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The present study addresses issues of measurement invariance and comparability of factor parameters of Big
Five personality adjective items across age. Data from the Midlife in the United States (MIDUS) survey were
used to investigate age-related developmental psychometrics of the MIDUS personality adjective items in 2
large cross-sectional samples (exploratory sample: N ⫽ 862; analysis sample: N ⫽ 3,000). After having
established and replicated a comprehensive 5-factor structure of the measure, increasing levels of measurement invariance were tested across 10 age groups. Results indicate that the measure demonstrates strict
measurement invariance in terms of number of factors and factor loadings. Also, we found that factor
variances and covariances were equal across age groups. By contrast, a number of age-related factor mean
differences emerged. The practical implications of these results are discussed, and future research is suggested.
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traits (Lachman & Weaver, 1997). The personality adjective items
are part of a set of quantitative measures developed for the MIDUS
longitudinal survey that consists of a number of modules addressing biomedical, psychological, and social aspects of adult development. Lachman and Weaver (1997) developed the brief adjective item measure on the basis of existing adjective measures of the
Big Five (e.g., Goldberg, 1992; John, 1990; Trapnell & Wiggins,
1990). They selected adjectives that were most consistently used
across adjective lists and inventories and showed the highest factor
loadings or item-to-total correlations. The scale construction was
conducted in 1994 with a U.S. probability sample of 1,000 respondents ages 30 to 70. Each scale initially included seven to 10
adjectives. Scale scores were regressed on the items to determine
which items would be entered in the model to account for a
minimum of 90% of the total scale variance (for more details, see
Lachman & Weaver, 1997; Prenda & Lachman, 2001).
In total, there are 25 adjective items in MIDUS that are hypothesized to measure the Big Five. However, the assignment of items to
factors is not balanced. As can be seen from Figure 1, Neuroticism,
for example, is supposed to be measured by four items, whereas seven
items are hypothesized to tap Openness to Experience. Previous
studies using the MIDUS personality adjective items particularly
relied on the manifest sum or mean scores of the five scales (e.g.,
Mroczek & Kolarz, 1998; Plaut, Markus, & Lachman, 2002; Prenda
& Lachman, 2001). For example, Mroczek and Kolarz (1998) reported substantial convergent validity relations between extraversion
and positive affect and neuroticism and negative affect, respectively.
To complement previous research using this measure, the present
study aimed at modeling the MIDUS personality traits on the latent
level. Moreover, this study is the first study to report systematic
factorial structure and age-related psychometrics of this personality
measure. In a first series of analyses, we set out to test a number of
factor models on these 25 items in an exploratory sample to establish

Five broad traits (neuroticism, extraversion, openness to experience, agreeableness, and conscientiousness) have been proposed
to summarize individual differences in relatively enduring patterns
of thoughts, feelings, and behaviors (John & Srivastava, 1999;
McCrae & Costa, 2003). Different approaches are suggested to
measure individual differences in these Big Five personality traits.
Apart from questionnaire formats consisting of sentences or brief
behavioral descriptions (e.g., Costa & McCrae, 1992; John, Donahue, & Kentle, 1991), the use of adjective items is common to
measure personality traits (e.g., Goldberg, 1992; John, 1990; Trapnell & Wiggins, 1990). Such a personality adjective item measure
is also used in the Midlife in the United States (MIDUS) survey
(e.g., Brim, Ryff, & Kessler, 2004) to capture the five personality
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Figure 1. Factor model of personality adjective items. Note that the Conscientiousness item careless is
excluded (see the results). Model fit in the exploratory sample (siblings) was CFI ⫽ 0.973, RMSEA ⫽ 0.062;
model fit in the analysis sample was CFI ⫽ 0.976, RMSEA ⫽ 0.057. NEURO ⫽ Neuroticism; EXTRA ⫽
Extraversion; OPEN ⫽ Openness to Experience; AGRE ⫽ Agreeableness; CONS ⫽ Conscientiousness.

a comprehensive and replicable Big Five factor structure based on the
a priori Big Five factor model. In a second series of analyses, we
replicated the factor structure in a large and representative analysis
sample. In a third series, we examined age-related differences in
factor variances, covariances, and means of the personality traits. The
main contribution of the present study is to report substantive findings
in the context of a strictly age-invariant measurement of personality
traits.

Measurement Invariance (MI)
Beyond the establishment of a comprehensive and replicable factor
structure of the adjectival personality measures, an important issue in
developmental psychometrics touches the question of whether psychological constructs are comparable across different age groups or
across measurement occasions. Frequently, in developmental studies
it is implicitly assumed that the measurement process of constructs is
similar across age. However, there may be age differences in the
conceptual frame of reference in interpreting or reacting to a given
item of a questionnaire or to stimulus material in experimental studies,
thus altering the way the latent construct underlying the item or
stimulus is measured. For example, an item such as “I love to wear
eccentric or eye-catching clothes” may have a different meaning to
different age groups. It might be less indicative of the trait Openness
to Experience in young adults as compared with older age cohorts
(e.g., the hippie generation). This would indicate that this item does
not operate similarly across age groups. Therefore, to ensure that the
measures of a construct function equivalently for each group—in the
sense that the construct operates in affecting the reactions to items or
stimuli in the same way—MI has to be established (Horn & McArdle,
1992).

Borrowing from Meredith’s (1993) terminology, one might distinguish four forms of MI: configural invariance, weak MI, strong MI,
and strict MI: (a) Configural invariance ensures that the dimensionality of the measured construct is equivalent across ages. If configural
invariance is found, a test for higher levels of MI would follow, and
the configural model would be used as a baseline for comparing the
fit of more constrained models. (b) Weak MI requires that factor
loading matrices be fully invariant across age groups. This form of MI
ensures that comparisons of factor variances and covariances across
age groups can be made. (c) Strong MI requires that factor loading
matrices and intercepts of the manifest indicators be invariant across
age groups, which allows for comparing factor means. (d) Strict MI
requires that, in addition, unique variances be invariant across age
groups. Different degrees of MI can be examined through multiplegroup confirmatory factor models with increasingly strict acrossgroup restrictions on parameters (e.g., Martin & Zimprich, 2005;
Zimprich, Allemand, & Hornung, 2006).1
1
There are at least two other methods for assessing MI. A typical
procedure in personality trait research is to perform exploratory factor
analyses or principal component analyses in different groups. To compare the factorial structure of a psychological construct across groups,
Procrustean rotation is used, which rotates factors to optimal agreement
resulting in a congruence coefficient (cf. McCrae, Terracciano, &
Khoury, 2007). The use of item response theory techniques provides
another method for assessing MI across groups. Item response theory
uses an explicit measurement model to represent the relationship between observed behaviors (i.e., the item response) and the construct to
be quantified. Differences in these relationships between groups are
termed differential item functioning (cf. Morizot, Ainsworth, & Reise,
2007; Reise, Widaman, & Pugh, 1993).

AGE-RELATED PSYCHOMETRICS OF PERSONALITY ITEMS

Although there has been a considerable amount of research on
age differences and age-related changes in the Big Five personality
traits (cf. McCrae & Costa, 2003; Mroczek & Little, 2006; Roberts
& Mroczek, 2008), few studies have rigorously tested for MI in
trait measures across age groups or over time by utilizing confirmatory factor analytic techniques and testing for different forms of
MI. Moreover, those studies particularly used questionnaire measures of the Big Five instead of adjectival markers. For example,
Small, Hertzog, Hultsch, and Dixon (2003) established weak MI of
the NEO Personality Inventory (NEO-PI) across a 6-year longitudinal period in older adults. Likewise, Morizot and Le Blanc
(2003) found partial weak MI (i.e., the majority of factor loadings
remained invariant) of personality scales across two age groups
and across time. Allemand, Zimprich, and Hertzog (2007) demonstrated that, both cross-sectionally and longitudinally, strict MI
of NEO Five Factor Inventory (NEO-FFI) item parcels held in two
adult samples (i.e., middle-aged and older adults) followed across
4 years. Recently, in a large and representative cross-sectional
sample of Dutch people ranging in age from 16 to 91 years,
Allemand, Zimprich, and Hendriks (2008) established strict MI of
Five-Factor Personality Inventory item parcels for six age groups.
Instead of testing MI directly at the item-level, in both studies we
used aggregate-level indicators (parcels) as the unit of analysis.
Applying the method of congruency coefficients (see footnote
1), other researchers reported MI similar to weak MI for the
NEO-FFI (Allik, Laidra, Realo, & Pullmann, 2004). For example,
Srivastava, John, Gosling, and Potter (2003) found a large amount
of invariance in the pattern of factor loadings of the Big Five
Inventory across four age groups. They reported an average congruency coefficient across age groups of .99, reflecting a high
degree of similarity of factors. Likewise, Lang, Lüdtke, and Asendorpf (2001) found an invariant factor structure in terms of congruency coefficients of the German version of the Big Five Inventory across three age cohorts (i.e., young, middle-aged, and old
adults). To summarize, some limited evidence has been found for
MI of personality questionnaire measures across age.
In contrast to studies using questionnaire measures of the Big
Five personality traits, such as the NEO-FFI or the Big Five
Inventory (e.g., Allemand et al., 2007; Small et al., 2003; Srivastava et al., 2003), in the present study we used personality adjective items. Despite the benefits of adjective items (e.g., adjective
items are relatively pure indicators of the factor they are supposed
to mark, and they are quick to administer), this approach to
measuring personality has been criticized for lacking context and
specificity (Briggs, 1992). Definitional ambiguities may lead different groups of respondents to rate the same items differently.
Indeed, Zimprich, Allemand, and Huber (2008), for example,
recently found that of 20 bipolar adjective items designated to
measure the Big Five, one item (vulnerable–robust) appeared to be
biased, because it apparently elicited a differential meaning of its
content in different age groups. It seemed to be interpreted or
understood differently by older adults compared with younger and
middle-aged adults. Therefore, before investigating age differences or age-related changes in personality as measured by adjectival markers, it is important to demonstrate that these personality
adjective items function equivalently across age groups in the
sense of being measurement invariant.
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Age-Related Differences in Variances, Covariances,
and Means
Previous studies have shown that after establishing strict MI, a
number of age differences or age-related changes in the mean level
of the Big Five personality traits emerged (e.g., Allemand et al.,
2007; Allemand, Zimprich, & Hendriks, 2008). Very few studies
have rigorously tested for personality factor variance, covariance,
and mean differences across age groups or over time after having
established MI. For example, Small et al. (2003) found that the Big
Five personality factor variances were equal across a 6-year period
in a sample of older adults, implying stability in interindividual
differences over time. In addition, Allemand et al. (2007) reported
that cross-sectionally, but not longitudinally, the Openness to
Experience variance in middle-aged participants was significantly
larger than in older participants at two measurement occasions
across 4 years. Recently, in a large and representative Dutch
sample, Allemand, Zimprich, and Hendriks (2008) found that
personality factor variances were cross-sectionally equal across six
age groups. Regarding age differences in factor covariances, Small
et al., for example, found personality factor covariances to be equal
longitudinally in older adults. On the basis of strict MI, Allemand
et al. (2007) demonstrated invariant covariation patterns crossgroup and cross-time in a sample of middle-aged and older adults,
indicating that the five-factor personality covariance structure was
equivalent. Likewise, Allemand, Zimprich, and Hendriks (2008)
reported equal personality factor covariances in six age groups
across the adult life span. These findings are in line with Costa and
McCrae’s (1997) conclusion that cross-sectionally the Big Five
personality structure seems to be invariant at different ages. By
contrast, other studies reported nonequivalence of personality
structure across age groups. For example, there is empirical evidence suggesting that personality structure tends to emerge in late
childhood and become clarified in adolescence, implying that the
personality trait structure of children becomes differentiated, that
is, less correlated, as they age (Allik et al., 2004; del Barrio,
Carrasco, & Holgado, 2006; Measelle, John, Ablow, Cowan, &
Cowan, 2005). Moreover, there are also studies that raise questions
concerning the comparability of personality structure in old age
(e.g., Allemand, Zimprich, & Martin, 2008; Mroczek, Ozer, Spiro,
& Kaiser, 1998), implying that structural relations might change.
Although there is a large literature on mean-level personality
trait development across the entire life span (e.g., Allemand,
Gomez, & Jackson, 2010; Costa, Herbst, McCrae, & Siegler, 2000;
Donnellan & Lucas, 2008; McCrae et al., 1999; Mroczek & Spiro,
2003; Roberts, Robins, Caspi, & Trzesniewski, 2003; Roberts,
Walton, & Viechtbauer, 2006; Terracciano, McCrae, Brant, &
Costa, 2005), only a few studies have investigated age differences
and age-related changes after having established MI. For example,
after establishing weak MI in the form of congruency coefficients
Srivastava et al. (2003) reported that Conscientiousness and
Agreeableness increased throughout early and middle adulthood at
varying rates. After establishing strict MI, Allemand et al. (2007)
cross-sectionally found that at the first measurement occasion,
middle-aged participants were, on average, more extraverted, more
open to experience, and less agreeable than older adults. Longitudinally, in both age groups, an average decline in Neuroticism was
observed. Similarly, on the basis of strict MI, Allemand, Zimprich,
and Hendriks (2008) found that older adults were, on average,
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more agreeable and especially more conscientious than middleaged and younger adults. Together, these findings are in line with
the general picture of age differences and age-related changes in
personality traits at the mean level, showing that, on average,
people become more conscientious and less neurotic through
midlife and more agreeable in old age (cf. Roberts et al., 2003,
2006).

available than missing. Applying this criterion resulted in a sample
size of N ⫽ 3,000. Of the possible 75,000 data points (sample size
of 3,000 ⫻ 25 items), 287 were missing, implying a missing data
proportion of 0.4%. For the present study, we divided the sample
into 10 age groups comprising equivalent age bands of 5 years (see
Table 1).2

Exploratory Sample
The Present Study
In the present study, we followed three broad objectives. First,
we aimed at establishing a comprehensive and replicable factor
structure model of the MIDUS 25 personality adjective items
intended to measure the Big Five personality traits. The structural
analyses were based on the a priori model with five latent factors
(see Lachman & Weaver, 1997). For this purpose, we conducted
analyses in two large samples from the MIDUS survey—in an
exploratory and an analysis sample. Second, after having arrived at
a comprehensive five-factor personality structure model in the
exploratory sample, we cross-validated the factorial structure and
investigated the amount of MI of the personality adjective items
across 10 age groups in the analysis sample. Specifically, we tested
assumptions about increasing levels of MI to show that the adjective items function equivalently across different ages. Finally, we
examined variances, covariances, and means of the five personality factors across 10 age groups.

Method
Sample and Procedure
We used data collected in 1995 from the MIDUS survey (for a
review of the study, see Brim et al., 2004) conducted by the John
D. and Catherine T. MacArthur Foundation’s Research Network
on Successful Midlife Development. The primary objective of the
MIDUS was to investigate the role of behavioral, psychological,
social, biological, and neurological factors in understanding agerelated differences in physical and psychological health and social
responsibility. MIDUS is a national probability sample, drawn
with random-digit dialing (RDD) procedures. The sample consists
of English-speaking, noninstitutionalized adults ages 25 to 74
years who reside in the 48 contiguous states and whose household
includes at least one telephone. The first stage of the multistage
sampling design selected households with equal probability
through telephone numbers. Disproportionate stratified sampling
was used at the second stage, with the largest number of participants being selected in the 40 to 60 age range. The sample was
stratified by age and gender, with oversampling of older people
and of men. Adults who agreed to participate were administered a
computer-assisted telephone interview lasting 45 min on average
and were then mailed a two-part self-administered questionnaire
requiring about an hour and a half to complete. All participants
were offered $20 and a copy of the final study monograph as
incentives for participation. The response rate was 71% with a
sample size of N ⫽ 3,487 respondents. To deal with occasional
missing values in the variables of interest, we included only those
participants for whom data for at least 13 of the 25 items designated to measure personality were available. The rationale behind
this criterion was that for every person, more data should be

We used another existing data set from the MIDUS survey as an
exploratory sample to establish a comprehensive factorial structure
of the Big Five personality trait measure prior to the confirmatory
analyses. Siblings from the RDD national sample respondents
were identified (N ⫽ 950) and recruited with the cooperation of the
national sample respondents, who were asked to provide interviewers with their contact information and to communicate with
their siblings about participation prior to the time a recruiter made
the contact attempt. Using the same inclusion criteria as described
earlier, we arrived at a sample size of N ⫽ 862, with 0.5% of the
data missing. Table 1 reports the demographic characteristics of
the sibling sample.

Measures
The Big Five personality traits were measured using 25 selfdescriptive adjective items (Lachman & Weaver, 1997; Prenda &
Lachman, 2001). Each of the five personality traits was assessed
with between four and seven adjectives: Neuroticism (moody,
worrying, nervous, calm [reverse scored]), Extraversion (outgoing,
friendly, lively, active, talkative), Openness to Experience (creative, imaginative, intelligent, curious, broadminded, sophisticated, adventurous), Agreeableness (helpful, warm, caring, softhearted, sympathetic), and Conscientiousness (organized,
responsible, hardworking, careless [reverse scored]). Participants
indicated how well each adjective describes them on a 4-point
scale, ranging from a lot (1) to not at all (4). For the purpose of
calculating Cronbach’s alphas, ratings were reverse coded when
necessary, so that higher scores reflect higher standing on each
trait. Alpha internal consistency coefficients obtained in the exploratory sample and the analysis sample, respectively, were .75
and .74 for Neuroticism, .75 and .78 for Extraversion, .78 and .77
for Openness to Experience, .83 and .80 for Agreeableness, and .53
and .58 for Conscientiousness.

Analytic Procedures
To establish and validate a comprehensive factorial structure
model of the personality adjective items, we conducted confirmatory factor analyses based on the a priori model as proposed by
Lachman and Weaver (1997). Because the adjective items are
Likert-scaled with four categories, we applied factor analysis for
ordered-categorical data (B. O. Muthén, 1984) in both the exploratory and the analytic samples. Multiple-group confirmatory factor
analysis of ordered-categorical variables (Millsap & Yun-Tein,
2

Dividing our sample into five groups with a 10-year span as well as
into three age groups (i.e., younger adults, middle-aged adults, and older
adults) produced similar findings. Hence, the 10 age groups were retained
to enable more fine-grained analyses.

AGE-RELATED PSYCHOMETRICS OF PERSONALITY ITEMS

Table 1
Sample Description
Characteristic
N
Gender (% women)
Mean age (SD) in years
Age range
Age groups (sample sizes)
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74

Exploratory
sample (siblings)

Analysis
sample

862
55.8
49.5 (12.7)
24–75

3,000
51.5
47.0 (13.4)
25–74

37
79
99
124
117
90
96
78
84
58

288
337
375
356
398
323
305
287
158
173
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defined as the regular chi-square value divided by the Satorra–
Bentler adjusted chi-square value. Next, the scaling correction for
the chi-square difference is computed, which is then used to weigh
the regular chi-square difference (see the Appendix for a worked
example).
Given the large sample size in this study, the alpha level was set
to 1% to evaluate statistical significance. Moreover, we mainly
relied on the relative model fit (i.e., CFI and RMSEA) to evaluate
model fit because chi-square tests become overly sensitive with
increasing sample size and a large number of degrees of freedom.
According to Cheung and Rensvold (1999), a change in the CFI of
less than .01 amounts to a trivial difference in model fit. If the
change in the CFI is less than .01, then the set of cross-group
constraints is tenable and one can proceed with making further
comparisons. As a measure of effect size for mean differences, we
report Cohen’s d (Cohen, 1988, p. 20).

Results
2004) was then utilized to assess MI across age groups (cf. Bollen,
1989). MI was assessed in a series of four steps (cf. Meredith,
1993; Meredith & Horn, 2001). First, configural invariance of each
of the Big Five trait scales was examined across age groups. Next,
factor loadings were constrained to be equal across age groups,
thereby testing weak MI. Afterward, thresholds of the manifest
indicators (i.e., the personality adjective items) were constrained to
be equal across age groups. This step imposed strong MI across
different ages. Finally, strict MI involved additional constraints,
namely that residual variances and, subsequently, residual covariances were required to be equivalent across age groups (for details,
see Allemand, Zimprich, & Hendriks, 2008; Zimprich et al., 2006).
In addition to comparisons of more constrained models with the
less constrained models, we also reported model comparisons with
the baseline model (i.e., the configural invariance model). After
establishing strict MI, factor variances, factor covariances, and
factor means were compared across age groups.
All analyses were conducted with Mplus Version 3.0, accounting for the presence of missing data by the full information
maximum likelihood algorithm and applying the WLSM estimator, which uses the Satorra–Bentler scale correction; that is, it
adjusts the chi-square values for their mean (L. K. Muthén &
Muthén, 2004; Satorra & Bentler, 2001). The goodness-of-fit of
the models was evaluated with the comparative fit index (CFI) and
the root-mean-square error of approximation (RMSEA).3 CFI values above .95 denote a well-fitting model. RMSEA values less
than .06 are indicative of a good model fit, whereas values larger
than .08 are considered a nonacceptable fit (cf. Browne & Cudeck,
1993; Hu & Bentler, 1999). As an additional criterion for model
evaluation, the Satorra–Bentler adjusted chi-square test statistic is
2
reported (Satorra & Bentler, 2001) and denoted as S⫺B
. In comparing the relative fit of nested models, we used the Satorra–
Bentler adjusted chi-square difference test, which is denoted as
2
⌬S⫺B
. To compute a chi-square difference test, the difference of
the chi-square values of the two models in question is taken as well
as the difference of the degrees of freedom. However, in conjunction with Satorra–Bentler adjusted chi-square values, this procedure is slightly more complicated. First, for each of the two models
in question, a scaling correction factor is computed, which is

Factorial Structure in the Exploratory Sample
Structural equation modeling started with Model A, a model
where each of the 25 items was specified to load on the factor it
was designated to measure as described in the MIDUS manual
(Lachman & Weaver, 1997). Thus, for example, the items helpful,
warm, caring, softhearted, and sympathetic were specified to load
on a common Agreeableness factor. As can be seen from Table 2,
2
Model A did not achieve an acceptable fit according to the S⫺B
value. However, although both the CFI and the RMSEA were not
in the acceptable range, they showed that Model A accounted for
a sizeable amount of the covariances among the variables. On
inspection, we found that the item careless, which should load on
the Conscientiousness factor, had a standardized factor loading of
only .11 and, hence, was virtually unrelated to the other three
Conscientiousness items. Possibly, participants interpreted careless as heedless instead of interpreting it as sloppy. As a consequence, we decided to exclude the item careless from further
analyses.
Next, Model B was estimated, which differed from Model A
only by the exclusion of the item careless. As shown in Table 2,
the CFI and RMSEA were almost unchanged. According to the
differences between the predicted and the actual covariance matrix, there were large residual covariances between the items
measuring Agreeableness and the items moody (Neuroticism),
calm (Neuroticism), and friendly (Extraversion) that remained
unaccounted for in Model B. Evidently, then, being moody is not
only indicative of being neurotic but also captures the opposite of
being agreeable. Similarly, to stay calm represents not only emotional stability (i.e., the converse of Neuroticism), but also aspects
of Agreeableness in the sense of being tranquil. Finally, friendly,
which was designated to measure Extraversion, apparently assesses Agreeableness, too. Subsequently, these three items were
allowed to cross-load on the Agreeableness factor. After having
incorporated the three additional parameters one at a time, the
resulting model (Model C) still produced a statistically significant
3

Because both the CFI and the RMSEA rely on the Satorra–Bentler
adjusted chi-square values, they also reflect adjusted fit indexes.
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Table 2
Model Fit in the Exploratory Sample (N ⫽ 862, Siblings)
Model
A
B
C
D
E

2
S⫺B
ⴱ

3,051.49
2,862.58ⴱ
2,023.84ⴱ
1,869.16ⴱ
1,004.85ⴱ

df

SC

2
⌬S⫺B

⌬df

2
⌬B S⫺B

⌬B df

CFI

RMSEA

265
242
239
237
231

0.690
0.680
0.639
0.629
0.613

—
—
165.55ⴱ
64.43ⴱ
449.58ⴱ

—
—
3
2
6

—
—
212.54ⴱ
248.87ⴱ
637.55ⴱ

—
—
3
5
11

0.905
0.910
0.939
0.944
0.973

0.110
0.112
0.093
0.089
0.062

2
2
Note. S⫺B
⫽ Satorra–Bentler adjusted chi-square; SC ⫽ scaling correction factor; ⌬S⫺B
⫽ Satorra–Bentler adjusted chi-square difference to the previous
2
model; ⌬df ⫽ degrees of freedom difference; ⌬B S⫺B
⫽ Satorra–Bentler adjusted chi-square difference to Model B; ⌬B df ⫽ degrees of freedom difference
to Model B; CFI ⫽ comparative fit index; RMSEA ⫽ root-mean-square error of approximation; Model A ⫽ as specified in the Midlife in the United States
survey manual; Model B ⫽ the item careless excluded; Model C ⫽ cross-loadings of moody, calm, and friendly on Agreeableness; Model D ⫽
cross-loadings of talkative on Neuroticism and active on Openness; Model E ⫽ six residual covariances (see text).
ⴱ
p ⬍ .01.

2
S⫺B
value (see Table 2), but compared with the previous model, it
had decreased significantly, indicating a better fit. This significantly better fit is also reflected in the CFI and RMSEA values of
Model C, which indexed an improvement compared with Model B.
The cross-loadings of calm and friendly on the Agreeableness
factor were positive, whereas that of moody was negative. Importantly, the cross-loading of friendly on Agreeableness was slightly
stronger than its loading on the Extraversion factor, showing that
friendly should be considered a measure of Agreeableness even
more than a measure of Extraversion. Because of the still unacceptable fit, we inspected the residual covariance matrix and found
that the items talkative (Extraversion) and active (Extraversion)
showed associations to the Neuroticism and Openness to Experience factor, respectively, that were not adequately captured by
Model C. Thus, being talkative or eager to communicate may also
reflect aspects of Neuroticism. Likewise, active also is characteristic of being open to new experiences in the sense of, for example,
actively striving for experiences.
After having incorporated the two corresponding cross-loadings
successively, Model D resulted. Table 2 shows that doing so
increased model fit considerably in comparison with Model C,
although it did not yet reach acceptable values. The cross-loading
of talkative on the Neuroticism factor was positive, demonstrating
that being talkative is also indicative of Neuroticism. The crossloading of active on the Openness factor was also positive, implying that describing oneself as active does also have a component of
Openness. Because Model D did not yet describe the associations
among the 24 remaining personality items adequately, a final
inspection of the residual covariance matrix revealed that between
several individual items, some associations were unaccounted for
in Model D. These were the items worrying and nervous (Neuroticism), talkative and outgoing (Extraversion), lively and active
(Extraversion), creative and imaginative (Openness to Experience), intelligent and sophisticated (Openness to Experience), and
softhearted and sympathetic (Agreeableness).
In Model E, these associations were captured by estimating the
corresponding residual covariances. As can be seen from Table 2,
Model E did achieve an acceptable fit according to the CFI and an
almost acceptable fit as judged by the RMSEA. At the same time,
fit had improved considerably compared with Model D. Also,
compared with the baseline Model B, it produced a significantly
better fit. On balance, we thus regarded Model E as adequately
capturing the associations between the 24 items measuring the Big

Five. Model E is depicted in Figure 1. Parameter estimates (standardized factor loadings and factor correlations) as based on
Model E are given in Table 3. On average, 52% of variance was
explained in the personality items, ranging from 21% (organized)
to 80% (worrying). Apart from Neuroticism, factors were relatively strongly intercorrelated, such that they shared 36% of variTable 3
Parameter Estimates (Based on Model E) in the Exploratory
Sample (N ⫽ 862)
Item or factor

Moody
Calm
Worrying
Nervous
Friendly
Talkative
Outgoing
Lively
Active
Creative
Imaginative
Intelligent
Curious
Broad-minded
Sophisticated
Adventurous
Helpful
Warm
Caring
Soft-hearted
Sympathetic
Organized
Responsible
Hardworking

N

E

O

Standardized factor loadings
0.584
⫺0.518
0.895
0.885
0.404
0.203
0.614
0.760
0.846
0.304
0.435
0.562
0.665
0.613
0.739
0.553
0.662
0.661

A

C

⫺0.098
0.445
0.442

0.793
0.858
0.879
0.616
0.739
0.462
0.842
0.763
Factor correlations

N
E
O
A
C

—
⫺.072
⫺.068
.116
⫺.007

—
.605
.681
.498

—
.527
.603

—
.646

—

Note. Parameters in italics are not statistically significant at p ⬍ .01. N ⫽
Neuroticism; E ⫽ Extraversion; O ⫽ Openness to Experience; A ⫽
Agreeableness; C ⫽ Conscientiousness.
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ance, on average, ranging from 25% (Extraversion and Conscientiousness) to 46% (Extraversion and Agreeableness). The
correlations between residuals were all statistically significant
(p ⬍ .01) and amounted to .23 (worrying and nervous), .17
(talkative and outgoing), .27 (lively and active), .42 (creative and
imaginative), .24 (intelligent and sophisticated), and .24 (softhearted and sympathetic).

Factorial Structure and MI in the Analysis Sample
After having established an acceptable model (Model E) of the
24 personality items in the exploratory sample, to validate this
model, which was modified in an ad hoc fashion, it was reestimated in the analysis sample. As shown in Table 4, Model E
achieved an acceptable fit as judged by the CFI and the RMSEA,
which even was slightly better than the corresponding fit in the
exploratory sample. A congruency coefficient calculated for the
standardized solution in the exploratory and the analysis sample
reached .997, denoting excellent congruency (cf. MacCallum,
Widaman, Zhang, & Hong, 1999). On average, 51% of variance
was explained in the personality items, ranging from 24% (organized) to 77% (worrying). Like in the exploratory sample, the six
correlations between residuals were statistically significant (p ⬍
.01) and amounted to .22 (worrying and nervous), .14 (talkative
and outgoing), .26 (lively and active), .38 (creative and imaginative), .22 (intelligent and sophisticated), and .25 (softhearted and
sympathetic). We regarded Model E as an adequate starting point
for investigating the measurement properties of the personality
items across age groups. To further asses the fit of Model E, it was
estimated as Model Eⴱ in every age group separately. As can be
2
seen from Table 4, this resulted in S⫺B
values ranging from 380 to
621. However, because of differing sample sizes in the age groups,
these values are not directly comparable. By contrast, the CFI and
the RMSEA may be compared across age groups, and Table 4
shows that they were in the acceptable range, although there was
one age group (55–59 years) where the RMSEA exceeded .07.
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From this result, we concluded that Model E held in every age
group separately, not only in the composite sample.
Multigroups confirmatory factor analyses started with an unconstrained model, that is, a configural invariance (CI) model with
five factors of personality (Model E) that was estimated simultaneously without any parameter constraints in all 10 age groups
(Model CI in Table 4). Factor variances were fixed to 1, and factor
means were fixed to 0 to scale the latent variables. As shown in
Table 4, the first model (Model CI) demonstrated a good fit as
judged by the CFI, which was above .95. The RMSEA indicated
that the model fit acceptably. Therefore, configural invariance of
the five factors of personality appears to hold across 10 age groups
regarding the personality adjective items. Next, in the weak MI
model (Model WMI), factor loadings and cross-loadings were
constrained to be equal across age groups, whereas factor variances were freely estimated in all age groups apart from the
youngest group (i.e., a reference group of those ages 25–29 years).
This model also evinced an acceptable fit (see Table 4). Compared
with Model CI, Model WMI represented a reduction in relative fit
2
value. Whereas both CFI
because it had a significantly higher S⫺B
statistics were identical, the RMSEA had improved. Hence, one
might conjecture that weak MI holds across age groups. In the
strong MI model (Model SMI), the additional constraint of equal
thresholds of the manifest indicators, implying strong MI, was
tested. Factor means were freely estimated in all age groups except
for the reference group (i.e., those ages 25–29 years). As Table 4
shows, Model SMI also achieved an acceptable fit. Compared with
the former model, Model SMI did not represent a loss in model fit
2
difference was not statistically significant. The
because the S⫺B
CFI was similar to the former model statistic, whereas the RMSEA
even showed an improvement. Therefore, we concluded that
strong MI holds across the age groups with respect to the five
personality dimensions. Finally, the assumption of strict MI was
tested in a model of complete MI (Model CMI); that is, residual
variances were constrained to be equal across age groups. Model
CMI yielded an acceptable fit as well (see Table 4). Compared

Table 4
Model Fit in the Analysis Sample (N ⫽ 3,000)
Model
E
Eⴱ
CI
WMI
SMI
CMI
CMIr
CMIrv
CMIrvc
CMIrvcm

2
S⫺B
ⴱ

2,514.30
380.52ⴱ to 621.79ⴱ
5,255.58ⴱ
5,461.70ⴱ
5,653.54ⴱ
5,921.79ⴱ
5,963.75ⴱ
5,966.26ⴱ
5,908.13ⴱ
6,247.31ⴱ

df

SC

2
⌬S⫺B

⌬df

2
⌬CI S⫺B

⌬CI df

CFI

RMSEA

231
231
2310
2526
2697
2913
2967
3012
3102
3147

0.614
0.587 to 0.697
0.620
0.686
0.688
0.750
0.751
0.794
0.938
0.972

—
—
—
350.80ⴱ
199.17ⴱ
361.98ⴱ
46.50
71.21ⴱ
147.22ⴱ
269.97ⴱ

—
—
—
216
171
216
54
45
90
45

—
—
—
—
577.00ⴱ
947.81ⴱ
1,007.20ⴱ
1,082.09ⴱ
1,224.00ⴱ
1,447.89ⴱ

—
—
—
—
387
603
657
702
792
837

0.976
0.956 to 0.983
0.972
0.972
0.972
0.971
0.971
0.972
0.973
0.970

0.057
0.058 to 0.072
0.065
0.062
0.060
0.059
0.058
0.057
0.055
0.057

2
2
Note. S⫺B
⫽ Satorra–Bentler adjusted chi-square; SC ⫽ scaling correction factor; ⌬S⫺B
⫽ Satorra–Bentler adjusted chi-square difference; ⌬df ⫽ degrees
2
of freedom difference; ⌬CI S⫺B
⫽ Satorra–Bentler adjusted chi-square difference to Model CI; CFI ⫽ comparative fit index; RMSEA ⫽ root-mean-square
error of approximation; Model E ⫽ six residual covariances (see text); Model Eⴱ ⫽ Model E modeled separately in each age group (the range of fit indexes
is given); Model CI ⫽ multiple-groups model of configural invariance; Model WMI ⫽ multiple-groups model of weak measurement invariance; Model
SMI ⫽ multiple-groups model of strong measurement invariance; Model CMI ⫽ multiple-groups model of strict or complete measurement invariance;
Model CMIr ⫽ Model CMI plus equal residual covariances; Model CMIrv ⫽ Model CMIr plus equal factor variances; Model CMIrvc ⫽ Model CMIrv
plus equal factor covariances; Model CMIrvcm ⫽ Model CMIrvc plus equal factor means.
ⴱ
p ⬍ .01.
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with Model SMI, there was a statistically significant loss of fit as
2
indexed by the S⫺B
difference test. The improvement in RMSEA,
however, suggested that the difference in model fit was not of
practical importance, indicating that the hypothesis of strict MI
should not be rejected. Consequently, the model of strict MI
seemed to adequately capture our data.4
As a final model of this set of analyses, in addition to constraining residual variances to be equal across age groups, the six
covariances between residuals were required to be equal in all age
groups (Model CMIr). As Table 4 shows, the fit of Model CMIr
was not statistically different from that of the previous model, and
according to the RMSEA fit had even improved slightly. Hence,
we concluded that an extended model of strict MI, where residual
variances and covariances were equal, held for the data of the
analysis sample.
To summarize, the tests of different degrees of MI revealed that
the measurement properties of the adjective items used to operationalize the Big Five personality appear to be equal across age
groups in the sense that the adjective items measure the same
construct or, in the case of multiple loadings, the same constructs
across the 10 age groups. In other words, because an extended
model of strict MI fit the data, all age-related differences in means,
variances, and covariances of the 24 personality items are attributable to differences in parameters of the latent variables underlying the items, that is, differences in factor means, factor variances, and factor covariances.

Factorial Differences in the Analysis Sample
First, to test for age-related differences in the latent variables,
personality factor variances were constrained to be equal to those
in the reference group (i.e., 25–29 years); that is, they were
constrained to be one in all age groups. The resulting model
(Model CMIrv) still yielded an acceptable fit (Table 4). Albeit,
compared with Model CMIr, there was a statistically significant
decrease in model fit; both additional criteria for absolute model fit
suggested that model fit was indistinguishable. We therefore concluded that individual differences in the Big Five personality
factors as measured by the adjective markers were equally pronounced in all age groups across the adult life span. Second, factor
covariances were constrained to be equal across age groups
(Model CMIrvc). This model also achieved an acceptable fit
(Table 4). Compared with the model of strict MI plus equal factor
variances, this model did, again, represent a statistically significant
decrease in model fit as judged from the chi-square differences,
whereas the CFI and the RMSEA showed improvements. Therefore, we concluded that equal factor covariances could be assumed
in all age groups. Parameter estimates (standardized factor loadings and factor correlations) based on Model CMIrvc are given in
Table 5. Eventually, we constrained all factor means to be equal
across age groups (Model CMIrvcm). Doing so, however, led to a
decrement in model fit (see Table 4). Compared with the previous
model fit differences, we considered this decrement to be substantial because per degree of freedom, there was a loss of ⌬chisquare/⌬df ⫽ 6 points in chi-square. For the previous chi-square
differences, the ⌬chi-square/⌬df ratio had always been smaller
than 2 (cf. footnote 4). Moreover, for Model CMIrvcm, for the first
time both fit indexes (CFI and RMSEA) consistently indicated a
loss of fit. Together, we regarded this as sufficient evidence for not

Table 5
Parameter Estimates (Based on Model CMIrvc) in the Analysis
Sample (N ⫽ 3,000)
Item or factor

Moody
Calm
Worrying
Nervous
Friendly
Talkative
Outgoing
Lively
Active
Creative
Imaginative
Intelligent
Curious
Broad-minded
Sophisticated
Adventurous
Helpful
Warm
Caring
Softhearted
Sympathetic
Organized
Responsible
Hardworking

N

E

O

Standardized factor loadings
0.633
⫺0.595
0.873
0.878
0.462
0.221
0.646
0.791
0.891
0.404
0.357
0.570
0.678
0.657
0.730
0.513
0.642
0.716

A

C

⫺0.149
0.357
0.411

0.804
0.850
0.887
0.573
0.675
0.540
0.833
0.771
Factor correlations

N
E
O
A
C

⫺.122
⫺.035
.162
.030

.654
.686
.460

.514
.547

.606

Note. Parameters in italics are not statistically significant at p ⬍ .01. N ⫽
Neuroticism; E ⫽ Extraversion; O ⫽ Openness to Experience; A ⫽
Agreeableness; C ⫽ Conscientiousness.

only statistically significant but also substantial mean differences
between age groups. To locate statistically significant factor mean
differences between age groups, we calculated 84% inferential
confidence intervals for each factor mean (Tryon, 2001). Results
are shown in Figure 2. The finding of equal factor variances allows
for interpreting factor mean differences directly in terms of Co4
We tested different degrees of MI only for Model E, which represented
the best fitting model. One may wonder whether strong invariance would
also have held for other simpler models in particular. Although beyond the
scope of the present article, as an example case, we specified Model A,
which was based on the MIDUS manual, both as a configural invariance
model and as a strong MI model. The corresponding Satorra–Bentler
corrected chi-square values were 20,709 (df ⫽ 2650) and 25,815 (df ⫽
3235). These numbers are easier to interpret if the chi-square values are
weighed by their dfs, resulting in 7.81 and 7.97, respectively, showing that
per degree of freedom, fit became slightly worse by imposing strict MI. For
comparison, the according chi-square/df values for Model E were 2.27 and
2.03, respectively, indicating that per degree of freedom, fit slightly increased by imposing strict MI. Note that this result should not be generalized but rather represents a snapshot. We are not aware of any systematic
inquiry of this intriguing issue of MI research.
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Figure 2. Factor means across age groups based on Model CMIrvc (multiple-groups model of strict or
complete measurement invariance plus equal residual covariances and equal factor variances). Figure 2 is to be
read as follows: If the 84% confidence interval of a factor mean in one age group overlaps with the 84%
confidence interval of the corresponding factor mean in another age group, factor means are not significantly
different at the 5% level. In turn, if the 84% confidence interval in one age group does not overlap with the 84%
confidence interval of the corresponding factor mean in another age group, factor means should be considered
as being significantly different at the 5% level. Error bars represent the 84% confidence interval.

hen’s d. The picture that emerges with respect to the means of the
Big Five personality traits may be described as follows. Neuroticism showed a decrease across age groups, with the decrease being
significant in the two oldest groups as compared with participants
younger than 59 years. Also, those participants ages 45 to 64 years
were significantly more neurotic than the younger age groups.
Extraversion exhibited a gradual decrease in the early midlife and
then plateaued thereafter. Openness to Experience tended to show
a decrease with age in early midlife and then in late midlife into
old age. Agreeableness slightly decreased up to the early forties
and then showed a gradual increase to the late fifties. Finally,
Conscientiousness tended to show a curvilinear pattern of change
with the highest factor mean levels in those participants ages 50 to
54. This age group significantly differed from those ages 44
downward (see Figure 2).
To summarize, these results suggest that after establishing strict
MI, both stability and change mark personality traits across the
adult life span. The Big Five personality traits were stable across
the life span with respect to factor variances and covariances. At
the same time, a number of age-related differences in the factor
means of the Big Five personality traits emerged.

Discussion
The purpose of this research was to present analyses of the
factorial structure and age comparative psychometric analyses of
adjective items intended to measure the Big Five personality traits.
Specifically, we reported substantive findings for the five personality traits in the context of strict MI, which allows for an unam-

biguous quantitative comparability of the MIDUS Big Five composite scores. In the present article, we followed three goals. First,
we wanted to examine the factorial structure of the 25 Likert-type
items included in MIDUS to measure five dimensions of personality. To do so, in the exploratory sample of 862 persons, five
different models were estimated. From these models, a number of
noteworthy findings emerged. The item careless designated to
assess Conscientiousness only shared about 1% of variance with
the common factor defined by the remaining three Conscientiousness items. Hence, it appears that this specific item is not a good
measure of Conscientiousness. There are several reasons for this,
one of which may be that careless was the only negatively worded
Conscientiousness item. Hence, it might be that participants based
their answers to this item on a certain response style (e.g., acquiescence; cf. Marsh, 1996). However, there are a number of other
personality items in MIDUS that are also negatively worded but
did share a substantial amount of variance with their respective
factor. Thus, without further analyses—for example, by applying
the random intercept factor analysis model developed by MaydeuOlivares and Coffmann (2006)—the issue of a response style in
conjunction with the careless item remains speculative. From a
more substantive point of view, it might be that the connotations
invoked by careless are different from those that come to one’s
mind by answering the remaining three Conscientiousness items
used in MIDUS (organized, responsible, hardworking). These
three items describe someone you can count on, who puts in a lot
of effort and tries hard. In contrast, someone who is careless may
be so, on the one hand, because of doing things in a haphazard
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manner without much effort. On the other hand, this person could
also be someone who makes a lot of errors and mistakes, not
because of low Conscientiousness, but because of poor concentration or attentional control. Thus, in the case of someone who is
careless, unreliable performance may not be intentional. Because
of this limitation in the original Conscientiousness items, in the
second wave of the study 10 years later in 2005 (MIDUS II), a new
item was added to the Conscientiousness scale. Future analysis
will show whether with this new item the Conscientiousness scale
is more homogeneous.
In total, five statistically significant cross-loadings emerged in
the exploratory sample, showing that some items tapped not one
but two of the five personality traits. This is a common finding in
trait psychology and led to the development of the Abridged
Big-Five Dimensional Circumplex model (AB5C; Hofstee, de
Raad, & Goldberg, 1992), which explicitly recognizes and represents combinations or blends of the Big Five factors. Most crossloadings (three) were on the Agreeableness factor, whereas Neuroticism and Openness to Experience had one cross-loading each.
In all cases, these cross-loadings were interpretable based on the
item content—for example, friendly as a designated measure of
Extraversion also loaded on Agreeableness. A similar finding was
reported by Goldberg (1990) with respect to the opposite pole of
the trait adjective friendly, namely, unfriendly. Moreover, the
adjective calm primarily loaded on Neuroticism and secondarily
on Agreeableness. Using the Abridged Big-Five Dimensional Circumplex model, calmness similarly refers to both Neuroticism and
Agreeableness in the International Personality Item Pool scales
(Goldberg et al., 2006). Likewise, the other cross-loadings might
reflect blends of the Big Five factors (Hofstee et al., 1992).
Also, in the exploratory sample we found six correlated residuals. Within the neuroticism domain, worrying and being nervous
were two related adjectives that might describe a susceptibility to
intrusive and anxious thoughts, feelings, and habits. Residual
covariances were also estimated between two pairs of extraversion
adjective items. The residual between the adjectives talkative and
outgoing might reflect the fact that both items describe individual
differences in gregariousness. People who are outgoing and talkative enjoy social events and the company of others. Second, the
shared residual variance between lively and active reflects the fact
that both items refer to individuals’ energy level (cf. John &
Srivastava, 1999). The Openness trait adjectives creative and
imaginative may have shared common residual variance because
both items measure an artistic tendency or a strong fantasy. Similarly, sophisticated and intelligent may be seen as reflecting
openness with respect to intellectual material and might also
reflect typical intellectual engagement (see Dellenbach & Zimprich, 2008; Mascherek & Zimprich, in press). Eventually, for the
Agreeableness domain, the residual covariance between softhearted and sympathetic may indicate a tendency to be compliant.
Importantly, these residual correlations were all interpretable and
did not cross factor boundaries. Rather, they should be seen as
specific factors, that is, factors that tap side aspects of the common
factors and thereby lead to residual covariances. Importantly, they
did not compromise the principal solution of five personality
factors. In evaluating the five-factor solution, one has to keep in
mind that we directly factored the 25 and 24 items, respectively,
which most likely contributed to the fact that cross-loadings and
covariances between residual emerged. That is, whereas idiosyn-

cratic and unsystematic influences tend to cancel out in scale
scores or in item parcels (e.g., Allemand et al., 2007), individual
items are much more susceptible to such unwanted sources of
variance. To summarize, a five-factor model provided a good fit
for the personality adjective items in the exploratory sample,
although with some deviations.
What are the practical implications of our factorial structure
results for future users of the MIDUS personality adjective item
measure? We have two recommendations. First, if one is interested
in modeling the personality traits at the latent level, we suggest
grouping the items on the basis of the modified factor structure
reported in this article (i.e., including cross-loadings). Second, if
future users are primarily interested in using a short instrument for
measuring the Big Five traits, which is often the case in applied
settings, the sum or mean scores of the five scales could also be
computed on the basis of the findings from the present study. Here,
however, it might be sufficient to take into account only the
cross-loadings for those items with loadings of almost equal size
on two factors, that is, friendly, active, and calm. These items
measuring two traits could enter sum scores of the Big Five with
a weight of .5 for each of the two traits.
As a second goal of our study, we aimed at examining the
amount of age invariance of the five-factor solution found in the
exploratory sample. To do so, we re-estimated the best-fitting
model from the exploratory sample (Model E) in the analysis
sample of 3,000 MIDUS RDD participants. Consistent with the
results of the exploratory sample, the model showed a good fit, and
congruency of the standardized solutions between both samples
was excellent. Afterward, different degrees of MI of the five-factor
model with respect to age were imposed by constraining factor
loadings, thresholds, residual variances, and residual covariances
across 10 age groups. As it turned out, there were no significant
differences in these parameters across age groups, implying that
the 24 personality items used in MIDUS are invariant to age as far
as their measurement properties are concerned (cf. Horn &
McArdle, 1992). Specifically, we established strict MI of the items
with respect to age (Meredith, 1993). Such a finding has three
consequences, the first of which directly touches the comparison of
factor parameters (variances, covariances, and means), which are
unambiguously interpretable once at least strong invariance has
been shown to hold. In comparing factor variances and covariances
across age groups, we found that these were also equal, which, in
conjunction with strict invariance, necessarily implies that factor
correlations and reliabilities of the individual items were equal
across age. Also, equal factor variances allowed for interpreting
factor mean differences directly in terms of Cohen’s d. The second
consequence of strict MI with respect to age is that differences
between age groups are attributable to the same sources as individual differences within age groups (Lubke, Dolan, Kelderman, &
Mellenbergh, 2003). In other words, cross-sectional age differences in observed variables cannot be due to other factors than
individual differences. Third, as Lubke et al. (2003) have demonstrated, strict MI with respect to age implies weak MI of the 24
personality items with respect to all selection variables related to
age (e.g., different levels of physical health). Taking into account
the severity of restrictions that must obtain and considering the
relatively large sample size, the finding of strict factorial invariance with respect to age appears remarkable. A limitation of our
model comparisons could be raised given that we mainly relied on
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the CFI and RMSEA to judge the degree of MI. Although this is
in accordance with the fact that the chi-square test becomes excessively powerful in large samples, a shortcoming of current
model fit indexes is that they do not have effect size equivalency.
The problem is that the same difference between, for example, two
RMSEA values reflects different effect sizes dependent on the
values of the RMSEA (MacCallum, Browne, & Sugawara, 1996).
As a third goal of our study, we tested the invariance of factor
variances, covariances, and means of the Big Five personality
traits across age groups. These tests extend beyond MI and refer to
issues of structural invariance. The estimated factor variances were
equal across age groups, implying that the amount of individual
differences with respect to the five personality dimensions did not
change systematically with age—similar to what has been reported
by Allemand, Zimprich, and Hendriks (2008). A strong interpretation of this finding is qualified by the fact that it stems from
cross-sectional comparisons—albeit, elsewhere, we have demonstrated that longitudinally variances in the Big Five hardly changed
in old age (Allemand et al., 2007; Allemand, Zimprich, & Martin,
2008; Small et al., 2003). Moreover, the fact that personality
factors were measured with only a few ordered-categorical items
might have contributed to the feasibility of finding equal factor
variances because measurements were less fine graded than they
would have been if we had used full questionnaires including
facets scales (e.g., the NEO-PI-R; Costa & McCrae, 1992). Notwithstanding, if interpreting these results developmentally, equal
factor variances across age would imply the absence of a so-called
Matthew effect (Bast & Reitsma, 1997). The Matthew effect denotes the phenomenon that “the rich get richer and the poor get
poorer,” which, transferred to personality, would mean that those
scoring high in a personality dimension would increase more
across time (or show less of a decrease). In another vein of
developmental research into old age, namely, cognitive aging
research, proponents of the model of fluid and crystallized intelligence have argued that constant variances across age would be a
sign of a biologically driven process of change in fluid intelligence
(Horn, 1988). Such a process would serve to maintain individual
differences because different individuals would be affected equally
by increasing biological constraints of aging (Horn & Hofer,
1992). If one borrows from this argument in conjunction with
personality development, the finding of equal factor variances
would be indicative of a biologically driven change process. This
does not exclude the possibility that other factors (e.g., certain
events, social roles) also come into play, but keeping the focus on
samples rather than individuals, it appears that individual differences are homogeneous across age. Of course, this interpretation is
hampered by the fact that, in total, the amount of age difference in
personality is much smaller and less systematic than in fluid
intelligence. However, one might argue that constant individual
differences should not be interpreted in terms of a change process
but rather in light of continuity or stability of personality (cf.
Allemand et al., 2007). Yet, the issue of change in factor variances
is, after all, preferably and less ambiguously examined using
longitudinal data (e.g., Allemand, Zimprich, & Martin, 2008).
The estimated factor covariances were also equal across age
groups, implying that the factorial relations of the Big Five personality traits did not change with age. According to this finding,
across 10 age groups the Big Five personality structure is invariant,
which supports Costa and McCrae’s (1997) argument that, after
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adolescence, the structure of personality is stable across age. The
finding of highly stable interrelations among the five personality
traits across age in adulthood is consistent with findings from other
cross-sectional (Allemand, Zimprich, & Hendriks, 2008; Lang et
al., 2001; Srivastava et al., 2003) and longitudinal studies (Allemand et al., 2007; Small et al., 2003). In contrast to these studies,
Allemand, Zimprich, and Martin (2008) recently reported change
in the structural relations among the five personality traits over 12
years in old age. Specifically, the pattern of covariation between
Conscientiousness and three other traits (i.e., Extraversion, Openness to Experience, and Agreeableness) showed an increase at the
second measurement occasion, indicating that the relative significance of Conscientiousness with respect to these three other
personality traits seemed to become stronger over time. This
suggests that personality might become less differentiated or, in
turn, more dedifferentiated over time in old age.
The present results of substantial cross-sectional interrelations
among most of the Big Five might also be reflected with respect to
higher order factors. For example, Digman (1997) demonstrated
the emergence of two consistent higher order factors. One factor
(alpha) involves the common aspects of Emotional Stability (inverse Neuroticism), Agreeableness, and Conscientiousness and
might be regarded as a social desirability factor, in the sense that
socialization processes would shape socially acceptable levels of
personality traits. The second higher order factor consisting of
Extraversion and Openness to Experience might be interpreted as
a factor of personal growth, which appears to reflect the tendency
to explore or to engage voluntarily with novelty and may, in
consequence, be associated with plasticity in behavior and cognition. However, Ashton, Lee, Goldberg, and de Vries (2009) recently concluded that correlations between personality factor
scales can be explained without postulating any higher order
dimensions of personality. Moreover, contrary to Digman’s (1997)
assumption, Neuroticism was virtually unrelated to Conscientiousness and was weakly correlated with Agreeableness in the present
study.
Finally, the estimated factor means were not equal across age
groups, suggesting age-related differences across the 10 age
groups. Neuroticism tended to slightly decrease with age, especially in old adulthood. This negative age trend of neuroticism is
consistent with other findings (Costa et al., 2000; Roberts et al.,
2003, 2006). Extraversion showed a slight decrease in early
midlife and then plateaued thereafter. Previous results were generally mixed for Extraversion, unless one distinguishes between
two facets of Extraversion: traits related to independence and
dominance (labeled social dominance) versus traits related to
positive affect, activity level, and sociability (labeled social vitality; cf. Helson & Kwan, 2000). If one organizes the cross-sectional
and longitudinal literature around these two categories, then the
patterns of development of Extraversion suggest that people increase in measures of social dominance and decrease in measures
of social vitality with age (Roberts et al., 2003, 2006). The adjective items intended to measure extraversion in the present study
seem to resemble the social vitality aspect of Extraversion; thus,
the cross-sectional decrease is consistent with expectations. Pertaining to age differences in the levels of Openness to Experience,
the present results demonstrate a negative age trend, especially in
early midlife and then from late midlife into old age. Other
cross-sectional studies also reported a decrease of Openness with
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age (Donnellan & Lucas, 2008; Roberts et al., 2003; Srivastava et
al., 2003; Zimprich, Allemand, & Dellenbach, 2009). For example,
McCrae et al. (1999) found a negative relationship between Openness and age in samples drawn from six different cultures. Mixed
results were found with respect to Agreeableness. It tended to
show a slight decrease in early midlife and an increase from age 40
to 59. Although average levels of Agreeableness are generally
positively associated with age throughout adulthood (e.g., Allemand, Zimprich, & Hendriks, 2008; McCrae et al., 1999; Srivastava et al., 2003), there are exceptions in the literature such that
some studies have found little or no change in traits related to
agreeableness (e.g., Costa et al., 2000). Finally, contrasting other
cross-sectional and longitudinal research showing an increase of
Conscientiousness throughout adulthood (Allemand, Zimprich, &
Hendriks, 2008; Roberts et al., 2006; Srivastava et al., 2003), we
found a slight increase in Conscientiousness up to 54 years and
thereafter a decline, reflecting a curvilinear trend. However,
roughly similar patterns were also observed in other crosssectional studies. Terracciano et al. (2005) conducted crosssectional and longitudinal analyses examining links between age
and mean levels of the Big Five personality traits. They found
curvilinear patterns for Conscientiousness with the exception that
the cross-sectional peak for Conscientiousness was around age 50,
whereas the longitudinal peak average level is near age 70. Similarly, Donnellan and Lucas (2008) recently reported that average
levels of Conscientiousness were highest for middle-aged participants around age 50 in two large national samples from Great
Britain and Germany. However, because of the cross-sectional
nature of the present study, differential sampling by age and cohort
differences are both potential sources of confounds. That is, differences (e.g., in mean levels of the Big Five) found across age
groups can be attributed, in part, to the culture, climate, or historical context that an individual was born into and lived through,
which is unique to each cohort (Hofer & Sliwinski, 2001).
To conclude, our age comparative analyses of variances, covariances, and means of the five personality factors across 10 age
groups based on strict MI demonstrate a picture of stability and
change of personality traits across age. The use of a brief list of 25
adjective ratings to assess the Big Five holds up well in terms of
structure across the adult age span. Findings are consistent with
other types of personality instruments in terms of the number of
factors and the age invariance of factor loadings, variances, and
covariances. The structure developed with confirmatory factor
analysis with model modification deviated from the a priori, simple structure solution based on content validation and regressionbased scale development methods (Lachman & Weaver, 1997).
The modified structure allows more flexibility for items to load on
multiple factors and takes correlated errors into account to achieve
the best model fit. The results showing the strictest form of age
invariance in factor structure are reassuring for researchers who
plan to make age comparisons using the MIDUS personality
measure.
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Appendix
Worked Example for the Adjusted Chi-Square Difference Test
The adjusted chi-square difference between two nested models
can be calculated according the formulas given on the Mplus
website (http://www.statmodel.com/chidiff.shtml). First, a scaling
correction factor SCD for the chi-square difference has to be
calculated (cf. Satorra & Bentler, 2001):
SCD ⫽

df0 ⫻ SC0 ⫺ df1 ⫻ SC1
,
df0 ⫺ df1

where df0 is the degrees of freedom in the nested model, SC0 is the
scaling correction factor in the nested model, df1 is the degrees of
freedom in the comparison model, and SC1 is the scaling correction factor in the comparison model. For example, the scaling
correction factor for the chi-square difference between Models B
and C (Table 2) was calculated as
242 ⫻ 0.680 ⫺ 239 ⫻ 0.639
SCD ⫽
⫽ 3.94633.
242 ⫺ 239
Next, the unscaled chi-square values of both models have to be
calculated as
2
 2 ⫽  S⫺B
⫻ SC.

2
where S⫺B
is the Satorra–Bentler corrected chi-square value and
SC is the scaling correction factor. Continuing the example, the
unscaled chi-square values of Models B and C (Table 2) are
2
 2B ⫽ S⫺B
⫻ SCB ⫽ 2,862.58 ⫻ 0.680 ⫽ 1,946.55,
B
2
 C2 ⫽ S⫺B
⫻ SCC ⫽ 2,023.84 ⫻ 0.639 ⫽ 1,293.23.
C
2
Finally, the adjusted chi-square difference (⌬S⫺B
) can be computed by dividing the unscaled chi-square difference by the scaling
correction factor:

2
⌬ S⫺B
⫽

20 ⫺ 21
.
SCD

For the example with Models B and C (Table 2), the adjusted
2
) is
chi-square difference (⌬S⫺B
2
⌬ S⫺B
⫽

20 ⫺ 21 1,946.55 ⫺ 1,293.23
653.32
⫽
⫽
SCD
3.94633
3.94633

⫽ 165.55.
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