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Original Article

Consistency of the Structural
Properties of the BFI-10 Across
16 Samples From Eight Large-
Scale Surveys in Germany
Beatrice Rammstedt , Lena Roemer , and Clemens M. Lechner

GESIS – Leibniz Institute for the Social Sciences, Mannheim, Germany

Abstract. The assessment of the Big Five personality domains is standard practice in most large-scale social surveys nowadays. The
instrument most widely used for this purpose is the BFI-10, an ultra-short measure assessing each Big Five domain with two items. Recent
studies have identified issues with the structural properties of the BFI-10, especially its factorial validity. To investigate whether these issues
arise from the instrument itself or biases due to translation or sampling, we examined the extent to which the structural properties of the
BFI-10 in terms of descriptive statistics, intercorrelations, reliability, and factorial validity vary when keeping the target population and
language constant. Results revealed that, across 16 independent samples (total N � 60,000) from eight large-scale surveys representative of
the adult population in Germany, the structural properties of the BFI-10 were (a) largely consistent and (b) mostly adequate. Most importantly,
in nearly all samples, patterns of loading were congruent with an idealized Big Five structure, thereby supporting factorial validity. These
results demonstrate that the structural properties of the BFI-10 are highly stable and replicable in large-scale samples. Especially given its
brevity, the BFI-10 can thus be regarded as adequate for use in large-scale survey settings.

Keywords: BFI-10, Big Five, psychometric properties, large-scale surveys, factorial validity

In recent decades, the Big Five – Extraversion, Agreeable-
ness, Conscientiousness, Neuroticism/Emotional Stability,
and Openness to Experience – have become increasingly
established as a comprehensive description of personality
(e.g., John et al., 2008; McCrae & Costa, 2008). This led
to increased interest in their assessment in studies in fields
outside core personality research, such as sociology, eco-
nomics, and epidemiology. Most of these studies were char-
acterized by the fact that (a) they usually focused on topics
other than personality, and (b) they aimed to assess the Big
Five domains as a correlate rather than for an individual
diagnostic purpose. Thus they needed an ultra-efficient
measure with psychometric properties that allowed group
comparisons.

To meet this need, Rammstedt and John (2007) devel-
oped the 10-item Big Five Inventory (BFI-10), an ultrashort
version of the established Big Five Inventory (BFI-44; John
et al., 1991, 2008). As the BFI-10 assesses each Big Five

domain with two items, it allows the assessment of person-
ality in research settings with severe time constraints. A
host of studies have found evidence supporting the psycho-
metric quality of the BFI-10, including its reliability, struc-
tural or factorial validity, and – most importantly – its
criterion validity, which is often similar to that of much
longer inventories (Rammstedt et al., 2021; see also Thal-
mayer et al., 2011).

Since its publication in 2007, the BFI-10 has become one
of the most widely used measures to assess the Big Five in
large-scale surveys, especially in Germany but also beyond,
with nearly 5,000 citations as per Google Scholar of the
original articles at the time of writing (see also Rammstedt
et al., 2023). It has been implemented in numerous national
and international comparative studies in various disciplines
and has been adapted to many different languages world-
wide. Numerous analyses have been conducted on the
associations of the Big Five with the various outcomes
assessed in these studies (e.g., Fischer & Karl, 2021; Ramm-
stedt, 2007; Rammstedt et al., 2015).

Many of the studies that have used the inventory for sub-
stantive research have not investigated its psychometric
properties in their respective samples, but have instead
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relied on the evidence presented in the original studies on
the inventory (e.g., Rammstedt & John, 2007). However,
some recent studies that did investigate the psychometric
quality of the BFI-10 across multiple samples have raised
concerns about its structural properties, in particular its fac-
torial validity. Studies analyzing the psychometric proper-
ties of the BFI-10 in the Survey of Health, Ageing and
Retirement (SHARE; Levinsky et al., 2019) and the World
Values Survey (WVS; Ludeke & Larsen, 2017) suggest that
factorial validity can vary substantially across studies, par-
ticularly when the BFI-10 is fielded in multiple countries
and languages. In some countries in SHARE, and especially
in WVS, these studies reported abnormal inter-item rela-
tionships and a lack of factorial validity for four of the five
dimensions and concluded that the resulting personality
data were highly problematic.

These studies raised concerns about the stability and
replicability of the BFI-10’s structural properties, and conse-
quently the validity of interpretations based on its scores.
Recent re-analyses of the WVS data suggest that the
psychometric shortcomings of the BFI-10 in the WVS stem
primarily from translation problems, and can be partially
remedied by focusing on a subset of countries and items
(Lu & Cui, 2022). Overall, however, it remains unclear
whether the variation in the structural properties of the
BFI-10 across different survey programs and samples
reflects variation caused by (controllable) methodological
factors such as cultural adaptations or different sampling
procedures, or whether it is due instead to random and
uncontrollable fluctuations. As a first step toward resolving
this important question, one needs to establish a baseline of
how strongly the structural properties of the BFI-10 vary
across survey samples when the surveys are administered
in the same language to the same target population – that
is, in the absence of cultural differences, translation issues,
and sample selectivity that may have led to the differences
in the psychometric quality of the instrument observed in
earlier work (Levinsky et al., 2019; Ludeke & Larsen, 2017).

The present study provides one of the most extensive
analyses of the BFI-10’s structural properties (i.e., descrip-
tive statistics, reliabilities, item and scale intercorrelations,
and factorial validity) to date. Our goal was to establish a
baseline of how strongly these structural properties vary
when keeping the language and target population constant.
We combined data from eight large-scale surveys con-
ducted in Germany to gauge the stability and replicability
of the BFI-10’s structural properties across a total of 16 adult
samples drawn from the same population.

We defined the database for our investigation as compre-
hensively as possible, while at the same time holding
constant central aspects that have been shown to affect
structural aspects of personality scales. Thus, to avoid
potential methodological biases, we applied the following

selection criteria: First, to avoid language and/or cultural
biases, we included only studies conducted in Germany
and German. Second, to avoid sample selectivity and possi-
ble range restriction, we included only studies based on
random samples covering a broad age range of the general
adult population. Third, we included only studies whose
data were accessible to researchers.

Method

Samples

In order to identify studies meeting our selection criteria we
followed a three-step search strategy: In the first step, we
included surveys that we – having worked extensively with
several of these data sources – were personally aware of.
Second, we searched the databases of several German data
research centers for the keywords personality and BFI-10.
Third, we screened international survey programs we were
aware of for their inclusion in the BFI-10.

Based on the aforementioned criteria, we included eight
study programs that had administered the BFI-10: (1) the
German General Social Survey (ALLBUS; GESIS, 2011a,
2011b, 2015); (2) the German Internet Panel (GIP; Blom
et al., 2015); (3) the German Longitudinal Election Study
(GLES, 2019a, 2019b, 2022); (4) the GESIS Panel (Bosnjak
et al., 2018; GESIS, 2022); (5) the “Older Adults” sample
of the Jena Study on Social Change and Human Develop-
ment (Silbereisen et al., 2008; see also Lechner & Rammst-
edt, 2015); (6) the adult cohort of the German National
Educational Panel Study (NEPS; Blossfeld & von Maurice,
2011; NEPS Network, 2021); as well as the German surveys
within the framework of (7) the Study on Health and Retire-
ment (SHARE; Bergmann et al., 2019; Börsch-Supan, 2022;
Börsch-Supan et al., 2013) and (8) the World Values Survey
(WVS; Ingelhart et al., 2018). Whereas most of these pro-
grams focus on the general adult population, SHARE, and
the Jena Study focus on older adults (see Table 1 for an over-
view of the different programs and samples). In the Open
Science section, we provide links to the program websites,
where further information about the studies can be accessed.

Because some of these programs included the BFI-10
multiple times based on separate samples, these samples
were treated separately in the present study. This yielded
16 samples ranging in size from N = 868 to N = 11,689
respondents and comprising N = 57,986 respondents in
total (see Table 1).

Instruments

The BFI-10 consists of 10 phrase-like items (e.g., “I see
myself as someone who . . . is outgoing, sociable”) – one
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positively coded and one negatively coded item for each Big
Five domain. The items are answered on a 5-point scale
ranging from 1 = disagree strongly to 5 = agree strongly.
The BFI-10 was developed simultaneously in English
and German as an abbreviated version of the BFI-44
(Rammstedt & John, 2007). The two items per domain
were selected to cover the maximum bandwidth of the
underlying Big Five domains. Thus, the intention was to
achieve within-trait inter-item heterogeneity rather than
homogeneity.

The initial validation study of the BFI-10 (Rammstedt &
John, 2007) was based on several – highly selective –

samples of university (mostly psychology) students. Results
indicated that in all samples investigated (a) the five BFI-10
domain scales were largely independent, with a mean inter-
correlation of .11 and with none of the correlations reaching
|.25|; and (b) the 10 items represented based on principal
component analyses (PCA) followed by Varimax rotation
the intended five-factor structure, with all items showing
clear simple-structure solutions.

For some of the study programs included in our study,
the implementation of the BFI-10 differed slightly from
the original validation study. Specifically, item formulations
were different for ALLBUS 2004 and the WVS: In ALLBUS
2004, an alternative negatively coded Agreeableness item
was administered, namely, “can be cold and aloof” instead
of “tends to find fault with others.” The German WVS
survey used an alternative translation of the BFI-10, with
slight differences in all 10 items (see, e.g., the methods

report for Germany: https://www.worldvaluessurvey.org/
WVSDocumentationWV6.jsp). In all ALLBUS samples and
the Jena Study on Social Change and Human Development,
different response formats were used, mainly to align the
BFI-10 assessment with the overall questionnaire. In the
ALLBUS samples, the response scale was inverted, thus
ranging from 1 = agree strongly to 5 = disagree strongly. In
the Jena Study, a 7-point response format was used instead
of the original 5-point scale.

Results

We investigated the structural aspects of the psychometric
quality of the BFI-10 in and across all 16 samples in terms
of (a) the scale descriptives, (b) their reliabilities, and, most
importantly, (c) the factorial validity of the instrument. On
the project’s Open Science Framework (OSF) web page
(https://osf.io/bup8s/), we provide the analysis code and
a more detailed presentation of the results – also on the
item level. As our central aim was to compare the results
across samples and to provide an aggregated estimate of
the psychometric quality of the BFI-10 across all samples,
we present the following results with a focus on their com-
parability – that is, their similarities and differences across
samples. To this aim, we pooled our data, merging the data-
sets from the single samples into one. Pooled analyses
assume homogeneity across datasets and produce one
overarching set of results, assumed to be the effect size

Table 1. Overview of the eight study programs and 16 samples

Study
program

Subsample/
Substudy

(if applicable)

Year of (first)
BFI-10

assessment
Sampling
procedure N

Female
(%)

Age
M (SD)

Age
range

Average
nonresponse on
BFI-10 items (%)

ALLBUS ISSP 2003/04 2004 Register 2,609 51 47.56 (17.29) 18–91 1.59

ISSP 2005/06 2006 Register 6,664 52 49.28 (17.21) 18–94 1.45

ISSP 2007/08 2008 Register 6,814 51 50.21 (17.78) 18–97 1.62

GLES Post-election cross-section 2017 Register 2,105 48 50.10 (19.19) 16–95 0.22

Pre-election cross-section 2017 Register 2,175 50 51.23 (19.07) 16–96 0.29

Pre-election cross-section 2021 Register 5,036 49 52.04 (18.10) 16–89 0.70

WVS Wave 6 2013 Register 2,041 50 49.47 (17.70) 17–95 0.90

GIP1 Wave 1 2012 Random route 1,465 50 45.14 (15.34) 15–75 0.18

Wave 13 2014 Random route 3,189 50 45.79 (15.66) 17–77 0.13

Wave 37 2018 Register 2,892 49 45.75 (16.01) 18–76 0.05

GESIS Panel Cohort 1 2014 Register 4,020 53 47.54 (14.21) 19–71 1.08

Cohort 2 2016 Register 1,143 51 51.52 (15.83) 21–73 1.01

Cohort 3 2018 Register 868 52 51.93 (15.76) 23–75 1.59

Jena Study Older adults survey 2009 Random route 1,508 52 65.59 (5.87) 56–76 0.11

NEPS SC6 2013 Register 11,689 51 49.57 (10.98) 27–69 0.06

SHARE Wave 7 2017 Register 3,768 53 67.28 (9.41) 35–95 0.26

Note. 1In the GIP samples, information on age was provided in categories, each spanning 5 years. To analyze the average age of the samples, we used the
midpoint as a proxy for the participants’ age to analyze the samples’ average age.
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underlying the single studies. Accordingly, pooled analyses
have strict harmonization requirements (e.g., identical
target population, identical measures; Curran & Hussong,
2009), which were fulfilled in the current study (note that
the Jena Study used a different response scale such that
these data were not pooled with the other data). This
pooled dataset can hence be used to conduct a comprehen-
sive approximation of the psychometric structure of the
BFI-10 in the German adult population, which the single
studies can be judged against. In Table S1, we provide the
pooled correlation matrix to facilitate the reuse of these
results.

In the first step, we investigated to what degree item non-
response – as a proxy for the acceptance of the instrument
among respondents – differed across samples. We, there-
fore, compared the average item nonresponse for the 10
items across samples. Results reveal generally very low
item nonresponse, with an average of less than 1% per item
(for the average nonresponse across all BFI-10 items by
sample, see Table 1).

Figure 1 shows the distribution of the means and their
95% confidence intervals (CI) for the five BFI-10 scales
across the samples, as well as for the pooled data. Not sur-
prisingly, CIs based on a pooled sample of N � 60,000
respondents were very small (between 0.01 and 0.02).
Tables S2 and S3 in the supplemental material display the
means and the standard deviations, too, also at the item
level. Overall, the means were highly homogeneous. The
narrow CIs were partially overlapping, indicating some
significant differences to the overall, pooled mean. In terms
of effect sizes, these differences were rather small. The
average absolute Cohen’s d of the differences between
the single studies and the pooled data means ranged
between d = .04 for Openness and d = .18 for Agreeable-
ness (see Table S4). The latter was due mainly to the com-
paratively high average Agreeableness score of 3.79 in the
WVS, which, as noted above, used slightly different item
formulations.

In a second step, we investigated the convergent item
correlations (i.e., the correlation between the two items of
each Big Five domain) and the mean divergent item corre-
lations (i.e., the Fisher’s z and back-transformed average of
the absolute correlations of the two items of one Big Five
domain with all eight items of the other four domains), as

well as the 95% CIs of these (aggregated) correlations
(Borenstein et al., 2009). Relatedly, on the scale level, we
computed standardized Cronbach’s α (see Eisinga et al.,
2013) and McDonald’s Ω. However, in the present case,
the overall size of these internal consistency estimates
cannot be interpreted as an indicator of the scale’s quality,
as the two items per domain were selected to represent a
domain’s heterogeneity, not its homogeneity. Figure 2
and Table S5 show the convergent and mean absolute
divergent correlations by BFI-10 domain and averaged
across all domains, and Figure 3 and Table S6 show the
internal consistency estimates.

Here, too, results are rather homogeneous across the
samples. In nearly all cases, convergent correlations
exceeded mean absolute divergent correlations. Generally,
this difference between convergent and divergent correla-
tions was highest for Extraversion (in the pooled sample,
Δ = .34) and lowest for Agreeableness (Δ = .04). Pooled
across all samples, internal consistency averaged across
domains at α = .44, Ω = .53 with mean coefficients for
the five scales ranging from .18, respectively .36 for Agree-
ableness to .60, respectively .63 for Extraversion.

In the third and most crucial step, we investigated the
extent to which the 10 BFI-10 items represented the
intended five-dimensional structure. In line with the BFI lit-
erature (e.g. Rammstedt & John, 2007) we ran separate
PCAs for the 16 samples, with a forced extraction of five
components.1 All loading matrices were subsequently
rotated to an optimal fit, with (a) the “simple structure”
criterion (using Varimax rotation) and (b) an idealized
10-item 5-dimensional Big Five factor structure (with
1 and 0 loadings) using orthogonal target rotation (as
advocated by Allik & McCrae, 2004; McCrae et al.,
1996). We then assessed the similarity of the resulting fac-
torial structures with the idealized structure using congru-
ence coefficients c, as suggested by Lorenzo-Seva and ten
Berge (2006; see also Rammstedt et al., 2013).2

To identify a level of congruence that is significantly
greater than what one can expect for random configura-
tions, Rammstedt et al., 2013; see also Lechner &
Rammstedt, 2015) provided simulation norms. According
to these a coefficient greater than .78 is the critical bench-
mark value of random congruence. This finding is also in
line with Lorenzo-Seva and ten Berge (2006), stating that

1 In contemporary Big Five research, especially using more comprehensive questionnaires, Exploratory Factor Analysis (EFA) is also used to
investigate the dimensional structure. However, most prior studies using the BFI-10 used PCA partly due to the fact that the BFI-10, with two
items per Big Five domain, does not fulfill the requirement for stable EFA solutions of having at least four, and ideally more, items per factor
(e.g., MacCallum et al., 1999; Mundfrom et al., 2005).

2 Within the Big Five context some researchers also use oblique rotation to account for the correlations among the Big Five factors. In the present
context we chose to use orthogonal (Varimax) rotation, in order to (a) stay methodologically in line with the BFI-10 literature (e.g., Rammstedt &
John, 2007), (b) to provide future researchers with respective benchmarks for their factorial results, and (c) to be able compare the resulting
factorial solutions to an ideal-typical Big Five structure, which is traditionally and theoretically assumed to have five uncorrelated domains (e.g.,
John, 1990). For testing the match with the idea-typical structure, orthogonal rotation is a more conservative approach in that it does not allow
adaptation to the idealized Big Five structure by permitting arbitrarily large factor intercorrelations.
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congruence of > .78 can be expected in less than 1% of the
cases, and is therefore considered statistically significant.

Figure 4 and Table S7 in the supplemental material show
the average primary and absolute secondary loadings by the
domain (as well as across all domains) and by sample as
well as the 95% CIs of these average loadings. Due to the
orthogonal rotation, the loadings can be interpreted as
correlations such that we used the standard error for aggre-
gated correlations (e.g., Borenstein et al., 2009) to compute

the CIs of the aggregate loadings. In Figure 5 (and also in
Table S8) the congruence coefficients are displayed by
sample and by domain (as well as across all domains).
Overall, the resulting picture for the factor structure was
again very homogeneous across samples. In all studies
mean primary loadings were at least .37 higher than the
average secondary loadings (see Table S7). Compared to
the pooled data, mean primary and secondary loadings
were rather similar in size (see Table S9). Averaged across

Figure 1. Overview of means and 95% CIs for the five BFI-10 scales across 15 samples and for the pooled sample. The (very narrow) shaded area
around the vertical line denotes the 95% CI for the mean of the pooled sample. The 2009 Jena Study sample had a different scaling and is not
shown here. A = Agreeableness; C = Conscientiousness; E = Extraversion; N = Neuroticism; O = Openness to Experience.
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studies, the absolute differences to the pooled loadings
ranged from Δmean = .02–.11. Largest deviations from the
pooled loading structure were detected for the ALLBUS
2004 and ALLBUS 2006 with, for example, lower primary
loadings on Extraversion of Δ = �.33 and Δ = �.29.

Moreover, congruence with an idealized factorial struc-
ture was highly similar, reaching .91 across all samples
and domains. Thus, in all 16 samples averaged congruence
coefficients can be regarded as statistically significant
regarding the benchmark set by Lorenzo-Seva and ten

Figure 2. Convergent inter-item correlations (correlations of the two items of the same domain) and average divergent inter-item correlations
(correlations with the eight items of the other domains) as well as their 95%CIs. For all 16 samples, these values are displayed separately by domain
and averaged across all domains (panel “OVERALL”). The (very narrow) shaded area around the vertical line denotes the 95% CI for the respective
correlations of the pooled sample. A = Agreeableness; C = Conscientiousness; E = Extraversion; N = Neuroticism; O = Openness to Experience.
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Berge (2006). However, some exceptions were observed
within the individual domains: All three ALLBUS samples
showed weaker congruence for at least one domain, and
the GIP 2012 sample did not meet the congruence
criterion for the domain Conscientiousness (see Table S8).

Discussion

Previous research based on WVS data from 25 countries
indicated that the psychometric properties of the BFI-10
do not always meet psychometric quality standards with

Figure 3. Standardized αs and McDonald’s Ωs as well as their 95% CIs. For all 16 samples, these values are displayed separately by domain and
averaged across all domains (panel “OVERALL”). The (very narrow) shaded area around the vertical line denotes the 95% CI for respective estimate
of the pooled sample. A = Agreeableness; C = Conscientiousness; E = Extraversion; N = Neuroticism; O = Openness to Experience.
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regard to its structural properties, especially its factorial
validity, in international surveys (Ludeke & Larsen, 2017;
see also Levinsky et al., 2019). The extent to which these
issues reflect “natural” variation in the structural properties
of the instrument (e.g., due to sampling variation), or fac-
tors such as language/translation and culture, is unclear
because the extent to which the structural properties of
the BFI-10 can be expected to vary even within the same

language and target population has not been thoroughly
investigated to date.

To contribute to filling this research gap, we carried out a
comprehensive evaluation of the stability and replicability
of the BFI-10’s structural properties by investigating the
extent to which these properties vary across samples when
keeping the target population and language constant (i.e., in
the absence of any translation issues, cultural differences,

Figure 4. Average of the target loadings and absolute non-target loadings and their 95% CI by sample (separately by domain and averaged across
domains) and averaged across domains (panel “OVERALL”). The (very narrow) shaded area around the vertical lines denotes the 95% CI for the
respective average loadings of the pooled sample. A = Agreeableness; C = Conscientiousness; E = Extraversion; N = Neuroticism; O = Openness to
Experience.
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sample selectivity, or other characteristics that may other-
wise impact structural properties of the inventory). We
examined several key structural properties of the BFI-10 –

namely, intercorrelations, descriptive statistics, reliability,
and factorial validity – across 16 representative large-scale
samples of the German adult population with a total of
approximately N = 60,000 respondents. Our results
indicate that the BFI-10 shows quite comparable structural
properties across the 16 samples. All investigated structural

features were largely homogeneous in size across Big Five
domains and samples. Further, in nearly all cases, the fac-
torial structure was sufficiently congruent with an idealized
Big Five structure. This is all the more true considering that
the test of congruency is rather strict – the target matrices
contain only unit or zero loadings, whereas empirical load-
ings are rarely exactly zero or one and can never exceed
one. Hence, ruling out biasing influences such as translation
difficulties, cultural differences, or sample selectivity, the

Figure 5. Congruence (Tucker’s ϕ) of the component loadings with an idealized Big Five target loading structure by domain and across all
domains, by sample. A = Agreeableness; C = Conscientiousness; E = Extraversion; N = Neuroticism; O = Openness to Experience.
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BFI-10 provides a relatively stable and replicable measure
of the Big Five domains.

For all indicators, some slight deviations in performance
were identified across samples. As some samples differed in
their implementation of the BFI-10, it seems plausible that
the deviations found are often due to these differences: Not
surprisingly, scale means in the WVS – in which alternative
item formulations were used – differed from those in all
other samples. For all ALLBUS samples, the factor structure
for at least one Big Five domain was not congruent with the
idealized factor structure. Here, the inverted response for-
mat might have had a negative impact on the structural
validity of the items.

These two examples indicate that differences in the
administration of the inventory – even when controlling
more crucial aspects such as the target population or the
assessment language – can affect the resulting psychomet-
ric quality.

Our focus in the present study was descriptive. We aimed
to gauge the extent to which the psychometric properties of
the BFI-10 vary, or are rather consistent, across large-scale
surveys in Germany. An important next step would be to
identify the potential sources of variation in the psychome-
tric properties, such as survey mode, the presence or
absence of interviewers, the position of the BFI-10 in the
surveys, or respondent burden. Such analyses were beyond
the scope of our present paper, and the present set of stud-
ies did not permit us to conduct such analyses because they
showed little variation in such study characteristics that
would be needed to point to sources of variation through
integrative data analyses. Future research may gain addi-
tional insights by extending the range of surveys and clari-
fying whether variation in the psychometric properties is
random (i.e., sampling variation) or can be traced back to
study characteristics. From a general point of view,
researchers using established inventories should be cau-
tious when adapting them and should carefully consider
every change to the standard application.

In sum, our study demonstrates that the structural
properties of the BFI-10 are highly stable and replicable
in German large-scale surveys. Keeping sample selection
and administration language constant, the psychometric
properties of the BFI-10 were highly comparable across
numerous samples.
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