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FACETS OF MEASUREMENT ERROR

Highlights
¢ Different reliability coefficients reflect different facets of measurement error.
e Three reliability generalizations for measures of the Big Five are presented.
e Estimates of five reliability coefficients are derived.

e Four facets of measurement error accounted for up to half of the score variance.



FACETS OF MEASUREMENT ERROR

Abstract

Measurement error in self-reports of personality consists of multiple facets that include
random, transient, item- and scale-specific error components. Different reliability coefficients
reflect different facets of measurement error. This study presents three reliability
generalizations for measures of the Big Five based on 71 independent samples (total N =
38,944) that derived estimates for five types of reliability. The median aggregated coefficient
of equivalence for the five traits was .82, the median coefficient of stability fell at .84, and the
respective value for the generalized coefficient of equivalence was .74. The four facets of
measurement error accounted for up to a half of the variance in observed scores. Estimates of
different reliability coefficients are presented that can be used in future artifact corrections to
derive construct-level relationships for the Big Five of personality.

Keywords: Big Five, reliability, measurement error, meta-analysis, generalizability

theory
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Facets of Measurement Error for Scores of the Big Five:
Three Reliability Generalizations

Observed statistics are always distorted to some degree by measurement error.
Therefore, construct-level relationships are derived by correcting observed effects and taking
the instruments’ unreliabilities into account (Ree & Carretta, 2006). For example, in recent
years, several meta-analyses linked the Big Five personality dimensions, namely openness to
experiences, conscientiousness, extraversion, agreeableness and neuroticism (or emotional
stability), to various important outcomes such as psychopathological disorders (Kotov,
Gamez, Schmidt, & Watson, 2010), general psychological functioning (Steel, Schmidt, &
Schultz, 2008), and even academic performance (Richardson, Abraham, & Bond, 2012) or
political orientation (Sibley, Osborn, & Duckitt, 2012). The prevalent indicator of reliability
used for artifact corrections in these studies is coefficient alpha (Cronbach, 1947) that
quantifies measurement error in terms of consistency between item responses within a
specific measurement occasion. However, coefficient alpha can lead to an overestimation of a
measure’s reliability, if systematic measurement error specific to the current measurement
occasion or the administered instrument is present. Therefore, a variety of more general
reliability indices have been suggested in recent years that acknowledge different sources of
error in observed scores (e.g., Le, Schmidt, & Putka, 2009; McCrae, Kurtz, Yamagata, &
Terracciano, 2011; Schmidt, 2010; Schmidt, Le, & Ilies, 2003; Watson, 2004). Unfortunately,
these are seldom reported in primary studies. Therefore, this study presents a series of meta-
analyses on measures of the Big Five and derives estimates of five types of reliability that can
be used in future research to correct observed statistics for measurement error.

Measurement Error in Self-Reports

In classical test theory, the observed test score variance is assumed to represent an

additive combination of two variance components: true score variance and measurement error

variance (Lord & Novick, 1968). For most research questions, the true score component is of
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focal interest, whereas the error variance represents a nuisance factor that distorts observed
relationships and results in a downward bias between the scores on two measures (Ree &
Carretta, 2006). Therefore, it is crucial to obtain precise estimates of the error component in
test scores to adjust observed statistics and derive true score relationships between constructs.
The size and structure of the error variance is the focus of generalizability theory (Cronbach,
Gleser, Nanda, & Rajaratnam, 1972), which examines different sources (or “facets”) of
measurement error that contribute to the observed test score variance. In self-reports, the most
important sources of error are random response errors, transient errors and factor errors (Le et
al., 2009; Schmidt et al., 2003).
Sources of Measurement Error

Random measurement error is a consequence of individual fluctuations in attention or
distractions. It results in different responses to the same item within the same measurement
occasion. Random error variance can be reduced by increasing the length of the scale and
including more items. Transient error represents measurement error specific to a certain
measurement occasion and is a result of situational variations in, for example, current levels
of mood (Watson, 2004). It affects responses in a single measurement occasion, but gets
cancelled out across different occasions. Item-specific factor error results from inter-
individual differences in the interpretation of an item or from inter-individual differences in
constructs that are specific to an item (i.e. reliable item variance not shared with other items).
Because it does not capture the theoretical construct of interest, item-specific error is
cancelled out across different items, while it reproduces for the same item across different
measurement occasions (Schmidt et al., 2003). When generalized to the scale level (cf. Le et
al., 2009), factor error also results from specific, idiosyncratic ways entire scales
operationalize the theoretical construct of interest. Scale-specific differences in, for example,
the construction process (e.g., sampling items from a specific content domain) or the choice of

specific response formats (e.g., rating vs. forced-choice scales) result in variance components
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that are not relevant to the construct to be measured but are specific to a given scale. As a
consequence, a scale-specific factor error reproduces across different measurement occasions
for a specific instrument, but is cancelled out across different instruments. ' Together, these
four forms of measurement error—that is, random response error, transient error, item-
specific and scale-specific factor error—attenuate observed test score variances and bias
observed relationships between constructs.
Indices of Measurement Error

Although measurement error can be analyzed using various latent variable techniques
(cf. Gnambs & Batinic, 2011; Gnambs, Appel, Schreiner, Richter, & Isberner, 2014; Steyer,
Mayer, Geiser, & Cole, 2014), it is more commonly quantified by forms of reliability.
Reliability is defined as the ratio of true score variability to total score variability in classical
test theory (Lord & Novick, 1968). While several methods have been proposed to calculate
test score reliabilities, they differ in the way they define and measure the true score variance.
As a result, different measures of reliability quantify different sources of measurement error
(cf. Schmidt et al., 2003): Coefficients of equivalence (CE) focus on the shared variance
between different items at a single measurement occasion. They quantify measurement error
in terms of random and item-specific factor error because these cancel each other out across
different items. On the other hand, correlations of test scores across two measurement
occasions obtained from the same scale are typically used as measures of test-retest
reliabilities (coefficient of stability, CS). These assess random measurement error and
transient error, but do not reflect item-specific error. All three forms of measurement error are

incorporated in the coefficient of equivalence and stability (CES), which results from

"It is important to note that the concept of scale-specific error does not apply when scales conceptualize
constructs differently—even if the constructs have the same name as, for example, the agreeableness traits in the
Big Five and HEXACO models (Ashton, Lee, & de Vries, 2014). In this case the concept of error is not

meaningful because different constructs are being measured.
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correlating two parallel forms of a measure that have been administered on separate
occasions. Moreover, Le and colleagues (2009) proposed extensions of CE and CES that also
acknowledge scale-specific factor errors. The generalized coefficient of equivalence (GCE)
and the generalized coefficient of equivalence and stability (GCES) represent the correlations
of test scores from different scales measuring the same construct, each either administered on
the same (GCE) or on separate occasions (GCES). Of these coefficients, the GCES represents
the most general indicator of reliability that accounts for all four sources of measurement
error (see Table 1).
The Present Study

In response to repeated calls for a stronger focus on more appropriate indicators of
reliability beyond CE (McCrae et al., 2011; Schmidt, 2010; Schmidt et al. 2003) three
reliability generalizations are presented that derive five types of reliability estimates (CE, CS,
CES, GCE, and GCES) for the Big Five of personality. Although measurement error across
different measures of the Big Five has been examined in previous meta-analyses (e.g.,
Gnambs, 2014; Pace & Brannick, 2010; Viswesvaran & Ones, 2000), the present study
extends these results in several important ways: First, previous reliability generalizations on
CE (e.g., Viswesvaran & Ones, 2000) exclusively focused on coefficient alpha. However,
coefficient alpha is frequently criticized as being a lower bound of CE and, thus,
underestimates the true reliability (Sijtsma, 2009). Therefore, this study focuses on wy, that
represents a more precise indicator of CE (Dunn, Baguley, & Brunsden, 2014; Gignac, 2014).
Second, previous reliability generalizations typically included a broad array of instruments
that were grouped posthoc within the Big Five framework. Because imperfect construct
validities might also compromise reliability (see Salgado, 2003, for a respective effect on
criterion validity), particularly GCE and GCES, the analyses exclusively focus on instruments

that were explicitly constructed according to the Big Five model. Finally, this study is the first
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to also derive more general types of reliability such as CES or GCES that have not yet been
examined for the Big Five from a meta-analytically perspective.

Method
Meta-Analytic Procedure

Effect sizes. In order to quantify different facets of measurement error the meta-
analyses focused on three indices of reliability that are frequently reported in research articles:
(a) CE in the form of coefficient my, (b) CS in the form of test-retest correlations, and (¢c) GCE
in the form of correlations between different measures of the Big Five.

Meta-analytic model. For each trait of the Big Five the individual effect sizes were
synthesized with a random effects meta-analysis using the metaSEM software (Cheung,
2014a). Dependencies between effects that resulted from studies reporting multiple reliability
indices were accounted for by specifying a multilevel model (cf. Cheung, 2014b). This
approach models three hierarchical levels that refer to the individual effect sizes (Level 1),
differences between effect sizes within a sample (Level 2), and difference between samples
(Level 3). To correct for sampling error each effect was weighted by the inverse of its
variance.

Development of the Meta-Analytic Database

Inclusion criteria. Studies had to meet the following criteria to be included in the
meta-analyses. First, the study must have administered a validated measure of personality
according to the Big Five taxonomy. To avoid biased estimates due to imperfect construct
validities (cf. Salgado, 2003) the analyses were limited to the four most frequently used Big
Five instruments (cf. Gnambs, 2013, 2014; Sibley et al., 2012): Costa and McCrae’s (1992)
NEO scales, the Big Five Inventory (John, Naumann, & Soto, 2008), Goldberg’s (1999)
statements from the International Personality Item Pool, and various trait-descriptive adjective
lists (e.g., Goldberg’s, 1992, Big Five Markers). Second, the study must have reported a

relevant effect size (see above). Third, following prevalent recommendations (cf. Gnambs,
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2014) test-retest reliability studies must have adopted retest intervals that did not exceed two
months. Fourth, to guard against potential cross-temporal changes (cf. Twenge, 2001:
Twenge, Konrath, Foster, Campbell, & Bushman, 2008) that might have affected the
reliability estimates, only studies published in 2000 or later were considered. Finally, studies
must have reported on samples of healthy adults. Studies on children or participants with
psychopathological symptoms were excluded.

Literature search. Several research strategies were employed to identify relevant
studies for the series of meta-analyses. First, relevant articles were identified from database
searches in PsycINFO and Psyndex using search strings including the terms measurement
error, composite reliability, coefficient omega, retest reliability, transient error, or coefficient
of stability in combination with the names of the considered Big Five instruments. Second,
similar searches were conducted in Google Scholar. Finally, additional studies were identified
from existing meta-analyses on measurement error in scores of the Big Five (Connelly &
Ones, 2010; Gnambs, 2014; Pace & Brannick, 2010; Salgado, 2002; Viswesvaran & Ones,
2000). This search process identified 63 primary articles that reported on 71 independent
samples.

Coded variables. From the identified primary studies the following information was
extracted: (a) the respective effect sizes, that is, CE, CS and GCE (see above), (b) the sample
sizes, (c) the length of the administered instrument (i.e. the number of included items), (d) for
CS the length of the retest interval (in weeks), (e) and several socio-demographic information
(e.g., mean age, sex ratio).

Results

The meta-analyses included a total of 38,944 individuals. The sample sizes ranged
from 17 to 14,348 (Mdn =216). Approximately 58% of the participants were female; their
reported mean age was 27.65 years (SD = 11.09). Most samples came from Europe (32%) and

North America (44%).
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Coefficient of Equivalence (CE)

The meta-analysis included between 13 and 17 oy coefficients for the Big Five (see
Table S1 of the online supplement). For each of the five traits, the mean unweighted and
inverse-variance weighted CEs that reflect item-specific and random error are reported in
Table 2. The median true CE fell at .82 which clearly exceeded the threshold of .70 that many
authors use as a rule of thumb to evaluate reliabilities (cf. McCrae et al., 2011). However, for
all traits the random level 3 variance 12(3) that indicates between-sample heterogeneity was
significant at p < .05. Because the number of items per scale influences the degree of random
error (Schmidt et al., 2003), longer instruments tend to exhibit larger reliabilities than shorter
instruments with fewer items. In the present study, the median number of items per trait scale
fell between 8 and 9 items (Min = 2, Max = 20). To examine the effects of scale length on CE
the oy, coefficients were regressed on the number of items included in the administered
instrument. This reduced r2(3) for openness and extraversion by 10% and 14 %, respectively,
whereas it had no effect on the other trait scales. Moreover, after accounting for the number of
items the respective estimates of CE hardly changed, mean ACE = .01. Thus, the scale length
had a rather modest impact on CE for the included instruments.
Coefficient of Stability (CS)

The meta-analysis included 53 to 54 test-retest correlations for the five traits (see
Table S2 of the online supplement). The aggregated CSs (Mdn = .84) that acknowledges
transient and random error were slightly larger than the respective CE (see Table 2). In line
with previous studies (Gnambs, 2014; Viswesvaran & Ones, 2000) extraversion scales
resulted in a somewhat larger CS of .88 than agreeableness scales, CE = .80. Again, the
significant r2(3) indicated unaccounted between-study heterogeneity. Because CSs are
sensitive to the adopted interval between test and retest, the CSs were regressed on the length
of the retest interval in weeks. In the present study, the median interval between test and retest

was four weeks (Min = 1, Max = 8). Although controlling for differences in the retest interval
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reduced 12(3) for openness and neuroticism by about 5% and 9%, it had negligible impact on
the other trait variances, R? <.02.
Coefficient of Equivalence and Stability (CES)

A direct meta-analysis of CES that incorporates item-specific factor error in addition
to random and transient error was infeasible because respective reliability indices are rarely
reported in primary studies. However, an estimate of CES can be derived indirectly from the
two previous meta-analyses. CES can be calculated as the difference of CE and the proportion
of transient error variance (TEV; see Schmidt et al., 2003, eq. B10). The former is readily
available from the previous meta-analysis on CE, whereas the latter can be derived from the
meta-analysis on CS by including CE as a moderator. Gnambs (2014) showed that the
intercept in this regression model (more precisely, 1 — intercept) represents an estimate of
TEV after accounting for random error. In the respective analyses coefficient alpha was used
as an indicator of CE because no study could be identified that reported both test-retest
correlations and ®y,. As summarized in Table 2, between 8% to 10% of the observed test score
variances can be attributed to TEV alone. As a consequence, CES fell between .64
(agreeableness) and .77 (extraversion) for the five traits (see Figure 1).

Generalized Coefficient of Equivalence (GCE)

The meta-analysis of correlations between different measures of the same Big Five
traits included 28 to 30 effect sizes (see Table S3 of the online supplement). The aggregated
GCE for the five traits (see Table 2) were .64 for openness, .74 for conscientiousness and
extraversion, .62 for agreeableness, and .76 for neuroticism. Thus, about 24% to 38% of the
observed score variance in measures of the Big Five reflect measurement error when
acknowledging factor-specific error in addition to item-specific and random error (cf. Table
1). Most of the observed differences in GCE were accounted for by sampling error; as a
consequence, all but one random variance components T were insignificant.

Generalized Coefficient of Equivalence and Stability (GCES)



FACETS OF MEASUREMENT ERROR 12

It was not possible to conduct a direct meta-analysis of GCES because no studies
could be identified that reported respective reliability coefficients. However, estimates of
GCES can be readily derived from the previous meta-analyses. Le and colleagues (2009, eq.
6) showed that GCES that incorporates all four sources of measurement error (i.e. random,
transient, item-, and factor-specific error) can be calculated as the difference of GCE and
TEV. Both components were already presented in the previous sections (see Table 2). For the
five traits GCES fell between .49 and .67 (see Figure 1). Thus, about a half to two thirds of
observed score variance in measures of the Big Five reflect true score differences, whereas the
remaining variance is due to measurement error.

Publication Bias

To determine whether systematically missing studies might have distorted the
accuracy of the synthesized effects, the fail-safe number of missing studies with unreliable
test scores that would be needed to alter the conclusions from the meta-analyses was
estimated. Following Howell and Shields (2008), the number of file drawer studies required to
lower the population reliabilities for conscientiousness, extraversion, and neuroticism below
.70 was estimated to be at least as large or even larger than the number of available studies
(see Table 2). Thus, for these traits measures of the Big Five seem to produce reliable test
scores of at least .70. For openness and agreeableness, the respective Fail-Safe Ns was
considerably smaller, indicating somewhat less confidence in the identified effects.

Discussion

Measurement error typically attenuates scale scores in psychological research and,
thus, results in observed correlations that underestimate the true relationship between
constructs (Schmidt, 2010). Therefore, corrections using the instrument’s reliability are
necessary to derive unbiased relationships between constructs. Unfortunately, proper
reliability estimates are frequently not available in many applied situations. Particularly

general reliability indices such as CES or GCES that have been advocated for use in artifact
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corrections (e.g., Le et al., 2009; Schmidt et al., 2003) are rarely readily at hand. However,
observed statistics need to be corrected by all sources of error to obtain the true relationship
between constructs. In these cases, respective estimates from reliability generalizations might
be substituted. The aggregated reliabilities presented above account for all four sources of
measurement error. Hence, for measures of the Big Five estimates of five types of reliability,
CE, CS, CES, GCE, and GCES, are now readily available (see Figure 2). About 25% to 30%
of the variance in observed scores can be attributed to random, transient and item-specific
error (CES). If factor-specific errors are acknowledged as well (GCES), nearly half of the
observed score variance is the result of measurement error.
Implications

The significant proportion of error in measures of the Big Five has non-trivial effects
for the examination of construct-level relationships. For example, Judge, Higgins, Thoresen,
and Barrick (1999, Table 4) derived a longitudinal correlation of r = .40 between
conscientiousness scores assessed in childhood and measures of job satisfaction that were
obtained over 30 years later. A commonly used approach to correct observed score
relationships (i.e. by estimating true score correlations) are bivariate corrections for
attenuation due to measurement error, that is, a division of the observed correlation by the
square root of the product of the two reliabilities (Ree & Carretta, 2006). Use of the CE or the
CS presented above to derive the construct-level effect would result in an artifact-adjusted*
true score correlation of p = .44. Thus, assuming the administered scale represents a valid
operationalization of conscientiousness the proportion of explained variance in job
satisfaction is about AR = .03 higher than the uncorrected correlation would suggest.
However, in fact, this represents an underestimation of the true relationship because the
corrections adjusted for only two sources of errors (i.e. random and either item-specific or

transient error). Using the estimate GCES that acknowledges all four facets of measurement

? For simplicity of presentation it was assumed that job satisfaction was measured without error.
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error (see Table 1) results in an artifact-adjusted true score effect of p = .50. Thus, the
proportion of job satisfaction variance explained by childhood conscientiousness is about AR>
= .09 larger after correcting for measurement error in the observed scores.
Conclusion

Research hypotheses typically refer to relationships between constructs and not
measures. Because most measures cannot operationalize the construct of interest without
error, it is necessary to adjust observed correlations for the biasing influence of measurement
error (Ree & Carretta, 2006). The assessment of all sources of measurement error, that is,
random, transient and factor errors, would require at least two different measures for each
construct to be administered at two separate occasions (cf. Le et al., 2009). Such research
designs seem infeasible for most practical research scenarios. In such cases, researchers
require profound a priori knowledge on the proportion of error in their measures. For the Big
Five of personality, one of the most influential models of personality to date (cf. John et al.,
2008), the present study extended previous generalizations and derived estimates for five
types of reliability. Thus, researchers using the Big Five of personality now have enough
information at hand to flexibly correct observed correlations for different sources of
measurement error: random response error, transient error, item-specific factor error and

scale-specific factor error.
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Table 1.

Sources of Measurement Error and Reliability Indices

Coefficient of  Coefficient of Coefficient of Generalized coefficient ~ Generalized coefficient of
equivalence stability equivalence and stability of equivalence equivalence and stability
(CE) (CS) (CES) (GCE) (GCES)
Random error X X X X X
Transient error X X X
Item-specific factor error X X X X
Scale-specific factor error X
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Table 2.
Meta-Analyses of Reliability Coefficients for Big Five Scales
Unweighted Weighted Fail Safe N
ki ko N r SD, p 90%CRI 73 73 TEV pw  Nio
Coefficient of equivalence (CE)
Openness 16 16 5,802 .79 A5 797 1. 56 1. 00] 00 .02° .59 13
Conscientiousness 13 13 4,818 83 .08 83 [71, 951 .00 .01 64 29
Extraversion 17 17 6,941 .84 A1 85 . 67 1. 00] 00 .01 .62 29
Agreeableness 13 13 5,356 77 .10 a7 62, 921 .00 .01 .63 12
Neuroticism 13 13 4,821 .82 .10 82" [.67, 98] .00 .01 .63 21
Coefficient of stability (CS)
Openness 53 31 9,938 81 .07 84" [73,94] .00 .00 12 .65 143
Conscientiousness 53 31 9,938 .83 .06 84" [.74, .94] .00 00" .10 .65 147
Extraversion 53 31 9,938 86 .06 88 [79,96] .00 .00° .08 .66 235
Agreeableness 53 31 9,938 78 .09 80" [.68,.93] .00 .01 A3 .64 89
Neuroticism 54 32 9,971 82 .08 84" [73,95] 000 000 .09 .65 136
Generalized coefficient of equivalence (GCE)
Openness 29 24 22,118 64 11 64" [47,81] .00 .01 62
Conscientiousness 28 23 21,983 74 .05 74" [.66, .82] .00 .00 .66 28
Extraversion 29 23 22432 74 .07 74" [.64,.84] .00 .00 .65 24
Agreeableness 30 24 22,722 .62 .10 62" [.47, .76] .01 .00 .63
Neuroticism 29 23 22,432 .76 .07 76" [.66,.86] .00 .00 .65 35

Note. k; = Number of effect sizes; k, = Number of independent samples; N = Total sample size; r = Unweighted reliability
coeffiecient; p = Weighted reliability coefficient; 7> = Random level 2 and level 3 variance of pi; CRI = 90% credibility interval;
TEV = Transient error variance; p 7o = Reliability of file drawer studies estimated as .80 SDp below the threshold of .70 (Howell
& Shields, 2008); N 79 = Fail-Safe N for a threshold of .70
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Figure 1. Indices of measurement error for measures of the Big Five; CE = Coefficient of equivalence, CS = Coefficient of stability, CES =

Coefficient of equivalence and stability, GCE = Generalized coefficient of equivalence, GCES = Generalized coefficient of equivalent and stability
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Table S1.

Supplemental Tables

Summary of Effects for the Reliability Generalization on CE

Study N Instrument Country OP CO EX AG NE
Balaji & Chakrabarti (2010) 227 BFI India 0.90
Becker (2006) 206  NEO-FFI Canada 0.74 0.85 0.77 0.78 0.86

225  NEO-FFI Canada 0.76 0.80 0.8 0.76 0.85

Davis & Yi (2012) 230 IPIP [N 091 092 095 085 094
Fuller et al. (2008) 550 BFI Austria 0.88 0.92
Huang et al. (2012) 468 TDA England 0.84 0.83 0.82 0.79 0.75
Hull et al. (2010) 1,021 NEO-FFI Jamaica 029 0.72 047 0.53 0.60
Kang & Johnson (2013) 319 BFI US 0.74 0.70 0.77 0.70 0.69
Kautish (2010) 264 BFI India 0.87 0.94
Korzaan & Boswell (2008) 230 IPIP UsS 0.82 0.89 091 0.89 091
Matzler & Mueller (2011) 124 NEO-FFI Germany 0.81 0.84
Matzler et al. (2011) 662 BFI Austria 091 0.80
Mehmetoglu (2012) 1,000 BFI Norway 0.85 0.79 0.82 0.78 0.82
Salimian & Hosainian (2012) 170 BFI Iran 0.97
Terzis et al. (2012) 117 BFI Greece 091 090 094 091 0091
Tsai et al. (2012) 544 IPIP China 0.85
Wang et al. (2012) 228  NEO-FFI China 0.75 0.86 0.89 0.79 0.85
Yap & Lee (2013) 512 BFI New Zealand 0.74 0.96 0.87 0.67 0.90
Ying & Norman (2014) 138 BFI US 0.80 0.72 0.83 0.74 0.73
Zhao (2011) 127 IPIP Canada 0.85

Note. OP = Openness, CO = Conscientiousness, EX = Extraversion, AG = Agreeableness, NE =

Neuroticism. BFI = Big Five Inventory, NEO-FFI = NEO Five Factor Inventory, IPIP = International

Personality Item Pool, TDA = Trait-descriptive adjectives.



FACETS OF MEASUREMENT ERROR

Table S2.

Summary of Effects for the Reliability Generalization on CS

Study N  Instrument Country OP CO EX AG NE

Adebayo & Arogundade (2011) 45 BFI Nigeria 096 0.84 096 092 0.77
Al-Jurany (2013) 33 BFI Iraq 0.82
17 BFI Iraq 0.81 0.80 0.82 0.78 0.84

Anusic et al. (2012) 199 IPIP US 0.74 0.82 0.85 0.65 0.76
199 IPIP US 0.73 0.82 0.85 0.67 0.76

199 IPIP US 0.70 0.81 0.78 0.66 0.75

199 IPIP US 0.73 0.82 0.78 0.65 0.69

199 IPIP US 0.68 0.77 0.76 0.59 0.72

199 IPIP US 0.68 0.79 0.76 0.62 0.71

199 IPIP US 0.69 0.80 0.79 0.62 0.73

Biesanz & West (2004) 339 TDA UsS 0.80 0.77 080 0.72 0.68
339 TDA US 0.82 0.76 0.80 0.73 0.70

339 TDA US 0.78 0.69 0.75 0.64 0.66

Buhrmeister et al. (2011) 70 BFI UsS 090 086 094 0.87 0.92
Caldwell-Andrews et al. (2000) 42  NEO-PI-R US 0.89 091 093 0.74 0.81
Chmielewski & Watson (2009) 447 TDA UsS 0.81 0.78 0.89 0.69 0.83
447 BFI US 0.84 0.81 0.83 0.78 0.83

Donnellan et al. (2006) 216 IPIP UsS 083 079 089 0.72 0.87
216 IPIP US 0.77 0.75 0.87 0.62 0.80

Fossatti et al. (2011) 70 BFI Italy 0.86 0.83 0.84 0.87 0.82
141 BFI Italy 0.81 090 0.85 0.76 0.75

Gorostiaga et al. (2011) 178 NEO-PI-R Spain 090 0.86 091 0.83 090
Gosling et al. (2003) 114 BFI US 0.80 0.76 0.82 0.76 0.83
Heggestad et al. (2006) 139 IPIP US 0.80 0.88 091 0.87 0.84
139 IPIP US 0.78 0.82 0.78 0.77 0.80

139  NEO-FFI US 0.82 0.82 0.86 0.84 0.84

Holden et al. (2013) 46 IPIP US 091 082 090 0.86 0.79
Karwowski et al. (2013) 94 BFI Poland 063 074 061 0.67 0.68
Kulas et al. (2008) 118 IPIP US 0.90 0.88 095 0.89 0091
Lang (2005) 115 BFI Germany 0.82 0.76 0.84 0.76 0.80
Langford (2003) 237 TDA Australia 0.88 092 091 0.79 0.88
237 TDA Australia 0.89 0.86 0.89 0.71 0.85

Mascara & Rosen (2005) 191 IPIP UsS 074 065 080 0.74 0.72
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McCrae et al. (2011) 132
Ostendorf & Angleitner (2004) 70
119
Peterson (2010) 117
Piedmont et al. (2002) 42
44
Rammstedt & John (2005) 57
57
Rammstedt & John (2007) 178
57
Robins et al. (2001) 107
Sun et al. (2011) 5,759
2,827
2,159
2,102
2,839
1,703
1,482
1,410
Watson (2003) 465
Yang (2010) 30

NEO-PI-R
NEO-PI-R
NEO-PI-R
TDA
NEO-PI-R
NEO-PI-R
BFI
BFI
BFI
BFI
NEO-FFI
IPIP
IPIP
IPIP
IPIP
IPIP
IPIP
IPIP
IPIP
BFI
NEO-PI-R

US
Germany
Germany

US

Simbabwe
Simbabwe
Germany
Germany

US
Germany

US

Various
Various
Various
Various
Various
Various
Various
Various
US
China

0.93
0.89
0.82
0.88
0.77
0.87
0.83
0.85
0.65
0.78
0.88
0.84
0.85
0.85
0.84
0.83
0.81
0.83
0.78
0.81
0.80

0.92
0.91
0.90
0.81
0.81
0.93
0.88
0.85
0.70
0.83
0.90
0.87
0.88
0.86
0.86
0.87
0.85
0.86
0.85
0.79
0.94

0.92
0.91
0.88
0.88
0.92
0.95
0.93
0.93
0.79
0.87
0.86
0.90
0.89
0.90
0.89
0.89
0.87
0.89
0.86
0.89
0.89

0.92
0.88
0.88
0.81
0.80
0.93
0.78
0.76
0.69
0.66
0.86
0.88
0.88
0.87
0.87
0.86
0.84
0.84
0.83
0.79
0.84

0.91
0.91
0.90
0.84
0.97
0.92
0.80
0.77
0.76
0.71
0.89
0.89
0.89
0.87
0.87
0.87
0.85
0.84
0.85
0.83
0.92

Note. OP = Openness, CO = Conscientiousness, EX = Extraversion, AG = Agreeableness, NE =

Neuroticism. BFI = Big Five Inventory, NEO-FFI = NEO Five Factor Inventory, NEO-PI-R = NEO

Personality Inventory — Revised, IPIP = International Personality Item Pool, TDA = Trait-descriptive

adjectives.
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Table S3.
Summary of Effects for the Reliability Generalization on GCE
Study N Instruments Country OP CO EX AG NE
Adebayo & Arogundade (2011) 40 BFI NEO-FFI ~ Nigeria 0.78 0.80 0.82 0.74 0.92
Aluja et al. (2002) 429  NEO-PI-R TDA Spain 047 0.75 0.75 0.52 0.72
Ashton & Lee (2005) 449 IPIP TDA [N} 0.77 0.69 0.69
DeYoung et al. (2007) 480 IPIP BFI Canada 0.67 0.77 0.78 0.68 0.80
481 IPIP BFI [N 0.77 0.71 0.76 0.59 0.75
Dilchert (2007) 380 NEO-PI-R IPIP [N} 0.86 0.83 0.89 0.83 0.87
Donnellan et al. (2006) 300 IPIP BFI [N} 0.74 0.73 0.84 0.64 0.86
300 IPIP BFI [N} 0.68 0.66 0.81 0.49 0.80
Fossati et al. (2011) 500 BFI IPIP Italy 0.67 0.71 0.71 0.51 0.70
318 BFI IPIP Italy 0.73 0.82 0.71 0.71 0.73
223 BFI IPIP Italy 0.69 0.81 056 0.74 0.77
Gow et al. (2005) 207 NEO-FFI IPIP England 0.59 0.76 0.69 0.49 0.83
Hahn et al. (2012) 598 BFI NEO-PI-R  Germany 0.58 0.60 0.76 0.44 0.66
Heggestad et al. (2006) 303 NEO-FFI IPIP [N 0.76 0.81 0.67 0.70 0.68
Jensen-Campbell et al. (2002) 113 IPIP BFI US 077 0.73 0.81 0.70 0.82
Lang (2005) 119 BFI NEO-FFI Germany 043 0.81 0.71 0.67 0.71
116 BFI NEO-FFI Germany 048 0.72 0.69 0.67 0.74
Lim & Ployhart (2006) 353 NEO-FFI IPIP [N 0.71 0.72 0.69 050 0.76
Miller et al. (2011) 290 BFI NEO-PI-R uUsS 0.76
Miller et al. (2013) 368 BFI NEO-FFI [N 046 0.73 0.68 0.64 0.79
Mlaci¢ & Goldberg (2007) 513 TDA IPIP Croatia 0.60 0.72 0.77 0.63 0.70
513 TDA IPIP Croatia 0.58 0.69 0.74 0.56 0.67
Mobttus et al. (2013) 804 NEO-FFI IPIP England 0.59 0.75 0.62 0.56 0.79
Rammstedt & John (2005) 184 BFI NEO-PI-R  Germany 0.71 0.74 0.73 0.63 0.82
184 BFI NEO-PI-R  Germany 0.72 0.80 0.78 0.63 0.86
Rammstedt & John (2007) 726 BFI NEO-PI-R [N} 0.63 0.70 0.69 0.51 0.73
457 BFI NEO-PI-R  Germany 0.61 0.70 0.79 0.65 0.71
Silvia & Sanders (2010) 135 IPIP BFI US 0.57
Vianello et al. (2013) 14,348 IPIP TDA Various 042 0.71 0.73 0.59 0.70
Zehng et al. (2008) 300 BFI IPIP China 059 0.67 0.72 047 0.70
300 BFI IPIP China  0.61 0.71 0.75 0.58 0.72

Note. OP = Openness, CO = Conscientiousness, EX = Extraversion, AG = Agreeableness, NE = Neuroticism. BFI =

Big Five Inventory, NEO-FFI = NEO Five Factor Inventory, IPIP = International Personality Item Pool, TDA =

Trait-descriptive adjectives.
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