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Summary: Assessment of intelligence is often based on fluid (g¢) and crystallized intelligence (g.), and — in the
German-speaking countries — the Berlin Model of Intelligence Structure (BIS). As yet, however, the two
approaches have not been systematically related to each other. The present study therefore aims to identify
possible relationships between the approaches. We hypothesize that g; is related to “processing capacity” and
“memory” in the BIS, whereas g, is related to “fluency” and “knowledge” and, to a lesser degree, to “processing
capacity.” We also assume “processing speed” to be related to both gr and g.. All components of the BIS that
are relevant to the present study were measured by means of the BIS-r-DGP test, which, together with “knowl-
edge” scales, was administered to 9,520 persons in the context of personnel selection.

The following results were obtained: First, the BIS was replicated by factor analysis of the BIS-r-DGP test.
Second, “knowledge” was shown to form an additional component. Third, g; and g. emerged clearly from
hierarchical factor analysis. Finally, with the exception of the relation of “fluency” to g, all hypotheses were

confirmed by confirmatory factor analysis.

Introduction

In the German-speaking countries, the Berlin Model of
Intelligence Structure (BIS; Jiger, 1982, 1984; see Bucik
& Neubauer, 1996; Siif3, Oberauer, Schulze, Wilhelm, &
Wittmann, in press; Wittmann, 1988) stimulated impor-
tant contributions to intelligence research and assess-
ment (e.g., Jiger, Siil, & Beauducel, 1997). Anglo-
American research on intelligence and assessment, on
the other hand, is strongly influenced by the Cattell-Horn
model of fluid (g¢) and crystallized (g.) intelligence (e. g.,
Carroll, 1993; Cattell, 1987; Flanagan, Genshaft, & Har-
rison, 1997). Each concept has its specific advantages.
As far as the BIS is concerned, both the generality of the
tasks analyzed and the replicability of the intended struc-

ture in different populations are noteworthy (Bucik &
Neubauer, 1996; Jager, 1982; Jager & Tesch-Romer,
1988; Kleine & Jager, 1987). The Cattell-Horn concep-
tions of gr and g, are especially important for life-span
development (e. g., Baltes, Lindenberger, & Staudinger,
1998; Lindenberger & Baltes, 1997), cross-cultural psy-
chology (e. g., Cattell, 1987), and in the context of Car-
roll’s integrative approach to the structure of human abil-
ities (Carroll, 1993). It would therefore be interesting and
important to investigate the relationships between g and
g. on the one hand and the BIS on the other. Up to now,
this topic has only been addressed in a single psychomet-
ric study: Gilardi, Holling, and Schmidt (1983) investi-
gated the replicability of grand g. in a subset of the BIS,
but they did not correlate the abilities conceptualized in
the BIS to gr and g.. Thus, the relationships between the
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abilities conceptualized in the BIS and the g/—g. model
have yet to be explored. The present study investigates
the theoretical relationships between the BIS and the
gr—g. model and then formulates hypotheses for these
relationships.

The Differentiation of g and g,

First, it should be noted that there are considerable dif-
ferences in the measurement of gr and g (see Flanagan
et al., 1997). Horn (1988, pp. 658-659), for example,
described g. as follows: “The measured factor is a fallible
indicator of the extent to which an individual has incor-
porated, through the systematic influences of accultura-
tion, the knowledge and sophistication that can be re-
ferred to as the intelligence of a culture.” Here, the im-
portance of knowledge (K) as an aspect of g. is very
clear. With respect to gz, Horn (1988, pp. 660) wrote:
“The factor is a fallible indicator of reasoning of several
kinds, abstracting, and problem solving, when these
qualities are acquired outside the acculturational pro-
cess, through personal experience, and through learning
that is not selectively restricted.” Here, reasoning seems
to be the most important aspect of g¢ In other words,
tasks with a high loading on g¢involve primarily reason-
ing and, to a lesser degree, knowledge of the culture,
whereas tasks with a high loading on g. involve primarily
cultural knowledge and, to a lesser degree, reasoning.
This differentiation between reasoning and knowledge
forms the basis for the gpg. differentiation in a widely
used German intelligence test “I-S-T 2000 R” (Amt-
hauer, Brocke, Liepmann, & Beauducel, 2001). Yet, al-
though the difference between reasoning and knowledge
reflects an important aspect of the gr—g. differentiation,
grand g. can also be differentiated on the basis of several
other aspects. For example, Lindenberger and Baltes
(1997) based their differentiation of the mechanics and
pragmatics of intelligence on reasoning and memory on
the one hand (mechanics), and knowledge and fluency
on the other (pragmatics). Moreover, in the studies con-
ducted by Horn and Cattell (1966), Hakstian and Cattell
(1978), and Gilardi et al. (1983), reasoning and memory
load on g;, whereas knowledge and fluency load on g..
In this broader perspective, gr cannot be reduced to
“pure” reasoning and g. cannot be reduced to knowledge
alone. The importance of the differentiation between rea-
soning and knowledge is acknowledged, but it also is
recognized that other abilities may be significant in the
gr-g. differentiation.

The differentiation between g¢ and g. may be of par-
ticular interest in personnel selection procedures and in
the prediction of job performance. It is well known that
when hiring employees without previous job-related ex-
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perience, the most valid predictor of future performance
is intelligence (Schmidt & Hunter, 1998). Nevertheless,
it may also be useful to differentiate between gfand g in
this context. Schmidt (1992, p. 1178) performed meta-
analyses showing that the major impact of intelligence
on job-performance capability is indirect: Higher ability
leads to increased acquisition of job-related knowledge,
which has a strong effect on job performance capability.
It is conceivable that g. could be a more important indi-
cator of future job-related knowledge than g¢. This would
make g, tests attractive for personnel selection.

The Relationships of BIS Abilities to g
and g,

The BIS was developed in order to integrate several
models of intelligence. The focus of the BIS is on gener-
ality, and the original studies were therefore based on a
large sample of 2,000 intellectual tasks gathered from an
extensive screening of the literature. The pool of tasks
was then reduced by eliminating very similar tasks,
while retaining the marker variables for important mod-
els of intelligence. A set of 191 tasks representing 98
different types of tasks was chosen for the initial empir-
ical BIS studies (see Jiger, 1982). Since the BIS is based
on such a large sample of tasks, it was expected to cover
a broad range of intellectual abilities.

The BIS was originally developed by factor analysis
of theoretically founded aggregates (parcels). This tech-
nique is based on Humphrey’s (1962) ideas on the sup-
pression of unwanted variance, and allows facets to be
demonstrated by factor analysis. Thus, the BIS is a fac-
eted model of intelligence with the following structure:
A content facet for verbal, numerical, and figural abilities
is differentiated from an operation facet for processing
speed, memory, creativity, and processing capacity. The
two facets form 12 “structuples” (4 operations x 3 con-
tents), one for every operation-content combination.
These structuples are not interpreted as ability con-
structs, however; rather, they serve only to classify the
tasks in the BIS. A general intelligence component is
assumed to form the highest hierarchical level (see Jiger,
1982, 1984; Wittmann, 1988; Bucik & Neubauer, 1996).
Each operation factor (processing speed, memory, cre-
ativity, and processing capacity) is measured in three
types of content (i. e., verbal, numerical, figural), and
each type of content is measured with four types of op-
eration. The model has been replicated several times
(e. g., Bucik & Neubauer, 1996; Jiager, 1982; Jiger &
Tesch-Romer, 1988) and in different countries (e. g.,
Kleine & Jéager, 1987).

As far as the operation facet of the BIS is concerned,
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the following relationships to g and g. are expected:
Processing capacity is very close to reasoning, which is
usually related to gr (e. g., Hakstian & Cattell, 1978).
Carroll (1993, p. 64) directly relates the processing ca-
pacity described in Jidger (1967) to g¢. However, when
knowledge is required for the solution of tasks (e. g.,
when the terms in analogies are not very common), parts
of reasoning tasks can also be related to g. (e. g., Horn,
1988). Thus, tasks representing processing capacity can
be assumed to be related mainly to gf and, to a lesser
degree, to g.. Horn and Cattell (1966), Hakstian and Cat-
tell (1978), and Gilardi et al. (1983) found associative
memory to be related to g. Therefore, associative mem-
ory is also expected to be related to g¢ in the present
context. With respect to creativity, no correlations with
gr or g. have yet been reported. However, correlations
have been reported between fluency, which can be re-
garded as a part of the BIS creativity construct, and g.
(Gilardi et al., 1983; Hakstian & Cattell, 1978; Horn &
Cattell, 1966). Furthermore, in Lindenberger and Baltes
(1997), fluency is seen as part of the pragmatics of intel-
ligence, which is close to g.. Of course, fluency is only a
weak measure of creativity. Therefore, the results report-
ed in the respective studies should not be generalized to
the broad construct of creativity, although a correlation
with g, is assumed for the fluency part of the creativity
construct. Since some speed and flexibility is necessary
to produce words in fluency tasks, fluency could also be
expected to be related to g; this, however, has not yet
been reported in the literature on gf and g.. We therefore
decided not to formulate an explicit hypothesis in this
regard, but rather to explore the relation of fluency to g¢
in a post-hoc analysis. According to Horn and Cattell
(1966), relationships to g. can also be assumed for pro-
cessing speed, which is close to Carroll’s (1993) broad
cognitive speediness. Even though some differentiation
is possible within the domain of processing speed, the
BIS model, on which the present article is based, concep-
tualizes speed as a homogeneous dimension (Jéger,
1982). Simple skills (e. g., simple numerical calculations
or reading speed) that are acquired within a culture are
also trained within the cultural experience, so that the
degree of automation is culture-dependent. Therefore,
the speed of performance in such skills could be related
to g. (e. g., Lansman, Donaldson, Hunt, & Yantis, 1982).
Gilardi et al. (1983) found speed to have a main loading
on g, although speed has also been found to be related
to gr (e. g., Hakstian & Cattell, 1978). The latter finding
has been interpreted within the mental speed framework
(e. g., Rabbitt, 1996). More specifically, individual dif-
ferences in processing speed are linked to age-related
differences in g¢ (Fry & Hale, 1996; Salthouse, 1996).
According to these findings, the correlation between
speed and g should be age-dependent: In more homoge-

Table 1. Expected relations between BIS operations and grand g..

Processing Memory Fluency Processing
capacity speed

gf X X X

e X X X

Notes. Expected relations are marked with an "X."

neous age groups, the correlation between speed and g¢
should be considerably reduced.

Altogether, the relationships of speed to gf and g, are
complex. It is therefore assumed that speed is related to
both grand g.. The expected relationships between gy, g,
and the BIS operations are summarized in Table 1.

As far as the BIS content facet of verbal, numerical,
and figural abilities is concerned, the relationships are
less clear than for the operation facet: Verbal abilities are
often assumed to be related to g. (e. g., Carroll, 1993),
whereas figural abilities (especially topographies and
matrices) are thought to be related to g; (see Cattell,
1987). However, these tendencies do not follow directly
from Horn’s (1988) descriptions of grand g, cited above.
The degree of acculturation can be assessed with verbal
tasks, although verbal tasks are not always related to g..
According to Cattell (1987), verbal reasoning tasks in
which the words are familiar to the participants may be
mainly related to g;. Sternberg and Gastel (1989) used
verbal reasoning tasks to measure gr., and in Amthauer
et al. (2001) verbal reasoning tasks had their main load-
ings on gr. Therefore, the assumption that verbal abilities
are mainly related to g. holds only on the condition that
the vocabulary or verbal knowledge required for the spe-
cific tasks is not familiar to all participants, and that only
a low amount of reasoning is required. Figural abilities
are assumed to be substantially related to g; (e. g., Horn,
1988) and are generally not found to be related to g.. This
could be because of knowledge as a basis for g. is gen-
erally assessed with verbal tests. In Amthauer et al.
(2001) knowledge is assessed by means of verbal, nu-
merical, and figural tests, and the figural knowledge tests
also load on g, indicating that figural tests do not neces-
sarily have to mark gr. Numerical calculations are related
to gr when they require reasoning rather than mathemat-
ical knowledge (Horn, 1988). When they demand math-
ematical knowledge, numerical calculations load pri-
marily on g.. According to Horn (1988), broad mathe-
matical ability can indicate gr as well as g.. Because
numerical reasoning tasks usually involve high levels of
both reasoning and knowledge, they will be assumed to
be related to both g¢ and g, in this study. In sum, we
follow the approach taken by Horn (1988) and regard g¢
and g, as differing mainly in the degree of acculturation
involved in the tasks. Since the relationship of the con-
tent factors to acculturation is not clear, no unambiguous
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hypotheses can be stated on the relation of the content
factors to g¢ and g..

In the basic analyses of Horn and Cattell (1966) and
Hakstian and Cattell (1978), and in Horn’s (1988) de-
scription of g, knowledge was regarded as an important
aspect of g.. Moreover, in Horn and Cattell (1966) and
Hakstian and Cattell (1978), knowledge scales load on the
g. factor. This is in line with Cattell’s (1987) investment
theory, since the investment of g¢ should at least result in
the acquisition of some testable knowledge (cf. Beau-
ducel, Brocke, & Liepmann, 2001). Thus, knowledge can
be regarded as a core of g. (see Horn, 1988), but at the
same time g. could also comprise further aspects of ac-
culturation, such as general problem-solving strategies.
Since the BIS does not include a knowledge component,
it was necessary to include knowledge as an additional
component in the analysis in order to assess g. properly.
It was assumed that knowledge forms an additional com-
ponent in line with the four BIS operation components.

Finally, it should be noted that both the BIS (Jéger,
1982) and Cattell’s (1987) investment theory include
general intelligence or “g” at the highest hierarchical
level. Since the present study was designed to cover the
most important parts of both models, it can be expected
that a factor representing g will be found.

In sum, our predictions of the relationships between
the BIS operations and knowledge, on the one hand, and
grand g, on the other were as follows:

1. “Processing capacity,” which is close to reasoning, is
mainly related to gr and, to a lesser extent, to g.

. Memory is related to gi.

. Fluency is related to g..

. Processing speed may load on gr as well as g..

. Knowledge, which is not represented in the BIS, is
related to g.

|9, BSOS I )

In order to investigate these relationships, both the BIS
and the gi—g. model will first have to be replicated within
the present study. If the BIS can be replicated, we will
assess whether knowledge forms an additional compo-
nent in the context of the BIS operations. Finally, we will
test our hypotheses on the relationships of the BIS oper-
ations and knowledge with g; and g., and investigate
whether a factor for general intelligence can also be
found.

Methods
Participants

The following analyses were based on data gathered
from 9,520 high school graduates tested between August
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1996 and April 1999 in a German civil service selection
program. The participants were between 17 and 32 years
old. The median age was 19 years, with a standard devi-
ation of 4.2 years. The age distribution was right skewed,
and 65% of the total group was younger than 21 years
(see Fig. 2). There were 5,669 female (59.5%) and 3.851
male (40.5%) applicants.

The present group is more age-homogeneous than that
of Horn and Cattell (1966). However, the analysis of
age-heterogeneous groups has been criticized by Guil-
ford (1980), who postulated that different tests related in
the same way to age would correlate positively in age-
heterogeneous samples. In the extreme, these correla-
tions would merely represent a condition (i. e., age), rath-
er than an ability. Thus, with respect to Guilford’s (1980)
critique, it may be important to explore whether gr and
g. can actually be demonstrated in a more age-homoge-
neous sample.

This article focuses on the question of construct valid-
ity. However, for a subsample of 249 students applying
for a position with the German financial civil service,
criterion validities are reported for gr and g, with train-
ing proficiency as the criterion (for details see Kersting,
1999).

Material and Procedure

Participants’ abilities were assessed using the so-called
BIS-r-DGP test. This test was constructed by Kersting
and Beauducel (2001) on the basis of the BIS and is now
used for the sole purpose of personnel selection. In con-
trast to the more comprehensive BIS test (Jager et al.,
1997), the BIS-r-DGP test does not assess creativity, in-
cluding the flexibility of ideas, but assesses only fluency
as a single component of creativity (for a description of
the psychometric characteristics of the BIS-r-DGP test,
see Kersting & Beauducel, 2001). Moreover, the BIS-r-
DGP test features only 11 of the 12 BIS structuples or
“cells”; the numerical fluency structuple is not included
(for short labels of the BIS-r-DGP tasks see Table 5). In
order to establish marker variables for g., knowledge was
assessed with four scales: knowledge of community
structures, literature, economics, and politics. Each
knowledge scale consisted of 15 multiple-choice items.
The tests were administered to groups of 2 to 50 partici-
pants. The complete test session took 4 hours and 30
minutes (including breaks).

Data Analysis

The BIS was initially confirmed by means of exploratory
factor analysis of aggregates (parcels). Aggregates were
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Figure 1. Process of aggregation for operation-homogeneous aggregates with BIS-r-DGP tasks; SV = processing speed verbal; SN = processing speed
numeric; SF = processing speed figural; MV = memory verbal; MN = memory numeric; MF = memory figural; FIV = fluency verbal; FIF = fluency figural;
CV = processing capacity verbal; CN = processing capacity numeric; CF = processing capacity figural.

formed in order to suppress unwanted variance (see
Humphreys, 1962). For example, an aggregate intended
to measure memory (M) was formed by the aggregation
of a figural memory task (MF), a verbal memory task
(MV), and a numerical memory task (MN). Figure 1
gives an overview of the aggregation of variables in the
present context.

Thus, the unwanted variance of the BIS contents was
balanced out by aggregation, whereas the wanted vari-
ance (e. g., of the memory operation) remains in the ag-
gregate. With this method of controlled aggregation, Ji-
ger (1982, 1984) was able to demonstrate a faceted struc-
ture using exploratory factor analysis (see also
Wittmann, 1988). Since the BIS model was initially con-
firmed by this technique, exploratory principal axis fac-
toring with aggregates was also performed in the present
context using SPSS for Windows (Version 8).

The replication of gr and g. was performed with hier-
archical exploratory factor analysis, as this was the meth-
od employed by Cattell and Horn in most analyses of g¢
and g. (e. g., Hakstian & Cattell, 1978). First, an explor-
atory principal axis factoring was performed for the BIS-
r-DGP test and the knowledge scales. The number of
factors to be extracted was estimated by means of paral-
lel analysis (Horn, 1965), which has been shown to be

superior to the Guttman-Kaiser criterion, the scree-test,
and other criteria (Hubbard & Allen, 1987; Zwick &
Velicer, 1986). In order to employ a method of factor
rotation close to Cattell’s (1978, 1987) ideas on hyper-
planes and oblique rotation, we performed a new method
of oblique hyperplane maximization called Trasid rota-
tion (Beauducel, 1997). The number of irrelevant load-
ings on a factor, i. e., the number of loadings in the hy-
perplane or with very low absolute values (e. g., below
.10), was one of the most important of Thurstone’s
(1947) original criteria for simple structure. Cattell and
Muerle (1960) criticized the fact that most analytical
methods of factor rotation do not maximize the number
of very low (i. e., nonsignificant) absolute loadings per
factor directly, but instead maximize related mathemati-
cal criteria, for which the correspondence to simple
structure in the original sense is not perfect. In order to
maximize the number of variables with extremely low
absolute loadings directly, Cattell and Muerle developed
the Maxplane rotation. Maxplane rotation, like Trasid,
maximizes the number of variables with absolute values
close to zero, i. e., the hyperplane count. However, Trasid
has been shown to be superior to the Maxplane rotation
in this regard (Beauducel, 1997). Thus, Trasid was used
to maximize the hyperplane count directly. According to
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Table 2. Principal axis factor pattern for operation-homogeneous aggregates (pro-

max solution, ¥ = 3).

C S M Fl
S1 -.01 .83 .03 .02
S2 .07 .85 -.02 -.01
S3 -.03 .83 .02 .02
M1 .01 -.06 74 -.01
M2 .09 .09 .68 .00
M3 -.03 .04 77 .02
F1 .02 -.01 .00 .76
FI2 -.02 .04 .00 .76
C1 .65 04 -.04 .06
C2 .67 -.04 -.04 .00
C3 .68 .03 04 .02
C4 .62 .02 .03 -.04
C5 .64 -.01 .09 -.03
Correlations  C S M
S 46
M .50 .51
Fl 23 46 29
Eigenvalues: 4.88 1.75 128 1.06 .61 58 .56 48

Mean eigenvalues of
random data: 1.06 1.05 103

1.03  1.02 1.01 1.00 99

Notes. C = processing capacity, S = processing speed, M = memory, FI = fluency;
for the variables see Figure 1; loadings > .40 are printed in jtalics.

Cattell (1978) a small threshold value should be used for
the hyperplane count when the sample size is large.
Therefore, a threshold value of +.05 was used with Trasid
in the present study. In order to compare the results to a
more common method of factor rotation, Promax rota-
tion (with k = 3) was also performed. For the hierarchical
factor analysis, the Schmid-Leiman (1957) transforma-
tion was used to represent the solutions (i. e., the oblique
factors were then orthogonalized). The hypotheses on the
relationships between the BIS operations, knowledge,
and the gr—g. model were tested by means of confirma-
tory factor analysis (CFA) using LISREL 8 (Joreskog &
Soérbom, 1993).

Results
Exploratory Factor Analysis

In order to investigate whether the BIS-r-DGP test mea-
sures the parts of the BIS model relevant for the present
investigation, principal axis factor analyses were per-
formed with aggregates (as in Jiager 1982, 1984). As
mentioned above, in contrast to the BIS model, the BIS-
r-DGP does not measure creativity, but only a part of it:
fluency. The results for the aggregates which are homo-
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geneous with respect to the operation (i. e., processing
capacity, memory, fluency, and processing speed) and
heterogeneous with respect to content (i. e., verbal, nu-
merical, and figural abilities) are presented in Table 2.
Parallel analysis was performed on the basis of the means
of the eigenvalues based on the correlations of 13 nor-
mally distributed random variables with 9,520 cases.
Four factors were identified by parallel analysis, i. e.,
four empirical eigenvalues were larger than the eigenval-
ues of the random data (see Table 2). These rotated fac-
tors correspond to the parts of the BIS which are relevant
in the present context. The results for the aggregates
which are homogeneous in content (i. ., verbal, numer-
ical, and figural abilities) and heterogeneous with respect
to the operation (i. e., processing capacity, memory, flu-
ency, and processing speed) are shown in Table 3.
Parallel analysis based on nine normally distributed
variables with 9,520 cases did not indicate the three-fac-
tor solution which was expected in accordance with the
BIS. However, the first eigenvalue was extremely large;
it represented 52.8% of the common variance. Turner
(1998) and Beauducel (2001) demonstrated that parallel
analysis tends to underestimate the number of factors to
be extracted when there is a very large first eigenvalue.
Therefore, and because a three-factor solution was ex-
pected theoretically, we computed a three-factor solu-
tion. The factors corresponded to the expected content
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Table 3. Principal axis factors for content-homogeneous aggregates (Promax solu-

tion, k¥ = 3).
N V F
F1 .02 -.02 .78
F2 .04 20 .59
F3 .06 A3 57
V1 .03 .67 .10
V2 1 .68 .02
V3 .03 .69 .10
N1 72 .04 .08
N2 .84 .00 -.03
N3 47 15 .09
Correlations N V
V .63
F .56 .69
Eigenvalues:
475 97 72 .55 48 41 40 .39 34
Mean eigenvalues of random data:
105 103 1.02 101 1.00 .99 .98 97 95

Notes. N = numerical abilities, V = verbal abilities, F = figural abilities; loadings >

.40 are printed in italics.

Table 4. Principal axis factors for operation-homogeneous aggregates and knowledge scales (Promax solution, k = 3).

103

C S K M Fl
S1 .00 .83 -.01 02 .02
S2 .05 .85 .04 -.01 -.02
S3 .00 .82 -.04 .01 .02
M1 .04 -.06 -.04 72 -.01
M2 .06 .09 07 .70 .00
M3 -.01 04 -.01 .76 02
FI 02 -.01 .01 .00 .76
FI2 -.02 04 02 .00 .76
C1 .61 .05 .08 -.03 .05
C2 .58 -.02 .18 -.02 -.01
C3 74 .02 -.09 .01 .02
C4 .55 .03 13 04 -.05
C5 .69 -.02 -.09 07 -.02
Community structures -.08 .02 .83 .04 -.02
Literature 04 -.01 47 .08 04
Economics 04 .01 .61 -.07 .03
Politics .05 -.04 .79 -.03 -.02
Correlations C S K M
S 46
K .39 12
M .50 51 .09
Fl 22 46 .09 29
Eigenvalues:
516 2.48 1.58 116 1.05. .73 .59 57 .55 51 48 45 41
Mean eigenvalues
of random data:
1.07 106 105 104 103 102 101 100 .99 98 97 96 95

Notes. C = processing capacity, S = processing speed, K = knowledge, M = memory, Fl = fluency; for the BIS variables see Figure 1;
loadings > .40 are printed in jtalics.
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Table 5. Schmid-Leiman transformed first-order hierarchical solution based on Promax factor patterns.

3rd order 2nd order 1st order
Tasks g gf gc S K M CF Fl CN cv
marking letters (SF) 21 42 51 -.10
comparing figures (SF) 27 .46 51
placing signs (SN) 25 .38 .46 14
classification (SV) 27 .40 45
Marigold (SF) 24 42 45 -13
incomplete words (SV) .28 41 43
part-whole (SV) 28 .38 .35 .18
divide by six (SN) .32 36 14 .33 26
political knowledge .28 .53 51
community structure knowledge .28 Y 51 -.12
economic knowledge .23 43 .40
literature knowledge 24 .32 .33 12
text analysis (CV) .28 .10 34 23 26
classify words (CV) .25 .15 24 21 14 24
fantasy language (MV) 26 41 47 14
pairs of numbers (MN) 21 .28 41 21
remember words (MV) 15 .30 .39
recognize numbers (MN) .16 22 37 13
two-digit numbers (MN) 23 .29 36 .20
meaningful text (MV) 30 34 13 10 1 .33 -.10 14
memorizing forms (MF) .26 46 .10 29 27 -13
pairs of figures (MF) 24 42 29 24
orientation memory (MF) 15 .25 18 21
turning figures (CF) 17 17 41 1
complex unwinding (CF) .16 .18 35
analogies (figural) (CF) 18 25 28 12 15
choosing figures (CF) 12 14 26
letter series (CN) .20 27 26 19 .10
Bongard (CF) 14 17 22
characteristics and abilities (FIV) .18 24 57
possibilities of application (FIV) 18 22 .57
continuing sign (FIF) 1 24 56
creating objects (FIF) 14 .26 .50
Masselon (FIV) 19 23 36 13
computation reasoning (CN) 27 34 10 16 45
estimating results (CN) 27 15 .29 22 44
matrices of numbers (CN) 23 .18 .18 16 43
X-greater (SN) .33 31 .20 .29 .38
tables &t statistics (CN) 22 13 22 13 29 12
conclusions (CV) .26 30 .10 13 41
comparing conclusions (CV) 32 23 26 14 .30
analogies (verbal) (CV) 27 23 19 21 27
Eigenvalues of unrotated primary solution: 785 339 236 181 168 141 110 92 91 .87 .84
Mean eigenvalues of random data
corresponding to primary factor solution 113 112 1.1 110 109 108 107 106 1.06 105 1.05

Notes. CF = figural processing capacity, CN = numerical processing capacity, CV = verbal processing capacity, Fl = fluency, K = knowl-
edge; M = memory, S = processing speed; loadings < .10 were dropped. Loadings > .30 are given in italics.

factors for verbal, numerical, and figural abilities and
had a clear simple structure (see Table 3). Thus, the first
large eigenvalue could be regarded as a strong effect of
general intelligence, but the intended structure was pro-
nounced for the content factors. The strong impact of
general intelligence could also be seen in the large cor-
relations between the content factors. Altogether, the re-
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sults showed that relevant parts of the BIS, i. e., process-
ing capacity, memory, fluency, and processing speed, as
well as verbal, numerical, and figural abilities can be
measured by means of the BIS-r-DGP test. Moreover, the
present results can be regarded as a further replication of
important parts of the BIS.

The next step was to investigate whether general
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Table 6. Schmid-Leiman transformed second-order hierarchical solutions for Promax and Trasid factor pat-

terns.

Promax K =3 Trasid

3rd order 2nd order 3rd order 2nd order
Factor g gf gc g of gc
S .38 62 -02 .30 .69  -03
K .38 -.06 .66 .18 -.10 .49
M .36 .59 -03 27 55 04
CF .29 45 .00 31 37 .33
CN 32 .08 42 .34 .01 74
cv .39 .40 22 27 31 29
FI 24 37 01 14 40 =10
Eigenvalues for unrotated second-order solutions:
307 133 90 .56 47 .38 29 282 140 90 .65 53 43 27

Mean eigenvalues of random data: 1.04 1.02

1.01  1.00 .99 98 .96

Factor score

1,

0,5

Figure 2. g¢ and g, factor scores of the promax
solution across age groups. The number of par-
ticipants in each age group is given in brackets.

T
27128
(452)

T
25/26
(503)

T
23/24
(549)

T
21/22
(880)

T
19/20
(2907)

T
17/18
(3313)

knowledge represents an additional factor in line with the
BIS operations. Therefore, principal axis factor analysis
was performed with the four knowledge scales and ag-
gregates which were homogeneous with respect to the
BIS operations (see Table 4). Parallel analysis based on
17 normally distributed random variables with 9,520
cases indicated that five factors should be extracted. As
expected, in addition to the four factors for the BIS op-
erations, the knowledge factor emerged with a clear sim-
ple structure. As before, the correlations between the fac-
tors may be attributed to general intelligence. However,
the correlation between the factors for fluency (FI) and
knowledge (K) was low, which contradicts the assump-
tion that both factors load on a common factor for g..
Since the BIS model was substantiated on the basis of
the present material, and since knowledge was demon-
strated to represent an additional factor, the next step was
toreplicate grand g. using the present material. Therefore,
in addition to the 38 tasks of the BIS-r-DGP test, the four

T
29/30
(519)

31/32 Agelyears
(397)

knowledge scales were included in first-order exploratory
principal axis factor analysis of the tasks. The correlation
matrix for the entire set of tasks is given in the Appendix.
Parallel analysis was based on mean principal component
eigenvalues for 50 sets of 42 normally distributed random
variables with 9,520 cases. Parallel analysis suggested
that six or seven factors should be extracted: Seven em-
pirical eigenvalues were larger than the corresponding
mean eigenvalues of random data (see Table 5). However,
the seventh eigenvalue was almost the same size as the
corresponding mean eigenvalue based on random data.
Since overextraction is considered less problematic than
underextraction (Gorsuch, 1983), we chose the seven-
factor solution here.

In addition to the Promax rotation, the Trasid rotation
was performed (Beauducel, 1997), thus directly maxi-
mizing the hyperplane count. As there were only slight
differences between the Promax and Trasid factor pat-
terns, only the first-order Schmid-Leiman transformed

EJPA 18 (2), © 2002 Hogrefe & Huber Publishers
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factor pattern for the hierarchical Promax solution is pre-
sented in Table 5.

The primary factors in Table 5 have some similarity
with Thurstone’s (1938) primary mental abilities, espe-
cially the memory and fluency factor. However, speed is
not restricted to perceptual speed, but comprises all three
areas of content, whereas reasoning or processing capac-
ity is split up into verbal, numerical, and figural content.
Moreover, a factor representing knowledge emerges.
When a second-order factor analysis was performed on
the basis of the seven primaries, parallel analysis indicat-
ed that two factors were to be extracted (see eigenvalues
in Table 6). An additional Trasid rotation was performed,
based on the Trasid rotated seven primary factor solution
(see Table 6).

In both analyses gr and g. emerged and a factor for
general intelligence could be shown (see Table 6). In
both the Promax and the Trasid solution, the second-or-
der factor representing gr was formed by processing
speed (S), memory (M), figural processing capacity
(CF), parts of verbal processing capacity (CV), and flu-
ency (FI). With the exception of the loading of fluency,

64

.59 \
,38- ‘V

48

el /};3_
s ] 54
Q .64
] .7
Ao |
Ale ] * s 45
e | 16

72
4w ] ? 53
3 21

EJPA 18 (2), © 2002 Hogrefe & Huber Publishers

A. Beauducel and M. Kersting: Fluid and Crystallized Intelligence and the BIS

all primaries loading on the first second order factor in
Table 6 were compatible with the interpretation of this
factor as gr. The loading of the speed factor on gr is in
line with the mental speed approach (Rabbitt, 1996).
Knowledge (K), numerical processing capacity (CN),
and parts of verbal processing capacity (CV) loaded on
the second factor, which is interpreted as g.. In the Trasid
solution, an additional loading of figural processing ca-
pacity (CF) on g. was found. The interpretation of the
factors as g¢and g, is further supported by the cross-sec-
tional plot of the factor scores of the Promax solution for
age (see Fig.2).

The differences in g¢ and g, across age groups corre-
spond to the expectations of the investment theory (Cat-
tell, 1987), with g. showing an age-related increase across
participants aged between 17 and 32, and gr showing a
slow decrease with age. Thus, in the present study, it was
possible to demonstrate g¢ and g. as well as the BIS with
the same material. This indicates that at least some of the
differences between the models were due to different
strategies of data analysis, variable selection, and aggre-
gation techniques used in the development of the models.

59

Figure 3. Completely standardized solution for BIS oper-
ations, knowledge, g, and g; factor labels: g = general
intelligence, gs = fluid intelligence, g, = crystallized intel-
ligence, C = processing capacity, Fl = fluency, K = knowl-
edge, M = memory; S = processing speed; variable labels:
Co = community structure knowledge, Li = literature
knowledge, Ec = economic knowledge, Po = political
knowledge; for the BIS variables see Figure 1; x2(111, N=
9520) = 3171.03, p< .001, goodness of fit index = .96,
adjusted goodness of fit index = .94, root mean square
residual = .09, comparative fit index = .95.
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Confirmatory Factor Analysis

In order to test the hypotheses on the relationships of the
BIS operations and knowledge with g; and g, and to
demonstrate a factor for general intelligence more direct-
ly, CFA was performed. The model was based on the
operation-homogeneous aggregates and the knowledge
scales. Therefore, five first-order factors were postulat-
ed. The A-path coefficients for the expected loading of
each variable on one of the five endogenous variables
were set free, and the remaining A-path coefficients were
set to zero. At the next hierarchical level, gr and g. were
postulated as endogenous variables. According to our
hypothesis, the B-paths for the loading of processing
speed (S) on gr and g. were constrained to be equal and
between .00 and 1.00. The B-paths for the loading of
memory (M) and processing capacity (C) on gf were set
free. The B-paths for fluency (Fl), processing capacity
(C), and knowledge (K) on g. were also set free. At the
third level, a g-factor was postulated and the y-path co-
efficients for grand g. were set free between .00 and 1.00.
The model fit was acceptable (see Figure 3) and all path
coefficients were significant.

However, in exploratory analyses there were low cor-
relations between factors for knowledge and fluency (Ta-
ble 4), and fluency did not load on g. (Table 6). There-
fore, in a post-hoc CFA analysis, we tested whether an
additional B-path from g to the latent variable represent-
ing fluency would improve the model fit. The remaining
parameters of the model presented in Figure 3 remained
unchanged. The increase in fit was significant ()2gir=
185.29,df =1, p <.001), indicating that fluency was also
related to g¢. However, in this model, the B-paths of both
grand g. on fluency were significant.

g¢/g. and Criterion Validity

The results clearly indicate that g. predicts training pro-
ficiency more accurately than gr. The correlation be-
tween g. and the preliminary examinations was r = .40
(.46 when corrected for restriction of predictor range)
compared to r = —.04 for g;.

Discussion

The aim of the present study was to replicate the BIS and
the gr—g. model with the same set of tasks and partici-
pants, and to investigate the relationships between BIS
operations on the one hand and gr and g. on the other. It
was possible to replicate important parts of the BIS using

the BIS-r-DGP test. Knowledge (K) was established as
an additional factor in line with the operations processing
speed (S), memory (M), fluency (Fl), and processing
capacity (C). Furthermore, g¢ and g. were replicated in
hierarchical factor analysis. Since the Promax solution
already had a pronounced simple structure, the Trasid
solution for the primaries, which was maximized with
regard to the hyperplane count, was similar to the Pro-
max solution. However, in second-order analysis, a load-
ing of the primary for figural processing capacity on g.
only occurred in the Trasid solution. This indicates that
the method of oblique rotation may alter the results of
second-order factor analysis, even when the changes in
the primary loadings are not important. Moreover, the
unusual loading of figural processing capacity on g in-
dicates that care should be taken in identifying g; and g.
with content factors.

The interpretation of gr and g. was supported by the
cross-sectional age changes of the g and gc.-factor
scores, which were in line with Cattell’s (1987) invest-
ment theory. This confirms the results of Gilardi et al.
(1983), who also replicated gf and g. in a subset of BIS
tasks. However, in the present study, gr and g. were rep-
licated with test material comprising more BIS tasks than
in Gilardi et al.’s study, and with additional knowledge
scales. Thus, g¢ and g, were replicated within a context
of tasks which was at least as large as in the original
studies conducted by Cattell (1963), Horn and Cattell
(1966), and Hakstian and Cattell (1978).

Compared to Horn and Cattell (1966), the age of the
participants in the present study was quite homogeneous.
Sixty-five percent of the total group were younger than
21 years. However, Cattell (1963) was able to demon-
strate gr and g, in a sample that was younger and more
age-homogeneous than the present sample. Moreover,
Guilford (1980) criticized the use of age-heterogeneous
groups in Horn and Cattell (1966). Therefore, the repli-
cation of g¢and g. in a group which is relatively age-ho-
mogeneous is worthy of note.

As far as the relationships between the BIS operations
and the gr-g. model are concerned, we had proposed the
following hypotheses: (1) processing capacity, which is
close to reasoning, is mainly related to gr and, to a lesser
degree, to g, (2) memory is related to gg; (3) fluency is
related to g, (4) processing speed may load on g as well
as g., and finally, (5) knowledge, which is not a part of
the BIS, is related to g.. No hypotheses were formulated
as to the relation of the BIS content factors to g and g..
It emerged that the loading pattern of the second-order
factors in the exploratory factor analysis was as expect-
ed, but the loading of the fluency factor on g¢ was unex-
pected. The loading of the speed factor on g; was in line
with the assumptions of the mental speed approach (Rab-
bitt, 1996).

EJPA 18 (2), © 2002 Hogrefe & Huber Publishers
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In further analyses using CFA, it was possible to con-
firm all hypotheses on the relationships of BIS opera-
tions to gr and g.: Processing capacity (C) was strongly
related to gr and more weakly related to g.. Memory (M)
was related to g¢ only. Processing speed (S) was related
to gr and to g.. Fluency (Fl), which was related to gf in
exploratory factor analysis, was related to g. in CFA.
However, the model fit could be improved by allowing
an additional path between gr and fluency. It is possible
that the unexpected relation of fluency to g;in explorato-
ry factor analysis was mainly due to the high correlations
between fluency and processing speed, which was, in
turn, mainly related to g¢in the exploratory analyses. The
present data were collected in the context of personnel
selection. It may be that under strong pressure to suc-
ceed, the participants focused more on the quantity than
on the quality of their solutions in fluency tasks. This
may have enhanced the correlations of the fluency tasks
with the speed tasks.

This view is supported by the CFA models; fluency
was also related to g. in the models in which speed was
forced to load equally on gr and g.. However, the CFA
models provide only weak support for the third hypoth-
esis that fluency is related to g, since fluency was also
related to g¢ in the second model. It should be noted that
the present results concerning fluency cannot be gener-
alized to the much more global construct of creativity.
Knowledge was shown to form an additional factor in
line with the BIS operations, and was related to g.in CFA
as well as in the exploratory analysis.

General intelligence was demonstrated in CFA. The
present demonstration of general intelligence differs
from Gustafsson’s (1984) results, where general intelli-
gence was identical to gr. In the present data, general
intelligence did not correspond to gy, since both ggand g,
load equally on this factor. In contrast to Gustafsson’s
results, the present demonstrations of g¢ and g. were not
only based on CFA, but also on exploratory factor anal-
ysis. This method invariance can be regarded as an ad-
vantage of the present structure. Moreover, in the present
CFA, the primary factors were the BIS operations and
even in the exploratory factor analysis, the primaries
were mainly BIS operations, whereas Gustafsson (1984)
had many content factors at the level of primary factors.
Therefore, his secondary factors were probably more
closely related to the content of tasks (figural and verbal).
Amthauer et al. (2001) and Beauducel et al. (2001) dem-
onstrated that gr and g. tests might be related to content
factors, and that this relation causes problems in the va-
lidity of g and g. assessments. Since the BIS operations
were used as primary factors in the present study, con-
tamination of g and g, with content factors was probably
avoided. This shift in the variance contributions of pri-
maries to gr and g. may explain the difference between
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the present results and those of Gustafsson. Neverthe-
less, in the exploratory analysis with Promax rotation,
more primary factors loaded on gr than on g.. This might
indicate that g¢ could be a core element of general intel-
ligence. However, with Trasid rotation, g. had more load-
ings than with Promax (see Table 6). This demonstrates
that factor rotation may influence the relative loadings of
primary factors on grand g.. Moreover, when the relative
importance of gr and g is addressed, criterion validities
should also be considered. In our study, the criterion
validity of g. was clearly larger than the criterion validity
of gp. This result should be of interest for the field of
psychological assessment, and is not out of line with the
repeated demonstration of high criterion validities for g
(e.g., Schmidt & Hunter, 1998). The differing criterion
validity of g; and g. suggests that it would be of interest
to perform large-scale studies on the criterion validity,
not — as has been done in the past — of g only, but also of
grand g.. The large criterion validity of g in the present
study could be related to the large criterion validity of
job-related knowledge tests (Schmidt & Hunter, 1998).
Schmidt (1992) was able to show that intelligence is
related to job performance by its important role in the
acquisition of job-related knowledge. Further studies
with large batteries of instruments, and especially exten-
sive knowledge tests and criterion measures, would be
necessary to further investigate these relationships.

The present findings on the relationships of the BIS
operations to gr and g. could be interpreted in terms of a
hierarchical concept, with the BIS operations and knowl-
edge at the bottom, general intelligence at the top, and g¢
and g. in between (see Figure 3). This view would also
be in line with the concept of the pragmatics of intelli-
gence comprising knowledge and fluency, and the me-
chanics of intelligence comprising reasoning and mem-
ory (Baltes et al., 1998; Lindenberger & Baltes, 1997).
The present hierarchical integration of the operation fac-
et of the BIS and the gi—g. model demonstrates that at
least some of the differences between the models may be
attributed to the different methods of data analysis used
in the development of the models (i. e., hierarchical fac-
tor analysis versus controlled aggregation) and to the fact
that knowledge scales were included in the gg—g. analy-
ses but not in the original BIS analysis. On the other
hand, the level of primary factors was not usually elabo-
rated to any great extent within the ge—g. model, whereas
the BIS model has a broad and replicated structure at this
level. Since the BIS was based on a very large sample of
intelligence tasks, it might be advantageous to integrate
the BIS structure of primary factors into the gi—g. model.
Of course, the suitability of the resulting first-, second-,
or third-order factors for prediction is probably also de-
pendent on the type of criterion used (see Wittmann,
1988).
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The role of the content facet in this context is not clear,
however. It is possible that the hierarchical structure only
holds in the operation facet and not in the content facet.
In order to investigate the role of the content facet more
closely, it would be helpful to assess knowledge not only
in the verbal, but also in the numerical and figural do-
main (Amthauer et al., 1999; Beauducel et al., in press),
as this would exclude a systematic contamination of g
with verbal abilities. Nevertheless, the hierarchical struc-
ture identified for the BIS operations, gr-g., and general
intelligence provides a first crude map for the integration
of the two models.
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