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Abstract

Previous studies have examined how personality models (e.g., Big Five, HEXACO) relate to vocational interests. We adopt
a novel approach by testing the associations between personality and vocational interests from the perspective of the general
factor of personality (GFP). One interpretation of the GFP is that it reflects social effectiveness. Based on this interpretation,
we predicted that the GFP is particularly related to interest in social jobs because people generally tend to be attracted to
activities in which they perform well. To test this, we used four large data sets: the Professional Worker Career Experience
Survey (study la; N=752), OpenPsychometrics.org (study 1b, N=108,209), Project Talent (study 2; N=_81,130), and the
National Merit Twin Study (study 3: N=1536 in 768 twin pairs). In each sample, we presented the direct associations as well
as the results after using control variables (gender and cognitive ability). In study 1a and 1b, the GFP particularly related to
interest in social and enterprising occupations. In study 2, the GFP related to interest in working with people and was also
associated with a range of occupational scales involving social aspects. In study 3, the GFP only showed a consistent relation
with social interests. This association was present at the phenotypical as well as genetic level. Notwithstanding some varia-
tion in findings across the different studies, the overall pattern seems to be in line with the notion that the GFP is positively
associated with the preference for more socially laden jobs.
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In research on individual differences, vocational interests
play an important role. Although such interests have typi-
cally received less attention than cognitive ability and per-
sonality, they are often considered to be the third pillar of
individual differences (Chamorro-Premuzic, 2007). Initially,
it was assumed that vocational interests mainly influence
decisions regarding what to study or which occupation
to enter. However, more recent research has shown that
interests also relate to performance in one’s chosen direc-
tion (Nye et al., 2012; Van Iddekinge et al., 2011). In gen-
eral, interests have motivational properties influencing the
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direction of activities, the level of energy invested in them,
and the persistence in the activities. All three aspects are
direct determinants of job performance (Su, 2012).

One question that has been the focus of a wide range of
previous studies and meta-analyses is to what extent voca-
tional interests relate to personality (Larson et al., 2002;
Mount et al., 2005). Such studies showed that, for example,
in terms of the well-known Big Five model of personality,
openness to new experiences is relatively strongly related
to interest in artistic professions and activities. Extraversion
particularly relates to interest in enterprising jobs, whereas
conscientiousness overlaps with interest in conventional
types of jobs, characterized by well-structured, careful, and
systematic activities. Vocational interests have also been
associated with personality dimensions in other personal-
ity models, such as the HEXACO model (e.g., McKay &
Tokar, 2012).

In the present study, we aim to provide a novel contri-
bution to this research area by directly testing the overlap
between vocational interests and the general factor of per-
sonality or GFP, which reflects the shared variance of more
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specific personality dimensions (Figueredo et al., 2004;
Musek, 2007; Rushton et al., 2008; Van der Linden et al.,
2010a). Although the GFP has been the topic of many stud-
ies, the construct is still relatively new and often raises basic
questions about its nature and relevance. Therefore, one rea-
son for testing its overlap with vocational interests is that it
may contribute to insight into the nature of the general fac-
tor. Specifically, it can be used to test the hypothesis that the
GFP reflects social effectiveness (see below) by examining
its relationship with interest in social occupations.

A second reason is that, traditionally, in applied psychol-
ogy, the relationship between personality and vocational
interests is considered to be a highly relevant topic (Larson
et al., 2002; McKay & Tokar, 2012; Mount et al., 2005;
Schermer et al., 2015). Accordingly, if the GFP is indeed a
substantive factor in the hierarchical structure of personality,
it is also important to know how this factor relates to voca-
tional interests vis a vis other personality constructs (such
as the Big Five). As science often aims to reveal the most
fundamental and parsimonious explanations for observed
phenomena, the GFP may allow a more fundamental expla-
nation for the observed patterns of correlations between spe-
cific traits, such as the Big Five with vocational interests. In
the sections below, we will elaborate on these reasons for
using the GFP in this context. Before doing so, however, we
first need to provide a short description of the background
and relevance of the GFP.

The General Factor of Personality

Most currently known personality models, such as the Big
Five, the Giant Three, or the HEXACO model, assume
multiple, independent personality dimensions. Yet, meta-
analyses have clearly confirmed that these dimensions con-
sistently correlate, indicating that they share a relevant pro-
portion of their variance. This shared variance captures the
socially desirable ends of the underlying scales (e.g., Musek,
2017; Rushton & Irwing, 2011; Van der Linden et al., 2010a,
2016). For example, in terms of the Big Five, a general fac-
tor emerges that implies that high-scoring individuals seem
to be relatively open-minded, hard-working and reliable,
sociable, friendly, and emotionally stable. The general fac-
tor has not only been identified in the Big Five, but also in
virtually every other personality model, such as Eysenck’s
three-factor model, the six-factor HEXACO, or in the Cali-
fornia Personality Inventory (Loehlin, 2012). Moreover, a
GFP even emerges when using a personality type approach
(Gerlach et al., 2018).

It does not really matter which personality model (e.g.,
Big Five, HEXACO, PEN) or instrument (NEO, BFI, CPI)
one uses to extract a GFP, because the resulting general
factors will be highly similar (e.g., Loehlin & Horn, 2012;
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Rushton & Irwing, 2011; Van der Linden et al., 2016). The
only condition is that a sufficiently broad range of personal-
ity traits is taken into account so that the GFP truly reflects
a mix of different traits. Thus, the principle of the “indif-
ference of the indicator” (Jensen, 1998) also applies to the
GFP. As an illustration, the direct correlations between gen-
eral factors from different personality models/instruments is
around r=0.60 (e.g., Loehlin & Horn, 2012; Van der Linden
et al., 2011). More sophisticated modeling showed that the
associations between GFPs extracted from different com-
prehensive personality measures reaches unity (Rushton &
Irwing, 2011).

The GFP is not only robust regarding model or instru-
ment, but also regarding statistical method: Different ways
of extracting the GFP all lead to nearly identical results (Van
der Linden et al., 2017). This makes sense, because the dif-
ferent statistical methods, at the end, capture the shared
variance among personality traits. Thus, exploratory fac-
tor analytic techniques, such as principal axis factoring, or
more complex confirmatory modeling techniques, lead to
GFPs that typically correlate in the range of »=0.90 to 1.00.
It also does not make a conceptual difference whether one
will test hierarchical or bi-factor models. Crede and Harms
(2015) stated that “...admittedly, one of the superior alterna-
tive models, the bi-factor model (BFM), would result in an
interpretation that is similar to that arising from the higher-
order factor model” (p. 857).

Although the existence of a GFP is now beyond reason-
able dispute, there is an ongoing scientific debate regard-
ing its presumed nature. Initially, some scholars considered
the GFP to mainly reflect methodological artifacts, such as
response tendencies or an inflated sense of self when filling
out self-reports (Béckstrom et al., 2009; Connelly & Chang,
2016; Revelle & Wilt, 2013). Other scholars suggested that
the general factor may be a statistical artifact caused by cor-
relations at the facet level (Ashton et al., 2009). If such arti-
fact explanations are valid, then the GFP does not reflect a
person’s ‘true personality’, but would merely be a nuisance
in personality assessment.

In contrast is the notion that the GFP is substantive and
reflects a genuine trait (Figueredo et al., 2004; Musek, 2007;
Rushton et al., 2008). The currently leading substantive
interpretation is that it reflects general social effectiveness
(Dunkel & Van der Linden, 2014; Loehlin, 2011; Van der
Linden et al., 2016). In this view, high-GFP individuals are
characterized by having social knowledge and skills that help
them obtain their goals.

Several lines of empirical findings fit with the social
effectiveness account of the GFP. For example, high-GFP
individuals do better on ability tests of social knowledge
and skills (Van der Linden et al., 2014), the GFP strongly
overlaps with measures of emotional intelligence (Anglim
et al., 2019; Van der Linden et al., 2017), and it is related
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to various positive social outcomes such as likability/
popularity and leadership (Van der Linden et al., 2010b;
Wu et al., 2020). The GFP has also been linked to a range
of other-rated or objective outcomes in which social effec-
tiveness is assumed to play a role, such as job performance
(Pelt et al., 2017). Importantly, several of these previous
studies showed that the GFP drives the lion’s share of the
criterion-related validity of lower-order factors such as the
Big Five, or HEXACO (see, for example, the meta-analytic
reports of Pelt et al., 2017).

The various arguments and pieces of evidence in the
artifact versus substantive views have been extensively
addressed in many previous articles and therefore will
only be briefly summarized here. One of the key points
is whether the GFP is restricted to self-reports, as can be
expected from a measurement artifact, or whether it also
relates to other-rated or objective outcomes, which would
be in line with the substantive account. Above, we already
referred to studies that have confirmed that the GFP indeed
relates to other-rated and objective outcomes. Moreover,
GFPs extracted from self-reports substantially overlap
with GFPs extracted from other-ratings of personality
(Oltmanns et al., 2018; Rushton et al., 2008). Some studies
seemed to suggest that there is no overlap on GFPs from
self and other ratings (e.g., Chang et al., 2012). However,
in each of these cases, close scrutiny of the paper reveals
that debatable controls were used to make the general fac-
tor “disappear”, and by doing so, the studies may have
taken away much (if not all) of the true variance of the
GFP (Van der Linden et al., 2021).

Ashton et al. (2009) proposed an alternative model, in
which correlations between facets are merely causing the
impression of higher-order factors above the six HEXACO
dimensions. Subsequently, they showed that no higher-order
factors appear when controlling for facet-level correlations.
This approach, however, does not explain what may cause
the intercorrelations between facets or why theoretical
explanations at the facet level should have precedence over
explanations assuming higher-order factors (Van der Linden
et al., 2016).

Finally, there is evidence showing that removing the
socially desirable component of personality items decreases
the size of the GFP (Backstrom et al., 2009). The limitation
of that approach is that it remains unclear whether one can
remove socially desirable content without changing the
nature of the items and losing their criterion-related validity
(e.g., whether it still predicts job performance). Moreover,
even though the GFP is reduced in size with this approach,
it does not completely disappear. In fact, the authors that
originally tested the effect of social desirability on the
GFP recently acknowledged that a relevant (substantive)
general factor seems to be present in personality measures
(Béckstrom et al., 2020).

In conclusion, although the last word in the GFP debate
has not been spoken, there is sufficient evidence suggesting
that the substantive account is a reasonable hypothesis
that needs further testing. Yet, if the GFP indeed would
be substantive, then a subsequent question is, why would
it be useful to pay attention to such a general factor? One
theoretical reason for doing so is that it might partly explain
why so many previous meta-analyses with, for example,
the Big Five, have found relations to outcomes, such as job
performance, self-esteem, psychopathology, and many others
(Oltmanns et al., 2018; Oshio et al., 2018; Pelt et al., 2017),
in a pattern of O+, C+,E+, A+, and N —. Such a common
pattern could be partially and parsimoniously explained by
the GFP as the driving force behind the associations found.
Another possible advantage of the GFP is that it might
be able to unify various theories or models of individual
differences. For example, it has been used to integrate the
literature on personality and emotional intelligence by
arguing that emotional intelligence may exert influence on
most of the specific personality dimensions, thereby causing
their intercorrelations (Van der Linden et al., 2017). The
practical relevance of the GFP includes that it has found to
be relevant for personnel selection (Pelt et al., 2017) and that
it has clinical relevance because low scores indicate a range
of psychological problems (Oltmanns et al., 2018).

The GFP and Vocational Interest

One imperative reason for examining the link between the
GFP and vocational interests is that it provides a novel way
of testing the social effectiveness hypothesis. Specifically,
it can be expected that people tend to have a preference for
activities and occupational areas in which they can excel
(Nye et al., 2012; Su, 2012). Someone who has a talent or
is skilled in calculations would, on average, be interested in
professions or activities in which those skills and talents can
be used. In the same line of reasoning, if a person would be
socially effective, it can be expected that they prefer occu-
pations in which they can express their social skills that are
presumably central to the GFP.

Accordingly, it can be expected that the GFP would be
particularly related to vocational areas that more strongly
rely on social interactions. Being socially effective may
be helpful in almost any job, but various vocational inter-
est models clearly point to some areas in which social
effectiveness is more salient and/or important (Su, 2012).
One of the most prominent interest models is Holland’s
RIASEC model, which distinguishes six basic higher-
order factors of vocational interests, namely realistic,
investigative, artistic, social, enterprising, and conven-
tional interests (Holland, 1997). Particularly, the social
and enterprising interests are related to preferences in
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working with people or achieving success by means of
social interactions, respectively (Berings et al., 2004; Su,
2012). The other dimensions in the model more strongly
refer to working with things (e.g., realistic) or ideas
(e.g., investigative). Thus, in the Holland model, it can
be expected that the GFP may particularly relate to those
dimensions in which social interactions play an important
role.

If the GFP would only represent response bias or
socially desirable responding, it would not be obvious
why it would be particularly related to occupations with
stronger social components, unless people who have a
tendency to fake higher scores on socially desirable per-
sonality traits may also have a tendency to fake more
interest in social desirable occupations. In that case, the
resulting GFP—interests correlation would still reflect
artifact. However, there are no studies suggesting that
social or enterprising interests are more socially desir-
able compared to, for example, artistic or investigative
interests. Indeed, studies on occupational prestige suggest
that social occupations often are accompanied with lower
payment and prestige compared to, for instance, technical
jobs (Bose & Rossi, 1983; Duncan, 1961).

A second reason for including the GFP is to gain more
fundamental insight into the relationship between person-
ality and vocational interests. Previous studies and meta-
analyses on this topic have, without exception, considered
the personality dimensions under study mostly as con-
ceptually independent traits (Larson et al., 2002; Mount
et al., 2005). This approach has theoretical and analytical
consequences. Theoretically, it implies that one has to
develop separate explanations for each specific relation-
ship between a certain personality trait and an interest,
whereas there may be more general processes involved
that have a broader influence on multiple traits. Thus, the
GFP potential may contribute to a deeper understanding
of what drives the overlap between traits and interests.

Analytically the “separate trait approach” often leads
to researchers adopting regression analyses, in which the
shared variance of the personality dimensions has been
taken out of the equation (i.e., the regression controls
for the overlap). This means that one actually examines
the residuals of the personality dimensions (for exam-
ple those aspects of extraversion or openness that are not
shared with other traits) instead of how the traits were ini-
tially measured. Yet, from a GFP point of view, the shared
variance between traits is relevant, or even crucial, and
omitting it would dismiss part of the driving force behind
the relationship between personality and vocational inter-
ests. In the present research, we will address the topics
outlined above in four large datasets, including different
measures of personality and vocational interests.

@ Springer

General Scores and Genetic Influences

When examining the link between the GFP and voca-
tional interests, there are two other topics that we con-
sider imperative to include. The first is the shared variance
among vocational interests (a general factor of interests
or profile elevation). The second is the possible genetic
component of the relationship. Both topics provide useful
additional information in order to gain insight into the
GFP-vocational interest relationship.

Profile Elevation

Similar to personality research, a general factor has also
been identified in vocational interests, which is often
referred to as profile elevation (Gottfredson & Jones,
1993; Fuller et al., 1999). This reflects a general tendency
to score higher on all types of interests. Comparable to
research on the GFP, there is an ongoing debate about the
nature of profile elevation (Tracy, 2012). Some scholars
consider profile elevation a social desirability or response
tendency factor, and thus a nuisance in the valid assess-
ment of vocational interests (e.g., Prediger., 1998). Oth-
ers, however, have hypothesized that profile elevation
is substantive and has theoretical and practical implica-
tions (Fuller et al., 1999; Hirschi & Lige, 2007). They
argued that it reflects a broad interest in a wide range of
activities/occupations and may provide useful information
for counselors. Currently, the evidence for both sides is
mixed. Profile elevation has been found to relate to career
planning and career exploration, suggesting that it is sub-
stantive (Fuller et al., 1999; Hirschi & Lige, 2007). On
the other hand, Holtrop et al. (2018) compared self and
other ratings and found that, although others could fairly
well rate the specific vocational interests of a target, the
self—other agreement was much lower for profile elevation,
which indicates that it is mainly a within-rater effect as
would be expected from an artifact. This latter finding dif-
fers from findings in the field of the GFP in which self and
other ratings show relatively good agreement (Oltmanns
et al., 2018).

As profile elevation is a relevant topic in this area, cov-
ered in hundreds of articles, it should not be ignored when
conducting research on the GFP and vocational interests.
The inclusion of profile elevation can provide a unique
piece of information regarding the nature of both factors.
If profile elevation as well as the GFP would both reflect
social desirability or response tendencies, they can be
expected to correlate substantially. Specifically, if some-
one has a tendency towards socially desirable answers,
then there is no reason to believe this would be different
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when responding to interest items. In that case, the corre-
lation can be expected to be similar to the average correla-
tion between GFPs extracted from different personality
measures (mean r ~ 0.50-0.60; Van der Linden et al.,
2011). In contrast, a low correlation between the GFP and
profile elevation would argue against a common underly-
ing mechanism and would be more in line with the notion
that at least one of them is (or both are) substantive.

Genetic Correlations

The second logical step of elaboration on the GFP—inter-
ests relationship involves testing its genetic component.
Examining the heritable component provides additional
insight into the etiology of the GFP-vocational interest
relationship. By using twin research, it is possible to
estimate to what extent phenotypical (observed) relation-
ships are due to genetics, shared environmental influences
(e.g., SES, parental style), and unique experiences (e.g.,
peers) and measurement error. It has already been estab-
lished that the GFP as well as vocational interests have a
substantial heritable component (Figueredo & Rushton,
2009; Loehlin, 2011; Veselka et al., 2009). Yet, this does
not necessarily mean that their correlation has a genetic
basis. In principle, their relationship could still be entirely
due to environmental influences. On the other hand, there
is also the possibility that there are sets of genes that
have a broad influence on behavior and that may affect
personality, i.e., the GFP, as well as vocational interests.
If this is the case, we may speak of pleiotropy (Keller
et al., 2010).

Although to our knowledge, there are no previous
studies that have directly tested the genetic correlation
between the GFP and vocational interests before, there
have been studies that tested the genetic correlation
between emotional intelligence (EI) and vocational inter-
ests. Those are relevant to mention here because of the
strong overlap between EI and the GFP (Van der Linden
et al., 2017, 2018). Schermer et al. (2015) found that EI
was mainly related to occupations that involved work-
ing with people (e.g., social services, personal services,
education), and those associations were present at the
genetic level as well as the unique environmental level.
Thus, in as far as the GFP reflects social effectiveness
that overlaps with EI, we may expect a similar pattern of
relationships with vocational interests. That is, we expect
that even at the genetic level, the GFP will particularly
relate to interests in occupations with a relatively strong
social component. This will be tested in study 3, in which
we examined the sample of same-sex monozygotic and
dizygotic twins in the well-known National Merit Study
(Loehlin and Nichols, 1976).

Study 1: The GFP and Vocational Interests
Method
Samples

Study 1 included two large datasets in which we tested the
basic relations between the GFP, based on the Big Five,
and vocational interests. The first dataset (N=752) was
from the Professional Worker Career Experience Survey
(PWECS: Rosenbloom & Ash, 2009) collected between
2003 and 2004. The study was designed to test for causes
of the underrepresentation of women and minorities in
IT. However, it included IT as well as non-IT employees.
Besides personality items, the sample included vocational
interest items allowing the extraction of Holland’s dimen-
sions as well as personal styles reflecting one’s broad pref-
erence for living, learning, playing, and working (Harmon
et al., 1994). 56.7% of the sample was male and 43.3%
female. The mean age was 38.75 (SD =9.75), ranging from
22 to 70.

The second dataset was downloaded from the website
Openpsychometric.org, and included vocational interests
and the Big Five. The site Openpsychometric.org offers
a range of large datasets on various topics that have been
used in many previous scientific publications in journals
such as the Journal of Research in Personality, Journal
of Personality, Personality and Individual Differences,
and Psychometrika (see the full list of articles on: https://
openpsychometrics.org/_rawdata/cited/).

After selecting for the age range 18 to 99, and screening
for outliers, a sample of 108,209 participants from 190 dif-
ferent countries was obtained. Most participants (the top
5) were from the USA (n=280,574), Malaysia (n=7741),
Canada (n=7256), Singapore (n=5769), and Great Brit-
ain (n=15533). The average age was 29.35 (SD=11.8),
and 66.4% was female, 33.9% male, and 0.7% other, or
provided no information.

Measures

Dataset 1 In the PWECS, the Big Five were measured with
sixty items (Rosenbloom & Ash, 2009) on a 5-point Likert
scale. Reliabilities of the scales were good, ranging from
0.75, for openness and agreeableness, to 0.88 for neuroti-
cism. Example items are openness, ‘“Poetry has little or no
effect on me” (reverse); conscientiousness, “I work hard to
accomplish my goals”; extraversion, “I like to be where the
action is”’; agreeableness, “I generally try to be thoughtful
and considerate”; and neuroticism, “I am seldom sad or
depressed” (reverse coded). In line with the many previous
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articles in the field, the Big Five dimensions were used to
extract the GFP (see the “Results” section).

Vocational interests and personal styles were measured with
the Strong Interest Inventory (SII) consisting of 317 items
covering a wide range of jobs, activities, and characteris-
tics. The jobs and activities items could be answered on a
5-point Likert scale ranging from strongly dislike to strongly
like. The characteristics items also were in a 5-point Likert
format ranging from strongly unlike me to strongly like me.
The SII was originally developed by Strong (see Donnay,
1997) to find suitable jobs for people who left the military.
It was later revised; however, so that it could be applied to
the general population (Blackwell & Case, 2008). From the
SII, six General Occupational Themes (GOT) can be derived
(see Rosenbloom & Ash, 2009) representing the six factors
in the Holland model, namely realistic, investigative, artistic,
social, enterprising, and conventional. Among these factors,
the social and enterprising dimensions are the ones with the
strongest social components.

In addition, parallel to the six Holland dimensions, the
317 items of the SII allowed extraction of five personal styles
that indicate interests in things versus people (work style),
preferred learning style (learning style), interest in obtaining
a leadership position (leadership), tolerance/preference for
risks (risk taking), and interest in working in teams versus
being more individualistic (team orientation). The validity
of the SII and its derived dimensions of vocational interests
and personal styles have been confirmed in a large number
of previous studies (see Rosenbloom & Ash, 2009).

Dataset 2 In this sample, personality was measured with
the short Ten-Item Personality Inventory (TIPI), which is a
short but reliable Big Five Inventory (Gosling et al., 2003).
The items contained target descriptions, and the participant
had to indicate, on a 5-point Likert scale, to which extent
they apply to them. Examples are conventional, uncreative
(reverse coded) for O; dependable, self-disciplined for C;
extraverted, enthusiastic for E; sympathetic, warm for A;
and anxious, easily upset for N. For the TIPI, the Big Five
dimensions were used to extract the GFP (see the “Results”
section).

Markers of the six vocational interest dimensions from the
Holland model were developed and validated by Liao et al.
(2008). The survey consisted of 48 items (8 for each dimen-
sion) that described several different occupational activities
(e.g., interact with students in a classroom setting, analyze
financial information). Participants were instructed in the
following way: “This inventory contains a list of activities
to help you explore your vocational interests. Please indicate
how much you would like to do each activity by circling the
number that most closely represents how you feel about it”.
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The response format was a 5-point Likert scale ranging from
1 strongly dislike to 5 strongly like. The general interest fac-
tor (see Introduction) in this measure explained 39.88% of
the variance in the six dimensions. The general factor loaded
on the six interest dimensions as follows: 0.55, 0.35, 0.43,
0.48, 0.72, and 0.60, for R, T A, S, E, and C, respectively.

Statistical Analysis

The focus in study 1 was on testing the relationship between
the GFP and occupational preferences. However, before
doing so, we first had to extract the GFPs from the data-
sets. Many previous studies have confirmed that a GFP can
be consistently found in any Big Five measure (for a meta-
analysis, see Van der Linden et al., 2010a, 2010b), and one
prevalent method is to extract the first unrotated factor from
scale scores by means of principal axis factoring (PAF). The
literature also shows that, although different, more sophis-
ticated methods can be used, the characteristics of the GFP
often remain highly similar (Loehlin, 2011; Musek, 2007,
Van der Linden et al., 2017): GFPs extracted with differ-
ent statistical methods correlate near unity (e.g., between
0.95 and 1). Accordingly, in the present studies, we report
the main analyses with the GFPs extracted via PAF, but in
the supplementary material, we also provide the statistical
analyses in which the GFP was extracted with alternative
methods (i.e., confirmatory factor analysis: CFA). For evalu-
ating the models, we used the guidelines for model fits as
reported by Hu and Bentler (1999).

The GFP-vocational interest relationships were tested
by zero-order and partial correlations. In the partial cor-
relations, we controlled for gender. Although, many studies
used gender as an almost standard covariate, Spector and
Brannick (2011) pointed out that the decisions surround-
ing the use of control variables are not as straightforward
as many assume. Control variables sometimes indeed cause
noise and attenuate or inflate true relationships. In that case,
using control variables provide better estimates of the tested
relationship. On the other hand, sometimes control variables
are used incorrectly and take away part of the true over-
lap between variables of interest. Therefore, they advise to
provide adequate reasoning for adopting control variables.
Regarding this, one of the reasons for including gender as
a control variable was that it is well-established that gender
is related to vocational interests. Women, on average, show
stronger interest in social occupations (for a meta-analysis
see, Su et al., 2009). Whether there are gender differences in
the GFP is unclear as the evidence is mixed (Van der Linden
etal., 2017).

Nevertheless, the previous findings on gender open a
range of possibilities. One is that any GFP—vocational inter-
est relationship may be spurious (see the detailed reasoning
in the footnote). The other possibility is that the genders
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differentially relate to social interest due to differences in
social effectiveness (i.e., the GFP). Based on the extant
literature, we cannot be conclusive regarding the different
possibilities. Therefore, for optimal transparency of the find-
ings, we decided that it would be informative presenting the
direct associations between the GFP and vocational interests,
as well as presenting the associations after controlling for
gender.

Beyond directly testing the GFP, it is useful to compare
its effects to more common lower-order personality dimen-
sions, i.e., the Big Five. Accordingly, we also tested how the
unique variance of the Big Five dimensions (after taking out
their shared component, i.e., the GFP) relates to the various
vocational interests. The unique variance of each of the Big
Five dimensions was obtained by regressing the GFP on
each of the separate Big Five dimensions and saving the
standardized residuals.

Results
GFP extraction

Using PAF to extract the first unrotated factor in the per-
sonality measures in dataset 1 (PWECS) revealed that the
GFP explained 39% of the variance in the five dimensions
(eigenvalue [EV]=1.9). Conscientiousness, extraversion,
agreeableness, and neuroticism all showed substantial GFP-
loadings in the expected direction and were 0.57, 0.63, 0.38,
and — 0.64, respectively. Similar to several previous stud-
ies (see Van der Linden et al., 2010a for a meta-analysis),
the GFP-loading on openness was low (0.04), suggesting
that this latter dimension is the least stable regarding the
GFP. The GFP was extracted using the regression method
in which a participant’s score on the GFP is the sum of the
score on each specific personality dimension multiplied by
its general factor loading.

The supplementary material (S1) shows the results and
models of the CFAs. To summarize, the model with the
best fit was the one in which the GFP was directly extracted
from the Big Five scales. The correlation between the GFP
obtained via that model and the one obtained via PAF,
obviously, correlated r=1.00. Alternative models in which
we extracted the GFP from a hierarchical model, includ-
ing intermediate higher-order factors showed a reduced fit.
Regardless of what CFA model was used to extract the GFP,
the correlations with the GFP from the PAF always fell in
the range from r=0.97 to 1.00. Models that assumed unre-
lated Big Five dimensions (no higher-order factor) showed
very poor fit.

In dataset 2, the GFP was extracted from the ten-item
TIPI. Although the TIPI has been shown to be a valid
measure of the Big Five, due to the smaller number of
items, by definition, it also includes more error variance.

Nevertheless, the GFP extracted from the TIPI explained
32.56% (EV=2.27) of the variance in its underlying Big
Five dimensions, with loadings of 0.41, 0.47, 0.34, 0.38,
and —0.37, for, O, C, E, A, and N, respectively. The details
of the CFAs for this measure are also reported in the sup-
plementary material (S1). Overall, however, the findings of
those analyses reveal the same picture as in dataset 1. That
is, regardless of the specific model used (e.g., direct GFP
model, GFP extracted from a hierarchical model, a bi-factor
model), the GFPs always correlated in the range of r=0.95
to 1.00 with the GFP extracted with the PAF.

The GFP and Vocational Interests

Table 1 shows the zero-order correlations between the vari-
ables in datasets 1 and 2. Despite the differences in samples
and measurement of the Big Five and Holland’s dimen-
sions, the correlations were remarkably consistent across
the two samples. In both, the GFP mainly related to social
and enterprising interests. In dataset 1, social and enterpris-
ing were the only two dimensions significantly related to the
GFP. Due to the large N, looking at significant levels was
less meaningful in dataset 2, but in that sample, social and
enterprising also clearly showed the strongest associations
with the GFP.

In dataset 1, the GFP was significantly and positively
related to all personal style dimensions, and the dimen-
sions work style, leadership, and team orientation, which
all clearly refer to social skills and interests, displayed the
highest correlations. The direct correlations between the
GFP and profile elevation were also consistent in the two
datasets, namely, r=0.13 and 0.14. These correlations sug-
gest that the overwhelming majority of the variance in the
two constructs was unique.

As expected (see the “Method” section), there were vari-
ous relevant correlations with gender. In absolute sense, in
both datasets, women scored higher than men on the GFP.
Effect sizes were small though (Cohen’s d=0.05 and 0.08
for datasets 1 and 2, respectively). The difference did not
reach significance in the PWECS sample (p =0.25) and was
obviously significant in the OpenPsychometrics data, which
was mainly due to the large N. In line with the literature,
gender was also related to vocational interest (see Table 1),
with women showing stronger interest in social occupations
(for a meta-analysis, see Su et al., 2009).

The partial correlations are presented in Table 2 and
allow the readers to directly compare the direct associations
with those after controlling for gender. The partial correla-
tions confirmed the initial pattern of results because the GFP
only remained particularly related to social and enterprising
interests. In dataset 1, all personal style measures remained
related to the GFP, but those involving working with people,
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12 13 14 15

11

—0.05

10

0.01
0.06
0.68
0.46
0.09
0.01
0.17
0.51

—-0.01
-0.07

0.16
0.84
0.32
0.05
0.29
0.39

0.18
0.04
0.28
0.52
0.08
0.19

108,209), -above the diagonal- in study 1
0.31

-0.03
0.05
0.01
0.48

0.21
0.34

—0.06
0.04

-0.33
0.

—-0.09

<0.01

750), -below the diagonal-, and dataset 2 (N
0.15

0.02
0.17

-0.03

Table 1 Zero-order correlations between variables in dataset 1 (N

1. Gender
2. Age
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0.25™

0.43"
0.62"

0.517
0.14™
0.28"

0.02
0.40™

-0.02
0.39"

0.25"
-0.117
0.30™
0.40"
0.38™

0.52"*
021"
0.71"
0.54""
0.53"

0.58"
0.68"
0.33"
0.55"
0.25"
0.48"

0.53"
0.36"
0.17"
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0.60""
0.39"
0.29"
0.23™

—-0.28"

<0.01
0.39

0.32

046"
0.32"
0.16™
0.34"
041"
0.27"
0.35"
0.22"

03
<0.01
0.65
0.55"
0.32"
0.24"
0.32"
041"
—0.27"
0.12"
0.25"
0.73™
0.14"

0.63
0.63
0.66
0.82
0.72
0.71
0.35
0.36
0.61
0.58
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0.14"
0.01
0.04
0.01
0.12"
0.29"
0.06
0.20™
0.18"
0.37"
0.11"
0.35™
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0.03
-0.01
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—0.09"
-0.17"
0.14"
-0.13"
—0.20"
—0.04

0.02
0.17"
0.14"

0.02
0.04
0.10"

—0.39"

—0.12"
0.17"
0.32"
0.12"
0.12"
0.52"*

—0.06
0.06

-0.31"
0.18"

p<0.05, “p <0.01; for dataset 2, we do not report significance level due to the large N; the correlations in boldface are those between the GEP and socially laden occupation or style types.

4. Profile elevation

11. PSS-work style

12. PSS-learning environment
13. PSS-leadership

14. PSS-risk taking

15. PSS-team orientation

5. Realistic
10.Conventional

6. Investigative

7. Artistic

8. Social
9. Enterprising

3. GFP

s

having a team orientation and interest in leadership, were
particularly pronounced.

The GFP Versus the Big Five

In order to compare the GFP to the Big Five, we conducted
subsequent analyses in which we first tested how the Big
Five directly relate to the vocational interests, and then
tested how those correlations change after only considering
the unique variance of the Big Five dimensions (i.e., after
taking out the GFP). In addition, we examined how much
variance in vocational interest is explained by the combined
unique variance of all the Big Five dimensions and com-
pared that to the vocational interest variance explained by
the GFP. Those results are presented in Tables 3 and 4.

The pictures that emerged in the two datasets, again, con-
verged. First, in line with previous meta-analyses (Larson
et al., 2002; Mount et al., 2005), the Big Five showed several
direct relations to specific interests. For example, in both
datasets, extraversion was relatively strongly correlated with
enterprising interests, and agreeableness with social inter-
ests. When looking at the unique Big Five variances, how-
ever, several of these correlations were relevantly attenuated
(Table 3). For example, the correlation between extraversion
and social interests went from 0.16 to 0.10 and from 0.23
to 0.11 in datasets 1 and 2, respectively, a reduction of 38%
and 52%, respectively. Similarly, the agreeableness—social
interest correlations went from 0.18 to 0.14 and from 0.25
to 0.13 in datasets 1 and 2, respectively.

For four of the six vocational interests from the RIASEC
model (R, I, A, and C), the GFP did not show a strong con-
tribution to the level of explained variance whereas the com-
bined unique characteristics of the Big Five explained the
most variance (see Table 4). However, for the social and
enterprising interests, the GFP explained significant percent-
ages of the variance, whereas the combined unique aspects
of the Big Five contributed less explained variance beyond
the GFP.

Discussion

In the two datasets in study 1, viable GFPs could be
extracted, explaining relevant proportions of the Big Five
variance. We report the results on the GFPs extracted as the
first unrotated factor. However, in line with the literature
(Van der Linden et al., 2016, 2017), it also was clear that the
GFP is robust for specific extraction method because general
factors extracted with various CFA models (e.g., hierarchi-
cal or bi-factor models) overlapped near unity with the GFP
extracted with PAF. The factor loadings were typical in the
sense that the GFP seems to reflect socially desirable or
effective behavior (Loehlin and Horn, 2012).
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Table 2 Partial correlations (controlling for sex) in the two datasets in
study 1 on vocational interests and personal styles with the GFP

Dataset 1 Dataset 2
(N=1725) (N=108,209)
Vocational interests
Realistic 0.05 <0.01
Investigative 0.05 0.01
Artistic 0.01 0.02
Social 0.12° 0.28
Enterprising 0.31% 0.16
Conventional 0.07 0.06
Profile elevation 0.13" 0.15
Personal style (dataset 1 only)
Work style 021"
Learning environment 0.19™
Leadership 0.417
Risk taking 0.16™
Team orientation 0.34"

For dataset 1, *p <0.05, **p <0.01; for dataset 2, we do not report sig-
nificance levels due to the large N

The results of the two large datasets in study 1 were
consistent and in line with main expectations. That is, the
GFP mainly related to social and enterprising interests in
the Holland model and these associations and conclusions
remained, even after controlling for gender. The personal
style measures in dataset 1 were all significantly related to
the GFP, but those involving working with people, in teams,
or leadership clearly showed the strongest associations.

In Holland’s model, enterprising reflects a dimension of
“getting ahead” through social means (Wolfe et al., 1986). In
dataset 1, this dimension was even more strongly associated
with the GFP than the actual social dimension. Similarly, the
GFP in that dataset showed the strongest association with
the leadership style, compared to the other personal styles.
Those findings indicate that, besides a general interest in
social occupations, high-GFP individuals may also be more
interested in using social interactions (e.g., with customers,
subordinates) to gain status or resources.

Overall, the findings of study 1 were in accordance with
the notion that the GFP reflects social effectiveness (Van der
Linden et al., 2016). If the findings would be merely due to
social desirability or response biases—such as yea-saying—
then one would rather expect the GFP to be either uniformly
related to all interests/styles or otherwise, at least be related
to those professional interests that are considered high sta-
tus or socially desirable. This was not the case. Moreover,
the GFP and interest profile elevation correlations were in
the range of r=0.13 to 0.15, which indicates that these two
constructs were largely distinct. A much stronger correlation
would be expected if both factors emerge from the same type
of bias(es).

Finally, the comparisons with the lower-order dimensions
showed that, the unique variances of the Big Five dimen-
sions often still were related to vocational interests. Never-
theless, regarding socially laden occupational interests, the
GFP seemed to be responsible for the lion’s share of the
relationships. For example, the initial correlation of r=0.23
between extraversion and social interest was reduced to 0.11
after taking out the GFP. Again, the overall picture that
emerged here was in line with the literature stating that the
GFP does not imply that more specific personality dimen-
sions become obsolete (Van der Linden et al., 2017). Rather,
it implies that there may be a common core in personality
measures that is partly responsible for the observable effects.

Study 1 had limitations. One is that it did not include
measures of cognitive ability, which may also relate to voca-
tional interests (Pissler et al., 2015) and the GFP (Dunkel,
2013; Dunkel & Cabeza-de Baca, 2016; Loehlin, 2011).
Second, although study 1 used two of the leading models
in personality and vocational interests, it would be useful
to test whether the findings conceptually replicate using
different measures. For example, based on the literature, it
can be assumed that general factors extracted from differ-
ent personality models or measures, largely reflect the same
latent construct (Van der Linden et al., 2011). Accordingly,
a GFP extracted from a personality measure other than the
Big Five would show similar findings with regard to voca-
tional interests. Third, both samples consisted of many peo-
ple who already had jobs or were active on the labor market.
One possible effect of this is that, even though vocational
interests have shown to be fairly consistent throughout one’s
life, the reported vocational interest may have been partially
influenced by the type of occupation in which the partici-
pants were already employed.

Study 2: Vocational Interests in Project
Talent

Study 2 was conducted as a conceptual replication and
addressed the limitations of study 1. We used data from
Project Talent, which is a well-known and large study from
the 1960s in which roughly 5% of the entire US high-school
population was sampled (American Institute for Research,
Project Talent, 1960). We focused on the data in the last year
of high school in which vocational interests may have been
more strongly developed and were also the most relevant,
because they directly relate to the educational or vocational
choices in the subsequent year. Another advantage of hav-
ing high-school students as participants is that they were
not yet strongly exposed to working life (although some stu-
dents may have had part-time or summer jobs). This largely
addressed a possible alternative causal explanation being
that the profession one works in influences personality as

@ Springer
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Table.4 Perct?ntages 02f . Dataset 1

explained variance (R°A) in

vocational interest by the GFP Step 1: GFP Step 2: combined unique Big Five

and the combined unique > >

variances of the Big Five in RA F(1,556) P R°A F(4,552) p

both samples in study 1 Realistic <001 0.03 0861 003 457 0.001
Investigative <0.01 0.72 0.397 0.14 23.04 <0.001
Artistic <0.01 0.10 0.750 0.33 66.94 <0.001
Social 0.02 8.29 0.004 0.07 10.18 <0.001
Enterprising 0.08 51.24 <0.001 0.08 13.88 <0.001
Conventional <0.01 2.28 0.13 0.07 9.71 <0.001
Dataset 2

Step 1: GFP Step 2: combined unique Big Five
R’A F(1,556) p R?A F(4,552) p

Realistic <0.01 308.71 <0.001 0.03 731.64 <0.001
Investigative <0.01 5.04 0.03 0.03 912.55 <0.001
Artistic <0.01 475.98 <0.001 0.13 3893.78 <0.001
Social 0.08 9031.34 <0.001 0.07 1119.57 <0.001
Enterprising 0.02 1,535.30 <0.001 0.04 996.17 <0.001
Conventional <0.01 0.49 0.49 0.04 1061.05 <0.001

well as vocational interest (i.e., reversed causation). Lastly,
an additional asset of the Project Talent data was that it
included cognitive tests, which allowed for the extraction of
a general cognitive ability factor. Cognitive ability is known
to relate to vocational interests, for example, higher cogni-
tive ability has been shown to relate to more complex (e.g.,
computer programming) or investigative jobs (Pissler et al.,
2015).

In addition, several studies suggest that there may be a
positive correlation between cognitive ability and the GFP
(e.g., Dunkel et al., 2014). Similar to our lines of reasoning
on gender as a control variable, we consider cognitive ability
a relevant control variable to examine. For example, based
on the literature, there is the possibility that cognitive abil-
ity may be “the hidden variable” that relates to the GFP as
well as vocational interest. In that case, the GFP—vocational
interest association would be spurious and disappear or oth-
erwise substantially diminished after controlling for cogni-
tive ability. Alternatively, cognitive ability might also be a
statistical suppressor of the true GFP—interests associations
and controlling for it would then increase the associations.
Another option is that despite their possible intercorrela-
tion, the GFP and cognitive ability may mostly influence
unique parts of the variance in vocational interests. If that
is so, controlling for cognitive ability would not have strong
effect on the GFP—interest associations. Again, the current
literature is not conclusive about these possibilities, and
for reasons of transparency, we consider it informative to
report the direct associations between the GFP and voca-
tional interests as well as those after controlling for cognitive
ability. Overall, the main aim of study 2 was to conceptually

replicate the relationship between the GFP and interests in
jobs and activities (in the “Method” section, the specific
interest dimensions are explained) with a different set of
personality and interests measures.

Method
Sample

In study 2, the sample was drawn from the Project Talent
(https://www.icpsr.umich.edu/web/NACDA/studies/33341),
which was a large national-wide study in the USA that in
the 1960s started surveying high school students from
1353 schools across the country. A full description of the
procedures and test constructions is provided by Flanagan
(1962). For the reasons provided in the “Introduction” sec-
tion of study 2, we used the sample from the last year of
high school. In this sample (N=_81,130), the mean age of
the participants was 17.25 years (SD =1.78). 48.9% were
male and 51.1% female.

Measures

Personality Personality was measured with the Project Tal-
ent Personality Inventory (PTPI) that included 150 items
and 13 scales, although, only 108 items that made up ten
scales were coded in the original project. The items used
a Likert format to ask to what extent the item reflects the
person. Answering categories ranged from 1 not very well
to 5 extremely well. The validity of the ten scales has rela-
tively recently been confirmed by Pozzebon et al. (2013).
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The PTPI contained the following scales: (1) Vigor (VI)
reflects the level of physical activity (e.g., I play games for
hours without getting tired), (2) calmness (CA) measures
the ability to remain stable in emotional situations (e.g., I
rarely lose my temper), (3) mature personality (MA) refers to
the tendency to take responsibility and finish projects (e.g.,
I work fast and get a lot done, people say they can count
on me), (4) impulsivity (IM) measures the tendency to do
things without regard of their consequences (e.g., I usually
act on the first plan that comes to mind), (5) self-confidence
(SC) assesses one’s believe in oneself or self-worth (e.g.,
I’'m equal to any occasion), (6) culture (CU) reflects the level
of appreciation of aesthetic and refined taste (e.g., I enjoy
works of art), (7) sociability (SO) comprise enjoyment of
interacting with people and being optimistic (e.g., I take
a big part in social activities, I am good natured most of
the time), (8) leadership (LE) entails the motivation to take
charge (e.g., I like to make decisions), (9) social sensitivity
(SE) relates to empathy (e.g., I don’t like to see someone’s
feelings hurt), and (10) tidiness (TI) reflects the motivation
and/or action to keep the environment neat and tidy (e.g.,
I do my homework as neatly as possible). All scales were
coded such that higher scores reflected more favorable out-
comes (e.g., higher scores on the scale impulsivity implied
less impulsivity).

Vocational Interests Two hundred and four items in Pro-
ject Talent assessed the level of interest in specific jobs and
activities. According to the original researchers of Project
Talent, the items could be categorized in 17 broad interest
scales, namely (1) physical science, engineering/mathemat-
ics, (2) biological science/medicine, (3) public service (e.g.,
major, committee member), (4) literary-linguistic, (5) social
service, (6) artistic, (7) musical, (8) sports, (9) hunting and
fishing, (10) business and management, (11) sales, (12)
computation, (13) office work, (14) mechanical technical,
(15) skilled trades, (16) farming, and (17) labor. Particu-
larly scales 3, 5, 10, and 11 can be considered to involve
social aspects and social interaction, which may therefore,
relate to the GFP. Su (2012) described how the items form
hierarchical clusters with the general distinction of interests
in things versus interest in people being among the highest-
order factors.

General Cognitive Ability Participants in Project Talent
were administered various tests that assess a wide range of
cognitive abilities and scholastic aptitudes, such as abstract
reasoning, mathematics, reading comprehension, and vocab-
ulary. The cognitive tests in the Project Talent have been
validated and used in many previous, including the extrac-
tion of the general factor of intelligence, or g factor (see Su,
2012 for a review). In total, 16 tests were used in the factor
analysis to extract a general factor of cognitive ability. There
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was a clear general factor in the tests comprising 56.89%
of the total variance (54.68% shared variance) and a mean
loading of 0.73 ranging from 0.55 (for vocabulary) to 0.86
(for reading comprehension).

Results
GFP Extraction

The existence of the GFP in Project Talent has already been
confirmed by the study of Dunkel et al. (2014), who tested
the relationship between personality and general cognitive
ability. In the present study, we used the same extraction
method, namely the first unrotated factor obtained with prin-
cipal axis factoring. The GFP in this dataset explained no
less than 61.38% (eigenvalue [EV]=6.14) of the variance in
the specific scales. The general factor loaded on each of the
scales in the expected direction (i.e., towards social desir-
ability/effectiveness). The mean loading was 0.75. The spe-
cific factor loadings were 0.77, 0.79, 0.78, 0.56, 0.69, 0.83,
0.75,0.77,0.83, and 0.76 for, VI, CA, MA, IM, SC, CU, SO,
LE, SE, and Ti, respectively.

We went beyond Dunkel et al. (2014) by also testing
the viability of the GFP in Project Talent using CFA. The
details of those analyses are reported in the supplementary
material (S1). As a summary, the direct model, in which the
GFP loaded on each of the scales, showed an acceptable fit
when looking at the CFI and TLI indices (0.93 and 0.91,
respectively), but the RMSEA was suboptimal (0.11). Fur-
ther examination showed that the unique variances of several
specific personality scales correlated beyond the general fac-
tor. Accordingly, when allowing six correlations between
the unique scale variances, the fit improved (CFI=0.97,
TLI=0.95, RMSEA =0.08). Note that allowing those addi-
tional correlations had an effect on the fit, they hardly had an
effect on the nature of the GFP and its factor loadings (still
ranging from 0.55 to 0.84, M ,in, =0.75). More impor-
tantly, the latent GFP from the CFA correlated r=0.99 with
the GFP extracted by means of PAF as described by Dunkel
et al. (2014). Alternative models that did not include a gen-
eral personality factor showed worse fit (see S1).

GFP and Vocational Interests

Table 5 shows the zero-order correlations between the
study’s variables. Due to the very large sample size, we do
not report significance levels as they are not informative and
mainly effect sizes are relevant. The correlations in Table 5
reveal that the GFP was positively associated with the broad
interest factor “Working with People”, whereas the correla-
tion with the factor “Interests in Things” was rather low.
With regard to the 17 more specific interest factors, and
in line with expectations, the GFP showed correlations of
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r>0.15 with the clearly social occupational areas of busi-
ness and management, public services, and social service. In
the context of this study, the GFP’s higher correlations with
biological/medicine, linguistic, musical, and artistic occu-
pations may initially seem less obvious. Yet, in previous
research, those latter four occupational categories have been
shown to be subsumed under the broader category of work-
ing with people (i.e., show higher loadings on the ‘“People
factor” than on the “Things factor”, e.g., Su, 2012).

Similar to study 1, there were relevant relations between
gender and vocational interests. Noteworthy is the rather
strong negative correlation (r= —0.75) between gender and
the broad interest factor of “Interest in Things”. Females, on
average, scored lower on this factor (Su et al., 2009). Gen-
eral cognitive ability showed several associations with voca-
tional interests too. Most of these were positive, the excep-
tion being Office work. The two strongest correlations were
with hard sciences and engineering, and with life sciences.
However, cognitive ability was also positively associated
with interests, such as linguistic, artistic, and sport activities.

The partial correlations are reported in Table 6 and show
that even after controlling for gender and cognitive ability,
the pattern of results remained largely the same. Thus, the
findings regarding the link between the GFP and social inter-
ests were not merely “a by-product” of gender or cognitive
ability.

The GFP Versus the Specific Personality Scales

As in study 1, we included a test showing the relative con-
tribution of the general factor versus the unique variances
of the ten specific personality scales of the PTPI. In doing
so, for clarity, we restricted the analyses to the two broad
interest categories, things and people. First, we calculated
the correlations of each PTPI scale with those categories.
Table 7 shows that each of the scales was positively related
to interest in working with people (low impulsivity showed
the weakest correlation and culture the strongest correla-
tion). However, when only considering the unique variance
of the scales—after having taken out the GFP—it is clear
that almost all of these correlations became either very small
or even reversed sign and became negatively related to inter-
est in working with people. The only exception was culture,
which went from r=0.31 to 0.18. A regression with interest
in people as the dependent variable, the GFP as a predictor
in the first step, and the unique variances of the ten specific
scales in step 2 further confirmed the influence of the GFP.
Specifically, in the first step, the GFP as a positive predictor
explained 6.1% of the variance in people interest. The 10
unique variances in step 2 became a negative predictor of
people interest and explained a smaller proportion of the
variance, 5.4% (see Table 8).

Discussion

In the large sample of Project Talent, study 2 showed con-
ceptual replication by using entirely different personality and
vocational interest measures compared to study 1. Again, the
GFP was clearly positively related to a preference for work-
ing with people and was not relevantly related to a prefer-
ence for working with things. Similar to study 1, the results
were robust after controlling for gender, and the findings
also remained stable after controlling for general cognitive
ability.

Regarding the specific vocational interest dimensions, the
strongest relationships with the GFP were among those that
can reasonably be expected to have more social components,
such as public and social services, and business and man-
agement (Rosenbloom & Ash, 2004). The GFP also showed
relevant associations with several interest dimensions that
would seem less obvious from the social effectiveness per-
spective, such as literary-linguistic activities and occupa-
tions. Su (2012), however, showed that in the Project Talent
sample, library science is substantially related to interest in
working with people. Thus, in this respect, the correlations
between those interests and the GFP fit with the general
notion that the GFP particularly relates to jobs with a strong
“people” component.

In study 2, it was also replicated that the GFP and a gen-
eral factor in vocational interests showed a correlation that
is not in line with the bias or artifact interpretation. The
correlation was r=0.13, whereas a much more substantial
correlation of r =~ 0.50 may be expected if both would have
reflected similar response biases or general artifacts.

The comparisons between the relative impact of the
shared variance of the personality scales, i.e., the GFP, ver-
sus their unique variance also led to as similar picture as in
study 1. When it came to interest in working with people, the
GFP explained most of the variance. Beyond that, the total
unique variances of the specific scales added a smaller, but
still relevant part of the variance in people interest. However,
the unique variances of the scales were mainly negative pre-
dictors of interest in working with people. Those set find-
ings iterate that a large component of the relations between
personality scales and interest in social occupations may be
due to the general factor.

Study 3: Testing the Genetic Correlations

After the findings from studies 1 and 2, a subsequent logi-
cal step was to examine the extent to which phenotypical
associations between the GFP and vocational interests are at
the genetic level. In the introduction, we mentioned that the
heritability of the GFP has already been confirmed in sev-
eral studies that used twin data (Loehlin, 2011; Figueredo &
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Table 6 Partial correlations (controlling for sex and general cognitive
ability) between interests and the GFP (N =78,436)

Interests
Things (factor) 0.04
People (factor) 0.20
Physical science, engineering, mathematics 0.09
Biological Science, medicine 0.14
Public Service 0.15
Literary-Linguistic 0.15
Social Service 0.17
Artistic 0.09
Musical 0.10
Sports 0.13
Hunting and Fishing 0.06
Business and Management 0.16
Sales 0.09
Computation 0.08
Office Work 0.03
Mechanical-Technical —0.01
Skilled trades —0.04
Farming 0.00
Labor -0.05

Table 7 Correlations between the PTPI dimensions and interests, and
the unique variances (between brackets) of the PTPI dimensions and
interests

Things People
Socioability —0.08 (—0.03) 0.17 (-0.03)
Social sensitivity —0.17 (- 0.18) 0.26 (0.09)
Impulsiveness 0.02 (0.07) 0.06 (—0.09)
Vigor 0.08 (0.21) 0.12 (-0.12)
Calmness -0.02 (0.07) 0.16 (- 0.06)
Tidiness —0.16 (—0.16) 0.19 (0.00)
Culture —0.19 (0.23) 0.31 (0.19)
Leadership 0.02 (0.12) 0.20 (0.00)
Self-confidence 0.01(0.09) 0.12 (—=0.07)
Mature personality —0.03(0.06) 0.20 (0.02)

Table 8 Percentages of explained variance (R°A) in Interest in Things
and people, by the GFP and the combined (10) unique variances of
the PTPI dimensions

Step 1: GFP Step2: combined
unique PTPI dimen-
sions

R’A F(1,78,438) R’A F(9, 78,429)

Things <0.01 503.06 0.13 1213.37
People 0.06 5121.88 0.05 536.95

PTPI Project Talent Personality Inventory; because of the huge Ns,
no significance levels are provided

Rushton, 2009; Van der Linden et al., 2018; Veselka et al.,
2009). An initial study of Power and Pluess (2015) that
used genome-wide data, casted some doubts on whether the
correlations between the Big Five are also revealed at the
genetic level. This is relevant because if there would be no
genetic Big Five intercorrelations then that would make it
difficult to uphold that there is a genetic GFP. The study of
Power and Pluess, however, was based on a relatively small
sample for genome-wide analyses. Moreover, many of their
estimates did not converge and they could also not confirm
the basic heritabilities of several of the Big Five dimensions.
In contrast, a more recent genome-wide study of Lo et al.
(2017), using a much larger dataset, did confirm the Big Five
intercorrelations at the genetic level. In fact, the (absolute)
genetic correlations in Lo et al.’s study ranged from 10.11|
to 10.40l, with a mean intercorrelation of r=0.232, which
was remarkably similar to the meta-analytic phenotypical
Big Five intercorrelations reported by Van der Linden et al.,
(2010a, 2010b), which had a mean observed (uncorrected)
Big Five intercorrelation of »=0.225.

The reason that the present genetic study is useful is that
phenotypical correlations can only show that a relationship
exists, but they do not provide information about which
factors contribute to the correlations. Behavioral genetic
analyses with twin data, however, allow a distinction
between genetic and environmental factors contributing to
associations (Plomin et al., 2008). Such analyses are based
on the fact that monozygotic twins share approximately
100% of their genetic variance, whereas dizygotic twins
share, on average, 50% of their genes. Behavior genetics
assumes that monozygotic twins, reared together, do not
share more etiological environmental events than dizygotic
twins, reared together (Kendler et al., 1993). Therefore, dif-
ferences in the extent to which monozygotic and dizygotic
twins resemble each other are attributed to the effects of
genes (i.e., heritability). With behavioral genetic analyses,
a phenotypical correlation can be decomposed into addi-
tive genetic effects (A), non-additive genetic effects (D),
shared environment (C), and non-shared environment (E).
The difference between additive and non-additive genetic
effects is that in the former multiple genes are assumed to
independently contribute to a trait (or correlation between
traits). Non-additive genetic effects, on the other hand,
imply dominance and/or polygenetic effects (e.g., interac-
tions between genes).

With regard to vocational interests, it is informative to
distinguish between environmental and genetic influences
on the relationship with personality. If there is a relevant
heritable component then this would indicate that genes
that influence individual differences in personality, i.e., the
GFP, are also involved in individual differences in vocational
interests.
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Method
Sample

Participants in study 3 were the 768 adolescent twin pairs
(1536 individuals) in the National Merit Twin Study. A
full description of the procedures and tests are given by
Loehlin and Nichols (1976). The twins were identified
among the high school students who took the national
merit scholarship qualifying test (NMSQT) in the USA in
1962. The monozygotic (N=1509) and dizygotic (N=330)
pairs were selected out of the roughly 60,000 high school
juniors who completed the NMSQT. Using a large 1082-item
questionnaire, the study assessed a wide range of variables,
including personality and vocational interests, which were the
main focus of the present research. The participants were in
the eleventh grade at the time of testing. All twin pairs were
of the same sex, with 58.2% being female and 41.8% male.

Measures

Personality In the National Merit Twin Study, personality
was measured with the 480-item California Psychological
Inventory (CPI). The CPI was constructed to assess variation
in normal personality (e.g., compared to the Minnesota Mul-
tiphasic Personality Inventory, which was developed around
the same time, but focused on maladjustment or clinical dis-
orders) and has been validated and used in numerous previ-
ous studies. Besides three validation scales, the CPI contains
13 personality subscales assessing a wide range of traits (see
Loehlin and Nichols (1976) or Loehlin (2011) for a complete
description of the traits).

Vocational Interests Participants filled out the 160 items
of Hollands’s (1997) Vocational Preference Inventory. The
items describe a range of occupational areas and participants
had to indicate whether or not they liked the occupations,
by answering yes or no. Examples are bookkeeper, musi-
cian, army general, and biologist. The scale allows extract-
ing the six RIASEC dimensions similar to those used in
study 1. Twins were randomly labeled as twin 1 or twin 2.
Extraction of the general factor of vocational interests, i.e.,
profile elevation, showed that this factor explained 33.7% of
the vocational interest variance in twin 1 and 35.7% of the
variance of vocational interests in twin 2. For twin 1, factor
loadings were 0.38, 0.07, 0.38, 0.63, 0.80, and 0.30 for R,
I, A, S, E, and C, respectively. For twins 2, factor loadings
were 0.36, 0.29, 0.50, 0.54, 0.64, and 0.47, for R, I, A, S, E,
and C, respectively.

Estimate of General Cognitive Ability The dataset also con-

tains the participants’ total score on the NMSQT, which is
the combined score of the performance on the five subtests

@ Springer

that assess subfields of academic competence (e.g., reading,
mathematics). Although the NMSQT was designed to meas-
ure scholastic aptitude instead of abstract cognitive skills, it
has often been used as an index of general cognitive abil-
ity (e.g., Loehlin, 2011). In general, NMSQT scores have
been found to show high correlations of around r=0.80 with
actual IQ scores.

Results
GFP extraction

The general factor in the CPI of the National Merit Dataset
has already been extensively shown in other studies. There-
fore, it would not be useful to present the same analyses
again here. Rushton and Irwing (2011) used CFA/SEM
to show that in the specific CPI scales in this dataset, six
intermediate higher-order factors can be identified, which
are subsumed by the two higher-order factors stability and
plasticity (see also study 1). The GFP was the highest-order
factor loading on stability and plasticity. The model (see
Fig. 3 on p. 562, of Rushton & Irwing, 2011) showed a good
fit according to a range of indices. In a later study, Loehlin
also extracted the GFP from the same dataset by means of
taking the first unrotated factor from principal axis factor-
ing. For reasons of comparison, he extracted GFPs from
the CPI scales, from CPI facets, and also directly from the
items, only to find that the general factors with the differ-
ent methods correlated in the range »=0.92 to 0.99. The
above pattern of findings confirms that the GFP is robust
with respect to extraction method. Accordingly, in the pre-
sent study, we used the same method as Loehlin (2011) to
extract the GFP as the first unrotated factor using PAF. The
general factor explained around 34% of the variance in the
underlying subscales. The GFP factor loadings on the scales
were in accordance with expectations and ranged from 0.18
(flexibility) to 0.85 (tolerance). See also, Loehlin (2011)
and Dunkel et al. (2014) for further information on the GFP
and its specific factor loadings in this sample. Each partici-
pants’ score on the GFP is calculated with the regression
method which is the sum of products from their standard-
ized score on each specific CPI scale and its corresponding
factor loading.

Personality and Vocational Interests

The zero-order correlations between the study’s variables
separately for twins 1 and 2 (the labeling of participants as
either twin 1 or twin 2 was random) are displayed in Table 9.
The table shows that, although the correlations between the
personality and interests were modest overall, the GFP was
only significantly correlated with social and investigative
interests. Different from the previous two studies was that,
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for twin 1 as well as twin 2, the GFP did not show a signifi-
cant correlation with enterprising interests.

In this dataset, there were also significant correlations
again between gender and cognitive ability, on the one
hand, and vocational interests, on the other hand (see
Table 9). Based on a similar line of reasoning as in stud-
ies 1 and 2, we, therefore, considered it informative to also
report the findings after controlling for these two vari-
ables. The partial correlations are reported in Table 10 and
show that inclusion of the control variables did not change
the pattern of findings or conclusions, because investiga-
tive and social were still the only two vocational interests
that significantly related to the GFP.

As a next step, we estimated the heritability of the GFP
and the vocational interests based on the phenotypical
resemblance between monozygotic (MZ) and dizygotic
(DZ) twins (see Table 11). Because the MZ correlations
were not > 2 times the value of the DZ correlations (see
Table 11), we tested the ACE model instead of the ADE
model. For all relevant variables, using Cholesky decom-
position, we estimated the additive genetic variance (A),
the level of variance attributed to the shared environment
(C), and the variance component that includes unique
environmental variance as well as measurement error (E)
(ACE vs saturated: ;(2 (15)=12.17, p=0.76). For each of
the variables tested, it was clear that there was no vari-
ance attributed to the shared environment (e.g., parenting
style, SES). Accordingly, running AE models confirmed
that the C component could be dropped without signifi-
cant changes in the model fits (AE vs ACE: 7 (3)=3.19,
p=0.36).

In general, from Table 11, it can be derived that, as
reported in previous studies, the GFP showed a substantial
heritable component of 60%. The heritability of the voca-
tional interest dimensions ranged from 22% for realistic and
conventional to 39% for social interests.

Table 10 Partial correlations (controlling for sex and general cogni-
tive ability) between vocational interests and the GFP, separately for
twin 1 and twin 2

Twin 1 Twin 2
Realistic -0.03 0.03
Investigative 0.17" 0.16"
Artistic 0.01 0.05
Social 0.19" 0.11"
Enterprising 0.05 0.07
Conventional 0.03 —0.01
Profile elevation 0.13" 0.07

“p=0.05; “p<0.01

As social and investigative interests were the only two
dimensions that showed significant phenotypical correla-
tions, we tested their genetic correlations with the GFP.
The genetic correlation between the GFP and social inter-
est was r=0.31 (confidence interval [CI]=0.19; 0.42) and
significant at p <0.05. The correlation between the unique
environmental components was low r= —0.01 (CI= —0.09;
0.08) and non-significant. The genetic correlation between
the GFP and investigative interests was r=0.37 (CI=0.23;
0.50) and also reached significance. The unique environ-
mental correlation was low r=0.09 (CI=—0.01; 0.19) and
not significant.

Discussion

Using the National Merit sample, we replicated the finding
from study 1 and study 2 that the GFP is related to voca-
tional interests with a social component. Study 3 comple-
mented the previous two studies by showing that the GFP
and social interest were also significantly related at the
genetic level, thereby providing insight into the etiology of
the relationship.

Table 9 Zero-order correlations between the variables, separately for twin 1 (above the diagonal) and twin 2 (below the diagonal)

1 2 3 4 5 6 7 8 9 10
1. Sex - -0.13" 0.02 —-0.29" -0.07 022" 040"  —0.13" -0.10" 0.10"
2. Cognitive ability -0.15" - 033"  —0.11" 013" 0.10™ -0.04  —0.03 —0.10" —-0.07
3. GFP -0.01 0.36™ - -0.03 0.19" 0.09 0.10"  0.04 —-0.05 0.05
4. Realistic -023" 001 -0.04 - 0.29" 0.06 0.04 0.26" 0.28" 0.45™
5. Investigative —-0.09 0.16™ 022" 027" - 0.22" 0.12°  0.09 0.05 0.35™
6. Artistic 0.18™ 0.19™ 0.09 0.04 0.15" - 0.39" 0.4 0.05 0.57"
7. Social 0.33™ —-0.07 0.16™  0.00 0.11" 0.30™ - 0.30" 0.16" 0.62™
8. Enterprising -0.16"  0.01 0.04 026" 0.05 0.26™ 0.29™ - 0.47" 0.79™
9. Conventional —-0.10 —-0.04 0.01 031" 0.02 0.01 0.18" 047" - 0.67"
10. Profile elevation —-0.07 0.01 0.13" 044" 0.08 0.35™ 044"  0.93" 0.72" -

“p<0.05; “p<0.01
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Table 11 Correlations (for

: MZ correlation DZ correlation A C E
MZ and DZ) and proportion
of phenotypic variance due to GFP 0.58 0.38 0.60 (0.54-0.65) 0 0.40 (0.35-0.46)
additive genetic (A), shared Realistic 0.30 0.28 022(0.12-031) 0 078 (0.68-0.88)
environmental (C), and unique
environmental and measurement Investigative 0.35 0.20 0.36 (0.27-0.44) 0O 0.64 (0.56-0.73)
error (E) variance Artistic 0.33 0.28 0.33(0.24-0.41) O 0.67 (0.59-0.76)
Social 0.47 0.26 0.39(0.32-0.46) 0 0.61 (0.54-0.68)
Enterprising 0.33 0.14 0.30(0.21-0.37) O 0.70 (0.62-0.79)
Conventional 0.24 0.12 0.22(0.12-0.32) 0 0.78 (0.68-0.88)
Profile elevation 0.20 0.38 0.27 (0.06-0.44) 0 0.73 (0.55-0.95)

Confidence intervals (CI) between brackets (all variance levels in columns A and E were significance)

Two findings in study 3 were not entirely in line with
studies 1 and 2. The most salient one is the non-significant
relation between the GFP and enterprising interests. The
other difference was the significant GFP—investigative inter-
est link. Although, we cannot provide conclusive answers
to what may have caused those differences, one plausible
explanation is the nature of the sample. In contrast to the
previous samples in studies 1 and 2, the National Merit sam-
ple consists only of students who scored very high on the
initial scholastic aptitude tests (Loehlin & Nichols, 1976).
Individuals with high cognitive ability (e.g., National Merit
Students) express stronger interest in investigative occu-
pations (Pissler et al., 2015). Moreover, in the RIASEC
model of vocational interests, investigative and enterpris-
ing interests are considered opposing dimensions (Holland,
1997). Thus, compared to the population, participants in the
National Merit sample may, on average, have had a lower
interest in enterprising (and a higher interest in investigative
interests) in the first place. This possibly might have dis-
torted the GFP—enterprising interest relation. Despite these
variations in findings, however, study 3 was consistent with
the previous two studies in showing a GFP—social interest
relationship.

The fact that the GFP—vocational interest relationship
showed a relevant heritable component supports the notion
that the genes that provide people with a disposition for a
higher GFP are probably partially the same genes that push
a person towards interest in social (and in this case also
investigative) interests. As such, study 3 goes beyond the
two previous studies by indicating that a part of the person-
ality—vocational interest relationships is at a rather funda-
mental level.

The dataset of twins from the National Merit sample
had the advantage that we could conduct behavioral genetic
analyses. Yet, the sample had a limitation that it was not
representative for the population, but consisted of those with
very high scores on scholastic aptitude tests. Subsequently,
in future research, it would be useful to test the genetic cor-
relation between the GFP and vocational interest again in
other, more representative samples.

@ Springer

General Discussion

In the present set of studies, we examined preferences for
occupations and activities by taking into account the GFP.
This approach may contribute to the literature in several
ways. First, the studies provide information about the nature
of the GFP, which is relevant for the more fundamental sci-
entific discussion on the hierarchical structure of personal-
ity. Second, the set of studies provide a novel perspective
on how personality and vocational interests are related by
assuming that the shared variance among personality dimen-
sions should not be simply dismissed (as in previous studies
using linear regression analyses) but has explanatory power.

With regard to the former point, across the four samples, a
general pattern of findings emerged, indicating that the GFP
particularly relates to interest in working with people. This
entailed that social and enterprising interests showed the
strongest relations with the GFP (studies 1 and 3) and with
the broad interest factor of working with people (study 2).
The GFP showed consistent and significant phenotypical as
well as genetic correlations with social interests.

This pattern of findings partly supports the notion that
the GFP is a broad social effectiveness factor. Humans are
social by nature, and it is, therefore, clear that getting along
with others at work or using social interactions to succeed
are common themes in most occupations (Wolfe et al., 1986).
Yet, as jobs differ in the extent to which their success and sat-
isfaction depend on such social components, it is reasonable
to assume that those people who are more socially effective
tend to gravitate toward more socially laden jobs or activities.
This assumption was already supported by previous stud-
ies on the relationship between emotional intelligence and
vocational interests (e.g., Schermer et al., 2015) and, in the
present research, has also been extended to the GFP.

The most obvious alternative explanation, namely that
the GFP is merely a statistical artifact, method bias, or
social desirability factor (Ashton et al., 2009; Bickstrom
et al., 2009; Connelly & Chang, 2016) cannot be completely
ruled out by the present findings, but may nevertheless be
considered substantially less likely for the following reasons.
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First, it does not seem obvious that response bias or social
desirability would particularly strongly relate to social occu-
pations. Certain jobs, such as engineer, computer program-
mer, and rocket scientist, generally have a high status, even
though they are not particularly social. Second, if the scores
on personality would be strongly influenced by response
biases, then it can be logically assumed that such biases
remain rather consistent over different measures. The GFP,
however, did not strongly correlate with the general factor of
vocational interests (profile elevation), which, at least, indi-
cates that they were not prone to similar types of response
biases. This finding, in itself, again does not rule out the
possibility that one of the general factors is influenced by
response bias, but it makes it nevertheless, somewhat less
likely, particularly, in the broader context of findings. Third,
the relations between the GFP and social interests were
found at the genetic level. Although even this latter finding
does not fully exclude the possibility of social desirability
or response bias (both can also have a genetic component),
it does suggest that the GFP-social interest link may be rela-
tively deeply ingrained and have trait-like properties.
Beyond contributing to insight into the nature of the GFP,
the present findings also generally encourage a new way of
looking at the relationship between personality and vocational
interest. In previous research, it has often been assumed that
personality dimensions are fundamentally independent of each
other, and this assumption has theoretical and methodological
implications. Assuming independent traits implies, for exam-
ple, that one has to establish different — unique — expla-
nations for each relationship between a specific personality
dimension and vocational interests (e.g., Larson et al., 2002;
Mount et al, 2005). This is not a parsimonious approach.
Two questions that may arise in this context are (1)
whether the GFP can provide a unique contribution to
explaining vocational interests beyond the specific person-
ality dimensions (e.g., the Big Five), and (2) whether the
GFP findings can be explained by the effects of one or two
specific traits, such as extraversion and neuroticism.
Regarding the former question, from the perspective of a
substantive general factor, a test of its influence beyond lower-
order traits such as the Big Five would not be meaningful. After
all, the GFP is assumed to be partially present in each of the
specific personality dimensions (Van der Linden et al., 2016).
Therefore, controlling for Big Five would mean deleting the
true variance of the general factor. One can compare this
to testing whether a general factor of cognitive ability (g)
contributes beyond the sub-tests from which it is extracted. This
would not make much sense (Jensen, 1998). Doing it the other
way around, however, by testing whether the unique variance
of specific traits contributes, beyond their shared component, is
very informative. In these tests that we conducted in studies 1
and 2, it became clear that the GFP accounts for the lion’s share
of the relationships between specific personality dimensions

and vocational interests. The GFP explained relatively large
proportions of the variance in vocational interests with strong
social components. The combined unique variances of the
mores specific traits often explained less additional variance
than the GFP. The comparisons between the GFP and the
unique components of traits confirm that the notion of a
general factor does not imply that lower-order traits become
obsolete. Specific traits may sometimes be better suited to
capture individual differences. In line with this, the analyses
in studies 1 and 2 show that, in some cases, the unique trait
variance can add explained variance beyond the GFP. Yet, if
one would ignore the GFP or is unaware of its existence, then
one neglects a relevant “part of the picture” when trying to
explain what may cause the associations between personality
and vocational interests.

Regarding the second question, as the GFP, by definition,
reflects the shared variance of the underlying traits, it can
never be “just” extraversion or neuroticism (or any other spe-
cific trait). This can be confirmed, for example, by looking
at the factor loadings of the samples in study 1. Those reveal
that the GFP is not based on the influence of (a combination
of) one or two traits, but rather represents a balanced mix of
socially desirable or socially effective traits.

Concluding Statements

Personality and vocational interests are known to overlap
(Mount et al., 2005). For example, people who have a ten-
dency for working very systematically and accurately prefer
jobs that fit with those tendencies, and people who are good
at social interaction or find being with other people highly
rewarding prefer social jobs. The present research incorpo-
rates the GFP in this line of thinking. People who are gener-
ally socially effective—which may be akin to being emo-
tionally intelligent (Van der Linden et al., 2017)—would,
on average, not be very shy, antagonistic, unstable, unreli-
able, or rigid in their social interactions. Thus, high social
effectiveness affects one’s scores on many of the underlying
personality dimensions. This general social effectiveness
would also partly manifest itself in higher interests in jobs
or activities in which such effectiveness can be put to use
to gain satisfaction or success in one’s professional career.
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