same as in the source version of the BFI-2. We also
examined facet-level structures within each Big Five domain.
These results supported that the model of the three facets plus
acquiescence indicated an acceptable fit to both datasets within
each Big Five domain. Strictly, the fit statistics in Extraversion and
Agreeableness did not fully reach the criterion level. In order to
improve the fit statistics of the facet-level structure within
Extraversion, it was necessary to add one error covariance
between items 16 and 46, which both emphasize talkativeness, to
the three facets plus acquiescence model. In contrast, the fit
statistics of the facet-level structure within Agreeableness did not
improve by including error co-variances ad hoc. We speculate that
Japanese phrases and words related to Agreeableness may
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10.3389/fpsyg.2022.924351

TABLE 8 Fit statistics for measurement invariance analyses at each sex group.

X df CFI TLI RMSEA BIC ACFI ARMSEA
Domain using facet scores
Configural/Metric 365.31 180 0.95 0.94 0.06 13070.92
Strong 440.84 190 0.93 0.93 0.07 13084.30 —0.017 0.008
Strict 465.62 205 0.93 0.93 0.07 13015.87 —0.003 —0.001
Extraversion
Configural 393.72 100 0.88 0.85 0.11 15771.52
Metric 411.18 109 0.88 0.85 0.11 15733.05 —0.003 —-0.003
Strong 473.83 117 0.86 0.84 0.11 15745.98 —0.022 0.005
Strict 490.01 129 0.86 0.85 0.11 15687.59 —0.002 —0.005
Agreeableness
Configural 372.15 100 0.83 0.77 0.10 14931.60
Metric 406.29 109 0.81 0.77 0.10 14909.81 —0.016 0.000
Strong 434.78 117 0.80 0.77 0.10 14888.58 —0.013 0.000
Strict 47591 129 0.78 0.77 0.10 14855.14 —0.019 —0.001
Conscientiousness
Configural 283.09 100 0.90 0.87 0.09 15412.96
Metric 302.30 109 0.90 0.87 0.08 15376.25 —0.005 —0.001
Strong 318.63 117 0.89 0.88 0.08 15342.86 —0.004 —0.001
Strict 336.34 129 0.89 0.89 0.08 15286.00 —0.003 —-0.003
Negative emotionality
Configural 268.69 100 0.94 0.92 0.08 15362.30
Metric 272.24 109 0.94 0.93 0.08 15309.92 0.002 —0.005
Strong 283.39 117 0.94 0.93 0.08 15271.36 —0.001 —0.002
Strict 296.39 129 0.94 0.94 0.07 15209.78 0.000 —0.003
Open-mindedness
Configural 214.36 100 0.94 0.92 0.07 15760.12
Metric 219.25 109 0.94 0.93 0.06 15709.09 0.002 —0.004
Strong 224.32 117 0.94 0.94 0.06 15664.44 0.002 —0.003
Strict 244.90 129 0.94 0.94 0.06 15610.44 —0.005 —0.001

CFI, comparative fit index; TLI, Tucker-Lewis index; RMSEA, root mean square error of approximation; BIC, Bayesian information criterion. CFI and TLI values >0.90 and RMSEA
values < 0.08, are in bold. The fit statistics on the domain model have the same values between the configural and metric models because the ESEM was analyzed with the loadings on the

EFA. The analyses of MI in each domain are used in the model of the three facets plus acquiescence.

be ambiguous compared to other languages. For example, being
“polite” may mean obeying social rule in Japan, rather than
respecting an individual social partner. Therefore, it is necessary
to examine the existence of unique Japanese structures related to
this Big Five domain. Few studies have investigated the
hierarchical structure of Japanese personality traits, apart from
studies on the development of the measures. In parallel with the
improvement of items of the BFI-2-], we should proceed with
further lexical research to better understand the facet-level
structure of Agreeableness in Japan.

Regarding reliability, the BFI-2-] was sufficiently reliable to
assess individual differences among persons in terms of the Big
Five personality traits. The test-retest correlations were over 0.72,
similar to those reported by Soto and John (2017), though it is
necessary to note that the interval between times 1 and 2 was a
little short. Some internal consistencies were moderately low at the
facet level, although those at the domain level were acceptable.
However, there were only four items within a facet, and these
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values are similar to other BFI-2 translations (Shchebetenko et al.,
2020; Zhang et al., 2021); therefore, it is necessary to evaluate the
utility of the BFI-2-J from the perspective of associations with
other criteria given below.

In terms of convergent and discriminant validity, the BFI-2-]
produced the expected results. The correlations between the
domains of the BFI-2-] and the convergent domains of the other
Big Five measures were higher than that of the divergent domains.
Moreover, correlations with the facets of BFI-2-] usually indicated
a similar pattern to the domains. However, there were a few lower
correlation coefficients between convergent pairs for Open-
Mindedness. As we can see from the different labels that are
sometimes used for this domain (e.g., Openness, Intellect), the
concept and definition of Open-Mindedness is less agreed upon
than for other domains (DeYoung, 2014). Reflecting this diversity
of conceptualizations, Open-Mindedness in the BFI-2 covers a
wide range of concepts by designing the three facets without
deciding a central facet within this domain (Soto and John, 2017).
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TABLE 9 Descriptive statistics at each age and sex group.

10.3389/fpsyg.2022.924351

44years or younger  45years or older Female Male
Cohen’s d Cohen’s d
M SD M SD M SD M SD
Extraversion 2.66 0.70 2.76 0.65 -0.15 2.68 0.65 2.75 0.71 -0.10
Sociability 2.75 0.95 2.88 0.83 -0.15 2.89 0.85 2.74 0.92 0.17
Assertiveness 245 0.76 2.58 0.78 -0.17 2.36 0.72 2.68 0.80 —0.42
Energy level 2.80 0.72 2.83 0.67 —0.05 2.80 0.68 2.83 0.71 —0.04
Agreeableness 3.19 0.51 333 0.49 -0.28 3.29 0.51 323 0.49 0.13
Compassion 321 0.66 3.30 0.60 -0.14 331 0.61 321 0.64 0.17
Respectfulness 3.42 0.69 3.61 0.57 —0.29 3.55 0.61 348 0.66 0.11
Trust 2.92 0.57 3.07 0.55 ~0.26 3.01 0.59 2.99 0.54 0.03
Conscientiousness 3.09 0.59 326 0.57 ~0.30 3.17 0.57 318 0.59 —0.02
Organization 321 0.75 331 0.65 -0.13 3.25 0.71 327 0.69 ~0.04
Productiveness 3.08 0.70 331 0.69 -0.33 3.17 0.68 323 0.72 ~0.07
Responsibility 2.97 0.67 3.17 0.61 -0.32 3.10 0.63 3.05 0.65 0.08
Negative emotionality 3.19 0.70 2.94 0.66 0.36 3.11 0.70 3.00 0.68 0.15
Anxiety 3.34 0.82 3.15 0.78 0.24 3.30 0.79 3.18 0.82 0.15
Depression 3.18 0.79 2.92 0.75 033 3.07 0.79 3.02 0.77 0.08
Emotional volatility 3.04 0.82 2.75 0.74 0.38 2.96 0.79 2.82 0.79 0.17
Open-mindedness 2.99 0.58 3.15 0.56 —0.29 3.08 0.56 3.07 0.58 0.01
Intellectual curiosity 321 0.62 322 0.54 -0.02 3.15 0.53 327 0.62 -0.21
Aesthetic sensitivity 2.88 0.93 3.09 0.84 -0.23 3.12 0.90 2.86 0.86 0.30
Creative imagination 2.89 0.73 3.16 0.73 —0.37 2.97 0.71 3.09 0.77 —0.17

In contrast, other Japanese Big Five measures appear to adopt
different conceptualizations; for example, several exclude content
related to the BFI-2 facet of Aesthetic sensitivity.

Further supporting the construct validity of the BFI-2-],
correlations with self-esteem were consistent with hypotheses
derived from previous research regarding personality traits and
self-esteem. Most notably, self-esteem correlated more strongly
with Extraversion and Negative Emotion than with the other traits.

Regarding measurement invariance, we confirmed that a
domain-level model showed strict MI across age groups, as well as
metric MI across sex groups. Moreover, the facet-level models
within each Big Five domain all showed at least strong MI across
age groups, and most also showed at least strong MI across sex
groups. We also reported mean-level differences between age and
sex groups. The results of age difference converged with findings
from previous personality development research (Soto et al,
2011). Interestingly, the effect sizes obtained here were large
compared with a previous study of the BFI-2 in the Russian
context (Shchebetenko et al., 2020), possibly reflecting cultural
variation or differences between the age cutoffs used in these two
studies (25 versus 45 years). Additionally, some results differed
depending on facets within a domain; for example, males had a
higher mean Assertiveness score than females (d=0.42), while
females had a higher Sociability score (d=0.17). Age, sex, and
other demographic differences in personality traits in Japan can
be further investigated in future research using the BFI-2-].

Finally, the present findings provide further evidence
regarding the importance of accounting for individual differences
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in acquiescent response style in questionnaire measures (Danner
et al.,, 2015; Soto and John, 2019). In terms of observed scale
scores, the fact that each BFI-2 domain and facet scale includes an
equal number of forward-keyed and reverse-keyed items means
that their observed scale scores automatically control for
acquiescent responding: each respondent’s bias toward agreeing
(or disagreeing) with the forward-keyed items will be offset by
their bias toward agreeing (or disagreeing) with the false-keyed
items (Soto and John, 2017). At the item level, however, we found
that adequately modeling the BFI-2-J items required the inclusion
of a latent variable representing acquiescence. Including this
acquiescence method factor substantially improved model fit for
the items within each Big Five domain. We therefore encourage
other researchers who wish to model item-level responses on
measures that include both forward-keyed and reverse-keyed
items to similarly account for acquiescent response style (Danner
etal., 2021).

Limitations and future directions

The present findings indicate that the Japanese version of the
BFI-2 can be used at both the domain and facet levels to some
extent; however, this study had some limitations that highlight
directions for future research. First, the BFI-2-] can be used to
examine associations with additional life outcomes (Soto, 2019;
Denissen et al., 2020; Cemalcilar et al, 2021). This study
investigated whether the Big Five personality traits are associated
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with only self-esteem as a criterion other than the Big Five
measures. We therefore need to examine associations with other
dimensions of well-being or a broader range of external criteria
for predictive validity. Such studies would contribute not only to
the utility of the BFI-2-] but also to the literature on non-WEIRD
findings. For example, Cemalcilar et al. (2021) found that
Agreeableness, Extraversion, and Open-Mindedness negatively
predicted religiosity in Turkey, where most of the population is
Muslim, while there were positive associations of religious belief
with Agreeableness and Conscientiousness in the United States
(Soto, 2019). It may be similarly possible to find the specific
characteristics of the Japanese population; for example, smokers
had higher Extraversion levels than never smokers in Japan (Abe
etal., 2019).

Second, validity at the facet level should be further examined.
Although this study recovered facet structures within each Big
Five domain, correlation coefficients of facet scores were only
examined using the domain scores of other Big Five scales.
Previous studies supported convergence and discrimination at the
facet level by testing correlations between the facets of the BFI-2
and NEO-PI-R (Costa and McCrae, 1992), which includes six
facets per Big Five domain (Soto and John, 2017; Rammstedt et al.,
2020). Moreover, previous research has indicated that facet-level
traits can predict several outcomes more strongly than domains
because a facet covers a narrower and more specific trait concept
(Paunonen and Ashton, 2001). As per Soto and John (2017),
we expect that the proportion of criterion variance explained by
15 facets is higher than that explained by five domains. However,
additional research is needed to test this hypothesis.

Conclusion

In sum, the present research indicates that the BFI-2-] is a reliable,
valid, efficient, and freely available measure of the Big Five domains
and facets in the Japanese language and cultural context. We therefore
expect that this measure will be widely used in Japanese personality
research. Moreover, there is a growing body of literature on adapting
the BFI-2 in several languages. This work enables a comparison of
factor structure, associations with life outcomes across cultural areas,
and geographical differences in personality in future research.
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