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Abstract

There is empirical evidence that underlying the Big Five personality factors are two higher-order factors
which have come to be known as ‘‘alpha’’ (a) and ‘‘beta’’ (b). The a factor is defined by the agreeableness,
conscientiousness, and emotional stability domains; whereas b is delineated by extraversion and intellect. It
has been argued that a and b are important constructs because they bridge the gap between psychometric
studies of personality and theories of personality development. However, it is unclear if a and b are con-
structs that can be reliably reproduced across a diverse range of independent samples. In a sample of
1209 MZ and 701 DZ twin pairs from Canada, Germany, and Japan who completed the NEO-PI-R, fac-
torial analyses of the five NEO-PI-R domains extracted two factors resembling a and b. Subsequent mul-
tivariate genetic analyses revealed that this factor structure was a clear reflection of the organizing effects of
multiple genetic influences, providing evidence for a and b as stable heuristic devices that can be used to
integrate personality measurement and developmental theory.
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1. Introduction

There is growing evidence that the Big Five personality factors agreeableness (A), conscien-
tiousness (C), emotional stability (ES), extraversion (Ex), and intellect (I) – considered to repre-
sent the basic descriptive units of personality – can be further reduced to two super-ordinate
factors. For example, Digman (1997) consistently extracted two higher-order factors he called ‘‘al-
pha’’ (a) and ‘‘beta’’ (b) from several sets of published intercorrelations between these factors. Al-
pha was typically defined by factor loadings from A, C and ES whereas beta was delineated by
loadings from Ex and I.

Digman (1997) argued that these higher-order traits are important for personality research be-
cause they provide a tangible link between psychometric models of personality used for the devel-
opment of reliable taxonomies and measures for theories of personality development and human
nature in general. For example, he wrote that complex ideas such as Freud’s theories on psycho-
social development or Adler’s ‘‘social interest’’ which encompasses several concepts including
aggression, hostility, impulse restraint and neurotic defence could only be captured by a broad
construct like a, unlike A, C or ES could alone. Similarly, the fusion of Ex and I as b is a far more
comprehensive reflection of constructs such as Roger’s ‘‘personal growth’’, Adler’s ‘‘superiority
striving’’, or Maslow’s ‘‘self-actualization’’ than is possible by either Ex or I individually.

Despite the apparent increase in conceptual clarity afforded by a and b, their actual relationship
to developmental concepts has not been evaluated empirically. Such work cannot be conducted
until the stability of these higher-order traits is better established. Although Digman’s (1997) anal-
yses typically extracted two higher-order factors, their composition was often defined by different
Big Five factors in different samples. For example, in his analysis of Graziano and Ward’s (1992)
and John et al.’s (1984) data, a was defined only by A and C. In John, Goldberg, and Angleitner’s
(1984) data, b is defined solely by Ex. However, in Digman’s (1963, 1994) own data, b was defined
by Ex, I, and to some extent by ES (factor loadings just above threshold values of .40). Moreover,
despite the differences in the composition of a and b, other reports have suggested the presence of
a third higher-order factor. From an examination of several cross-national datasets, De Raad and
Peabody (2005) reported evidence for higher-order factors that simply resembled broader versions
of extraversion, agreeableness, and conscientiousness. Most surprisingly, neuroticism (a variant of
emotional stability) was completely missing from their factor solutions which represents a funda-
mental departure from Digman’s (1997) findings.

One possible reason for these differences is that the above reports assessed the Big Five
using different scales and measures. Any variation in the item content of the measures could have
an appreciable effect on the patterns of covariance between them. This source of error could be
addressed by the use of a common instrument. Another explanation is that factorial variance is
an unavoidable consequence of lexical models of personality. This could be addressed by exam-
ining the factor structure of a common measure across linguistically distinctive cultures to assess
the effect of language differences and comprehension of concepts underlying a common
measure.



K.L. Jang et al. / Personality and Individual Differences 41 (2006) 261–272 263
This raises an associated issue of systematic differences in personality perception across different
cultures as described by ‘‘implicit personality theory’’. However, McCrae, Jang, Angleitner, Rie-
mann, and Livesley (2001) found that observed covariance structure of traits was indeed a reflec-
tion of the organizing effects of multiple genetic influences, such as the gene controlling serotonin
transporter (5-HTTLPR) which accounts for some of the covariance between Costa and McC-
rae’s (1992) NEO-PI-R Agreeableness and Neuroticism domains (Jang et al., 2001). However,
findings such as these are incidental and to our knowledge, there has been no focused effort to
determine the underlying bases of the covariation between the Big Five.

The present study is designed to systematically examine the respective roles of genetic and envi-
ronmental factors on the covariation of the Big Five across cultures to determine if any observed
differences in factor structure could be a reflection of genetically based biological differences (e.g.,
presence or absence of different polymorphisms) or environmental differences (e.g., differences in
experiences and conditions) unique to each sample. Specifically, we test the likelihood of Dig-
man’s (1997) two factor (a and b) model in three linguistically and culturally diverse samples
(Canada, Germany, and Japan) who completed a common measure of the Big Five, namely Costa
and McCrae’s (1992) NEO-PI-R. Each sample was drawn from studies of identical and fraternal
twin pairs, permitting a series of analyses designed to estimate the role of genetic and environmen-
tal influences on the covariance structure of the Big Five within a cross-cultural context.
2. Method

2.1. Participants

Participants were 1209 MZ and 701 DZ volunteer general-population twin pairs from Canada,
Germany, and Japan (see Table 1). The Canadian twin sample consisted of 250 MZ and 203 DZ
twin pairs recruited from Vancouver, Canada, by the University of British Columbia Twin Project
(described in Jang, Livesley, & Vernon, 2002). The German twin sample consisted of 531 MZ and
275 DZ twin pairs recruited from across Germany by the University of Bielefeld Twin Study (Rie-
mann, Angleitner, & Strelau, 1997). A portion of the Canadian and German data was previously
published in McCrae et al. (2001). The Japanese twin sample consisted of 428 MZ and 223 DZ
twin pairs from the Keio Twin Project, Tokyo, Japan (Ando et al., 2004). The Canadian and Ger-
man samples were recruited using media appeals. The Japanese sample was recruited via invita-
tions sent to a population-based list of twins living in Tokyo and neighboring prefectures.

Zygosity was diagnosed by a questionnaire that assesses the frequency of confusing the twins by
different relations across the life span. The Canadian, German, and Japanese samples used a well-
established questionnaire by Nichols and Bilbro (1966), Oniszczenko, Angleitner, Strelau, and
Angert (1993), Ooki, Yamada, Asaka, and Hayakawa (1990), respectively, supplemented by
the examination of color photographs.

2.2. Measures

The Canadian sample completed the English self-report version of Costa and McCrae’s (1992)
NEO-PI-R, the German sample completed Ostendorf and Angleitner’s (2004) German-language



Table 1
Twin sample characteristics

Zygosity Pairs Age

Mean SD

Canada

MZ male 89 35.75 15.59
MZ female 161 34.40 14.74
DZ male 52 31.56 12.40
DZ female 106 33.46 13.06
DZ female–male 45 30.60 10.03

Germany

MZ male 105 32.21 13.03
MZ female 426 32.31 13.52
DZ male 38 30.76 13.77
DZ female 166 32.48 12.38
DZ female–male 71 29.54 9.45

Japan

MZ male 134 19.09 3.78
MZ female 292 20.60 3.91
DZ male 46 19.78 3.76
DZ female 96 20.51 3.74
DZ female–male 78 19.71 4.76

Note: MZ = monozygotic; DZ = dizygotic.
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self-report version, and the Japanese sample completed a Japanese-language self-report version
developed by Yoshimura et al. (1998). The German and Japanese versions of the NEO-PI-R
are direct translations of the English versions that have been extensively validated (e.g., Ostendorf
& Angleitner, 2004).

2.3. Statistical analyses

No mean or variance differences on the NEO-PI-R domain scores were found by zygosity, gen-
der, or sample with two exceptions: the variance of O and A was significantly (p < .05) greater in
the Canadian sample, and the variance of O in the German sample was significantly greater than
in the Japanese sample. However, these differences were not significant at p < .001 when corrected
for family-wise error rate. Separate 5 · 5 matrices of Pearson’s r and covariances were estimated
using PRELIS 2.30 (Jöreskog & Sörbom, 1999) in each sample. The primary analyses for the pres-
ent investigation were conducted in three parts.

2.4. Exploratory phenotypic analyses

The first part consisted of exploratory factor analysis to test the likelihood of Digman’s (1997) a
and b in each sample. Specifically, the observed or phenotypic correlations (Pearson’s r) between
all five NEO-PI-R domains: Neuroticism (N), a factor similar to the opposite pole of emotional
stability described in Digman’s (1997) paper; Extraversion (Ex); Openness to Experience (O), a
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factor similar to intellect, Agreeableness (A); and Conscientiousness (C) in each sample was sub-
jected to principal factor analysis with varimax rotation.

2.5. Exploratory biometric analyses

The second part consisted of an exploratory factor analysis of the genetic (rG), and environmen-
tal (rE) correlations estimated between all five NEO-PI-R domains. This analysis is designed to
test if the observed covariance between the domains reflects a similar organization attributable
to genetic and environmental factors. The matrices of rG and rE between the five NEO-PI-R
dimensions were estimated in each sample by fitting a Cholesky decomposition to matrices of
MZ and DZ within-pair covariances by the method of maximum likelihood using the statistical
program Mx (Neale, Boker, Xie, & Maes, 1999). Parameter estimates were standardized to yield
rG and rE (see Neale & Cardon, 1992). The values of rG and rE varies from �1.0 to +1.0 to index
the degree to which two variables are influenced by the same genetic and environmental factors
and are interpreted the same way as any correlation coefficient. The matrices of rG and rE were
subjected to principal factor analysis with varimax rotation to extract the genetic and environ-
mental factors in each sample.

The similarity of phenotypic, genetic and environmental factors extracted across the three sam-
ples was estimated by orthogonal Procrustes rotation (Schonemann, 1966) whereby the matrix of
one sample is used as a target for another. For example, the Japanese phenotypic correlation ma-
trix was rotated using the Canadian phenotypic matrix as a target. The resulting solution was used
to compute factor congruence coefficients as described in Wrigley and Neuhaus (1955) and McC-
rae et al. (1996). Conventionally, coefficients P.90 are taken as evidence of factor replication.

2.6. Confirmatory biometric analyses

The third set of analyses was designed to confirm the results of the previous two exploratory
analyses and examine the organizational structure of the factors in greater detail. These analyses
were conducted in two steps. The first step systematically fitted a series of models that simulta-
neously specified 0, 1, 2, 3, 4, and 5 genetic and environmental factors with direct paths to all five
NEO-PI-R domains. The relative fit of these six models provides confirmation regarding (1) the
number of genetic and environmental factors, and (2) the pattern of loadings of each NEO-PI-R
domain on each genetic and environmental factor.

The second part examined the organization and structure of each individual factor. For exam-
ple, supposing that the initial phenotypic and biometric analyses found evidence for a significant
pattern of covariation between N, A, and C, this second set of confirmatory analyses would test
whether the covariation between the three domains is in fact mediated by a single super-ordinate
latent phenotypic variable (e.g., a) whose variation is influenced by a genetic (G) and one nonsh-
ared environmental influences (E) common to all (see Figs. 1 and 2). This form of model was
tested because it simultaneously estimates the relationships between all three levels of analysis –
phenotypic, genetic, and environmental factor loadings that comprehensively illustrate the rela-
tionship between the phenotype and its underlying etiology.

The NEO-PI-R scales included in a given model was guided by the results of the exploratory
analyses described above and fitted to the matrices of MZ and DZ within-pair covariances by
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the method of maximum likelihood with the statistical program Mx (Neale et al., 1999) . These
structural models also estimated genetic (g) and environmental (e) influences unique to N, A,
C, Ex and O, respectively. The indices of overall model fit was assessed using maximum likelihood
v2 tested at p 6 .05, Akaike’s Information Criterion (AIC), Bayesian Information Criterion (BIC),
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and root mean square error of approximation (RMSEA) that estimates the goodness-of approx-
imation to a true model in the population.
3. Results

Table 2 presents the results of the varimax rotated factor analysis of the 5 · 5 matrices of rP, rG,
and rE in each sample. In all three samples, a one-factor solution is suggested using the eigen-
value > 1.0 criteria, but a two-factor solution accounted for nearly 100% of variance in each ma-
trix of correlations. We elected to retain the two-factor solution because it was the most consistent
with previously published research (e.g., Digman, 1997) and because subsequent confirmatory
analyses would be conducted to test its validity. The first factor is broadly recognizable as a with
loadings (P.40) from N and C. It is of note that phenotypically, NEO-PI-R Agreeableness did not
load on any factors in the German and Japanese samples, and just moderately loaded on the first
factor (factor loading = .42) in the Canadian sample. This pattern was found also in the rG
Table 2
Varimax rotated factor analysis pattern matrix of rP, rG and rE in the Canadian, German, and Japanese twin samples

Factor I (a) Factor II (b)

Canada Germany Japan Canada Germany Japan

Phenotypic factors

N �.69 �.64 �.67 �.18 �.11 .01
Ex .24 .18 .22 .57 .61 .46

O �.13 �.19 �.09 .53 .64 .60

A .42 .15 .11 �.08 �.03 .17
C .69 .65 .63 .04 �.09 .02
% 67.30 58.40 72.30 32.10 41.80 24.60
Eigenvalues 1.25 1.00 1.17 0.60 0.72 0.40

Genetic factors

N �.67 �.67 �.76 �.36 �.05 .00
Ex .25 .39 .27 .72 .50 .42

O �.02 �.10 �.08 .51 .63 .48

A .51 .01 .05 �.04 �.04 .21
C .66 .64 .77 .11 �.24 .03
% 69.50 65.20 77.40 25.60 44.10 16.90
Eigenvalues 1.56 1.03 1.45 0.58 0.70 0.32

Nonshared environmental factors

N �.66 �.57 �.56 �.14 �.05 .00
Ex .24 .12 .18 .48 .61 .53

O �.22 �.08 �.09 .47 .67 .67

A .24 .23 .16 �.06 .04 .18
C .67 .55 .48 .01 �.06 .02
% 70.40 30.60 24.70 30.60 65.60 71.10
Eigenvalues 1.06 0.49 0.37 0.46 1.06 1.05

Note: Factor loadings P .40 are boldfaced for clarity; % = total proportion of the variability accounted for by the
factor.
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matrix: A was found to have a modest loading only within the Canadian sample. Within the ma-
trix of rE, A did not load on any factor in any sample. In contrast, the second factor was clearly
defined in all samples by loadings from Ex and O in each matrix of correlations, clearly recogniz-
able as b. Factor comparability coefficients exceeded .86 indicating that the phenotypic, genetic
and nonshared environmental factors are highly similar across samples.

Table 3 presents the relative fit index of the confirmatory analyses that simultaneously fit 0, 1, 2,
3, 4, and 5 genetic and environmental factors with direct paths to all five NEO-PI-R domains. For
all three samples, the model specifying two genetic and environmental factors yielded a signifi-
cantly improved fit over the 0 and 1 genetic and environmental factors. Models specifying 3, 4,
and 5 genetic and environmental factors did not yield a significantly improved fit over the two-
factor model. These results suggest that a model specifying two genetic and environmental factors
provides the most satisfactory explanation to the covariation of NEO-PI-R domains, thus con-
firming the results of the exploratory phenotypic and earlier genetic analyses.

The results of the exploratory and phenotypic analyses clearly indicate that the covariation of
the NEO-PI-R domains can be explained by two factors. The first factor is marked by loadings
from N, A, and C, broadly resembling Digman’s (1997) concept of a, and the second factor by
Ex and O that is clearly recognizable as Digman’s (1997) b factor. Table 4 presents the results
of tests to determine if the covariation of the traits that define a and b are mediated by a single
super-ordinate latent phenotypic variable (e.g., a) whose variation is influenced by a genetic (G)
Table 3
Fit indices for 0–5 genetic and environmental factor models fit to the covariation of five NEO-PI-R domains

Number of genetic and environmental factors v2 df p AIC RMSEA BIC

Canada

0 621.57 100 .00 421.57 .153 9.98
1 171.07 90 .00 �8.93 .064 �379.36
2 98.71 82 .10 �65.29 .033 �402.79
3 89.76 76 .13 �62.24 .025 �375.05
4 89.76 72 .08 �54.24 .027 �350.58
5 89.76 70 .06 �50.24 .028 �338.35

Germany

0 833.25 100 .00 633.25 .137 162.08
1 310.22 90 .00 130.22 .074 �293.84
2 98.19 82 .11 �65.81 .022 �452.18
3 90.37 76 .13 �61.64 .022 �419.73
4 90.37 72 .07 �53.64 .024 �392.88
5 90.37 70 .05 �49.64 .025 �379.46

Japan

0 646.29 100 .00 446.29 .131 �1.10
1 151.92 90 .00 �28.08 .040 �430.73
2 84.05 82 .42 �79.95 .012 �446.81
3 83.35 76 .26 �68.65 .016 �408.67
4 83.35 72 .17 �60.65 .021 �382.77
5 83.35 70 .13 �56.65 .025 �369.82



Table 4
Parameter estimates and proportions of the variance accounted by each genetic and environmental factor from the best
fitting common pathways model to the Canadian, German, and Japanese twin samples

Genetic and environmental
influences on the latent
variable

Phenotypic loading on the
latent variable

Domain specific genetic
and environmental
influences

G E g e

Canada a
.75 (.56) .67 (.44)

N �.77 (.59) .43 (.19) .47 (.22)
A .31 (.10) .62 (.38) .72 (.52)
C .61 (.37) .55 (.31) .57 (.32)
v2 = 37.48 , df = 32, p = .23, RMSEA = .021

Germany a
.76 (.58) .65 (.42)

N �.84 (.71) .35 (.12) .41 (.17)
A .13 (.02) .73 (.54) .67 (.45)
C .44 (.19) .62 (.39) .65 (.42)
v2 = 46.61, df = 32, p = .05, RMSEA = .029

Japan a
.78 (.61) .62 (.39)

N �.84 (.70) .00 (.00) .54 (.30)
A .18 (.03) .59 (.35) .79 (.62)
C .49 (.24) .57 (.33) .66 (.44)
v2 = 44.58, df = 32, p = .07, RMSEA = .033

Canada b
.85 (.72) .53 (.28)

Ex .54 (.29) .61 (.38) .58 (.34)
O .56 (.32) .66 (.44) .49 (.24)
v2 = 16.84, df = 13, p = .21, RMSEA = .028

Germany b
.71 (.50) .71 (.50)

Ex .64 (.41) .60 (.36) .48 (.23)
O .59 (.35) .61 (.38) .52 (.27)
v2 = 12.25, df = 13, p = .51, RMSEA = .008

Japan b
.60 (.36) .80 (.64)

Ex .65 (.42) .55 (.31) .52 (.27)
O .47 (.22) .66 (.44) .59 (.34)
v2 = 4.80, df = 13, p = .98, RMSEA = .000

Note: RMSEA = root mean square error of approximation. ( ) = proportion of variance.
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and one nonshared environmental influence (E) common to all. Table 4 also presents the param-
eter estimates and proportions of the variance accounted for by each genetic and environmental
factor. Figs. 1 and 2 illustrate these results using the Canadian parameter estimates.
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4. Discussion

The present paper was designed to examine the stability of Digman’s (1997) concepts of a and b
across cultures and test if these higher-order constructs were the product of the organizing influ-
ence of multiple genetic factors. The results were quite clear – a two-factor phenotypic structure
was replicated in samples drawn from Canada, Germany, and Japan, and this phenotypic struc-
ture is a reflection of underlying genetic structure. The present findings, when compared to Dig-
man’s (1997) factors, yielded highly similar b factors. Interesting differences emerged with a.
Unlike Digman’s (1997) factor, a was defined primarily by N and C but the role of A is unclear.

Only within the Canadian data were the hypothesized loadings of N, C and found. However, it
is important to note that even within this sample, the relationship of A was tenuous at best, just
reaching generally acceptable levels of magnitude. It is tempting to conclude that a could be split
into two factors – the first defined by N and C, and the second defined by A. However, the con-
firmatory analyses clearly showed that a third common factor was unnecessary and that aspects of
A are required for the definition of a, which demonstrates that a is a concept greater than simple
social desirability (Digman, 1997). Moreover, the confirmatory factor analysis indicated that a
two-factor solution provided the best explanation for the covariance of these domains. If a
was little more than social desirability, a single factor would have been indicated by all of the
analyses.

The structural models illustrated in Figs. 1 and 2 clarify two issues. First, although the Big Five
share some genetic and environmental influences, a great deal of the variability of domains is due
to genetic and environmental factors unique to each domain. Second, each of the Big Five factors
are influenced by multiple genetic factors, some of which are common to all but many that are
not. Such models reiterate the oft forgotten fact that not all domains play equally important roles
in personality when in practice, the opposite is often assumed. This also emphasizes the impor-
tance of lower-order facets. Personality research often tends to focus on what is common between
facets indexed by the factorial structure of the personality traits and pleiotropic effects when in
fact, facet-specific genetic and environmental factors account for a greater proportion of the total
variability in a domain.

The practical implication of these results is that personality measures that simply sum responses
over all items create scores (a common practice in personality research) are much more etiologi-
cally heterogeneous than is assumed. Such scales actually reflect multiple genetic factors, frustrat-
ing the search for putative loci. It would be difficult to determine whether any identified loci were
implicated in all of the components of a or were specific to one aspect, such as N or C. Similarly,
are any loci associated with N specific to all facets of N or a subset? The next step for personality
measurement would be to develop measures of traits that individually reflect genetic and environ-
mental factors unique to each personality scale. Such an approach based on factor scores was
discussed by Sham et al. (2001).

Another approach would be to modify the item content in scales to reduce any genetic corre-
lation it may have with others. For example, the item content of A could be revised so as to devel-
op it into a stand alone factor that could be validated by showing it has no phenotypic or genetic
overlap with N or C. Such an approach would increase the specificity and validity of the NEO-
PI-R A scales. A similar approach was used by Ando et al. (2004) to revise the facet scale structure
on the TCI. In this study, the genetic correlations were computed between all the lower-level TCI
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facet scales and reorganized into domains until the genetic correlations between the revised do-
mains were minimized.

The present analyses bring some clarity to the concepts of a and b, which were consistent across
three diverse samples. This is important because the revised version of a, b and the independent
nature of Agreeableness suggest that these higher-order factors are capable of serving as the build-
ing blocks to build the bridge between psychometric research in personality description and the-
ories of personality development.

A limitation of this research is that although the NEO-PI-R is one of the most accepted mea-
sures of the FFM, its content represents only a circumscribed range of personality traits typically
observed and examined in lexical studies. The facets of the NEO-PI-R are marker variables se-
lected to measure the Big Five (probably with a simple structure in mind) but they do not ade-
quately mirror the full range of contents covered by the much more representative selections of
traits in various lexical studies. Therefore, the NEO-PI-R is probably not the ideal measure to
make definitive decisions about the nature of factors above the level of the Big Five. We would
like to point out that Digman’s (1997) variable sets are also limited regarding this aim because
they were selected from Cattell’s biased (see John, Angleitner, & Ostendorf, 1988) variable selec-
tions. Nevertheless, the present study has provided some preliminary evidence that there is a rep-
licable higher-order structure to the Big Five that is rooted in biology and experience, and that the
higher-order factors are stable heuristic devices that have an important role to play in bridging the
gap between psychometric studies of personality and personality theory.
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