
JOURNAL OF

ESEARCH IN
R
Journal of Research in Personality 38 (2004) 448–472

www.elsevier.com/locate/jrp

PERSONALITY
Genetic and environmental structure
of adjectives describing the domains of the Big
Five Model of personality: A nationwide US

twin study

Wendy Johnson* and Robert F. Krueger

Department of Psychology, University of Minnesota, 75 East River Road, Minneapolis, MN 55455, USA

Available online 15 January 2004
Abstract

We applied multivariate models specifying genetic and environmental influences on adjec-

tives describing each of the five personality domains specified in the Big Five Model of person-

ality (BFM; Extraversion, Neuroticism, Agreeableness, Conscientiousness, and Openness).

We selected the specific models to partition the observed covariance among the adjectives de-

scribing each domain into genetic and environmental components in order to assess the etio-

logic basis for each domain�s phenotypic coherence. The sample on which our analyses were

based was part of the National Survey of Midlife Development in the United States (MIDUS).

It consisted of 315 monozygotic and 275 same-sex dizygotic twin pairs. Results revealed both

common and specific genetic and environmental influences for each domain, suggesting that

all of the domains are etiologically complex. Models specifying the domains as latent pheno-

typic constructs fit more poorly than models suggesting more complex structures for all do-

mains except Extraversion and Neuroticism. These results raise questions about the BFM

as a coherent model of genetic and environmental influences on personality or, alternatively,

about the etiological unity of latent phenotypic personality trait constructs beyond Extraver-

sion and Neuroticism.
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1. Introduction

Factor analysis has been used to develop many models of the structure of person-

ality (e.g., Eysenck & Eysenck, 1985; McCrae & Costa, 1990; Tellegen, 1982). The

one that has received the most attention in recent years, however, is the Big Five
Model (BFM), originally identified in lexical studies (Goldberg, 1990; Saucier &

Goldberg, 1996a). This model allocates personality variance among the domains Ex-

traversion (E), Neuroticism (N), Agreeableness (A), Conscientiousness (C), and

Openness to Experience (O). According to the premises of the lexical approach used

to identify the model (Saucier & Goldberg, 1996b), these constructs refer to obser-

vable, surface characteristics (phenotypes) rather than to underlying causal proper-

ties such as genotypes.

In developing the NEO-PI-R to operationalize the BFM, Costa and McCrae
(1995) have broadened the conceptualization of the five personality factors consider-

ably beyond the lexical approach. They maintain that each of these domains repre-

sents a coherent personality construct. In describing the role the domains play in

manifested behaviors, McCrae and Costa (1999) specifically assign them to the level

of basic tendencies, thus distinguishing them from patterns of behavior, and from the

plans, skills, and desires that lead to patterns of behavior: ‘‘They [the domains] are

directly accessible neither to public observation nor to private introspection. Instead,

they are deeper psychological entities that can only be inferred [italics theirs] from
behavior and experience (p. 143).’’ In short, Costa and McCrae define them to be

unified latent personality traits.

This definition has been accepted in the sense that there have been a number of

analyses of the genetic and environmental influences on the Big Five. These analyses

have generally estimated such influences scale by scale (e.g., Jang, McCrae, Angleit-

ner, Riemann, & Livesley, 1998; Loehlin, 1992; Loehlin, McCrae, Costa, & John,

1998; Riemann, Angleitner, & Strelau, 1997; Waller, 1999), and have shown highly

consistent estimates of substantial genetic influences and little or no shared environ-
mental influences on all five domains, providing evidence for a causal mechanism at

least for the observable traits. Acceptance of the stronger definition of the domains

as latent traits has not been universal, however. For example, Paunonen and Jackson

(1996) suggested that each of the five domains actually consists of separate subdo-

mains. Though they may be correlated, the argument is that these subdomains

may not be closely enough related to be considered a unified personality trait.

Hofstee, de Raad, and Goldberg (1992) have elaborated considerably on this con-

ception in the process of attempting to integrate the Big Five with the circumplex
model, in which traits are characterized by their angular positions in a two-dimen-

sional factor space. Their five-dimensional circumplex model provided clear evidence

that the majority of trait terms load not onto single Big Five domains, but rather

cross-load onto two Big Five domains. This would suggest that individual trait terms

should be considered blends of two factors (as suggested by Saucier & Ostendorf,

1999). Hofstee, de Raad, & Goldberg thus concluded that there are nine potential

bipolar facets for each of the Big Five: core traits representing that domain alone,

without cross-loading, and additional facets representing that domain at a primary
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level and another Big Five domain at a secondary level. This would suggest that it is

unreasonable to expect the domains to represent unitary personality constructs

based on primary loadings, as even the categorization based on primary loadings

would consist of trait terms with substantial secondary loadings on other domains

that are considered orthogonal.
Costa and McCrae (1998) used six methodological approaches to show that their

Conscientiousness domain is unitary in nature. These six approaches were: (1) item

content analysis, (2) definitions of psychological opposites, (3) examination of empir-

ical correlates, (4) interpreting secondary and tertiary factor loadings, (5) identifica-

tion of equivalents in specialized languages, and (6) case studies. These approaches,

though thorough in that they help to clarify the observable, phenotypic structure of

personality, cannot increase our understanding of its etiological underpinnings. If

the Big Five domains are in fact latent personality traits, it is reasonable to expect
that the covariance structures of their subdomains should each be caused by a set

of genetic and/or environmental influences that act in a unified way on the latent

trait. We assume that any etiological structure of any personality trait is going to

be polygenic and polyenvironmental. But the individual genes may operate in con-

cert to varying degrees, and the same is true of the environmental factors. Most stud-

ies that investigate genetic and environmental influences on a single trait rely on the

assumption that that trait is influenced by genes and environmental factors operating

in a unified manner to influence the trait. In order to test this assumption directly,
however, it is necessary to make use of multivariate genetically informed studies.

Such studies can thus be considered to be robust ways of comparing the conceptions

of the Big Five as coherent latent personality traits and as loose organizational cat-

egories.

This kind of multivariate genetically informed approach was used by Heath,

Eaves, and Martin (1989) to evaluate the unity of the structure of the items making

up the Eysenck Personality Questionnaire (EPQ; Eysenck & Eysenck, 1985) scales.

The EPQ consists of three substantive scales of 21–25 items each, measuring Extra-
version, Neuroticism, and Psychoticism, as well as a validity or Lie scale. Heath et al.

(1989) found that single common genetic and environmental factors could be ex-

tracted for Extraversion and Neuroticism, but that the Psychoticism items required

two distinct genetic factors, which they labeled ‘‘paranoid attitudes’’ and ‘‘hostile be-

havior.’’ They interpreted their findings as providing evidence that Extraversion and

Neuroticism are coherent concepts at an etiological level, but that Psychoticism is

not.

Some multivariate analyses examining the coherence of the latent domains of the
BFM have also been conducted. For example, Loehlin et al. (1998) found substan-

tial genetic influences and little shared environmental influence on the variance

common to three different Big Five personality indexes, a trait self-rating scale clas-

sified to fit the Big Five, a standard personality inventory fit to the Big Five using

analysis of correlation with the NEO-PI-R, and an adjective check list. McCrae,

Jang, Livesley, Riemann, and Angleitner (2001) factor analyzed phenotypic, ge-

netic/familial, and residual covariance matrices of the NEO-PI-R, supplemented

with cross-observer correlations. They found the hypothesized five-factor structure
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in both the phenotypic and genetic/familial covariances, but not in the residual ma-

trices. When the residual matrices were decomposed into nonshared environmental

covariance and method covariance, only the method variance showed the five-fac-

tor structure. This suggested that the five-factor structure can be extracted from

data at multiple levels of underlying structure, but that it cannot be extracted uni-
versally, and in particular it could not be extracted from data with little systematic

underlying structure.

The multivariate approach was also used by Jang, Livesley, Angleitner, Riemann,

and Vernon (2002) to conduct a multivariate analysis of the genetic and environmen-

tal influences on the five NEO-PI-R domains. Using both a sample from Canada and

a sample from Germany, they fit a series of path analytic models to the data. The

models were of two basic types. The first type was a model known as independent

pathways, which specifies direct links to the subdomains from one or more additive
genetic and shared and nonshared environmental influences common to all the vari-

ables, but no common underlying latent phenotype. This model could be expected to

fit best if Hofstee et al.�s (1992) conception of the BFM as a series of linked circum-

plexes reflecting primary and secondary BFM loadings is an accurate description of

the situation, as the genetic and environmental influences on the primary domain for

each facet should be common to all facets in the primary domain, but the genetic and

environmental influences on the domains associated with the secondary loadings

should be different. The second type was a model known as common pathways. This
model provides a more stringent test of Costa and McCrae�s (1995) hypothesis of la-
tent personality constructs in that it specifies that all of the covariation in a set of

variables be mediated by a single latent phenotypic variable influenced by one set

of additive genetic and shared and nonshared environmental influences. Additive ge-

netic influences reflect the extent to which genotypes are transmitted directly from

parents to offspring. Shared environmental influences (e.g., neighborhoods) affect

all children within a family to the same degree and differentiate between families.

Nonshared environmental influences (e.g., differential parental treatment) have dif-
ferent effects on individual family members. Error variance is also included with

nonshared environmental influence because the nonshared environmental influence

terms are the residuals after the effects of additive genetic and shared environmental

influences have been estimated.

Jang et al. (2002) concluded that each BFM domain was made up of more than

one common genetic factor and more than one common environmental factor, in

keeping with Hofstee et al.�s (1992) conception of the BFM. That is, the domains

did not appear to be unidimensional either on the genetic or the environmental le-
vel. At the same time, the there was one common genetic factor that influenced all

the facets in each of the E, N, and C domains. In addition, most of the facets also

loaded on the other common factor(s). There were also many large genetic and en-

vironmental influences specific to individual facets, and the common pathways

model failed to fit adequately. Jang et al. (2002) suggested that their results called

into question the meaning of the concept of a higher-order phenotypic trait. They

pointed out that the Big Five higher-order personality traits may not exist as uni-

tary psychological entities, but rather, may simply be useful heuristic devices that,
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at best, can be associated with independent activity of many genes and multiple

environmental factors.

The purpose of the current study was to extend the existing sparse literature on

the genetic and environmental structure underlying the BFM by examining it in ad-

jective descriptors specifically designed to assess the Big Five in a nationwide sample
of twin pairs in the United States. The sample was recruited by screening a nationally

representative sample of 50,000 households for twins. To our knowledge, it was the

first twin sample to be recruited in this manner. Participants in the full twin sample

ranged in age from 25 to 74 years, and included residents of every state in the con-

tinental United States and the District of Columbia, roughly distributed in propor-

tion to population by state. We conducted our study by applying a series of

multivariate path analytic models, including the common and independent pathways

models, to the BFM data.
2. Method

2.1. Sample

The twin sample used in this study was gathered as part of the MacArthur Foun-

dation Survey of Midlife Development in the United States (MIDUS). Two research
organizations, ICR/AUS Consultants and Bruskin Associates, recruited twin pairs

by making telephone calls and asking respondents whether they or any of their im-

mediate family members were members of intact twin pairs. About 50,000 house-

holds, constituting a representative national sample, were screened in this manner.

The 14.8% of respondents who reported the presence of a twin in the family were

then asked whether it would be acceptable for the research team to contact the twins

to solicit their participation in the survey. The 60% of the respondents who gave such

permission were referred to the MIDUS recruitment process (see Kendler, Thornton,
Gilman, & Kessler, 2000 and Kessler, Gilman, Thornton, & Kendler, in press, for

additional details).

Both members of each twin pair participating in the study met both overall study

eligibility criteria and criteria specific to the twin sample. These criteria included: (1)

being at least first degree relatives of the original contact or his or her spouse or part-

ner, (2) being between the ages of 25 and 74, (3) having a residential telephone num-

ber, (4) living in the continental United States, (5) speaking English, and (6) being

mentally and physically able to complete the interview and questionnaires. The base
MIDUS twin sample resulting from this process consists of 998 pairs.

Zygosity for each twin pair was determined using self-report questions regarding

information such as similarity of eye and hair color and degree to which others were

confused as to their identity during childhood. Such techniques are generally more

than 90% accurate (Lykken, Bouchard, McGue, & Tellegen, 1990), though some

pairs in this sample were not considered classifiable on the basis of the self-reports.

We made use of the 590 same-sex pairs for which we had both personality inventory

data and zygosity data for the current study, resulting in 141 monozygotic (MZ)
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male pairs, 174 MZ female pairs, 107 dizygotic (DZ) male pairs, and 168 DZ female

pairs. We thus excluded 262 opposite-sex pairs, 16 pairs with missing or indetermi-

nate zygosity information, and 130 pairs with incomplete or missing personality data

from the full MIDUS twin sample of 998 pairs. Table 1 also shows demographic in-

formation for the sample we used for this study.

2.2. Personality inventory

The self-administered mailed questionnaire booklets that were part of the MI-

DUS survey included a personality measure based on the BFM (Lachman & Wea-

ver, 1997). The measure consisted of 25 adjectives chosen from existing trait lists

and inventories (e.g., Goldberg, 1992; John, 1990; Trapnell & Wiggins, 1990) to re-

produce the BFM. Based on the responses of participants in a pilot study (N ¼ 1000,
age range 30–70 years), the adjectives that appeared most consistently as trait mark-

ers and had the highest item-to-total correlations or factor loadings were identified.

The resulting instrument had four to seven adjectives intended to index each Big Five

domain, rated on 4-point scales. It had satisfactory scale consistencies for most of the

domains (a ¼ .74, .78, .80, .58, and .77 for Neuroticism, Extraversion, Agreeable-

ness, Conscientiousness, and Openness, respectively), though the a for Conscien-

tiousness was somewhat low. John (1990) has suggested that different

measurement formats of the BFM (e.g., adjectives vs. full statements) are basically
Table 1

Sample demographic information

Category Percent

Sex

Male 42.4

Female 57.6

Race

White 91.8

Black/African American 4.1

Others 1.9

Not reported 2.2

Age

25–34 21.7

35–44 28.8

45–54 26.4

55–64 14.4

65–74 8.5

Education

Under 12 years 9.5

12 years 32.0

Over 12 years 58.1

Not reported 0.3

Marital status

Married 74.7

Not married 25.3



Table 2

Means and standard deviations of Big Five Model adjectives

Factor Mean SD

Extraversion

Outgoing 1.94 .84

Lively 1.82 .74

Talkative 2.06 .90

Neuroticism

Moody 2.81 .85

Worrying 2.46 .92

Nervous 2.78 .94

Not calm 3.00 .78

Agreeableness

Helpful 1.40 .57

Friendly 1.36 .55

Warm 1.51 .63

Caring 1.34 .54

Softhearted 1.59 .71

Sympathetic 1.52 .65

Conscientiousness

Organized 1.91 .83

Responsible 1.30 .53

Hardworking 1.28 .53

Not careless 1.72 .71

Openness

Creative 2.14 .87

Imaginative 1.98 .81

Intelligent 1.74 .65

Curious 1.73 .74

Active 1.70 .72

Broad-minded 1.94 .79

Sophisticated 2.59 .87

Adventurous 2.15 .84

Note. Adjectives were rated on a scale of 1–4 indicating ‘‘how well each of the following describes you:

a lot, some, a little, not at all,’’ with 1 indicating ‘‘a lot.’’
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equivalent. The means and standard deviations of the BFM adjective scores are

shown in Table 2.

2.3. Analytical approach

2.3.1. Factor analysis of MIDUS adjectives

We began our analysis by conducting a factor analysis of the adjectives in the MI-

DUS twin data. Because we were planning to conduct a multivariate analysis of ge-

netic and environmental influences on adjectives within each Big Five domain, we

wanted to be sure that we assigned the adjectives to the domains with which they
had the most common variance in the data set.
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2.3.2. Age adjustment

Because co-twins are the same age, age effects act to increase twin similarity

(McGue & Bouchard, 1984). To correct for this in the analysis of genetic and envi-

ronmental influences on the twin data, we regressed out the effects of age and age2 on

each factor descriptor scale prior to fitting our biometric models. This also acted to
normalize the variables.

2.3.3. Biometric modeling

The standard univariate quantitative genetic model is based on the understanding

that the observed phenotypic variance (Vp) is a linear additive function of genetic (Vg)
and shared (Vs) and non-shared (Vn) environmental variance, respectively. Symboli-

cally,
Vp ¼ Vg þ Vs þ Vn:
Under this model, the non-shared environmental variance represents residual vari-

ance not explained by either of the other two sources. The non-shared environmental

component also includes variance attributable to measurement error. Genetic vari-

ance can be additive (Vga) in the sense that if multiple genes influence the trait, they

do so independently of each other. It can also be nonadditive (Vgn), reflecting

dominance and other polygenic effects. The expected covariance between any two

members of a twin pair as a function of the variance components given above can

thus be specified as,
COVðMZÞ ¼ Vga þ Vgn þ Vs;

COVðDZÞ ¼ :5 � Vg þ :25 � Vgn þ Vs:
(Nonadditive genetic variance is usually modeled as the effects on variance of
dominant genes.) Models containing terms to reflect both forms of genetic variance

and both forms of environmental variance are not identified using data from twins

reared together; thus models including only three of the four forms of variance at a

time must be fit in stages. We note that there is little evidence for shared environ-

mental effects on personality (Bouchard & Loehlin, 2001; Finkel & McGue, 1997;

Tellegen et al., 1988). We fit models both including and excluding parameters for

shared environmental effects. In all cases the estimated shared environmental effects

were negligible, and the models excluding them fit better. We note that there is ev-
idence for some nonadditive effects on personality, though the particular effects do

not generally replicate (see Bouchard & Loehlin, 2001; Bouchard &McGue, 2003 for

recent reviews). We also fit models including nonadditive genetic effects. Though

there were a few cases for which the nonadditive genetic effects were significant for

models of specific types for specific factors and some cases for which the model of a

particular type for a particular factor including the nonadditive genetic effects fit

significantly better (as measured by the v2 statistic) than the analogous model

without this parameter for that factor, this was never consistently the case across all
three models fit for a factor and all fit statistics. In addition, there was never a case in

which the inclusion of this parameter made any difference in the determination of
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which of the three models was preferred for that factor. We thus report only the

results for the models including only additive genetic and nonshared environmental

parameters.1

The standard univariate model can be extended to multivariate situations by mod-

eling the covariance between one twin�s score on one variable and the other twin�s
score on another variable in a manner directly analogous to the univariate case.

There are three general classes of path analytic models that can be fit to multivariate

twin data.

The first is the Cholesky model, which can be used to establish baseline parameter

estimates of genetic and environmental influences. We can think of the BFM trait

score consisting of the sum of the ratings on the adjectives loading on that domain

(e.g., extraversion) as a phenotype and the rating on each adjective as one aspect of

this phenotype. Thus, being ‘‘outgoing,’’ ‘‘lively,’’ and/or ‘‘talkative’’ can be consid-
ered to be distinct aspects of extraversion and individuals may differ in their relative

proportions of each as well as in their overall levels of the phenotype. Implementa-

tion of this model relies on the fact that any positive definite covariance matrix can

be decomposed (uniquely, except for transformations of sign) into the product of a

lower triangular matrix and its transpose. This can be done separately for the genetic

and environmental portions of the phenotypic variance described above. The model

is represented graphically as shown in Fig. 1. It imposes no underlying structure on

the genetic and environmental influences, and simply recounts the extent of their in-
terrelationships. The first latent factor of each type (genetic or environmental) loads

on all the adjectives, the second on all adjectives except the first, the third on all ad-

jectives except the first two, and so on. The order of the adjectives is arbitrary, and

the measurements of interrelationships would be the same no matter what order was

used. Because the model freely estimates genetic and environmental influences, im-

posing no latent genetic or environmental structure on the data, when it fits best it

implies that the phenotype should be broken down into subtraits at the level of ge-

netic and environmental influences. Thus, for example, if the Cholesky model fit best
1 For Openness, though there was no significant difference in model fit between the models including

and excluding nonadditive genetic variance for the Cholesky and Common Pathways models, the

Independent Pathways model including nonadditive genetic variance fit significantly better than the

analogous model excluding such variance (v2 ¼ 338.84, 224 df vs. v2 ¼ 452.19, 256 df, p < :001). Both

Independent Pathways models fit better than their Common Pathways counterparts, however (v2 ¼ 338.84,

224 df vs. v2 ¼ 590.11, 245 df, p < :001 for the models including nonadditive genetic variance and

v2 ¼ 452.19, 256 df vs. v2 ¼ 607.75, 262 df, p < :001 for the models excluding it), and BIC for the

Independent Pathways model including nonadditive genetic variance was )1090.35, so the Independent

Pathways model excluding such variance was preferred. A similar situation existed for Agreeableness. The

Independent Pathways model including nonadditive genetic variance fit significantly better than the

analogous model excluding such variance (v2 ¼ 324.07, 132 df vs. v2 ¼ 384.31, 144 df, p < :001), but both

Cholesky models fit significantly better than their corresponding Independent Pathways models

(v2 ¼ 184.93, 105 df vs. v2 ¼ 324.07, 132 df, p < :001 for the models including nonadditive genetic

variance and v2 ¼ 187.90, 126 df vs. v2 ¼ 384.31, 144 df, p < :001 for those excluding it), and the respective

BIC�s were )518.18 and )534.42, so the Cholesky model excluding nonadditive genetic variance was

preferred.



Fig. 1. Multivariate Cholesky model relating genetic and environmental influences across factor descrip-

tors. A refers to genetic influence and E to non-shared environmental influence. Neuroticism is used as an

example.
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for extraversion, we could conclude that the etiology of being ‘‘outgoing’’ is separa-

ble at some genetic and/or environmental level from that of being ‘‘talkative.’’
The second class of model is the independent pathways, shown in Fig. 2. Instead

of a series of latent genetic and environmental factors as in the Cholesky, this

model specifies direct links to the adjectives from a single set of additive genetic

and environmental influences common to all the adjectives, as well as genetic

and environmental influences specific to each adjective. For extraversion, this mod-

el would imply that common genetic and environmental influences would affect

each of ‘‘outgoing,’’ ‘‘lively,’’ and ‘‘talkative,’’ but that these three indicators of ex-

traversion are independent at a more fine-grained level. It imposes an intermediate
level of structure on the data, as it is based on the assumption of a single set of

genetic and environmental influences on all the adjectives, but does not specify that

the adjectives form a single coherent latent phenotype. We expected this model to

fit best if Hofstee et al.�s (1992) conception of the BFM as descriptive categories of

traits is correct.

The third class of models is the common pathways. In this case, this model is

based on the assumption that the covariation among adjective scores is determined

by a single phenotypic latent variable, and we expected the model to fit best if Costa
and McCrae�s, 1995 conception of the BFM domains as latent personality traits is

correct. The latent variable has additive genetic and environmental influences, with

direct phenotypic paths to each adjective score. As with the independent pathways

model, there are also genetic and environmental influences specific to each adjective.



Fig. 2. Multivariate independent pathway model relating genetic and environmental influences across fac-

tor descriptors. A refers to genetic influence and E to non-shared environmental influence. Neuroticism is

used as an example.
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The basic model is shown in Fig. 3. For neuroticism, this model would imply that the

four measures reflect different aspects of a single coherent underlying phenotype.

Throughout, we conducted our analyses of twin covariance matrices using maximum

likelihood estimation as operationalized in the computer program Mx (Neale, 1997).

We analyzed males and females separately, comparing models with parameters sep-

arately estimated for each sex to those constraining parameters equal across sex. As

the models with parameters estimated separately for each sex did not fit significantly

better in any case, we only report those with parameters constrained equal across
sex. We double-entered the twin data and adjusted the degrees of freedom accord-

ingly to remove the effects of ad hoc variance differences between Twin 1 and Twin

2. We note that any assignment of order to the twin pairs is arbitrary and can result

in such ad hoc variance differences. Double-entry removes these ad hoc variance dif-

ferences effectively without changing the underlying structural relationships.

We assessed model fit using the v2 statistic, Akaike�s Information Criterion (AIC;

Akaike, 1983), and the Bayesian Information Criterion (BIC; Raftery, 1995). The v2

statistic does not reflect model parsimony, and tends to produce significant (ill-fit-
ting) results when sample sizes are large (Raftery, 1995). In addition, it is only pos-

sible to use this statistic to compare the fit of nested models, and the Cholesky and

independent and common pathways models do not form such a nested set. For these

two reasons we calculated fit statistics AIC and BIC as well. AIC is defined as the v2

statistic for the model, minus two times the degrees of freedom. Smaller or more neg-



Fig. 3. Common pathway model showing genetic and environmental influences across factor descriptors.

A refers to genetic influence and E to non-shared environmental influence. Neuroticism is used as an ex-

ample.
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ative AIC�s are preferred, reflecting the balance between model parsimony and re-

production of observed data. BIC is defined as the v2 statistic for the model minus

the product of the degrees of freedom and the natural log of the sample size. We used

the overall number of pairs as the sample size for BIC, as the multivariate twin model

relies on the covariance between twins� scores on different variables, making the pair
the unit of analysis for structural modeling of twin data. Smaller or more negative

BIC�s are also preferred, reflecting model parsimony to a greater degree than AIC,

particularly for larger sample sizes. Both AIC and BIC can be used to compare mod-

els whether nested or not. We tended to rely most heavily on BIC in the evaluation of

our results as it places a stronger emphasis on model parsimony. Of the three models

tested, the common pathway model is the most parsimonious; hence, all else being

equal, BIC will prefer the common pathway model—the model that corresponds

to the greatest degree of underlying structure.
The use of the linear additive variance decomposition formulas on which both

univariate and multivariate genetic models are based relies on several assumptions.

The first assumption is that twins (both MZ and DZ) are representative of the pop-

ulation as a whole for the trait in question. For personality traits, this appears to be

the case (Johnson, Krueger, Bouchard, & McGue, 2002). Second, we assume that

MZ twins share imposed trait-relevant environmental influences to the same degree

as DZ twins. For example, violations of this assumption would take place if MZ
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twins were more likely than DZ twins to be placed in the same school classroom, to

be dressed alike, or to be placed by their parents in the same sports programs and

these imposed environments resulted in greater MZ relative to DZ similarity in per-

sonality in adulthood. Violations of this assumption would not take place if MZ

twins were to be more likely to choose similar friends, or to choose the same school
elective classes or sports programs themselves because such choices could be mani-

festations of genetic factors (Krueger, Markon, & Bouchard, 2003). Numerous at-

tempts have been made to uncover circumstances in which this assumption does

not hold, with generally negative results (e.g., Borkenau, Riemann, Angleitner, &

Spinath, 2002; Loehlin & Nichols, 1976).

Another assumption is that there is no assortative mating (meaning that the par-

ents of the twins were not similar) for the traits in question. This assumption is rea-

sonable for personality measures because there is only very modest marital
resemblance (with coefficients ranging from .10 to .20) for most personality-related

traits (Price & Vandenberg, 1980; Tellegen et al., 1988), and such relatively small val-

ues are unlikely to affect estimates of genetic and environmental influence substan-

tially.
3. Results

3.1. General results

3.1.1. Factor analysis of the MIDUS adjectives

To evaluate the phenotypic structure of our personality measure, we made use of

ordinary least squares factor extraction with varimax rotation specifying five factors,

as operationalized in the computer program CEFA (Browne, Cudeck, Tateneni, &

Mels, 2001). We used varimax rotation because it is the method most commonly ap-

plied in other studies of the BFM.
The major loadings and communalities in the factor solution are shown in Table

3. The communalities were reasonable, with almost 70% of them in the .4–.7 range.

The five-factor structure was clearly visible and could be readily interpreted as the

BFM, though the three items loading on Extraversion certainly could be viewed

as a very narrow version of the trait, and the Agreeableness factor seemed to include

some of the elements missing from Extraversion. Using .3 as the criterion for a

substantial loading, all the adjectives except ‘‘not careless’’ had substantial loadings

on at least one factor, and only four adjectives had such loadings on more than one
factor. In carrying out our biometric modeling, we assigned each adjective to the

factor on which it had the highest loading. This had the result that ‘‘friendly’’

and ‘‘warm’’ were assigned to Agreeableness, instead of to Extraversion as had been

intended.

3.1.2. Twin correlations

The MZ and DZ intraclass twin correlations are shown in Table 4. As would be

expected given results from other studies of the BFM, all but one (‘‘sympathetic’’) of



Table 3

Factor analysis solution of MIDUS personality adjectives under the Big Five Model

Factor Extraversion Neuroticism Agree-

ableness

Conscien-

tiousness

Openness Communality

Outgoing .74 .64

Lively .60 .31 .55

Talkative .59 .45

Moody .59 .36

Worrying .77 .62

Nervous .80 .66

Not calm .47 .38

Helpful .50 .43

Friendly .48 .54 .57

Warm .41 .68 .67

Caring .73 .61

Softhearted .62 .41

Sympathetic .66 .47

Organized .52 .31

Responsible .64 .48

Hardworking .46 .32

Not careless .28 .15

Creative .62 .41

Imaginative .72 .54

Intelligent .47 .32

Curious .58 .38

Active .33 .44 .42

Broad-

minded

.39 .22

Sophisticated .42 .47

Adventurous .57 .40

Note. Extraction method was unweighted least squares with varimax rotation, five factors extracted.

All loadings above .30 are shown, as well as the highest loading for ‘‘not careless,’’ which was .28.
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the MZ correlations exceeded the DZ correlations, suggesting genetic influences on
the adjective scores. The MZ correlations ranged from .15 to .42. The low MZ cor-

relations were concentrated in Agreeableness and Conscientiousness, with a few in

Openness as well. The DZ correlations ranged from .02 to .28.

3.1.3. Biometric modeling

The model-fitting statistics for the three multivariate models applied to each of

the domains of the BFM are shown in Table 5. There were some patterns in the

results common to the models for all five BFM domains, and some differences
among them. We outline the common patterns first. Relying on BIC, which em-

phasizes model parsimony to a very high degree and therefore provides a more

liberal test of the latent trait hypothesis, the common pathways model fit best

for Extraversion and Neuroticism, the independent pathways model fit best for



Table 4

Intraclass twin correlations of the Big Five Model adjectives

Factor MZ (N ¼ 315 pairs) DZ (N ¼ 275 pairs)

Extraversion

Outgoing .38 .12

Lively .35 .09

Talkative .42 .15

Neuroticism

Moody .35 .16

Worrying .38 .11

Nervous .42 .12

Not calm .40 .28

Agreeableness

Helpful .26 .14

Friendly .29 .14

Warm .27 .06

Caring .20 .02

Softhearted .15 .08

Sympathetic .21 .27

Conscientiousness

Organized .37 .13

Responsible .24 .08

Hardworking .24 .16

Not careless .22 .17

Openness

Creative .34 .17

Imaginative .30 .11

Intelligent .42 .07

Curious .22 .17

Active .25 .13

Broad-minded .18 .17

Sophisticated .31 .22

Adventurous .35 .13

Note. MZ is monozygotic; DZ is dizygotic. Standard errors for these correlations ranged from .05 to

.06.
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Conscientiousness and Openness, and the Cholesky model fit best for Agreeable-

ness. (Note that AIC always indicated that the Cholesky model provided the best
fit.) The common pathways model imposes the structure of a latent phenotypic

personality construct on the data and should provide the best fit if the latent trait

hypothesis is accurate; the independent pathways model imposes an intermediate

level of latent structure and should provide the best fit if the loose organizational

structure hypothesis is accurate; and the Cholesky imposes no specific latent

structure. We show the parameter estimates and variance components from the

common pathways model for Extraversion and Neuroticism in Table 6, and the

analogous results from the independent pathways model for the other three
BFM domains in Table 7. We show the independent pathways parameters for



Table 5

Model-fitting statistics for the adjectives of the domains of the Big Five Model

Factor and model v2 df p AIC BIC

Extraversion

Cholesky 35.15 36 .51 )36.84 )194.53
Independent pathways 35.23 36 .51 )36.77 )194.45
Common pathways 37.22 37 .46 )36.78 )198.52

Neuroticism

Cholesky 55.79 60 .63 )64.21 )327.02
Independent pathways 67.28 64 .37 )60.72 )341.05
Common pathways 77.92 66 .15 )54.08 )343.17

Agreeableness

Cholesky 187.90 126 .00 )64.10 )616.00
Independent pathways 384.31 144 .00 96.31 )534.43
Common pathways 511.49 148 .00 215.49 )432.77

Conscientiousness

Cholesky 92.89 60 .00 )27.11 )289.92
Independent pathways 108.34 64 .00 )19.66 )299.99
Common pathways 126.11 66 .00 )5.89 )294.98

Openness

Cholesky 224.01 216 .34 )207.99 )1154.10
Independent pathways 452.19 256 .00 )59.81 )1181.12
Common pathways 607.75 262 .00 83.75 )1063.12

Note. AIC is Akaike Information Criterion; BIC is Bayesian Information Criterion; df is degrees of

freedom.
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Agreeableness in Table 7, even though the fit of the Cholesky model was supe-

rior, because the parameter estimates produced by the independent pathways

model, when compared to those from the other BFM scales, highlight the nature

of the difficulties with model fit for this construct.

3.2. Results specific to the BFM domains

3.2.1. Extraversion

As described above, the common pathways model specifies that all of the covari-

ation in a set of variables be mediated by one latent phenotypic variable influenced

by a single set of additive genetic and nonshared environmental influences. Genetic

influences accounted for 49% of the variance in the latent phenotype, with non-

shared environmental influences accounting for the remainder. Common genetic in-

fluences (proportions of total variance) on the three adjectives ranged from .20 to
.31. There were small specific genetic influences on each of the adjectives, especially

‘‘Talkative.’’ Specific environmental influences predominated somewhat over com-

mon influences for ‘‘Lively’’ and ‘‘Talkative,’’ with environmental influences on

‘‘Outgoing’’ evenly divided. The common environmental influences ranged from

.21 to .33.



Table 6

Parameter estimates and variance components for the common pathways models fit to the Big Five Model

adjectives for Extraversion and Neuroticism

Factor

loading
Parameter

estimates

Proportion of variance accounted for by

parameter

A E Ac Ec As Es

Extraversion

Common .70 .72 .49 .52

Specific Outgoing .80 .21 .57 .31 .33 .04 .32

Specific Lively .71 .22 .67 .25 .26 .05 .43

Specific Talkative .64 .43 .64 .20 .21 .18 .40

Neuroticism

Common .75 .66 .56 .44

Specific Moody .57 .35 .74 .18 .14 .12 .55

Specific Worrying .76 .18 .63 .33 .25 .03 .40

Specific Nervous .84 .16 .52 .40 .31 .03 .28

Specific Not calm .45 .48 .75 .11 .09 .23 .56

Note. A is additive genetic effects in general; E is non-shared environmental effects in general; Ac is

common additive genetic effects; Ec is common non-shared environmental effects; As is descriptor-specific

additive genetic effects; and Es is descriptor-specific non-shared environmental effects. Parameters are

standardized.
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3.2.2. Neuroticism

Genetic influences accounted for 56% of the variance in the latent phenotype.

Common genetic influences on the four adjectives ranged from .11 to .40. There were

small specific genetic influences on all four of the adjectives, particularly ‘‘Not calm.’’

The majority of the environmental influences were specific to individual adjectives,

except for ‘‘Nervous,’’ for which they were evenly divided. They ranged from .09
to .56.

3.2.3. Agreeableness

The more structured models fit more poorly than did the Cholesky model on the

basis of either AIC or BIC. Three adjectives, ‘‘Softhearted,’’ ‘‘Sympathetic,’’ and

‘‘Caring,’’ had lower MZ correlations, suggesting less genetic influence than on the

others. At the same time, the DZ correlations varied widely, yet the variation did

not appear due solely to sampling error. This led, in the independent pathways mod-
el, to estimates of no genetic influence at all, either common or specific, for ‘‘Soft-

hearted’’ and ‘‘Sympathetic’’ and only 5% common for ‘‘Caring.’’ ‘‘Helpful’’ also

received an estimate of only 7% common genetic influence, while ‘‘Friendly’’ and

‘‘Warm’’ received much higher estimates (39% and 29%, respectively). The environ-

mental influences were split reasonably evenly between common and specific. Thus,

the independent pathways model, which relies on the assumption genetic influence of

some measurable magnitude across all the observed traits, could not provide as good

a fit as the Cholesky, which allows for completely separate genetic influences (or ab-



Table 7

Parameter estimates and variance components for the independent pathways models fit to the Big Five

Model adjectives for Agreeableness, Conscientiousness, and Openness

Factor Parameter estimates Proportion of variance accounted for

by Parameter

Ac Ec As Es Ac Ec As Es

Agreeableness

Helpful .26 .54 .35 .72 .07 .29 .12 .52

Friendly .61 .53 .00 .59 .37 .28 .00 .35

Warm .52 .65 .00 .55 .27 .43 .00 .30

Caring .22 .70 .00 .68 .05 .49 .00 .46

Softhearted .00 .57 .00 .82 .00 .33 .00 .67

Sympathetic .00 .65 .00 .76 .00 .43 .00 .57

Conscientiousness

Organized .62 .13 .00 .77 .39 .02 .00 .60

Responsible .38 .87 .31 .00 .14 .76 .10 .00

Hardworking .40 .30 .31 .81 .16 .09 .09 .66

Not careless .28 .12 .41 .86 .08 .01 .17 .74

Openness

Creative .61 .47 .00 .64 .37 .22 .00 .41

Imaginative .54 .55 .00 .64 .29 .31 .00 .40

Intelligent .00 .59 .39 .71 .00 .34 .15 .50

Curious .10 .65 .19 .73 .01 .42 .04 .54

Active .04 .62 .36 .70 .00 .39 .13 .49

Broad-minded .03 .45 .35 .82 .00 .20 .12 .68

Sophisticated .05 .46 .46 .76 .00 .21 .21 .58

Adventurous .11 .61 .76 .67 .01 .37 .17 .45

Note. Ac is common genetic effects; Ec is common non-shared environmental effects; As is descriptor-

specific additive genetic effects; and Es is descriptor-specific non-shared environmental effects. Parameters

are standardized.
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sence of influences) on each observed trait. In fact, the Cholesky model included es-

timates of both negative and no genetic influence for paths involving ‘‘Caring,’’

‘‘Softhearted,’’ and ‘‘Sympathetic.’’

3.2.4. Conscientiousness

None of the models fit well, but the fit was significantly worst for the common

pathways model. Allowing for model parsimony, the independent pathways model

provided the best fit. The reason for the relatively poor fit the common pathways
model even using BIC to place most emphasis on model parsimony was that there

was little consistency among the adjectives in the extent of genetic and environmental

influences on them, whether common or specific. The adjective ‘‘Not careless’’

showed primarily (89%) specific influences.

3.2.5. Openness

Considering model parsimony using BIC, the independent pathways model fit

best. The reason for the relatively poor fit of the common pathways model using
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BIC was that two of the eight adjectives showed strong common genetic influence

while the others showed very little. The relationships between common and specific

environmental influences differed among the adjectives as well.
4. Discussion

In this study, we investigated the genetic and environmental structure underlying

the BFM by comparing several possible latent structural models applied to data

gathered on the MIDUS twin sample. To our knowledge this is the first nationwide

sample of twin pairs in the United States to be recruited through screening a nation-

ally representative sample of households. We began with a factor analysis of the per-

sonality adjectives used in the MIDUS study to represent the BFM. This factor
analysis clearly revealed the BFM structure at the phenotypic level. We then fit three

multivariate biometric models to the adjectives in each BFM factor domain. If there

is a coherent genetic and environmental structure underlying this operationalization

of the BFM, such an analysis should reveal it, and did so for Extraversion and Neu-

roticism when we relied on the fit statistic that places most emphasis on model par-

simony. In addition, the estimates of genetic influence for the latent phenotypes of

49% and 56% for Extraversion and Neuroticism respectively were comparable to

those resulting from a host of other studies of genetic influences on personality
(e.g., Bouchard & Loehlin, 2001, for a review). This suggests that it is possible that

Costa and McCrae�s (1995) conception of these domains as latent personality con-

structs may be accurate.

For Agreeableness, Conscientiousness, and Openness, however, little coherent eti-

ologic structure was revealed. It was necessary to rely upon the model fit statistic that

places the most emphasis on model parsimony even to conclude that the independent

pathways models provided the best fit, and this was still not possible for Agreeable-

ness. The independent pathways model specifies direct paths from the genetic and
environmental influences common to each adjective, but it also allows genetic and

environmental influences specific to each adjective, so the underlying structure it im-

poses is rather loose. The common pathways model, which specifies a latent pheno-

typic personality construct for each BFM domain, fit worst for all three of these

domains. For Agreeableness, the independent pathways model failed to fit better

than the more general Cholesky model due to an apparent absence of either common

or specific genetic influences on three of the adjectives. This suggests that, for these

domains, Hofstee et al.�s (1992) conception of loose organizational categories may be
accurate.

Major personality models identify constructs that are very similar to Extraversion

and Neuroticism in the BFM (Block, 1965; Eysenck & Eysenck, 1985; Tellegen & At-

kinson, 1974). These two constructs so pervade the literature on the structure of per-

sonality that Wiggins (1968) termed them the ‘‘Big 2.’’ Therefore, what distinguishes

the BFM is the specification of the other three domains. For Conscientiousness and

Openness in this study, the independent pathways model provided the best fit when

evaluated using the model fit statistic that most emphasizes model parsimony (BIC),



W. Johnson, R.F. Krueger / Journal of Research in Personality 38 (2004) 448–472 467
and the Cholesky model provided the best fit for Agreeablenss. This suggests that the

most parsimonious common genetic structure that can be considered to underlie

the specifically BFM constructs in this study has separable and distinct effects on

the propensity to endorse as characteristic the adjectives making up each construct.

This implies that the genetic effects on these personality constructs derive from dis-
tinctive genetic influences acting to varying degrees on the different adjectives. Based

on Hofstee et al.�s (1992) conception of the BFM as a series of circumplexes reflecting

primary and secondary domain loadings, we note that, for example, within Consci-

entiousness, ‘‘organized’’ has only a primary loading, but ‘‘responsible’’ has a sec-

ondary loading on Agreeableness. Similarly, ‘‘creative’’ has only a primary loading

on Openness, but ‘‘intelligent’’ has a secondary loading on Neuroticism as well.

At the same time, our results for Extraversion and Neuroticism make clear that it

is at least possible for the kind of model comparison analysis we conducted to pro-
vide evidence that multiple genes act in concert to influence a unified personality

characteristic. There are at least two possible reasons why Extraversion and Neurot-

icism might have produced the most coherent results in the MIDUS data. First, as

mentioned above, these two domains are the most clearly defined in the sense that

they are very similar to personality domains articulated in other personality models

(e.g., Cloninger, 1987; Eysenck & Eysenck, 1985; Tellegen, 1982), and others have

identified biological referents for them as well (e.g., Depue & Collins, 1999; Gray,

1987; Sutton & Davidson, 1997). It seems at least possible that one major reason
for both the consistency with which personality researchers have specified these do-

mains in their models and the greater coherence they present in models of the type

used here is that these two domains are more etiologically ‘‘pure’’ in some biological

sense, whether genetically or environmentally influenced. This possibility deserves

greater research attention, particularly in the areas of identifying and explicating spe-

cific biological referents and mechanisms. Second, these domains had relatively few

adjectives (three and four respectively), and it was thus less likely that heterogeneous

sources of variance would materialize. In fact, one could question whether the three
adjectives used to describe Extraversion (‘‘Outgoing,’’ ‘‘Lively,’’ and ‘‘Talkative’’)

and the four adjectives used to describe Neuroticism (‘‘Moody,’’ ‘‘Worrying,’’ ‘‘Ner-

vous,’’ and ‘‘Not calm’’) could be considered to span the domains as they are usually

conceptualized. We note, however, that their secondary loadings do fall on different

factors in Hofstee et al.�s (1992) circumplex conception of the BFM, so lack of var-

iation in secondary loadings for these particular adjectives does not appear to be the

reason for the greater coherence for these domains. The two domains with the most

adjectives, Agreeableness with six and Openness with eight, showed the least coher-
ent results. Opennness in particular showed highly heterogeneous influences. Yet

number of adjectives did not entirely determine the results for the domains, as the

common pathways model did not fit best for Conscientiousness, which, like Neurot-

icism, had four adjectives in our measure.

Our results are quite consistent with those of Jang et al. (2002). They also found

large specific genetic and environmental influences on the NEO-PI-R facets in the

BFM domains, and the common pathways models also failed to provide adequate

fit for any of the BFM domains in their data. Their results did, however, show some-
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what greater consistency for Extraversion and Neuroticism than for the other three

domains. They suggested that their results called into question the meaning of the

concept of a higher-order trait, but another interpretation of the results of both stud-

ies is that the difficulty in identifying unified coherent genetic and environmental in-

fluences on the five personality factors suggests problems with factor and/or
construct coherence in the BFM, rather than with the concept of a latent personality

trait per se. The success of the common pathways model with the admittedly limited

versions of Extraversion and Neuroticism (using a fit statistic that places heavy em-

phasis on model parsimony) in our data provides further evidence for this possibility.

We note here that our study did not make use of the NEO-PI-R in operationalizing

the BFM, yet our results are quite consistent with those of Jang et al. (2002), a study

that was based on the NEO-PI-R. This suggests that neither set of results is neces-

sarily specific to the instruments used to operationalize the BFM. In addition, it is
likely that our more brief and narrow measure should make it easier to support a

latent phenotypic model such as the common pathways model than it would be using

the more complex and heterogeneous NEO-PI-R.

The BFM was originally developed to summarize variance in lexical studies of ad-

jectives used to describe personality across languages, and many of its proponents

claim that it does no more than that, referring only to observable phenotypes at spe-

cific time points rather than to underlying causal structures such as genotypes. Yet

there is substantial evidence for both high stability of personality across time and ge-
netic influence on all commonly used measures of personality (Bouchard & Loehlin,

2001). In addition, McCrae et al. (2001) have provided evidence that the Big Five can

be reproduced in genetic covariance matrices as well as in phenotypic covariance ma-

trices. Thus the case for the BFM as a description of the organizational structure of

the genetic influences on personality has been made as well. The question of the ex-

istence of an underlying coherent latent personality construct formed by each Big

Five factor, however, is both more stringent and crucial to the BFM�s ability to ex-

plain the ways in which genes influence personality.
The standard orthogonal (varimax) factor model typically used to extract the Big

Five relies on the assumptions that the factors are uncorrelated and lie at the same

second stratum (Carroll, 1993) or level in the structure imposed by the data. If, how-

ever, the biological or neurological mechanisms underlying personality at the ob-

served stratum or level are correlated, and the manner in which they are

correlated would be better described by a hierarchical structure with additional,

higher level strata, then reliance on the orthogonal factor model to assess this struc-

ture will blur distinctions among personality facets and the manner in which they are
organized that could be revealed by the consideration of additional possible factor

models. This effect will be accentuated if the factor space spanned by the personality

data underlying the analysis was designed, as were the NEO-PI-R and the adjective

checklist used in this study, to reveal the BFM structure under the orthogonal factor

model.

At the same time, to the extent that genes influence personality, we should expect

that covariance matrices of genetic influences on personality data specifically

organized to reveal the BFM under the orthogonal factor model in fact do so, as
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demonstrated by McCrae et al. (2001). That is, when considered across the person-

ality domain spanned by the data and factor analyzed in the same manner, the ma-

trices of genetic influences may simply reveal the same structure as that imposed at

the phenotypic level. If true, the BFM may exist, as many of its proponents have

claimed (e.g., Goldberg, 1990), as a way in which phenotypic personality descriptors
can be organized, with little or nothing to say about the etiologic structure of person-

ality. This possibility can only be investigated by examining the underlying coher-

ence of each domain of the Big Five as we have done here, by considering other

organizational structures besides the orthogonal factor model, and by considering

data organized to fit alternative models of the structure of personality. When exam-

ined in this manner, the personality models showing the most genetic coherence at

the first stratum and providing the best fit to the data will have the most power to

explain the etiologic structure of personality.
The results of this study have to be interpreted in light of the specific instrument

used to operationalize the BFM. This instrument is both a strength, as mentioned

above, and a weakness. Though the instrument was developed specifically to reveal

the BFM under factor analysis and has been used successfully in other MIDUS re-

search (e.g., Plant, Markus, & Lachman, 2002; Staudinger, Fleeson, & Baltes, 1999),

in our phenotypic factor analysis of the twin sample, two of the 25 adjectives did not

load most highly on the BFM factors that were intended when the BFM measure

used in MIDUS was developed. In addition, some adjectives (especially ‘‘Not care-
less’’) did not receive high loadings on any of the domains. This may reflect a weak-

ness in this specific measure. On the other hand, the Big Five structure was still

clearly revealed in the in the phenotypic factor analysis, and the process used to de-

velop the measure should reveal a BFM structure if one is there to reveal. If such a

structure exists and organizes etiological influences on personality, analyses of the

sort we conducted should reveal coherent etiologic structures.

In a related vein, it is possible that adjectives simply do not offer the level of

measurement precision necessary to reveal the etiological BFM structure. There
are several reasons to believe, however, that this is not the case. First, Jang et al.

(2002) revealed a similar lack of etiologic structure using the NEO-PI-R. Second,

the standard errors around the twin correlations were small in relation both to

the sizes of the correlations themselves and to most of the differences between the

MZ and DZ correlations, suggesting that we were able to measure the genetic in-

fluences on the propensity to agree with each adjectival description with a reason-

able level of accuracy. Third, all three models we applied provide close fits for

Extraversion and Neuroticism, making it clear that this result is not impossible
for a measure relying upon adjectival descriptors, at least when the number of

factor descriptors is small.

It is also possible, of course, that the failure of the common pathway models for

the three BFM domains beyond Extraversion and Neuroticism in this study reflects

something more general about our ways of conceptualizing personality, namely the

fact that many genes influence personality, and that these genes are not necessarily

specific to personality traits as articulated in our natural languages. This possibility

also needs to be investigated using other models of personality besides the BFM. The
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ideal study would compare the performance of several models of etiological genetic

and environmental structure using several different personality measurement instru-

ments assessed in a single sample of twins. The possibility should also be investigated

using Hofstee et al.�s (1992) circumplex conceptualization of the primary and second-

ary loadings associated with the BFM. For example, it would be interesting to exam-
ine the etiologic coherence of phenotypically pure vectors within the circumplex, and

see how etiologic coherence is affected by expanding the portion of the circumplex

sampled.
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