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**Department of Psychology, University of Bielefeld, Bielefeld, Germany

A meta-analysis into the operational validity of general mental ability (GMA) measures in
Germany is presented. The meta-analysis addresses the question whether findings of US
and European meta-analyses are generalizable to Germany given the differences in the
education systems of these countries. The high level of differentiation in the German
educational system is expected to enhance the homogeneity of applicant pools resulting
in a low level of variability in predictor scores which reduces the observed GMA–
performance relationships. Our analysis is based on 54 independent German articles
and unpublished reports. Results indicated an operational validity of q¼ .467 for training
success (k¼ 90; N¼ 11,969) and q¼ .534 for job performance (k¼ 9; N¼ 746). Moderator
analyses showed that job complexity and the year of publication are relevant moderator
variables, with lower job complexity levels and older studies being associated with higher
operational validities. Findings suggest that overall German operational validities are
comparable with findings in the United States or other European countries. However, for
training success operational GMA validities are slightly lower in Germany compared with
US or European meta-analyses.

1. Introduction

Evidence of the validity of general mental ability
(GMA) tests for the prediction of vocational criteria

has been extensively presented and discussed in the
literature. GMA which is also referred to as general
cognitive ability or general intelligence has been defined
by a group of 52 experts as ‘a very general mental
capability that, among other things, involves the ability
to reason, plan, solve problems, think abstractly, com-
prehend complex ideas, learn quickly and learn from
experience’ (Gottfredson, 1997, p. 13). Thus, GMA can
be considered to be equivalent to the g factor which

underlies all specific cognitive abilities and can be
assessed by any test battery that combines tests
measuring different specific cognitive abilities (e.g.,
IST-70; Amthauer, 1973) or by tests especially designed
to measure g or fluid intelligence (e.g., Raven’s Pro-
gressive Matrices; Kratzmeier, 1979; see Salgado, An-
derson, Moscoso, Bertua, De Fruyt, & Rolland, 2003b
for a related definition).

Since Schmidt and Hunter (1977) countered the
situational specificity hypothesis with the validity gen-
eralization hypothesis many researchers have con-
ducted meta-analyses and estimated the average
operational validity of GMA measures for the predic-
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tion of job performance and training success (Hunter &
Hunter, 1984; Levine, Spector, Menon, Narayanan, &
Cannon-bowers, 1996; Pearlman, Schmidt, & Hunter,
1980; Schmitt, Gooding, Noe, & Kirsch, 1984). Refer-
ring to US primary studies, all these meta-analyses
unanimously confirmed that validity generalization ex-
ists, i.e., the observed variability of validity estimates
across studies is due to artifactual errors (e.g., small
sample size, criterion unreliability and range restric-
tion). After correction of these methodological artifacts
little variation in validity estimates across personnel
selection settings remains (see Schmidt, 2002; Schmidt
& Hunter, 2004, for a detailed review).

However, the validity of GMA measures varies
between jobs. Hunter and Hunter (1984) conducted
an extensive and frequently cited meta-analysis on the
predictive validity of GMA measures for training suc-
cess and job performance. They examined the opera-
tional validity of GMA tests for different civilian
occupations considering job complexity level as a
moderator variable. The authors reported that the
validity of GMA measures varies systematically with
the complexity level of a given job: The more complex
the job the higher the operational validity of GMA tests.
For jobs of medium complexity they reported an
average operational validity of r¼ .51 for job perfor-
mance and r¼ .57 for training success.

In European countries, the encouraging results for
the criterion-related validity of GMA measures found
in US meta-analytic studies are frequently cited as
references for the validity of GMA in European coun-
tries without reservation (Salgado & Anderson, 2002).
Thus, German psychology students as well as psychol-
ogists working in organizations rely on German per-
sonnel selection textbooks (e.g., Kanning & Holling,
2002; Schuler & Funke, 1993) which indicate the
validity of GMA measures for personnel selection
purposes referring to US meta-analyses (Hunter &
Hunter, 1984; Schmidt & Hunter, 1998; Schmitt et al.,
1984). Yet, US meta-analytic findings should not be
transferred to European countries without explicitly
testing whether they are in fact generalizable to non-
US contexts, especially to countries which differ sig-
nificantly from the United States with respect to their
educational systems. Therefore, we conducted a coun-
try-level meta-analysis examining the validity of GMA
measures for training success and job performance in
Germany.

2. GMA validities in the European
community

In 2002 Salgado and Anderson alluded to a lack of meta-
analytical studies examining the criterion validity of
GMA measures in European countries. As a conse-

quence, Salgado, Anderson, Moscoso, Bertua, and De
Fruyt (2003a) conducted a meta-analysis across several
European countries and found evidence for interna-
tional validity generalization. For job performance, the
mean corrected operational validity of GMA measures
was .62 and .54 for training success. Yet, for training
success, only 47% of the variance was accounted for by
statistical artifacts, indicating that a large amount of the
variability in observed validities remained even after
sampling error, predictor and criterion reliability and
range restriction had been corrected for. These find-
ings suggest that moderators of the relationship be-
tween GMA measures and training success are likely to
exist. As studies from 10 different European countries
were included in the cross-country meta-analysis one
such moderator might be the country which primary
studies originated from. Therefore, Salgado and Ander-
son (2003) tested whether differences in the magnitude
of validities between European countries existed (Sal-
gado et al., 2003a). Analyzing validities of GMA tests for
six different European countries (France, Germany,
Belgium, the Netherlands, Spain and the United King-
dom) evidence for differences in GMA validity magni-
tudes between European countries was presented:
Whereas operational validities were .68 (job perfor-
mance) and .63 (training success) in Germany, they
were .56 (job performance) and .58 (training success) in
the United Kingdom.

This extensive European-wide meta-analysis was the
first to give an insight into the validity of GMA measures
in Germany. However, several questions have yet to be
addressed, making a comprehensive country-specific
German meta-analysis necessary: First, only a small
percentage of variance was accounted for by artifactual
errors (job performance: 49%; training success: 51%)
indicating the need to search for potential moderator
variables. Second, the meta-analysis for the German
subgroup was based on a comparatively small sample of
nine German papers reporting validity coefficients for
only eight independent samples for job performance
and 26 independent samples for training success, re-
sulting in a lack of power and the problem of second-
order sampling errors. Therefore, it is necessary to
establish a more extensive sample of German primary
studies, including published and unpublished papers, in
order to base the country-specific meta-analysis on a
representative sample of German studies. Such a com-
prehensive sample of studies is an indispensable pre-
condition for the realization of moderator analyses.
Third, GMA validities can be expected to be lower in
Germany than in other European countries or the
United States because of peculiarities of the German
educational system. Educational systems can be classi-
fied with respect to the extent of their stratification
which is characterized by the degree of differentiation
and tracking at secondary school level (Buchmann &
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Dalton, 2002; Müller & Shavit, 1998). The German
educational system is characterized by a strong institu-
tional differentiation (Buchmann & Dalton, 2002). Stu-
dents are sorted into different types of schools
preparing them for different educational and occupa-
tional trajectories according to their level of achieve-
ment. Once they attend one type of school their
opportunities to change to another type are limited. In
contrast, school systems in the United States, Norway
and Spain display a low level of stratification: Compre-
hensive secondary schools are prevalent, students are
not differentiated by their level of achievement, ability-
based tracking is uncommon and students can choose
different educational and occupational trajectories
throughout secondary school. Because of the extreme
level of stratification in the German school system,
qualifying students for a specific and limited set of
jobs, more homogeneous applicant pools can be ex-
pected in Germany. This in turn may lead to a high level
of range restriction in intelligence test scores and
therefore to a reduced observed validity of GMA
measures. For this reason we expect the observed
validity of GMA for job performance and training
success to be lower in Germany than in the United
States or other European countries. The educational
preconditions, that is the type of school attended
and the educational level achieved, and consequently
the educational preselection are much stronger for
complex than for less complex jobs. Therefore, we
specifically expect observed validities to be lower for
jobs of high than for jobs of low complexity. In addition
to cross-national meta-analyses (Salgado et al., 2003a)
country-specific meta-analyses complement our under-
standing of the role GMA plays in the prediction of
job performance in different countries as indicated by a
recent UK meta-analysis (Bertua, Anderson, & Salgado,
2005).

In sum, the goal of the present study is threefold: First,
we want to determine the mean operational validity of
GMA measures in Germany based on a comprehensive
and representative database of German primary studies.
Second, we want to examine the role of job complexity
and the year of publication of primary studies as possible
moderator variables in order to explain the variance that
remained after the correction for methodological arti-
facts. Job complexity is of interest in order to test our
hypothesis that, contrary to findings in the United States
(Hunter & Hunter, 1984) or Europe (Salgado et al.,
2003b), there is a negative association between job
complexity and GMA validity. The year of publication
is considered because primary studies cover a time
frame of seven decades. Changes in public life and
work-related factors like employment policies, selection
and assessment practices, the nature of jobs or type of
applicants might affect the validity of GMA measures
(Bertua et al., 2005). Third, results of the present

German meta-analysis will be compared with findings
of the United States or other European countries.

3. Method

3.1. Compilation of database

An extensive literature search was conducted in order
to establish a database of German validity studies.
Studies included in the database met the following
criteria: (1) they were conducted using a German
sample (Austrian or Swiss studies were not included),
(2) samples were applicants, employees or trainees, (3)
studies reported effect size indices (mainly correlation
coefficients) of the association between job or training
performance and GMA tests (concentration tests and
professional aptitude tests were excluded), (4) student
samples as well as studies reporting academic perfor-
mance of university students were excluded.

To find relevant research, we adopted the following
strategies: The databases PsycInfo (1872–2004), PSY-
NDEX (1977–2004) and PsyDoc, a database of German
psychological online research literature and dissertations,
were searched. Test manuals of German intelligence
tests were examined and the central employment office
as well as the human resources department of the
German armed forces was contacted. Moreover, the
reference list of a European meta-analysis including
German studies (Salgado & Anderson, 2003) as well as
citation lists of other relevant books and articles (e.g.,
Brambring, 1983; Funke, Krauss, Schuler, & Stapf, 1987;
Sarges & Wottawa, 2001) were scrutinized to identify
additional studies. In order to find unpublished studies, all
DAX-100 companies (the 100 strongest companies listed
on the German stock index) were contacted by mail and
asked for any unpublished internal papers reporting
validity coefficients of GMA tests. Looking through
non-scientific journals written by and for practitioners
we found various articles reporting validity studies con-
ducted in German companies. The authors were con-
tacted in order to get full information on these studies.

Our final database comprised 54 individual papers
and books (including eight unpublished papers) report-
ing 90 independent samples with training success as the
criterion (N¼ 11,969), and nine independent samples
with overall job performance as the criterion (N¼ 746).
With respect to training success, three studies were
included in the database, which referred to military
occupations reporting validities for six independent
samples. In accordance with Hunter and Schmidt
(1990, 2004), each sample contributed only one corre-
lation to the meta-analysis. If studies reported concep-
tual replications (e.g., coefficients were indicated for
different GMA measures or for various criteria),2

composite correlations were computed by using the
formulae provided by Hunter and Schmidt (2004).
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Reliabilities of these composite measures were com-
puted using Mosier’s (1943) formula.

3.2. Coding of the studies

Two independent judges coded every study regarding
the following information: validity coefficient, criterion
type (training success vs job performance), sample size,
predictor reliability, information on range restriction and
skill level. Inter-rater agreement was assessed by intra-
class-coefficients for validity coefficients (.993), sample
size (.985), predictor reliability (1.0), range restriction
(.981) and skill level (.910). For criterion type Cohen’s
k was computed (.771). Consensus concerning all prior
disagreements was reached by discussion.

In order to classify the jobs analyzed in the primary
studies into homogeneous categories and assign them
to job complexity levels, we used the European variant
of the International Standard Classification of Occupa-
tions (ISCO-88 COM; Elias & Birch, 1994). The ISCO-
88 (International Labour Office, 1990) as well as its
European Adaptation (ISCO-88 COM) is a hierarchical
framework which assigns jobs to occupational groups
according to similarities in duties and tasks. The frame-
work assigns major occupational groups to four differ-
ent skill levels which are defined as ‘. . . the degree of
complexity of constituent tasks and skill specialisation
. . .’ (Elias & Birch, 1994, p. 1).

The assignment of skill levels to major occupational
groups as well as examples of jobs belonging to these
groups are depicted in the appendix. Because the
classification system does not provide a skill level for
managerial and military occupations, we assigned the
occupations of the first major occupational group
(legislators, senior officials and managers) to the highest
skill level following the classification of Salgado et al.
(2003b). Military occupations were assigned to skill
levels according to their professional education and
the skill specialization required by their job. None of
the occupations analyzed in the primary studies fell into
the lowest skill level group (cf. appendix A).

For two reasons we preferred the ISCO-88 COM to
the DOT (US Department of Labor, 1991), which is
commonly used for similar purposes in US meta-
analytic studies (e.g., Schmidt, Hunter, & Pearlman,
1981). First, we wanted to use an approved, standar-
dized classification system which represents the char-
acteristics of the German occupational system and
which allows international comparisons. The ISCO-88
COM is a European Union Standard and therefore
represents German occupational titles better than the
DOT. Second, by providing skill levels it allows occupa-
tional groups to be assigned directly to different job
complexity levels. In order to allow comparisons
between studies which used the DOT and our study
we referred to the list of representative jobs of

occupational categories and the assigned job complex-
ity levels described by Salgado et al. (2003b). We
classified 46 of the 49 listed jobs according to the
ISCO-88 COM occupational groups and skill levels. The
correlation between the three job complexity levels
assigned by Salgado et al. (2003b) and the four skill
levels assigned according to the ISCO-88 COM was .80
(po.001) which underlines the comparability of the
European and the US classification system. Therefore,
the terms job complexity and skill level will be used
interchangeably.

3.3. Procedure

To integrate the results of the primary studies, the
meta-analytic approach of Raju, Burke, Normand, and
Langlois (1991) and the corresponding computer pro-
gram (Raju & Fleer, 2003) was applied. When only
partial sample-based information on artifacts (predictor
reliability, criterion reliability and range restriction) is
available, the program uses the weighted average of all
available range restriction or reliability values in a given
set of studies as an estimate for missing coefficients. If
no sample-based information on artifacts is available at
all, it is possible to use the mean of a hypothetical
distribution of other meta-analyses as a default value.
This procedure does not rely on the assumption that
population correlation, range restriction, predictor and
criterion reliability are uncorrelated across popula-
tions. Thus, we used this meta-analytic approach to
calculate how much of the variance of validities be-
tween studies is accounted for by artifacts. For this
purpose, sampling error, unreliability of predictor and
criterion and range restriction were considered. In
addition, sampling error, unreliability of the criterion
and range restriction were corrected in order to
estimate the operational validity of GMA measures.
When the operational validity is estimated, no correc-
tions for predictor reliability are made because the
operational validity indicates the estimated true validity
of a measure for applied purposes. As test reliabilities
are never perfect, this operational value is of greater
interest than the theoretical validity under the assump-
tion of perfect test reliability (Kuncel, Hezlett, & Ones,
2004; Salgado et al., 2003b). Therefore, in order to
calculate the mean operational validity, variance of r,
90% credibility values and 95% confidence interval
corrections for the reliability of the criterion and range
restriction are made. Only for the estimation of the
percentage of variance accounted for by artifacts are
corrections for the reliability of predictor scores taken
into account additionally. Following the recommenda-
tion of Hunter and Schmidt (2000), results are based on
a random effects model which yields conservative and
more reliable estimates than the fixed effects model.
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3.4. Artifact corrections

3.4.1. Predictor reliability
As the FORTRAN program of Raju and Fleer (2003)
allows the correction formulas to be conducted even
when only partial sample-based artifact data are available,
sample-based information about predictor reliability and
range restriction were considered if reported in the
studies. Hunter and Schmidt (2004) recommend the
reliability coefficient of equivalence and stability (CES)
for corrections of measurement error as it covers
measurement error most comprehensively. If CES esti-
mates (which are assessed by the correlation between
parallel forms administered on different occasions) are
not available, coefficients of stability (CS; test–retest
reliability) or coefficients of equivalence (CE; Cronbach’s
a) can be considered instead. However using the latter
two types of reliability, full correction for measurement
error is not possible.3 As CES estimates were not
reported in primary studies, test–retest reliabilities
(CS) or internal consistency reliabilities (CE) were coded
if reported in the studies. Test–retest reliabilities were
preferred to internal consistency reliabilities as recom-
mended by Salgado et al. (2003a; see also Schmidt &
Hunter, 1999). In the cases where primary studies did
not indicate the predictor reliability, the coefficients
were looked up in the corresponding test manual. In
total, 74 predictor reliability coefficients were available
for studies examining training success and six coefficients
for job performance. If no information about predictor
reliability was accessible on the basis of individual
studies or test manuals, the program used the weighted
average of the available predictor reliabilities. For the
meta-analyses of training success and job performance,
the weighted mean reliabilities were .906 for training
success and .922 for job performance (see Table 1).
These weighted mean reliabilities were taken to replace
missing values occurring in subgroups when the mod-
erator’s job complexity and the year of publication were
analyzed.

3.4.2. Range restriction
Direct range restriction can be assessed by using
information on selection ratios reported in primary

studies. The selection ratio describes the proportion of
applicants selected by the test. Using Schmidt and
Hunter’s (2004, p. 111–112) formulae, we derived
estimates of the standard deviations among the se-
lected applicants (u) from the selection ratios obtained
from primary studies. Table 1 indicates that for training
success 37 range restriction values with a sample size
weighted mean of .687 were available. This figure is
comparable with the range restriction ratios indicated
in other meta-analyses on the validity of GMA mea-
sures (.67, Salgado et al., 2003a). For job performance,
six range restriction values with a weighted mean of
.846 were indicated in primary studies. This figure is
higher than range restriction ratios utilized in large-
scale US (.67, Hunter & Hunter, 1984) or European
meta-analyses (.62, Salgado et al., 2003a). As the value
of .846 is based on only six studies, this estimate should
not be interpreted as being representative of German
job performance studies because it could be biased by
second-order sampling error. However, it should be
considered that with the meta-analytic approach of Raju
et al. (1991) the validity of every primary study is
corrected by its own range restriction value and
that out of nine primary studies range restriction values
were indicated for six primary studies. Therefore, only
three studies were corrected by the weighted mean
range restriction value of .846 which could be
upwardly biased. Again, weighted mean range restric-
tion values were taken to replace missing range restric-
tion values in all subgroups when the moderator’s job
complexity and the year of publication were analyzed.
Table 2 indicates the range restriction values and the
weighted mean per skill level group for training success.
No range restriction value was accessible in the fourth
skill level group. Therefore, the sample size weighted
mean range restriction value of studies falling into
the next skill level (skill level 3; .670) was taken as the
default value.

3.4.3. Criterion reliability
In the case of criterion reliability nearly no information
was provided within single studies. However, Schuler,
Funke, and Baron-Boldt (1990) conducted a meta-
analysis examining the predictive validity of school

Table 1. Information on predictor reliability and range restriction for training success and job performance

Artifact Criterion

Number of
available
coefficients Mrxx S2rxx Mu S2

u Max Min

Predictor reliability Training success 74 .906 .003 – – .972 .695
Job performance 6 .922 .001 – – .962 .880

Range restriction Training success 37 – – .687 .046 1.000 .411
Job performance 6 – – .846 .064 1.000 .412

Note: Mrxx, weighted mean of reliability coefficients; S2rxx, weighted variance of reliability coefficients; Mu, weighted mean of range restriction
indices; S2

u , weighted variance of range restriction indices.
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grades for vocational training success based on German
primary studies. Within this meta-analysis they estab-
lished a hypothetical artifact distribution of training
success reliabilities. The mean (.801) of their hypothe-
tical distribution of training success reliabilities was set
as the default value for criterion reliability in our meta-
analysis. In accordance with the meta-analysis pre-
sented by Schuler et al. (1990) the vast majority of
primary studies in our meta-analysis (i.e., 88.8%) as-
sessed training success by (standardized) examination
grades (e.g., final grades of the German Chamber of
Industry and Commerce). As it is important to use
country-specific correction values in a country-specific
meta-analysis, the estimate of .801 is considered an
accurate estimate for the reliability of training success
measures in Germany because it was retrieved from a
meta-analysis examining the same kind of training
success measures in Germany. Note that this estimate
equals the value of .80 used by Hunter and Hunter
(1984) and Bertua et al. (2005).

In all of the primary studies measuring job perfor-
mance the criterion was measured by supervisor rat-
ings. As no meta-analysis was found that was based on
German studies and that presented a distribution of
criterion reliabilities for job performance ratings,
we relied on the mean interrater reliability of .52 which
was recommended by Rothstein (1990) and confirmed
by a large-scale meta-analysis on the reliability of
supervisor ratings (Viswesvaran, Ones, & Schmidt,
1996). Furthermore, this was the value used in a
recent European meta-analysis (Salgado & Anderson,
2003).

3.5. Fail-safe N analysis

A concern closely linked to the method of meta-
analysis is the so-called file-drawer problem (Rosenthal,
1979), describing a systematic bias of the studies
included in meta-analyses. As studies reporting signifi-
cant results tend to be published more often than
studies reporting insignificant findings, the latter may
be underrepresented in meta-analytic investigations.
Therefore, Ashworth, Osburn, Callender, and Boyle
(1992) suggested calculating the effect of unrepre-
sented or missing studies with a mean validity and
standard deviation of zero while fixing the proportion
of unrepresented studies at 10% of the studies included
in a given meta-analysis. Hence, we additionally calcu-
lated the 90% lower credibility value, assuming that in
addition to the studies already included in our meta-
analysis, there would be another 10% unrepresented
studies with a validity of zero. This estimate is indicated
in the tables as LCV, lowest hypothetical lower cred-
ibility value.

4. Results

4.1. Operational validities of GMA measures

Results of the meta-analysis examining the validities of
GMA measures for training success and job perfor-
mance are shown in Table 3. As column one shows,
many more studies have been conducted reporting
validity coefficients for training (k¼ 90) than for job
performance criteria (k¼ 9). As a consequence, the
overall sample sizes ranged between 746 and 11,969.
Table 3 shows an operational validity for training
success of .467.4 The fact that the 90% credibility value
(.272) was clearly greater than zero indicates that GMA
tests are valid predictors of training success, and that
validity generalization across different German organi-
zations exists. However, the remaining variance of the
operational validity ðS2

r ¼ :023Þ, as well as the relatively
small percentage of variance accounted for by artifacts
(34.3%), indicates that after the correction for artifacts
variations in the correlations still existed. Hence, the
actual magnitude may vary across different settings and
a moderator analysis seems justified.

The meta-analysis for job performance is based on a
very small sample of nine independent studies and a
total sample size of 746. Consequently, it should be
considered that the results may be influenced by
second-order sampling error. As can be seen in Table
3, the operational validity of GMA measures for job
performance amounted to .534. The 90% credibility
value of .296 was substantial indicating validity general-
ization of GMA measures across samples. Again, the
variance of the operational validity ðS2

r ¼ :034Þ and the
small percentage (34%) of variance accounted for by

Table 2. Training success – range restriction indices for
GMA measures for different skill levels

Skill level 4 Skill level 3 Skill level 2

u F u F u F

No information on range
restriction was available:
.670 was set as the
default value

.415 1 .411 2

.435 1 .447 2

.452 1 .455 2

.466 1 .482 1

.471 2 .536 1

.511 1 .659 1

.517 1 .726 1

.532 2 .733 1

.534 1 1.000 5

.550 1

.570 1

.760 1
1.000 4
.687a 29 .687a 17

Mu: .670 Mu: .682
S2

u: .017 S2
u: .020

Note: aIf no information on range restriction was available in
primary studies within this subgroup .687 was set as the default
value; u, range restriction ratio; Mu, weighted mean; S2

u , weighted
variance; F, frequency.
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artifacts show that moderators of the overall relation-
ship probably exist.

4.2. Analysis of moderator effects – validity for
different skill level groups (job complexity)

Results of the meta-analyses for different GMA-skill
level combinations for the prediction of training success
are shown in Table 4. As only six studies fell into the
highest job complexity group, related findings should be
interpreted with caution.

The largest operational validity (.520) was found for
the second skill level group. This group was character-
ized by low job complexity and comprised occupations
like office clerks, machinery mechanics, electrical me-
chanics and police officers. Only 45.4% of the variance
was accounted for by artifacts. However, the 90% CV
was .362, indicating a substantial validity for this group.
For the third skill level group with medium job com-
plexity (e.g., chemical science technicians, administra-
tive associate professionals, police inspectors), the
validity was lower (.452) but reached a satisfactory
90% CV of .250. Again, the amount of variance
accounted for by artifacts was rather small (32.9%)
indicating that further moderators seemed to play a
major role. The lowest validity was found for the
highest job complexity (skill level 4; e.g., chief execu-
tives, science professionals, commissioned officers)
with an operational validity of .299 and a 90% CV of
.181. Artifacts accounted for approximately half (57.5%)
of the variance of observed validities. The results
suggest that the skill level of different occupations has
a moderating effect on the validity of GMA measures
for training success: The validity was lower for higher
skill level than for lower skill level occupations.

4.3. Analysis of moderator effects – validity for
recent and older studies

In addition to job complexity, the year of publication was
considered as a potential moderator. Therefore, the
year of publication and skill level were included simulta-
neously in a multiple regression analysis assessing the
specific contribution of each moderator. The year of
publication and skill level were entered in the regression
as continuous variables with skill level ranging from 2
(low) to 4 (high). Taken together the two moderator
variables accounted for 41% of the variance of opera-
tional validities (R2¼ .411; po.01) for training success.
Both the year of publication (b¼�.534; po.001) and
skill level (b¼�.262, po.01) were negatively related to
operational validities. In the case of job performance, the
year of publication and skill level accounted for 72% of
the differences in operational validities (R2¼ .718, NS).
The year of publication was significantly related to
operational validities (b¼�.901; po.05), whereas skill
level was not (b¼ .186; NS). Owing to the very small
sample size (k¼ 7), results for job performance should
be interpreted with great caution.

In order to visualize the moderator effect of year of
publication, subgroup analyses were conducted. This
involved splitting the sample into two parts, leaving a
comparable number of studies (k) as well as total sample
size (N) in each subgroup. Accordingly, the year 1990
was chosen as a cut-off point, because it left a sufficient
number of studies in each subgroup for training success
as well as for job performance. The results presented in
Table 5 show that the validities of GMA measures for
the prediction of training success diverged between ‘old’
and ‘more recent’ validation studies, with validation
studies carried out before 1990 providing higher validity

Table 3. Meta-analysis of GMA measures for training success and job performance

Criteria k N Mean r S2
r r S2

r % VE 90% CV 95% CI LCV

Training success 90 11,969 .312 .022 .467 .023 34.3 .272–.661 .428–.505 .172
Job performance 9 746 .333 .020 .534 .034 34.0 .296–.770 .386–.682 .187

Note: k, number of studies; N, total number of participants; Mean r, weighted average of observed validity; S2
r , observed variance of validity

coefficients; r, mean operational validity (corrected for range restriction and criterion reliability); S2
r, estimate of the variance of r; % VE, variance

accounted for by artifacts; 90% CV, 90% lower and upper credibility value; 95% CI, 95% confidence interval; LCV, lowest hypothetical 90% lower
credibility value.

Table 4. Meta-analysis of GMA measures for training success by different skill level groups

Skill level Job complexity k N Mean r S2
r r S2

r % VE 90% CV 95% CI LCV

2 Low 45 4,931 .351 .021 .520 .015 45.4 .362–.677 .471–.569 .230
3 Medium 35 5,510 .293 .019 .452 .025 32.9 .250–.654 .388–.516 .156
4 High 6 1,089 .187 .009 .299 .008 57.5 .181–.413 .186–.412 .117

Note: k, number of studies; N, total number of participants; Mean r, weighted average of observed validity; S2
r , observed variance of validity

coefficients; r, mean operational validity (corrected for range restriction and criterion reliability); S2
r, estimate of the variance of r; % VE, variance

accounted for by artifacts; 90% CV, 90% lower and upper credibility value; 95% CI, 95% confidence interval; LCV, lowest hypothetical 90% lower
credibility value.
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estimates (.555) than studies carried out in or after 1990
(.381). As the 95% confidence intervals did not overlap it
can be concluded that the year of publication was a valid
moderator variable.

For job performance, the results were similar: The five
studies carried out before 1990 had a mean operational
validity of .739, whereas later studies had a mean
operational validity of .342. The 95% confidence
intervals did not overlap and in both subgroups artifacts
accounted for nearly 100% of variance. This underlines
that the year of publication was a strong moderator for
validity estimates of job performance ratings. However,
as these analyses were based on a very small sample
of studies, any conclusions drawn should be regarded
as tentative.

5. Discussion

Many US meta-analytic studies have provided evidence
that intelligence is the best stand alone predictor of job
and training performance (Schmidt, 2002). They have
shown that validity generalization exists across different
test types, facets of intelligence, different occupations
and organizations. Only recently was the adaptability of
these results, based on studies conducted in the US, to
the European Community tested explicitly (Salgado et
al., 2003a). Salgado and colleagues showed that validity
generalization exists in Europe, but the criterion valid-
ities that they found across European countries were
slightly higher than those in US meta-analytic studies.
Furthermore, variations in the magnitude of validities
were found between European countries and the need
to search for possible moderator variables in the Ger-
man subsample was expressed (Salgado & Anderson,
2003). Therefore, the aim of the present study was to
determine the mean operational validity of GMA mea-
sures for training success and job performance criteria
in Germany and to compare them to findings from the
Unites States or other European countries. In addition,
job complexity and the year of publication were
considered as possible moderator variables.

5.1. Mean operational validity of GMA measures
in Germany

Concerning our first aim, findings suggest that GMA
measures are valid predictors of training success and
job performance ratings in Germany. With operational
validities of .467 for training success and .534 for job
performance and the respective 90% credibility values
lying clearly above zero, the conclusion that validity
generalization exists across different samples and situa-
tions in Germany is justified. The robustness of our
findings is underlined by the fact that, even when
additional unrepresented studies with a validity of
zero are included in our analyses, the 90% credibility
values are still greater than zero for training success,
job performance and all subgroup analyses (see LCV).
Yet, training success validities reported in our study are
slightly lower than those typically found in the United
States whereas job performance validities are not. In
their comprehensive overview of US meta-analytic
studies Schmidt and Hunter (1998) indicated a validity
of .56 for training success and .51 for job performance
as being representative of other meta-analytic findings
for general cognitive abilities. Moreover, our validities
are lower than those reported in a European meta-
analysis, which examined the mean validity for Europe
as a whole. For GMA tests, Salgado et al. (2003a)
indicated operational validities of .54 for training suc-
cess and .62 for job performance in a European sample
of studies including studies from Spain, Portugal, Scan-
dinavian countries, the United Kingdom, France, the
Netherlands, Belgium and Germany.

In sum, German mean operational validities are com-
parable to those found in large-scale US or European
meta-analyses. Only with respect to training success did
the German operational validity differ slightly from
values reported in US or European meta-analyses.
Hence, although the relationship between GMA and
performance is likely to be the same across countries
on the construct level (assuming that predictor and
criterion measures were perfectly reliable and that we
had a representative sample from the general popula-

Table 5. Meta-analysis of GMA measures for training success and job performance by year of publication

Year of publication k N Mean r S2
r r S2

r % VE 90% CV 95% CI LCV

Training success
o 1990 58 5,902 .387 .023 .555 .019 43.3 .378–.731 .509–.601 .240
� 1990 32 6,067 .239 .010 .381 .012 44.7 .241–.521 .328–.433 .153

Job performance
o 1990 5 360 .424 .022 .739 .004 85.7 .660–.820 .615–.863 .389
� 1990 4 386 .247 .002 .342 .000 100 .342–.342 .275–.410 .185

Note: k, number of studies; N, total number of participants; Mean r, weighted average of observed validity; r, mean operational validity (corrected
for range restriction and criterion reliability); S2

r , observed variance of validity coefficients; S2
r, estimate of the variance of r; % VE, variance

accounted for by artifacts; 90% CV, 90% lower and upper credibility value; 95% CI, 95% confidence interval; LCV, lowest hypothetical 90% lower
credibility value.

10 Ute R. Hülsheger, Günter W. Maier and Thorsten Stumpp

International Journal of Selection and Assessment

Volume 15 Number 1 March 2007

& 2007 The Authors

Journal compilation & 2007 Blackwell Publishing Ltd



tion), operational validities might differ slightly due to
country-specific factors. The identity and nature of these
country-specific factors needs to be examined.

5.2. Why are operational validities in Germany
slightly lower than validities found in the
United States and other European countries?

5.2.1. Specifics of the German educational system
Specifics of the German educational system might ex-
plain why GMA validities for training success are slightly
lower in Germany compared with other countries. The
major difference between the German and other educa-
tional systems concerns the level of stratification, hence
the degree of structuring and differentiation (Buchmann
& Dalton, 2002; Müller & Shavit, 1998). Whereas the US
educational system is characterized by a weak level of
stratification where students are not sorted into differ-
ent kinds of schools but rather attend comprehensive
secondary schools (Buchmann & Dalton, 2002), students
are assigned to one of three types of secondary schools
according to their level of academic achievement in
Germany after only four years of education: Hauptschule,
comprising basic secondary education, Realschule, offer-
ing a more demanding curriculum and Gymnasium, offer-
ing direct university entrance qualifications and preparing
students for academic careers (Baumert, Cortina, &
Leschinsky, 2003; Postlethwaite, 1988). Theoretically, it
is possible to change from the other two school types to
the Gymnasium, but only a minority of students manage
to do so (Baumert et al., 2003). Only recently (02/06) the
Special Rapporteur on the Right to Education Vernor
Muñoz Villalobos (Muñoz Villalobos, 2006) criticized the
German educational system as being separative rather
than integrative and called the classification of children at
the age of 10 ‘internacionalmente anormal’ (internation-
ally abnormal, p. 4). The type of school that pupils attend
influences the career they pursue afterwards and the
professional opportunities open to them because stu-
dents from a certain kind of school are qualified for a
specific and limited set of jobs. In fact, students from
different types of schools do not only differ with respect
to the qualifications they acquire but also with regard to
their actual level of cognitive ability (Horn, 1983).
Consequently, students will not only be selected for
specific jobs but they will also be attracted to certain
jobs according to their educational status. This results in
more homogeneous applicant groups in Germany than in
the United States. In 1966, Wesley and Murch juxta-
posed the United States and the German educational
systems and pointed out that in the US 50% of a student
age-group obtained the high school diploma compared
with only 6.6% in Germany. As a consequence, far fewer
German than US academic students attained a university
degree. In 2002, it remained the case that fewer German
(50%) than US students (64%) or students from the

United Kingdom (74%) entered tertiary education
(OECD, 2004). Therefore, taking into account that
intelligence measures and educational achievement are
linked (Gustafsson & Undheim, 1996; Neisser, Boodoo,
Bouchard, Boykin, Brody, & Ceci, 1996), the vertical
structuring of the German educational system may lead
to a restricted variability of predictor scores in job-
specific applicant groups. This, in turn, reduces the
association between GMA tests and training success in
Germany compared with other countries.

Our assumptions about the early differentiation of the
German school system based on cognitive ability are
corroborated by empirical findings on mean differences
in GMA test scores between students attending different
kinds of schools (Amthauer, Brocke, Liepmann, & Beau-
ducel, 2001; Horn, 1983; Kratzmeier, 1979; Schmidt-
Atzert, Deter, & Jaeckel, 2004; Tent, 1969). Mean GMA
test scores measured with the LPS (Horn, 1983) were
considerably higher in samples of pupils attending the
Gymnasium (227.3) or Realschule (196.2) than in a sample
of students attending the Hauptschule (161.4; Tent,
1969). In order to assess the effect of the German
educational system on the variability of GMA test scores
in job-specific applicant groups directly, GMA variances
in applicant samples should be compared with general
population norms. Yet, despite a thorough literature
review, we could not retrieve GMA variances of German
applicant samples from any primary study. Thus, it seems
necessary for future research to compare the means and
variances of GMA test scores in German applicant
samples with general population norms as well as to
applicant samples from the United States or other
European countries in order to test our proposition
that the stratification in the German school system leads
to variance restriction among applicant samples.

5.2.2. Influence of indirect range restriction on operational
validities
The stratification of the German school system leads to
indirect range restriction. This has to be distinguished
from direct range restriction which is commonly cor-
rected in meta-analyses. Direct range restriction de-
scribes the problem that in personnel selection
research the correlation between predictor and criter-
ion is not based on the full applicant population, but
only on those applicants who have been selected
because of their scores in the predictor variable.
Thus, results of primary studies are usually based on
incumbent populations which display a lower variance
in predictor scores than applicant populations because
those applicants with very low predictor scores have
not been hired (Schmidt & Hunter, 2004). In contrast,
the specifics of the German school system do not lead
to direct but to indirect range restriction because the
selection is not based on the predictor itself but on
other predictor-related characteristics. The German
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educational system which differentiates students and
prepares them for specific occupational trajectories
leads to constricted applicant groups for certain jobs
because students from different kinds of schools are
qualified for different kinds of jobs. Hence, certain jobs
tend to attract students from a certain kind of school.
By considering the selection ratio in a given study,
indirect range restriction is not accounted for because
only a restricted sample of students applied for a
specific job. In contrast, concerning cognitive ability,
job-specific applicant pools were not considerably less
variable than broad workforce norms in the United
States (Sackett & Ostgaard, 1994). This could be
attributed to the relatively undifferentiated secondary
schooling in the United States (Buchmann & Dalton,
2002). As indirect range restriction has a repressing
effect on operational validities, correcting for indirect
range restriction would certainly raise operational
validities to the level found in US or European meta-
analyses. In sum, it can be assumed that the actual
validity of GMA measures for the prediction of training
success might be as high in Germany as it is in other
countries, if the actual magnitude of operational valid-
ities was not decreased by an indirect effect of range
restriction due to the German educational system.

The effect of range restriction in predictor scores
caused by the differentiation of the German school
system might be more pronounced in the case of training
success than in the case of job performance. This might be
the case because the type of school that pupils attend has
a stronger effect on the vocational training they pursue
following school than on the job they hold years later.
While the pathway for German apprentices to participate
in a specific training program is predefined and strongly
depends on the type of school they attended, there are
several ways individuals with different educational back-
grounds can end up in the same job and consequently in
the same job incumbent sample. Therefore, the applicant
pool may be more homogeneous if training success is
examined instead of job performance.

Besides differences in school systems, cultural differ-
ences between the United States and Europe as well as
between European countries could be considered as
potential causes of validity differences of personnel
selection measures, as Salgado and Anderson speculated
(2003, cf. Bertua et al., 2005 for related arguments):
Differences in work-related values (Hofstede, 1980),
different leadership prototypes (Brodbeck, Frese, Aker-
blom, Audia, Bakacsi, & Bandova, 2000), as well as
different staffing practices (Ryan, McFarland, Baron, &
Page, 1999) could possibly exert an impact on validities of
any personnel selection measure. However, we do not
yet know if and how these factors have an effect on GMA
validities. A fruitful pathway for future research would be
to investigate directly whether cultural dimensions influ-
ence validities of personnel selection measures. This

would help us to clarify how differences in validity
magnitudes between countries could be explained.

5.2.3. Differences in performance criteria and reliability
estimates
Apart from educational differences between Germany,
the United States and other European countries, dispa-
rities in the kinds of criteria used in primary studies and
related reliability estimates have to be considered as a
potential cause of differences in operational validities. In
k¼ 87 independent studies (88.8%) standardized exam-
ination grades (e.g., final grades of the German Chamber
of Industry and Commerce) were used as the criterion
measure for training success whereas only 11 studies
assessed training success by supervisor ratings. In con-
trast, in the European meta-analysis ratings by trainers or
supervisors were used in the majority of primary studies
(Salgado et al., 2003a). Consequently, the correction
value for criterion reliability of training success measures
was considerably higher in our meta-analysis (.801) than
in the European meta-analysis (.56) and higher than the
coefficient reported by Viswesvaran et al. (1996) in their
meta-analysis of the interrater reliability of supervisor
ratings (.52). However, it was equal to the value used in
meta-analyses by Bertua et al. (2005) and Hunter and
Hunter (1984). As the magnitude of the correction value
for criterion reliability affects the magnitude of opera-
tional validities (with lower criterion reliability estimates
leading to higher operational validities than lower esti-
mates for criterion reliability) these differences have to
be considered when interpreting minor differences in
operational validities between the present findings and
findings from other US or European meta-analyses.

5.3. Moderating effect of job complexity

For training success, the complexity of occupations was
analyzed as a possible moderating variable. In all three
skill level groups, the operational validities and respec-
tive 90% credibility values were substantial, confirming
the validity of GMA measures for different skill levels.
Yet, operational validities differed substantially between
the three different skill levels, suggesting a strong
moderating effect: The lower the skill level the higher
the operational validity.

The finding that higher skill levels are associated with
lower operational validities does not correspond to
previous meta-analyses which indicate a positive asso-
ciation between job complexity and the magnitude of
operational validities (Hunter & Hunter, 1984; Salgado
et al., 2003b). However, a negative association between
job complexity and GMA validity was expected for our
German sample of primary studies because of the
aforementioned level of stratification of the German
educational system. The group of people receiving
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higher education and thereby the qualification for highly
complex jobs is especially a strongly preselected group.
The German school system has been criticized for its
imperviousness: In the 1960s only 10% of German
students changed the type of school they attended,
and even in the year 2000 only 16.3% of 15-year old
students changed school, whereof only 30% changed to
a higher and 70% to a lower level type of school
(Baumert et al., 2003). The system can be criticized as
being permeable top down but not bottom up. For
students having attended schools giving primarily basic
education (Hauptschule, Realschule), it is very difficult to
change to the Gymnasium and to gain the high school
diploma. This, however, is a precondition for applying for
certain jobs and for entering university. As a conse-
quence, the variance of intelligence values may be
restricted particularly in the group of students attending
the Gymnasium. This was shown in a study reported in
the Manual of the German Adaptation (Kratzmeier,
1979) of Raven’s Standard Progressive Matrices: the
group of students attending the Gymnasium differed
from the group of students attending the Hauptschule
not only with respect to the mean value of GMA but also
with respect to the standard deviation. The standard
deviation was lower in the Gymnasium (SD¼ 5.63) than
in the Hauptschule (SD¼ 8.16). As the Gymnasium is the
type of school preparing students for higher skill level
jobs, particularly for jobs which require a high school
diploma or a university degree, the range restriction in
the predictor is emphasized and causes a reduction in
the predictor–criterion correlation. Simply put, having
obtained the university-entrance diploma at the Gymna-
sium one can apply for the job of a machine operator or
attend university to become a mechanical engineer, but
without having attended the Gymnasium it is almost
impossible to become a mechanical engineer. Hence,
range restriction is stronger and validities are lower for
jobs of higher than for jobs of lower job complexity.
Because this kind of range restriction is not reflected in
the selection ratios considered for the corrections of
direct range restriction, it could be argued that
predictor–criterion correlations might have been under-
corrected, especially for high skill level occupations.

5.4. Moderating effect of year of publication

As the studies included in the database cover a wide
time frame (1938–2004), the year of publication was
analyzed as a possible moderator variable. Findings of
the regression analysis as well as the subgroup analyses
show that the year of publication moderates the
magnitude of GMA validities for training success and
job performance with older studies displaying higher
validities than more recent studies. The percentage of
variance accounted for by artifacts is higher and the
remaining variance of operational validities is lower in

the subgroups than in the total group indicating that the
year of publication is a valid moderator variable.

The results are in accordance with findings of a meta-
analysis about the predictive validities of school grades for
academic and vocational training success in Germany
(Schuler et al., 1990) where the year of publication was
found to have a strong moderating effect. Like in the
present study, older studies reported higher validities than
more recent studies. In contrast, in their examination of
the General Aptitude Test Battery (GATB), Hartigan and
Wigdor (1989) did not find evidence for a decline in
validity over time. Although prior meta-analyses about the
validity of cognitive abilities included studies with a wide
range of publication years (Hunter & Hunter, 1984; Levine
et al., 1996; Salgado et al., 2003b), the moderating
influence of the year of publication has not been analyzed
in these studies. Yet, Bertua et al. (2005) concede that
possible changes in work-related factors like the nature of
jobs or the type of applicants might have an effect on test
validities. It would be beneficial if future studies examined
the year of publication as a possible moderator variable in
order to analyze whether this moderator is general or
specific to Germany. If the finding can be replicated in
other countries, it may be questioned whether it is
appropriate to compute mean operational validities on
the basis of a wide time range of studies. Especially if
one is interested in an estimate of the current mean
true validity, it should be discussed whether older
studies should be included in meta-analyses.

The literature search associated with the present
meta-analysis disclosed that relatively few validation
studies have been conducted in Germany in the last
years, especially for job performance. This is in accor-
dance with the observation that intelligence tests are
not applied as frequently in Germany as in other
countries like the United Kingdom or Spain (Ryan et
al., 1999). Hence, more studies are needed examining
the current validity of GMA measures in Germany. This
is important in order to test the trend of decreasing
GMA validities found in our study.

5.5. Limitations and strengths

The results of the present study should be interpreted
with respect to its limitations and strengths. First, in
comparison with large-scale US meta-analytic studies,
our study is limited by its comparatively small number
of 54 articles and unpublished reports, which intro-
duces second-order sampling error. As a consequence,
we had to limit the moderator analysis of skill level to
training success because for job performance only two
to three studies fell into each skill level group. Second,
only eight unpublished reports could be included in the
database despite our efforts to detect unpublished data
by contacting the DAX-100 companies and examining
journals directed at practitioners. Third, another pro-
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blem the present study had to overcome concerns the
availability of artifact information: There were no stud-
ies providing information on the reliability of criteria.
Yet, by choosing the mean of artifact distributions of a
German or European meta-analysis, recently published
empirical correction values for the reliability of training
success and job performance could be chosen. A final
point concerns the comparatively small amount of
variance accounted for by artifacts which points to
potential moderator effects. The moderators investi-
gated in the present study are not the only variables
which might moderate the GMA–performance relation-
ship because even in the subgroups the amount of
variance explained by artifacts did not exceed 50% in
most of the cases. Future moderator analyses might
focus on differences in specific GMA measures (see
Hülsheger, Maier, Stumpp, & Muck, 2006), specific
cognitive abilities or the distinction between concur-
rent and predictive validation studies.

5.6. Conclusion and implications

The present findings of a German meta-analysis under-
line that GMA validities are in fact generalizable inter-
nationally although small differences in operational
validities might exist between countries. The actual
level of validity in a specific country is important
information, not only from a theoretical but also from
an applied point of view: For personnel selection
practitioners who have to decide which selection
method to use, the validity of GMA measures in their
country is valuable information. Moreover, for globally
active organizations, which assign workers overseas,
knowledge about even slight differences between coun-
tries might be of interest.

The present research shows that differences between
countries may be reflected in different moderating
influences. Interestingly, the established moderator ef-
fect of job complexity pointed in a different direction
than in US and European meta-analyses. Furthermore, it
could be shown that the year of publication is an
important moderator variable which should be consid-
ered in future studies. Hence, stimulated by the work of
Salgado, Anderson, and colleagues, our study contributes
to cultural comparisons in personnel selection research
and thereby helps in understanding the commonalities
and differences between European countries.
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Notes

1. Parts of this study were presented at the 44th meeting of
the German Society of Psychology, Göttingen, Germany,
September 26–30, 2004.

2. In the case of training success, criteria were grades from
vocational training or supervisor ratings, in the case of job
performance, studies only reported supervisor ratings.
Other criteria like objective performance measures were
not reported in any primary studies included in the
database.

3. Yet this underestimation of measurement error in the
predictor will not affect estimates of the operational
validity because predictor reliability was only considered
to estimate the percentage of variance accounted for by
artifactual errors.

4. Six of the studies reporting validity coefficients for
training success were based on military occupations. In
order to allow comparisons with other meta-analyses
excluding military occupations (Salgado et al., 2003b) the
operational validity for training success was re-analyzed
excluding military occupations (k¼ 84; N¼ 10,839). The
operational validity (.484) did not differ significantly from
the operational validity of the whole sample (.467).
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chungen mit dem Prüfsystem für Schul- und Bildungsber-
atung (PSB) [Reliability and validity studies on the
‘‘Pruefsystem fuer Schul- und Bildungsberatung’’ (PSB)].
Psychologie und Praxis – Zeitschrift für Arbeits- und Organisa-
tionspsychologie, 28, 32–38.

Mosier, C.I. (1943) On the reliability of a weighted composite.
Psychometrika, 8, 161–168.

Müller, W. and Shavit, Y. (1998) The institutional embedded-
ness of the stratification process. In Shavit, Y. and Müller, W.
(eds), From school to work. Oxford, UK: Clarendon, pp. 1–48.
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tlichter Arbeitsbericht [Unpublished report]. Bonn, Germany:

Streitkräfteamt der Bundeswehr.
Raju, N.S., Burke, M.J., Normand, J. and Langlois, G.M. (1991)

A new meta-analytic approach. Journal of Applied Psychology,

76, 432–446.
Raju, N.S. and Fleer, P.F. (2003) VG2M: a computer program for

conducting validity generalization analysis [Computer soft-

ware]. Chicago, IL: Illinois Institute of Technology.
Rosenthal, R. (1979) The ‘‘File Drawer Problem’’ and toler-

ance for null results. Psychological Bulletin, 86, 638–641.
Rothstein, H.R. (1990) Interrater reliability of job performance

ratings: growth to asymptote level with increasing opportu-

nity to observe. Journal of Applied Psychology, 75, 322–327.
Ryan, A.M., McFarland, L., Baron, H. and Page, R. (1999) An

international look at selection practices: nation and culture

as explanations for variabiltiy in practice. Personnel Psychol-

ogy, 52, 359–391.
Sackett, P.R. and Ostgaard, D.J. (1994) Job-specific applicant

pools and national norms for cognitive ability tests: implica-

tions for range restriction corrections in validation re-

search. Journal of Applied Psychology, 79, 680–684.
Salgado, J.F. and Anderson, N. (2002) Cognitive and GMA

testing in the European Community: issues and evidence.

Human Performance, 15, 75–96.
Salgado, J.F. and Anderson, N. (2003) Validity generalization of

GMA tests across countries in the European Community.

European Journal of Work and Organizational Psychology, 12,

1–17.
Salgado, J.F., Anderson, N., Moscoso, S., Bertua, C. and de

Fruyt, F. (2003a) International validity generalization of

GMA and cognitive abilities: a European community meta-

analysis. Personnel Psychology, 56, 573–605.
Salgado, J.F., Anderson, N., Moscoso, S., Bertua, C., de Fruyt, F.

and Rolland, J.P. (2003b) A meta-analytic study of general

mental ability validity for different occupations in the Euro-

pean community. Journal of Applied Psychology, 88, 1068–1081.
Sarges, W. and Wottawa, H. (2001) Handbuch wirtschaftspsy-

chologischer Testverfahren [Handbook of economic-psychologi-

cal tests]. Lengerich, Germany: Pabst Science Publishers.
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allgemeinen Verwaltungsdienst – eine Bewährungskontrolle
[Comparison of aptitude tests and intermediate examina-
tions of the upper grade of the civil service – an evaluation].
DGP Informationen, 12/1984, 56–74.
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*Streitkräfteamt (2001) Unveröffentlichter Arbeitsbericht [Unpub-
lished report]. Bonn, Germany: Streitkräfteamt der Bundeswehr.
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Table A1. ISCO-88 COM major groups, classification codes, examples of occupations and related skill levels

Major group
Classification
code

Examples of occupations
belonging to this group

Skill
level

Legislators, senior officials
and managers

1 –a 4

Professionals 2 Science professionals (different careers) 4
Technicians and associate
professionals

3 Police inspectors; chemical science technicians; administrative associate
professionals; finance associate professionals; legal associate professionals

3

Clerks 4 Secretaries; numerical clerks; office clerks 2
Service workers and shop
and market workers

5 Police officers; hairdressers; flight attendants 2

Skilled agricultural and
fishery workers

6 –a 2

Craft and related workers 7 Miners; machinery mechanics; electrical mechanics; telegraph and
telephone installers and service

2

Plant and machine
operators and assemblers

8 –a 2

Elementary occupations 9 –a 1
Armed forces 0 Non-commissioned marine officer 2

Commissioned marine officer 4
Commissioned air force officer 4
Commissioned army officer 4

Note: aNo occupations included in the database fell into this group.
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