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The Assessment of 21st Century Skills in
Industrial and Organizational Psychology:
Complex and Collaborative Problem Solving
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University of Luxembourg

In this article, we highlight why and how industrial and organizational psychol-
ogists can take advantage of research on 21st century skills and their assessment.
We present vital theoretical perspectives, a suitable framework for assessment, and
exemplary instruments with a focus on advances in the assessment of human cap-
ital. Specifically, complex problem solving (CPS) and collaborative problem solving
(ColPS) are two transversal skills (i.e., skills that span multiple domains) that are
generally considered critical in the 21st century workplace. The assessment of these
skills in education has linked fundamental research with practical applicability and
has provided a useful template for workplace assessment. Both CPS and ColPS cap-
ture the interaction of individuals with problems that require the active acquisition
and application of knowledge in individual or group settings. To ignite a discussion
in industrial and organizational psychology, we discuss advances in the assessment
of CPS and ColPS and propose ways to move beyond the current state of the art in
assessing job-related skills.

When examining the tasks that people perform in their daily workplaces,
we see a trend in recent decades toward increases in the importance of non-
routine and interactive tasks. This trend is accompanied by a correspond-
ing decline in routine operations. Jobs that previously entailed repetitive and
routine work have been either extended to include nonroutine tasks or re-
moved altogether (e.g., Autor, Levy, & Murnane, 2003; Cascio, 1995). That
is, developments in the working world are emphasizing tasks that require
active problem solving and that include the need to collaborate with others.
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By contrast, the number of tasks that people can perform by relying on or-
ganizational routines and practices is declining. In economic research, these
broader trends have been labeled skill-based technological change, job po-
larization, and offshoring and have led to a range of insights into the enor-
mous breadth and worldwide scope of the increases in nonroutine and in-
teractive tasks (e.g., Autor, Katz, & Kearney, 2006; Autor et al., 2003; Baum-
garten, Geishecker, & Görg, 2010; Becker, Ekholm, &Muendler, 2013; Goos
& Manning, 2007; Goos, Manning, & Salomons, 2009; Grossman & Rossi-
Hansberg, 2008; Spitz-Oener, 2006).

Widely visible examples of increasing workplace sophistication include
the expansion of the role of the modern secretarial staff, the emergence of
mechatronics engineers, and the recent extension of the board of directors to
include chief operating officers. Secretarial staff members have been taking
over former managerial tasks, such as planning, organizing, and supporting
meetings and conferences, which is even leading to adaptations of secretarial
vocational education. Mechatronics engineering combines several different
disciplines into one occupation (i.e., mechanical engineer, electric engineer,
and computer scientist), and this job profile itself is an answer to multidis-
ciplinary job demands. On a structural level, organizations increasingly em-
ploy chief operating officers, who help to deliver operational excellence in a
work environment of increasing complexity. Across industries, chief operat-
ing officers have become common on most companies’ supervisory boards
because of the increase in the numbers of nonroutine and interactive prob-
lems. By contrast, only a relatively small number of companies employed
executives in this position just 2 decades ago.

As a result of the increasing numbers of nonroutine and interactive
tasks, individuals, groups, and organizations are faced with a host of new
challenges. Across a wide range of jobs, individuals need to engage in on-
the-spot problem-solving behavior without the possibility of resorting to
well-defined organizational practices and routines (e.g., Middleton, 2002)
and without sufficient time and resources to make decisions about problem-
solving measures by following rational models of problem solving (e.g., G.
Klein, Orasanu, Calderwood, & Zsambok, 1993; Zsambok & Klein, 1997).
In addition, problems increasingly involve the collaboration ofmultiple indi-
viduals from various backgrounds, thus leading to new job requirements; for
instance, the integration of diverse pathways toward problem solving within
a group comprising members from different backgrounds (e.g., Keane &
Nair, 2001; C. Klein, DeRouin, & Salas, 2006, Reiter-Palmon & Illies, 2004).

Organizations consequently need to select, guide, and train individual
employees, teams, and leaders who are capable of dealing with emerging job
requirements (e.g., Vargas Cortes &Beruvides, 1996). For instance, given the
broad range of challenges awaiting amechatronics engineer taking care of an
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assembly-line robot in a manufacturing plant, he or she has to be able to an-
ticipate, recognize, and communicate problems within a diverse team. Such
an engineer also has to quickly become acquainted with a vast array of com-
plex systems that require immediate and creative solutions when problems
occur. In summary, this engineer has to cope with the increased importance
of nonroutine and interactive tasks.

As one result, this rise in the importance of nonroutine and interac-
tive tasks has led to broad efforts on multiple levels to specify the accom-
panying shifts in requirements and skill sets and the facilitation of skills
summarized under the umbrella of so-called 21st century skills (e.g., Grif-
fin, McGaw, & Care, 2012; National Research Council, 2012; Organisation
for Economic Co-operation and Development 2013c, 2013d). Widely visi-
ble, these trends toward nonroutine and interactive tasks have found their
way into prominent large-scale assessment efforts such as the Organisation
for Economic Co-operation and Development’s (OECD’s) Programme for
the International Student Assessment (PISA; OECD, 2013c, 2013d), which
assesses the competencies of more than half a million students worldwide,
and the Programme for the International Assessment ofAdult Competencies
(OECD, 2013b), which targets adult competencies. Whereas those engaged
in these efforts used to focus on assessing the skills that individuals acquired
during formal education in relation to classical domains such as mathemat-
ics and reading, these efforts increasingly feature the assessment of the skills
that enable individuals to successfully cope with the requirements of the 21st
century and a lifelong perspective.

The realm of general cognitive research has identified two 21st century
skills that are strongly related to the demands that have been produced by
the changes in the working lives of individuals (e.g., successfully addressing
new and complex problems andworking collaboratively on a team). The two
concepts we deem especially relevant are complex problem solving and col-
laborative problem solving (CPS and ColPS), a view that is shared by the
OECD (OECD, 2013c, 2013d) and other stakeholders (e.g., National Re-
search Council, 2012).

Whereas CPS deals with individuals’ transversal skill in successfully
handling complex and intransparent situations (i.e., those without a read-
ily apparent solution), requiring the active acquisition and application of
knowledge in various domains, ColPS is directed toward problem solving
in group settings, adding the necessity of social skills to the ones captured
by CPS (e.g., Greiff, 2012; OECD, 2013d). For the mechatronics engineer,
these skills can be directly linked to the problems that require attention on a
regular basis. Not only do these problems require the gathering of knowledge
to generate the understanding ofmultiple interrelated problem features (e.g.,
technical and safety requirements, time for implementation, etc.), they also
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need to be solved in an environment inwhich vital information is distributed
across different members of teams and levels of hierarchies.

Together, CPS and ColPS assess aspects of performance in nonroutine
tasks (CPS) and interactive tasks (ColPS) that have been identified as im-
portant by Autor et al. (2003) and other researchers (e.g., Cascio, 1995;
Spitz-Oener, 2006, see also the literature mentioned above). In addition, re-
searchers studying CPS andColPS are also committed to conceptual integra-
tion and thorough operationalization and assessment, consequently offer-
ing solid theoretical and empirical foundations as well as valid assessment
methods for their work (e.g., Greiff, Wüstenberg, & Funke, 2012). To this
end, both constructs will serve as points of reference for the integration of
an assessment of 21st century skills in industrial and organizational (I-O)
psychology. In this article, we present CPS and ColPS, their assessment, and
potential avenues for the integration of both constructs and their assessment
into I-O psychology focusing on skills that enable successful reactions to the
challenges of the 21st century.

I-O psychology can be thought of as an applied science with the poten-
tial to address, inform, and advise important human-capital (HC) challenges
(Cascio & Aguinis, 2008), emphasizing guidance toward practical interven-
tions based on a scientist–practitioner model (Bass, 1974; Dunnette, 1990;
Murphy & Saal, 1990; Rupp & Beal, 2007). We believe the field of I-O psy-
chology would benefit from incorporating advances in the definition of 21st
century skills and their assessment.

Before taking a closer look at the two constructs of CPS and ColPS, a
discussion of three competing approaches to assessment already integrated
in I-O psychology is useful because existing assessment methods might in
principle allow for the handling of the requirements of the 21st century
without the need to resort to new constructs or ways of assessment. In-
stead of relying on CPS and ColPS, one might argue for the utilization of
application-oriented constructs, job-and-work-analysis-based instruments,
or well-established constructs targeting basic human functioning. In the fol-
lowing, we take a closer look at all three of these alternatives.

Paths to the Assessment of 21st Century Skills
As a first alternative for employing valid and reliable 21st century skill as-
sessment, we look at constructs that originated from direct observations
of the work environment and that developed into nonroutine and inter-
active tasks. Generally speaking, there are a multitude of constructs ad-
dressing the questions of practitioners and business leaders in I-O psychol-
ogy and management education in an application-oriented way (e.g., build-
ing on learning agility: De Meuse, Dai, & Hallenbeck, 2010; Eichinger &
Lombardo, 2004; Lombardo & Eichinger, 2000; or the notion of talent and
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talent management: Cappelli, 2008; Collings &Mellahi, 2009; Ready &Con-
ger, 2007, to give two examples). The constructs and their empirical opera-
tionalizations are deeply embedded in their respective fields, and the con-
structs and operationalizations exhibit close links to practice and applica-
tion. The point of departure in assessing and using these skills usually occurs
when there is an attempt to address a specific need or problem of high visi-
bility and relevance to practitioners and organizations, and the focus of the
constructs is consequently related toways to deal directly with these needs or
problems.

As an example, the construct of learning agility originated from the issue
of identifying high-potential employees who are capable of performing suc-
cessfully within a dynamic environment (e.g., Eichinger & Lombardo, 2004;
Lombardo & Eichinger, 2000). The relation between learning agility and the
trend towardnonroutine and interactive features in theworkplace is straight-
forward: A person confronted with a nonroutine task and the absence of
readily applicable routine solutions should directly profit from a higher level
of learning agility by being able to better learn from experience in new or
first-time conditions (cf. De Meuse et al., 2010).

Hence, selecting individuals on the basis of their learning agility and fos-
tering this agility via training and development seems like a straightforward
answer to the trend toward the need to increase performance on nonroutine
tasks, thus addressing a highly relevant practical problem (e.g., Dries, Van-
tilborgh, & Pepermans, 2012). For example, it might be important to select
a mechatronics engineer with a highly developed learning agility that allows
himor her to actively adapt to changes in the various related domains, such as
mechanical and electrical engineering, and that allows him or her to take on
future leadership responsibilities. If new safety regulations are introduced, he
or she needs to be able to gather the necessary knowledge, assess the influ-
ences on various levels, and coordinate the appropriate actions, all of which
can be fostered by a high level of learning agility.

On the downside, application-oriented constructs oftentimes lack a clear
integration and an explicit connection to their nomological networks. That
is, a conceptual and empirical comparison of the commonalities of con-
cepts such as learning agility with regard to well-established and validated
constructs and even other application-oriented constructs is largely missing
(e.g., for learning agility: Arun, Coyle, & Hauenstein, 2012; DeRue, Ashford,
& Myers, 2012; for talent management: Collings & Mellahi, 2009; Lewis &
Heckman, 2006; and for a general discussion of the separate discourses ori-
ented toward practice and science: Cohen, 2007; Rynes, Giluk, & Brown,
2007). As an example, whereas learning agility is conceptually related to the
notion of reacting to the increasing importance of nonroutine tasks, accord-
ing to Autor et al. (2003), the conceptual and empirical overlap of such tasks
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with constructs such as intelligence, personality, or cognitive styles remains
unclear (cf. DeRue et al., 2012). In the above example of the mechatronics
engineer, it remains unclear whether the successful adaptability of develop-
ments in the field can be attributable to a higher level of learning agility or
whether such adaptability is a consequence of higher general ability levels,
for example, as indicated by intelligence.

At first glance, this does not necessarily lead to problems in situations
in which the focus is on the issue of selecting the best fitting mechatronics
engineer or in other situations in which the application-oriented construct
appropriately meets the environment for which it was developed. However,
opportunities to gain more general insights, make long-term predictions,
and derive valid conclusions in areas outside the specific focus of the con-
struct have been left unexploited, and theoretical and empirical integration
is largely missing. In the example of learning agility, the lack of empirically
scrutinized links to personality, intelligence, and other basic constructs leads
to doubts about the scientific value of the construct (DeRue et al., 2012)
and to missing insights into the range of influenced behaviors and effects
on performance. More important, if there is still doubt about whether there
is something else other than intelligence in the domain of learning agility,
interventions specifically tailored to foster the learning agility of a mecha-
tronics engineer could face massive obstacles (i.e., via boundaries imposed
by general levels of intelligence).

Furthermore, and resulting partially from the lack of scientific integra-
tion, assessment problems have become widespread in application-oriented
constructs, especiallywith regard to performancemeasures, jeopardizing the
usefulness of the constructs on a fundamental level. When looking at typical
instruments that target learning agility, DeRue et al. (2012) identified consid-
erable problems related to both the validity and reliability of the instruments.
Lewis and Heckman (2006) showed comparable problems when investigat-
ing assessment instruments that targeted the notion of “talent.” However,
if practitioners and researchers are not able to assess an individual’s learn-
ing agility in a reliable and valid way, they will not be able to trust practice-
oriented advice or conclusions regarding the relations between agility and
other constructs and outcomes.

In summary, application-oriented constructs do not necessarily offer the
answers required to address the challenges associatedwith the changes in the
working world. Hence, we take a look at a second approach that begins with
the very tasks that are becoming less routine and more interactive. Job and
work analysis (e.g., Brannick, Levine, &Morgeson, 2007; Fleishman&Reilly,
1992; Rasmussen, Pejtersen, & Goodstein, 1994; Schippmann et al., 2000;
Vicente, 1999) offers a long tradition of guidance in matters of personnel
selection, training, and planning, going back to the work of Frederick Taylor
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(1911) and his Principles of ScientificManagement, and job andwork analysis
has been a major part of I-O psychology ever since.

Generally speaking, job and work analysis aims to specify the elements
and requirements of a specific job or occupation, usually focused on either
thework tasks (task-oriented job analysis, e.g., hierarchical task analysis; An-
nett & Duncan, 1967; Shepherd, 2001) or the individual performing on the
job (worker-oriented job analysis, e.g., position analysis questionnaire; Mc-
Cormick, Jeanneret, & Mecham, 1972; see, e.g., Clifford, 1994; Dierdorff &
Wilson, 2003; Levine, Ash, Hall, & Sistrunk, 1983; Pearlman, 1980, for com-
parisons between approaches). Building on existing occupations and their
descriptions, these efforts have led to considerable knowledge about the el-
ements and requirements of specific jobs and occupations, culminating, for
example, in the Occupational Information Network (O∗NET) of the United
States Department of Labor (http://www.onetonline.org/).

Based on this knowledge of occupations and their associated tasks, job
and work analysis also allows for the construction of well-directed assess-
ment instruments targeted precisely at the requirements of a specific job. If
researchers and practitioners know what kinds of tasks an individual will
most likely be performing in a specific job, they can assemble a correspond-
ing assessment suite to target the associated requirements via job-based tests
and work simulations (e.g., Fleishman & Reilly, 1992). In the example of the
mechatronics engineer, such instruments may target, for example, the re-
quired mathematical skills, knowledge of engineering and technology, and
abilities related to deductive reasoning (see also the comprehensive profile of
themechatronics engineer onO∗NET, Standard Occupational Classification
Code 17-2199.05).

Building on an analysis of job contents and the resulting requirements
on the individual level can certainly help to address changes in the work-
ing world as it moves toward nonroutine and interactive tasks. Job and
work analysis can help researchers and practitioners to quantify the num-
ber of changes within jobs and the corresponding requirements (e.g., Cascio,
1995) and can help them to describe, compare, and support newly emerg-
ing jobs and work situations within established frames of reference (see, e.g.,
Naikar, Moylan, & Pearce, 2006; Vicente, 1999). For example, the occupa-
tion of mechatronics engineer was specifically added to the O∗NET in an
effort to include new and emerging occupations in the 21st century (National
Center for O∗NET Development, 2009), thereby allowing for an analysis of
the occupation’s tasks and comparisons between this occupation and other
(non)engineering jobs.

However, the bottom-up approach of job and work analysis also has its
downsides. First, there is the need for a detailed specification of the job and
work tasks and the corresponding requirements. There has been incredible
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progress in this area both in methodology and in content (e.g., the integra-
tion of normative and descriptive approaches by Vicente, 1999). Nonethe-
less, the nonroutine and interactive tasks that are increasing in importance
because of the developments in the working world are much harder to grasp
and specify specifically because of their nonroutine nature (e.g., Braune &
Foshay, 1983; Naikar et al., 2006; Schippmann et al., 2000). Consequently,
the effort needed to specify the characteristic tasks in assessment and eval-
uation is much higher and will increase even more with the ongoing trends
toward increases in nonroutine and interactive tasks.

Furthermore, a job-and-work-analysis-based approach to 21st century
work environments must rely on a perspective that focuses on already ex-
isting and formalized jobs and occupations (even though there are efforts to
increase the range to include future developments, e.g., Schneider & Konz,
1989). Because of accelerated technical and social developments and high
competitive pressure, there is a vital need to react to changes inwork require-
ments in a proactive way, aligned with the strategic vision and the evolving
HC needs of the organization (e.g., Schippmann et al., 2000; but see, e.g.,
Cascio, 1998; Harvey & Bowin, 1996; and Siddique, 2004, for attempts to
integrate job analyses and human resource [HR] strategies). An approach
based on job and work analysis necessarily has its limits in this regard be-
cause the future jobs and occupations are not yet available for task analyses
and job simulations.

Finally, reacting to the increase in the number of nonroutine and interac-
tive tasks based on job and work analysis is a time-consuming and expensive
approach (e.g., Levine, Sistrunk,McNutt, &Gael, 1988). Every new job has to
be analyzed in detail, and the typical tasks and requirements associated with
each job have to be identified. This analysis takes a lot of effort and requires
skilled analysts, especially with regard to jobs characterized by nonroutine
tasks. This investment can be reduced by efforts to utilize resources, such
as the O∗NET (e.g., McEntire, Dailey, Osburn, & Mumford, 2006), but such
resources are generally not easy to obtain for small and medium-sized orga-
nizations, which provide roughly half of all jobs inWestern economies (e.g.,
OECD, 2013a). The great effort necessary to specify the tasks and require-
ments of a specific job becomes even more problematic when changes in the
environment lead to shifting requirements and tasks within these jobs on a
regular basis.

The third approach that can be used to assess the challenges resulting
from the shifts in the working world toward 21st century skills is to tar-
get overarching transversal characteristics that span jobs, problems, and do-
mains by building on established (psychological) research on basic human
functioning. The valid and reliable assessment of theoretically well-founded
psychological constructs (e.g., intelligence and personality) have historically
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allowed for extensive progress in I-O psychology (e.g., Barrick & Mount,
1991; Hunter & Schmidt, 1996; Schmidt & Hunter, 1998; Schmidt, Hunter,
Outerbridge, & Goff, 1988; Schooler, Mulatu, & Oates, 1999). Furthermore,
the constructs are also used as prominent and established markers to assess,
analyze, and address HC issues on an individual level (e.g., Barrick &Mount,
1991; Hogan & Holland, 2003; Jones & Schneider, 2006; Seibert & Kraimer,
2001; Weede & Kämpf, 2002). Consequently, these constructs will serve as
the third point of departure from which to investigate the consequences of
and the answers to the changes in the working world as nonroutine and in-
teractive tasks increase independently of specific jobs or occupations (e.g.,
Scherbaum, Goldstein, Yusko, Ryan, & Hanges, 2012).

Generally speaking, constructs such as intelligence, personality, or
working memory capacity can be viewed as precursors of job performance
across a wide array of situations (e.g., Gottfredson, 1997). For example, one
would expect that a mechatronics engineer with higher intelligence and a
high level of conscientiousness would be generally better at deriving the nec-
essary conclusions in a given problem situation resulting from the challenge
of constantly refined and changing technologies (e.g., learning faster and
making fewer mistakes when security guidelines related to a new software
framework need to be followed).

In contrast to application-oriented constructs, building on constructs
such as intelligence leads to theoretically and empirically integrated nomo-
logical networks and reliable and valid assessment instruments because the
roots of this work are in psychological research. In contrast to a job-and-
work-analysis-based approach, the constructs do not have to be bound to
specific work tasks or the comprehensive analysis of an occupation to be of
considerable use.

Still, given the generality of the constructs and the unspecified inter-
actions between them in concrete situations, personality, intelligence, and
other constructs targeting the foundations of human functioning offer only
limited help in concrete situations. When looking for individuals who cope
well in problem situations that are characterized by a combination of sheer
complexity; the need to engage in self-initiated learning behavior (e.g., Warr
& Bunce, 1995); and the prerequisite to interact with other individuals,
groups, and organizational processes (e.g., Brannick & Prince, 1997), the
combination of all potentially relevant constructs makes predictions cum-
bersome to say the least. Hence, the constructs that dominate current test-
ing and assessment in work organizations as such do not offer the most
promising and straightforward solutions when dealing with the changes de-
scribed by Autor et al. (2003). Awareness of this problem within the realm
of I-O research can be seen, for example, in the calls by Brouwers and Van
De Vijver (2012) and Oswald and Hough (2012) for the clarification of the
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pathways between intelligence and actual I-O-related behavior and the calls
to take real-life decision processes more seriously in (cognitive) research
(e.g., from researchers targeting naturalistic decision making, e.g., G. Klein
et al., 1993).

In addition, there are factors that influence the problem situation but
are not included in intelligence, personality, and other basic constructs
in direct and readily applicable forms. Invoking the mechatronics engi-
neer, we note that he or she needs to analyze, merge, and assemble me-
chanical, electrical, and electronic components of different generations and
within unforeseeably alternating interactions. Furthermore, when produc-
tion is at full capacity, the targets of production need to be balanced with
considerations of the durability of plants and the requirements of work-
ing creatively and innovatively with and within research and development
teams.

The array of these tasks results in requirements related to (a) the abil-
ity to actively generate the information that is needed to see a problem as a
complex interplay of developments in the first place, (b) the skills needed
to simultaneously balance the changing demands of multiple stakeholder
groups, and (c) the prerequisites to interact with various colleagues to pool
resources. None of these factors are included in either intelligence assess-
ment or other basic ability tests in a straightforward way (e.g., Funke, 2010).
Consequently, targeting HC issues by building on basic constructs and their
assessment is restricted, as vital information on performance in situations
of rising importance is unavailable. These restrictions are especially relevant
when one takes into account the importance of the aforementioned features
of decision making in the work environment (G. Klein, 2008; Zsambok &
Klein, 1997).

In summary, the comprehensive answer needed to address the call
for the adequate assessment of 21st century skills cannot be found in
application-oriented constructs situated within I-O psychology or man-
agement education, in approaches building on job and work analysis, or
in constructs dealing with basic human functioning on a general level.
Consequently, we have to look for a direct assessment of 21st century
skills as required by the developments in the working environment to be
able to build practical advice. CPS and ColPS are considered two promi-
nent representatives of 21st century skills specifically targeting the skills
of individuals in problem situations that are characterized by nonroutine-
ness and interactivity. They also allow for an integration of insights across
domains and situations, thereby leading to fewer problems in transfer-
ring skills across changing environments. Finally, they promote integra-
tion into the broader discourse of research and build on solid assessment
instruments.
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Complex and Collaborative Problem Solving
CPS and ColPS are generally considered integral parts of 21st century skills
(Griffin et al., 2012; National Research Council, 2012; OECD, 2013c, 2013d)
and have recently been found to have a substantial impact in the area of ed-
ucation. For example, CPS and ColPS are employed in the arguably most
important large-scale assessment worldwide, the PISA in its 2012 and 2015
cycles, respectively (OECD, 2013c, 2013d). PISA assesses and compares the
skills of students in domains such as mathematics and science across a range
of countries to foster policy creation in education, andPISA recently adopted
CPS and ColPS as representatives of domain-general transversal skills with
clear connections to practice.

Intriguingly enough, whereas both concepts appear to fit the area of I-
O psychology rather naturally because they represent the skills necessary to
cope with complex and collaborative problems and, hence, the challenges of
this context, the widespread application of these concepts in research and
practice has mainly been restricted to the field of education. A noticeable
exception is the large-scale project “LLLight’in’Europe,” in which the CPS
skills of more than 4,000 employees of 70 companies in 15 countries are be-
ing assessed and analyzed with regard to their relations to income, lifelong
learning behaviors, and innovation across various industries, organizations,
and jobs (www.lllightineurope.com).

Complex problem solving. CPS targets how humans interact with prob-
lems that are characterized by complexity, intransparency, and dynamics,
which is sometimes also referred to as dynamic decision making (e.g.,
Brehmer, 1992; Buchner, 1995; Funke, 2001, 2010; Gonzalez, Lerch, &
Lebiere, 2003; Gonzalez, Vanyukov, & Martin, 2005; Schmid, Ragni, Gon-
zalez, & Funke, 2011). That is, in contrast to historical notions of problem-
solving research, CPS targets problem situations featuring a multitude of in-
terrelated elements that have to be actively explored to find a solution, thus
requiring the complex interplay of basic cognitive and noncognitive pro-
cesses (e.g., Fischer, Greiff, & Funke, 2012; Funke, 2010; Osman, 2010).

More specifically, the defining characteristics of problems targeted in
CPS are the complexity of the problem structure (i.e., a multitude of inter-
related elements), the dynamics of the system (i.e., changes due to time or
to interacting with the problem), the interconnectedness of elements (i.e., a
change in one part of the system has repercussions in other parts), the mul-
tiple goals requiring simultaneous consideration, and the intransparency of
the problem situation requiring active investigation (see also the classic def-
inition of complex problems by Buchner, 1995). Naturally, such features are
also part of real-life problem solving in the world of I-O psychology in which
static problems with a fixed set of options are seldom seen (e.g., Cohen,
March, & Olsen, 1972; Smith, 1997). From the perspective of nonroutine
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tasks as utilized by Autor et al. (2003), there is also a large overlap between
the problems targeted in CPS and the larger trends in the working world:
Both emphasize the importance of adapting to new situations and problems
for which no routine solution is readily available.

With respect to the problem solver, the skills targeted in CPS are clus-
tered around the basic processes of knowledge acquisition and knowledge
application (e.g., Fischer et al., 2012; Novick & Bassok, 2005; Osman, 2010).
In the example of the mechatronics engineer, knowledge acquisition is re-
lated to the gathering of information about a new tool (e.g., an instrument
indicating the amount of abrasion), whereas knowledge application can be
seen when this knowledge is put to use (e.g., when utilizing the new tool to
calibrate a manufacturing robot).

In contrast to basic abilities and constructs (e.g., intelligence or person-
ality), measures of CPS assess performance with a focus on the interaction
of individuals in complex problem environments with the individuals’ need
to actively explore, build, and apply knowledge. In contrast to an approach
that builds on job and work analysis, the general importance of CPS con-
structs is clear and straightforward even without detailed information about
the respective jobs or occupations involved. Furthermore and in contrast to
application-oriented concepts such as learning agility, CPS is built on a tra-
dition of theoretical and empirical research; thus, it is embedded in a com-
prehensive nomological network and ismeasuredwith reliable and validated
assessment instruments.

With regard to this nomological network, CPS has been shown to be
conceptually and empirically different from other basic, individual-level
constructs such as reasoning ability (Greiff, Fischer, et al., 2013; Sonnleitner,
Keller, Martin, & Brunner, 2013; Wüstenberg, Greiff, & Funke, 2012), work-
ing memory capacity (Schweizer, Wüstenberg, & Greiff, 2013), and person-
ality asmeasured by the five-factormodel (Greiff &Neubert, 2014). Further-
more, CPS has been shown to be separable from constructs related to specific
requirements of the 21st century, such as literacy in information and com-
munication technology, a construct targeting the basic knowledge, skills, and
attitudes needed for dealingwith computer technology (Greiff, Kretzschmar,
Müller, Spinath, & Martin, 2014). With regard to predictive validity, posi-
tive and distinct relations between CPS and indicators of successful problem
solving in various contexts, ranging from schools and universities to orga-
nizations from a range of industries, have been empirically shown on the
level of performancemeasures (e.g., Danner et al., 2011; Greiff, Fischer, et al.,
2013; Greiff, Wüstenberg, et al., 2013).

Collaborative problem solving. ColPS, the second construct presented
here, is an extension of CPS because it is also related to complex and ill-
defined problems. However, whereas CPS targets the skills of individual
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problem solvers in interacting with complex, intransparent, and dynamic
problems, ColPS is dedicated to the assessment of similar skills in interactive
settings (i.e., multiple problem solvers working on the same problem;O’Neil,
Chuang, & Chung, 2004).

Consequently, processes of knowledge acquisition have to be extended
to the group, thus resulting in specific requirements in terms of sharing the
understanding and effort required to come to a solution. Also, the pooling
of knowledge, skills, and efforts to reach a solution has become vital in both
phases of dealing with a problem: knowledge acquisition and application
(see, e.g., the definition of ColPS utilized by the OECD in their assessment
framework; OECD, 2013d). In the example of the mechatronics engineer
introduced before, tasks such as working with experts from other fields to
find and address the reasons for the failure of an assembly-line robot clearly
involve processes captured by ColPS (e.g., the need to construct a common
understanding of the problem at hand).

In line with the rise of collaborative tasks in everyday work environ-
ments (e.g., Cascio, 1995; C. Klein et al., 2006), interest in such interactive
aspects of problem solving has led to an increase in scientific efforts in re-
cent years (e.g., Greiff, 2012; O’Neil et al., 2004; OECD, 2013d). Still, the
nomological network of ColPS and its empirical relations are not as well es-
tablished as are those for CPS, leaving ample room for future research (e.g.,
OECD, 2013d). Nonetheless, current research on ColPS has emphasized the
connections of ColPS to basic constructs and viable routes for its assessment
and application, thereby addressing vital aspects of the problem-solving en-
vironments of our times (Greiff, 2012). In light of the rising importance of
interactive tasks in the work environment, the skills targeted by ColPS and
the assessment of these skills should certainly be incorporated into future
discussions in I-O psychology.

The Assessment of Complex and Collaborative Problem Solving
Even in large-scale assessments such as PISA, the assessment of both con-
structs, CPS and ColPS, has become practical with the help of computer-
based microworlds that allow for the simulation of complex and collabora-
tive problems that need to be actively explored and controlled (e.g., Greiff
et al., 2012). That is, the skills of individuals in addressing complex and
collaborative problems can be assessed directly as those individuals interact
with such problems as simulated on a computer or tablet.

To secure the systematic variation in problem features along theoreti-
cally derived dimensions (e.g., including a specific type and a specific num-
ber of problem features), one usually describes the problems used in these
microworlds according to formal frameworks. That is, the computer-based
assessment of both CPS and ColPS builds on formal descriptions that enable
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the construction and systematic variation of problem features in assessment
(e.g., a formalization via linear structural equations or finite state automata;
Funke, 2001; Greiff &Wüstenberg, 2014).

As a consequence, characteristic features of complex and collabora-
tive problems can be systematically varied in assessment, building on the
construct in focus and following theoretically defined and empirically val-
idated dimensions. For example, the number of goals and the number of
interconnections that need to be considered can be varied independently. In
assessment, these features can be combined systematically, and the charac-
teristics can be compared between problems based on their formalization
(e.g., Greiff & Wüstenberg, 2014). By contrast, neither classical tests of in-
telligence nor job-based simulation instruments can account for these char-
acteristic elements of nonroutine and interactive tasks on the basis of both
theoretically sound foundations and reliable and valid instruments.

Building on formally comparable problems and including a specific
range of these problem features, the integration of several computer-
simulatedmicroworlds in one assessment session leads to the reliable estima-
tion of individual performance levels across specific complex problems (e.g.,
Greiff et al., 2012). It is important to note that the assessment of CPS and
ColPS can tap into actual performance instead of relying on self-reported
preferences. The assessment of CPS and ColPS is therefore considerably
more closely related to actual performance than are assessment instruments
targeting learning agility, cognitive styles, or personality, in which the sole
source of information is typically questionnaires filled out by the people
themselves.

In addition, because of the use of computer-based assessment, data re-
flecting the processes of individuals (e.g., when exploring a collaborative
problem) become available for analysis. That is, in contrast to assessments via
questionnaires as traditionally employed in assessments of basic constructs
(e.g., intelligence) or application-oriented concepts (e.g., learning agility),
the final performance of individuals can be related to the specific challenges
and behavioral foundations of success and failure (e.g., inappropriate explo-
ration strategies for the collaborative problem at hand).

For CPS, existing valid and reliable instruments allow for the estimation
of an individual’s skills in dealing with complex problems, thereby building
a solid foundation for further analyses and interventions in I-O psychology
(e.g., MicroDYN: Greiff et al., 2012; GeneticsLab: Sonnleitner et al., 2012;
Tailorshop: Putz-Osterloh, 1981; Danner et al., 2011). For ColPS, the devel-
opment of assessment has progressed tremendously, partly building on the
experience already available from CPS assessment. Still, some assessment-
related questions need further clarification; for example, how can one take
into account multiple problem solvers in one assessment setting (e.g., O’Neil
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et al., 2004). Nevertheless, we consider it essential to extend problem-solving
research to collaborative settings, especially when we keep in mind the rise
of related tasks within jobs.

In summary, assessments of CPS and ColPS build on innovative ways
for researchers and practitioners to assess the performance of individuals
who are dealing with complex and collaborative problems. Because of the
computer simulation of problems, requirements found in the example of the
mechatronics engineer (e.g., an active search for information when trying
to find the source of an error) are systematically included in such assess-
ments and can be systematically varied. Consequently, assessments of CPS
and ColPS combine the solid theoretical and psychometric foundations of
basic constructs with innovative assessment methods and a focus on appli-
cation as featured by application-oriented concepts.

Complex and Collaborative Problem Solving and Industrial and Organizational
Psychology
Building on the constructs of CPS and ColPS and reliable and valid assess-
ment instruments, how can researchers and practitioners from I-O psychol-
ogy profit from integrating CPS and ColPS into their toolkits? Answering
the call by Cascio and Aguinis (2008) for more HC-related I-O psychology
research, we explore the opportunities for and benefits of integrating CPS
and ColPS into I-O psychology. These opportunities address the trend in
theworkingworld toward nonroutine and interactive tasks as laid out byAu-
tor et al. (2003). To this end, the explorations are grouped around thematic
clusters loosely following the classifications of I-O psychology and the field
of organizational behavior (e.g., Armstrong, Cools, & Sadler-Smith, 2012;
Buchanan & Huczynski, 2010). Against the backdrop of CPS and ColPS,
how do individuals enter organizations, strive for career success, develop an
actionable transversal skill set, and eventually exceed organizational expec-
tations under the guidance of good leadership?

More specifically, we identify the potential consequences and insights
for researchers and practitioners from increasing their attention toward a
utilization of CPS and ColPS within I-O psychology. We direct attention to
(a) occupational topics further delineated toward personnel selection and
career development, (b) human resource (HR) development and learning,
and (c) organizational change and the CPS and ColPS side of leadership.

Personnel selection and career development. Generally speaking, both
CPS and ColPS are transversal skills that offer researchers the opportunity
to better understand general, domain-unspecific problem-solving behaviors
that can be explicitly linked to workplace problem solving. Both are promis-
ing constructs for bridging the distance between abstract domain-unspecific
and general problem-solving skills and concrete work tasks, such as attentive
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planning, the implementation of complex hardware and software systems
(e.g., an assembly line in a milk plant), and the initiation of a system as a
team effort. It is important to note that these links can be built on solid foun-
dations in terms of valid and reliable assessment and conceptually clarified
constructs, thus reducing the influence of measurement error and concep-
tual confusion. In the following, we discuss more specifically how personnel
selection strategies and career development can profit from a consideration
of CPS and ColPS as individual-level prerequisites.

Personnel selection: A matter of fit between candidates and organizations.
When entering an organization, it is of great interest for both the new hire
and the organization to be compatible with each other in order to pave the
way toward successful employment. A fit on multiple organizational levels
between an individual’s prerequisites and the organization refers to the con-
gruency between the attributes of the person and those of the work envi-
ronment and encompasses task demands, group phenomena, and organi-
zational features. This so-called person–organization (P-O) fit is of viable
interest to selection researchers (Chan, 1996) because certain facets of P-O
fit have empirically been shown to predict job-relevant outcomes such as
commitment and turnover (e.g., Adkins, Russell, &Werbel, 1994; Chatman,
1989; O’Reilly, Chatman, & Caldwell, 1991; Rynes & Gerhart, 1990).

Most studies have analyzed whether personal values, goals, and inter-
ests are congruent with organizational culture, climate, and norms (Adkins
et al., 1994; Holland, 1985; O’Reilly et al., 1991; Vancouver & Schmitt, 2006),
whereas in general, the cognitive side and, in particular, an ability–demands
perspective on P-O fit (e.g., Caplan, 1987; Edwards, 1991; Kristof, 1996) have
fallen behind. Hence, it is worthwhile to delineate the contributions of CPS
and ColPS to the ability–demands perspective on P-O fit and the implica-
tions of these constructs for personnel selection.

Developed as one essential facet of P-O fit (Kirton, 1976; Taylor, 1989),
the construct of cognitive misfit, which is operationalized with an emphasis
on cognitive styles that range along a continuum from adaption to innova-
tion, invites an exemplary integration of CPS and ColPS. According to Kir-
ton (1976), adaptors solve problems on the basis of incremental change by
improving already existing practice, whereas innovators are more likely to
initiate change by applying previously unknown ways of doing things. Ac-
cording to empirical results by Chan (1996), cognitive misfit between an in-
dividual’s cognitive problem-solving style and the demands of the respective
work context eventually contributes to increased turnover rates. This style–
demands view perceives cognitive styles as unequivocally distinctive from
the ability–demands perspective (e.g., Riding, 1997).

A possible synthesis of the cognitive misfit construct with CPS and
ColPS and hence the quest for deeper insights into both CPS and ColPS
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and P-O fit could build on the adaption–innovation continuum and CPS
as the construct of choice for an ability–demands perspective. That is, if
one combines cognitive styles with CPS, the emerging cognitive-style-skill
matrix would highlight the innovator-high-CPS-skill profile as a promising
candidate for many 21st century jobs that confront the employee with con-
stantly changing complex problems and require continuous learning of the
new. For mechatronics engineers with a drive to innovate, CPS skills and a
matching cognitive style are presumably required for creating practical so-
lutions. That is, a mechatronics engineer, or another employee, might fail
to solve complex problems in his or her job because the engineer lacks CPS
skills even if he or she is equipped with a matching cognitive style and vice
versa.

Obviously, the questions of whether employees with a drive to inno-
vate and high CPS skills are readily equipped for 21st century jobs and how
they are differentiated from other combinations require further empirical
research. However, certainly both CPS and ColPS can be used to increase
the efficiency of staff selection procedures and to optimize the degree of fit
between potential hires and job roles. Eventually, incorporating these con-
cepts into personnel selection test batteries should add value to companies;
for example, by preventing turnovers, which jeopardize HC development in-
tentions and result in losses of organizational knowledge.

Career development: Modern careers and transversal skills. After becom-
ing part of an organization on the basis of mutual compatibility, an em-
ployee’s attention usually centers on the potential to grow personally and
to ascend the career ladder. Turning to the individual confronted with the
changes in the working world, the reduced significance of traditional orga-
nizational career paths that rely on organizational structures with a pater-
nalistic approach to career management, vertical mobility, and reasonable
stability becomes a central factor (e.g., Allred, Snow, & Miles, 1996; Arthur
& Rousseau, 1996).

In modern organizational work environments, the classic career ap-
proach has broadly been replaced by new career paradigms that de-
emphasize organizational factors and stress the importance of the individual
and his or her skill set (Arthur & Rousseau, 1996; Bird, 1994; Greenhaus,
Callanan, & Kaplan, 1995; Hall & Mirvis, 1996). Some of these newer con-
cepts speak, for instance, of a protean or boundaryless career, which empha-
sizes the transferability of skills and acknowledges that individuals need to
take responsibility for managing their own careers, to reveal lateral mobility,
and to take on different roles in multiple projects.

Whereas self-knowledge, interpersonal knowledge, and environmental
knowledge are identified as the key factors in the literature on new careers
(e.g., Anakwe, Hall, & Schor, 2000), the requirements that individuals have
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to face also show considerable overlap with the skills targeted by CPS and
ColPS. Both research directions emphasize the central role of transversal
skills and transferable knowledge at work (Anakwe et al., 2000; Griffin et al.,
2012).

Reacting successfully to new situations that cannot be handled solely
on the basis of factual knowledge and experience in a fixed environment
necessarily builds on transferable domain-generalizable skills such as CPS
and ColPS. Because of the transversal nature of both skills and in line with
developments in modern careers, benefits from developing one’s CPS and
ColPS skills will not be restricted to a specific area of application (e.g., a spe-
cific tool, job, or organization). For example, mechatronics engineers with
an enhanced CPS and ColPS skill set will be able to utilize these skills in
several different work environments, for instance, when they are transfer-
ring a project from the pilot to the production phase. These mechatronics
engineers will also be able to translate their skills into palpable career devel-
opment even if they change from one organization or job role to another,
due to the rather context-independent nature of the skills. In short, CPS and
ColPS are both factors with incredible potential for selecting, developing,
and supporting individuals in their modern day careers and spearheading
the way toward tangible insights and evidence-based reactions to changes in
career development.

Human resource development and learning. Any career requires the de-
velopment of an actionable skill set for heightened task performance. HR
practitioners are concerned with the skill development and lifelong learning
of their organization’s employees and definitely require access to pertinent
high-quality information. The availability of transversal skills, such as CPS
and ColPS, opens gateways for improvements in HR practice, which, at the
moment, mostly relies on the development of domain-specific knowledge
(e.g., via job and work analysis; e.g., Cascio, 1998; Levine et al., 1988). Thus,
the question arises: How can transversal skills such as CPS and ColPS be
integrated into occupational assessment and trainings?

An example might be a product designer in the research and develop-
ment department of a company in the electronics industry. Fulfilling a va-
riety of individual and team tasks, including the handling of complex and
innovative products, the designer has a job that requires CPS and ColPS
skills to a great extent because domain-specific knowledge is not sufficient
for dealing with the changing requirements. Connections to specific compe-
tencies are required in that the designer has to ensure the aesthetic quality of
interfaces and the alignment with product guidelines; it is his or her duty to
conduct tests of prototypes and existing products, thus the job requires ex-
tensive experience in the domain as well as problem-solving skills that allow
the designer to react to unforeseen challenges.
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Although building on the foundation of specific knowledge, the de-
signer, within most of these activities, continuously acquires and applies
knowledge and collaborates on interdisciplinary teams with other design-
ers, engineers, and industrial psychologists. CPS and ColPS allow for the
targeting of skills required to successfully deal with situations when prior
knowledge and experience are either scarce or not sufficient for dealing
with problems on a routine level. As a consequence, they are a valuable
tool for HR departments in assessing their employees’ HC beyond mea-
sures of education or experience, such as tenure. Further, CPS and ColPS
are considered to be indispensable assets when one is acquiring and con-
solidating specific knowledge and experience in terms of lifelong learn-
ing (OECD, 2013c). This initial picture of how CPS and ColPS might
benefit HR practices can serve only as a point of departure, and specific
connections and insights into the interplay of the multitude of related
factors are a rich field of inquiry for both future research and practical
application.

Organizational change and the complex and collaborative problem-solving
side of leadership. It is unlikely that solutions to nonroutine problems will be
accomplished without a large degree of support from organizations. Repre-
senting one pathway by which this organizational support can be provided,
leadership is thought to be a critical resource for developing appropriate
problem-solving skills (Reiter-Palmon& Illies, 2004). In fact, Reiter-Palmon
and Illies (2004) suggested avenues by which organizational leaders can fa-
cilitate early stage cognitive processes in an effort to enhance the problem
solving of their employees. For instance, leaders would do well to encour-
age their subordinates to take more time, communicate with their team, and
regard different perspectives for the definition and construction of a prob-
lem. Taking a similar approach to examining the possibilities and effects of
facilitating the CPS and ColPS of employees through various organizational
processes (e.g., leadership) certainly promises to lead to interesting, practi-
cal, and highly relevant insights.

Shifting the focus from the leader’s organizational role in facilitating the
problem solving of subordinates to the leader’s own problem-solving abil-
ity, we invite leadership researchers to follow our emphasis on the cognitive
side of leadership, where CPS and ColPS could spice up existing research
directions. In times of organizational change, leaders have to be prepared
for the unexpected to be able to provide adequate guidance to their subor-
dinates. With their emphasis on knowledge acquisition, knowledge appli-
cation, and shared understanding in groups, CPS and ColPS contribute to
a comprehensive assessment of leadership skills. Well-established theories
of organizational leadership employ a range of classic qualitative measures,
including the Multifactor Leadership Questionnaire (Bass & Avolio, 1990)
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or the Leader Opinion Questionnaire (Fleishman, 1989), to shed light on a
leader’s interaction style with subordinates.

Several authors have argued that the focus of research on organizational
leadership and assessment ought to incorporate the (cognitive) substance
of leadership and should not focus exclusively on leadership styles (e.g.,
Day & Lord, 1988; Jacobs & Jaques, 1987). This view suggests that organi-
zational leadership should be perceived as a form of skilled performance
grounded in the leader’s ability to solve complex and ill-defined organi-
zational problems (Mumford, Mobley, Reiter-Palmon, Uhlman, & Doares,
1991;Mumford, Zaccaro, Harding, Jacobs, & Fleishman, 2000; Zaccaro et al.,
1997).

Apparently, qualitative leadership style measures do not account for the
cognitive side of leadership, and hence, different leader assessment strate-
gies involving tools explicitly designed to assess CPS skills are required.
For instance, CPS subskills such as problem construction, information en-
coding, and solution implementation and monitoring skills (e.g., Fischer
et al., 2012) have been identified by Mumford et al. (1991) as important
parts of leadership purely on the cognitive side. Further, Zaccaro, Mum-
ford, Connelly, Marks, and Gilbert (2000) extended leaders’ problem solv-
ing to collaborative aspects by acknowledging that leadership is embed-
ded in a social context and by emphasizing social skills that reflect an un-
derstanding of people and social systems, especially during organizational
change.

Whereas these authors used complex organizational scenarioswith open
questions in a paper-and-pencil format that relied on the raters’ own in-
terpretations, Marshall-Mies et al. (2000) had already introduced an online
computer-based leader assessment strategy by building on a predetermined
set of choices across comparable scenarios. However, neither approach can
account for the procedural, dynamic, and complexity-related aspects of in-
teracting with leadership problems.

By contrast, microworlds as exploited by Greiff and colleagues (Greiff
& Wüstenberg, 2014; Greiff et al. 2012) in educational settings are able to
account for such aspects by requiring the active gathering, integration, and
application of knowledge. Consequently, the measures can be seen as reli-
able proxies for the assessment of at least some of the prerequisites for suc-
cessful leadership, incorporating the skills to acquire and apply knowledge
across situations and problem solving in groups. The CPS and ColPS abil-
ities of leaders have been identified as key factors in producing organiza-
tional transformations (e.g., Bruch, Spychala, &Wiegel, 2013).With the help
of CPS and ColPS assessment, researchers and practitioners have the tools
available to incorporate these abilities into empirical research and practical
application.
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Conclusion
Coming back to the notion of a world of increasing complexity and the in-
creasing importance of nonroutine and interactive tasks in the daily working
lives of individuals, we must ask whether the proposed integration of CPS
and ColPS will be able to overcome the lack of satisfactory approaches to
the assessment of 21st century skills in I-O psychology. In contrast to (a)
basic psychological constructs, which are missing connections to applica-
tion; (b) job-and-work-analysis-based approaches, which require huge ef-
forts specific to a job or occupation; and (c) application-oriented constructs,
which suffer from a lack of integration and viable ways of assessment, we
indeed believe that CPS and ColPS have the potential to serve as a point of
departure for future development.

Clearly, if we as researchers and practitioners do not strive for an inte-
gration of the various components that influence the interaction of individ-
uals and groups with problem situations characterized by complexity and
dynamic and interactive features, we may as well stick with a separate as-
sessment of different basic constructs and analyze their influences separately
on an abstract level. If we are not interested in developing an encompassing
perspective that integrates concepts beyond our specific line of inquiry, and
if we do not mind problems of assessment hampering scientific and applied
progress, wemay also be satisfied with application-oriented constructs with-
out a path to theoretical integration and sound empirical application. If we
look at highly standardized production jobs, stable work environments, or
occupations that will remain the same across the years, we may be inclined
to continue to put our efforts toward job and work analysis.

However, if researchers and practitioners pursue the route of bringing
I-O psychology forward, both theoretically and practically, CPS and ColPS
are two lines of inquiry worth considering. Combining a focus on ill-defined
and complex problems with rigorous empirical research and clear paths for
application, these constructs naturally fit the developments of the 21st cen-
tury and provide the necessary components for the field of I-O psychol-
ogy. We believe the field of I-O psychology would benefit from practition-
ers and researchers incorporating advances in the definitions of these 21st
century skills and the tools used to assess these skills that are currently part
of the OECD and PISA programs. Furthermore, an incorporation of these
advances would also facilitate international collaboration between I-O psy-
chologists in the United States and researchers and practitioners in Europe
and Asia, where the PISA assessments andOECD programs are already hav-
ing a visible impact on educational and school-to-work policies.

Following the example of the PISA assessments and the OECD, includ-
ing CPS and ColPS in the arena of I-O psychology might lead to interesting
developments: CPS and ColPS might offer ways to preserve the benefits of
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classical constructs (e.g., intelligence) in terms of well-connected nomolog-
ical networks, empirically scrutinized links to the broader scientific context,
and reliable and valid assessment instruments and might offer ways to com-
bine these benefits with clear routes for application and practice-oriented
advice. Ultimately, this could lead to the replacement of assessment instru-
ments that target basic constructs with instruments that are more closely
aligned with the developments in the working world of the 21st century. As
the time and money available for assessment is almost always limited, a di-
rect assessment of 21st century skills could actually be the preferable option
compared with basic constructs that lack clear connections to practice. In-
tegrating insights from a range of classical domains while acknowledging
the fact that the complex problems we encounter on an everyday basis need
more than the sum of basic (non)cognitive processes (cf. Funke, 2010) also
raises questions related to the overcoming of the scientist–practitioner gap
(Cascio & Aguinis, 2008).

Analyzing current trends in practice and research, Cascio and Agui-
nis (2008) indicated a serious disconnect between the knowledge that I-O
psychologists are producing and the knowledge that practitioners are con-
suming (e.g., Rynes, Colbert, & Brown, 2002). Consequently, a scientist–
practitioner gap persists (Aguinis & Pierce, 2008; Anderson, 2007), and I-O
psychology has yet failed to provide sufficient answers to public policy or to
management practices about HC trends in a changing world of work in the
21st century. The current state of affairs is certainly somethingwithwhichwe
cannot be satisfied, and the examples we presented of application-oriented
constructs clearly indicate the drawbacks of discourses that do not manage
to connect scientific rigor and practical relevance for both practitioners and
researchers alike. Constructing a bridge across this gap might indeed build
on the insights presented here for the direct assessment of practically relevant
21st century skills such as CPS and ColPS. We are eager to find out whether
application-oriented researchers and colleagues dedicated to classical con-
structs (e.g., intelligence) agree with this opinion.

We are unsure whether the detailed analyses of requirements result-
ing from task-specific characteristics as identified by job and work analysis
might be a good starting point for such endeavors, but the question remains
as to whether I-O psychology really needs to base each and every instance of
assessment and intervention on such costly grounds. If we can identify larger
trends, such as the ones identified for nonroutine and interactive tasks, we
might actually be better off with broader categories of skills that are applica-
ble across specific contexts and jobs. To be fair, domain-specific knowledge
and tenure will always be relevant predictors of job performance in specific
situations, but the question remains as towhether I-Opsychologists,HRpro-
fessionals, and organizations can take the development of these factors into
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account and base their reasoning on broader 21st century skills that make
detailed analyses of narrow job tasks superfluous.

We discuss approaches currently available to I-O researchers and prac-
titioners, highlighting their benefits and drawbacks in terms of theoreti-
cal, empirical, and practical integration, and present an alternative: a di-
rect assessment of 21st century skills such as CPS and ColPS. Tushman and
O’Reilly (2007) reasoned that the gap between actual research and practi-
cal concerns in I-O psychology reduces the impact of the field’s research
and undermines the external validity of its theories. Even further, Anderson,
Herriot, and Hodgkinson (2001) perceived the separation process between
academics and practitioners as a threat to the core values of the discipline,
which as Anderson et al. (2001) warned could seriously impede the field.
To advance the discussion in I-O psychology, we presented CPS and ColPS,
two 21st century skills that might provide an answer for overcoming the
scientist–practitioner gap with their theoretical line of inquiry, their focus
on reliable and valid assessment, and their routes to application in I-O psy-
chology. Furthermore, as the examples from several areas of application in
I-O psychology should have made clear, the possibilities of combining CPS
andColPSwith domain-specific questions in I-O psychology—targeting, for
example, HR development and leadership—offer promising opportunities
for application-oriented conclusions and interventions as well as further re-
search and scientific inquiry.

In closing, CPS and ColPS are two approaches to 21st century skill as-
sessment that will contribute to the development and prosperity of I-O psy-
chology by combining the strengths of basic and well-validated constructs
with the richness and palpable value of application-oriented concepts for
progress in insights and innovation. Let’s get started!

References
Adkins, C. L., Russell, C. J., & Werbel, J. D. (1994). Judgments of fit in the selection

process: The role of work value congruence. Personnel Psychology, 47, 605–623.
doi:10.1111/j.1744-6570.1994.tb01740.x

Aguinis, H., & Pierce, C. A. (2008). Enhancing the relevance of organizational behavior by
embracing performancemanagement research. Journal of Organizational Behavior, 29,
139–145. doi:10.1002/job.493

Allred, B. B., Snow, C. C., & Miles, R. E. (1996). Characteristics of managerial ca-
reers in the 21st century. Academy of Management Executive, 10(4), 17–27.
doi:10.5465/AME.1996.3145316

Anakwe, U. P., Hall, J. C., & Schor, S. M. (2000). Knowledge-related skills and ef-
fective career management. International Journal of Manpower, 21, 566–579.
doi:10.1108/01437720010379024

Anderson, N. (2007). The practitioner-researcher divide revisited: Strategic-level bridges
and the roles of IWO psychologists. Journal of Occupational and Organizational Psy-
chology, 80, 175–183. doi:10.1348/096317907´187237

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1111/j.1744-6570.1994.tb01740.x
http://dx.doi.org/10.1002/job.493
http://dx.doi.org/10.5465/AME.1996.3145316
http://dx.doi.org/10.1108/01437720010379024
http://dx.doi.org/10.1348/096317907
https://doi.org/10.1017/iop.2015.14


assessment of skills in i -o psychology 261

Anderson, N., Herriot, P., &Hodgkinson, G. P. (2001). The practitioner-researcher divide in
industrial, work and organizational (IWO) psychology: Where are we now, and where
do we go from here? Journal of Occupational and Organizational Psychology, 74, 391–
411. doi:10.1348/096317901167451

Annett, J., &Duncan, K. (1967). Task analysis and training design.Occupational Psychology,
41, 211–221.

Armstrong, S. J., Cools, E., & Sadler-Smith, E. (2012). Role of cognitive styles in business
and management: Reviewing 40 years of research: Role of cognitive styles in busi-
ness and management. International Journal of Management Reviews, 14, 238–262.
doi:10.1111/j.1468-2370.2011.00315.x

Arthur, M. B., & Rousseau, D. M. (1996). A career lexicon for the 21st century. Academy of
Management Perspectives, 10(4), 28–39. doi:10.5465/AME.1996.3145317

Arun, N., Coyle, P. T., & Hauenstein, N. (2012). Learning agility: Still searching for clarity
on a confounded construct. Industrial and Organizational Psychology: Perspectives on
Science and Practice, 5, 290–293. doi:10.1111/j.1754-9434.2012.01447.x

Autor, D. H., Katz, L. F., & Kearney, M. S. (2006). The polarization of the U.S. labor market.
American Economic Review, 96(2), 189–194. doi:10.1257/000282806777212620

Autor, D. H., Levy, F., & Murnane, R. J. (2003). The skill content of recent technological
change: An empirical exploration.TheQuarterly Journal of Economics, 118, 1279–1333.
doi:10.1162/003355303322552801

Barrick, M. R., & Mount, M. K. (1991). The Big Five personality dimensions
and job performance: A meta-analysis. Personnel Psychology, 44, 1–26.
doi:10.1111/j.1744-6570.1991.tb00688.x

Bass, B. M. (1974). The substance and the shadow. American Psychologist, 29, 870–886.
doi:10.1037/h0037515

Bass, B. M., & Avolio, B. J. (1990). Transformational leadership development: Manual for the
multifactor leadership questionnaire. Palo Alto, CA: Consulting Psychologists Press.

Baumgarten, D., Geishecker, I., &Görg, H. (2010). Offshoring, tasks, and the skill-wage pat-
tern. CEGE Discussion Paper, 98. Retrieved from http://ssrn.com/abstract=1574784.
doi:10.2139/ssrn.1574784

Becker, S. O., Ekholm, K., & Muendler, M.-A. (2013). Offshoring and the onshore
composition of tasks and skills. Journal of International Economics, 90, 91–106.
doi:10.1016/j.jinteco.2012.10.005

Bird, A. (1994). Careers as repositories of knowledge: A new perspective on boundaryless
careers. Journal of Organizational Behavior, 15, 325–344. doi:10.1002/job.4030150404

Brannick, M. T., Levine, E. L., & Morgeson, F. P. (2007). Job and work analysis: Methods,
research, and applications for human resource management (2nd ed.). Los Angeles, CA:
Sage.

Brannick, M. T., & Prince, C. (1997). An overview of team performance measure-
ment. In M. T. Brannick, E. Salas, & C. Prince (Eds.), Team performance assess-
ment and measurement: Theory, methods, and applications (pp. 3–16). Mahwah, NJ:
Erlbaum.

Braune, R., & Foshay,W. R. (1983). Towards a practicalmodel of cognitive/information pro-
cessing task analysis and schema acquisition for complex problem-solving situations.
Instructional Science, 12, 121–145.

Brehmer, B. (1992). Dynamic decision making: Human control of complex systems. Acta
Psychologica, 81, 211–241.

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1348/096317901167451
http://dx.doi.org/10.1111/j.1468-2370.2011.00315.x
http://dx.doi.org/10.5465/AME.1996.3145317
http://dx.doi.org/10.1111/j.1754-9434.2012.01447.x
http://dx.doi.org/10.1257/000282806777212620
http://dx.doi.org/10.1162/003355303322552801
http://dx.doi.org/10.1111/j.1744-6570.1991.tb00688.x
http://dx.doi.org/10.1037/h0037515
http://dx.doi.org/10.1016/j.jinteco.2012.10.005
http://dx.doi.org/10.1002/job.4030150404
https://doi.org/10.1017/iop.2015.14


262 jonas c . neubert et al .

Brouwers, S. A., & Van De Vijver, F. J. R. (2012). Intelligence 2.0 in I–O psychology: Revival
or contextualization? Industrial and Organizational Psychology: Perspectives on Science
and Practice, 5, 158–160. doi:10.1111/j.1754-9434.2012.01422.x

Bruch, H., Spychala, A., & Wiegel, J. L. (2013). Wege zur hochleistungsorganisation: Wie
die Graubündner Kantonalbank energie mobilisiert und erhält [Pathways to a high
performance organization: How the Graubündner Kantonalbankmobilizes andmain-
tains energy]. Personalführung, 2013(2), 20–27.

Buchanan, D. A., & Huczynski, A. (2010). Organizational behaviour (7th ed.). Harlow,
United Kingdom: Pearson Education.

Buchner, A. (1995). Basic topics and approaches to the study of complex problem solving.
In P. A. Frensch & J. Funke (Eds.), Complex problem solving: The European perspective
(pp. 27–63). Hillsdale, NJ: Erlbaum.

Caplan, R. D. (1987). Person–environment fit theory and organizations: Commensurate di-
mensions, time perspectives, andmechanisms. Journal of Vocational Behavior, 31, 248–
267. doi:10.1016/0001-8791(87)90042-X

Cappelli, P. (2008). Talent management for the twenty-first century. Harvard Business Re-
view, 86(3), 74–81.

Cascio,W. F. (1995).Whither industrial and organizational psychology in a changing world
of work? American Psychologist, 50, 928–939. doi:10.1037/0003-066X.50.11.928

Cascio, W. F. (1998). Managing human resources: Productivity, quality of work life, profits.
Boston, MA: Irwin McGraw-Hill.

Cascio, W. F., & Aguinis, H. (2008). Research in industrial and organizational psychology
from 1963 to 2007: Changes, choices, and trends. Journal of Applied Psychology, 93,
1062–1081. doi:10.1037/0021-9010.93.5.1062

Chan, D. (1996). Cognitive misfit of problem-solving style at work: A facet of person-
organization fit. Organizational Behavior and Human Decision Processes, 68, 194–207.
doi:10.1006/obhd.1996.0099

Chatman, J. A. (1989). Improving interactional organizational research: A Model
of person-organization fit. Academy of Management Review, 14, 333–349.
doi:10.5465/AMR.1989.4279063

Clifford, J. P. (1994). Job analysis: Why do it, and how should it be done? Public Personnel
Management, 23, 321–340. doi:10.1177/009102609402300211

Cohen, D. J. (2007). The very separate worlds of academic and practitioner publica-
tions in human resource management: Reasons for the divide and concrete so-
lutions for bridging the gap. Academy of Management Journal, 50, 1013–1019.
doi:10.5465/AMJ.2007.27151946

Cohen, M. D., March, J. G., & Olsen, J. P. (1972). “A garbage can model of organizational
choice.” Administrative Science Quarterly, 17, 1–25.

Collings, D. G., & Mellahi, K. (2009). Strategic talent management: A review
and research agenda. Human Resource Management Review, 19, 304–313.
doi:10.1016/j.hrmr.2009.04.001

Danner, D., Hagemann, D., Holt, D. V., Hager, M., Schankin, A., Wüstenberg, S., & Funke,
J. (2011). Measuring performance in dynamic decision making. Journal of Individual
Differences, 32, 225–233.

Day, D. V., & Lord, R. G. (1988). Executive leadership and organizational performance:
Suggestions for a new theory and methodology. Journal of Management, 14, 453–464.
doi:10.1177/014920638801400308

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1111/j.1754-9434.2012.01422.x
http://dx.doi.org/10.1016/0001-8791(87)90042-X
http://dx.doi.org/10.1037/0003-066X.50.11.928
http://dx.doi.org/10.1037/0021-9010.93.5.1062
http://dx.doi.org/10.1006/obhd.1996.0099
http://dx.doi.org/10.5465/AMR.1989.4279063
http://dx.doi.org/10.1177/009102609402300211
http://dx.doi.org/10.5465/AMJ.2007.27151946
http://dx.doi.org/10.1016/j.hrmr.2009.04.001
http://dx.doi.org/10.1177/014920638801400308
https://doi.org/10.1017/iop.2015.14


assessment of skills in i -o psychology 263

De Meuse, K. P., Dai, G., & Hallenbeck, G. S. (2010). Learning agility: A construct whose
time has come. Consulting Psychology Journal: Practice and Research, 62, 119–130.
doi:10.1037/a0019988

DeRue, D. S., Ashford, S. J., &Myers, C. G. (2012). Learning agility: In search of conceptual
clarity and theoretical grounding. Industrial and Organizational Psychology: Perspec-
tives on Science and Practice, 5, 258–279. doi:10.1111/j.1754-9434.2012.01444.x

Dierdorff, E. C., & Wilson, M. A. (2003). A meta-analysis of job analysis reliability. Journal
of Applied Psychology, 88, 635–646. doi:10.1037/0021-9010.88.4.635

Dries, N., Vantilborgh, T., & Pepermans, R. (2012). The role of learning agility and career
variety in the identification and development of high potential employees. Personnel
Review, 41, 340–358. doi:10.1108/00483481211212977

Dunnette, M. D. (1990). Blending the science and practice of industrial and organizational
psychology: Where are we and where are we going? InM. D. Dunnette & L. M. Hough
(Eds.),Handbook of industrial and organizational psychology (2nd ed., Vol. 1, pp. 1–27).
Palo Alto, CA: Consulting Psychologists Press.

Edwards, J. R. (1991). Person-job fit: A conceptual integration, literature review, and
methodological critique. In C. L. Cooper & I. T. Robertson (Eds.), International Review
of Industrial/Organizational Psychology (Vol. 9, pp. 383–357). London, United King-
dom: Wiley.

Eichinger, R. W., & Lombardo, M. M. (2004). Learning agility as a prime indicator of po-
tential. Human Resource Planning, 27(4), 12–15.

Fischer, A., Greiff, S., & Funke, J. (2012). The process of solving complex problems. Journal
of Problem Solving, 4(1), 19–42. doi:10.7771/1932-6246.1118

Fleishman, E. A. (1989).Manual for the Leadership Opinion Questionnaire (Rev. ed.). Rose-
mont, IL: National Computer Systems.

Fleishman, E. A., & Reilly, M. E. (1992).Handbook of human abilities: Definitions, measure-
ments, and job task requirements. Palo Alto, CA: Consulting Psychologists Press.

Funke, J. (2001). Dynamic systems as tools for analysing human judgement. Thinking &
Reasoning, 7, 69–89. doi:10.1080/13546780042000046

Funke, J. (2010). Complex problem solving: A case for complex cognition? Cognitive Pro-
cessing, 11, 133–142. doi:10.1007/s10339-009-0345-0

Gonzalez, C., Lerch, J. F., & Lebiere, C. (2003). Instance-based learning in dynamic decision
making. Cognitive Science, 27, 591–635.

Gonzalez, C., Vanyukov, P., & Martin, M. K. (2005). The use of microworlds to study dy-
namic decision making. Computers in Human Behavior, 21, 273–286.

Goos, M., & Manning, A. (2007). Lousy and lovely jobs: The rising polarization of work in
Britain. Review of Economics and Statistics, 89, 118–133. doi:10.1162/rest.89.1.118

Goos, M., Manning, A., & Salomons, A. (2009). Job polarization in Europe. The American
Economic Review, 99(2), 58–63.

Gottfredson, L. S. (1997). Why g matters: The complexity of everyday life. Intelligence, 24,
79–132. doi:10.1016/S0160-2896(97)90014-3

Greenhaus, J. H., Callanan, G. A., & Kaplan, E. (1995). The role of goal setting
in career management. International Journal of Career Management, 7(5), 3–12.
doi:10.1108/09556219510093285

Greiff, S. (2012). From interactive to collaborative problem solving: Current issues in the
Programme for International Student Assessment. Review of Psychology, 19, 111–
121.

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1037/a0019988
http://dx.doi.org/10.1111/j.1754-9434.2012.01444.x
http://dx.doi.org/10.1037/0021-9010.88.4.635
http://dx.doi.org/10.1108/00483481211212977
http://dx.doi.org/10.7771/1932-6246.1118
http://dx.doi.org/10.1080/13546780042000046
http://dx.doi.org/10.1007/s10339-009-0345-0
http://dx.doi.org/10.1162/rest.89.1.118
http://dx.doi.org/10.1016/S0160-2896(97)90014-3
http://dx.doi.org/10.1108/09556219510093285
https://doi.org/10.1017/iop.2015.14


264 jonas c . neubert et al .

Greiff, S., Fischer, A., Wüstenberg, S., Sonnleitner, P., Brunner, M., & Martin, R. (2013). A
multitrait–multimethod study of assessment instruments for complex problem solv-
ing. Intelligence, 41, 579–596. doi:10.1016/j.intell.2013.07.012

Greiff, S., Kretzschmar, A., Müller, J. C., Spinath, B., & Martin, R. (2014). Computer-based
assessment of complex problem solving in educational contexts and how it is influ-
enced by students’ level of information and communication technology literacy. Jour-
nal of Educational Psychology, 106, 666–680. doi:10.1037/a0035426

Greiff, S., & Neubert, J. C. (2014). On the relation of complex problem solving, personality,
fluid intelligence, and academic achievement. Learning and Individual Differences, 36,
37–48. doi:10.1016/j.lindif.2014.08.003

Greiff, S., & Wüstenberg, S. (2014). Assessment with microworlds using MicroDYN: Mea-
surement invariance and latent mean comparisons: Psychometric properties across
several student samples and blue-collar workers. European Journal of Psychological As-
sessment, 30, 304–314. doi:10.1027/1015-5759/a000194

Greiff, S., Wüstenberg, S., & Funke, J. (2012). Dynamic problem solving: A new
assessment perspective. Applied Psychological Measurement, 36, 189–213.
doi:10.1177/0146621612439620

Greiff, S., Wüstenberg, S., Molnár, G., Fischer, A., Funke, J., & Csapó, B. (2013). Complex
problem solving in educational contexts—Something beyond g: Concept, assessment,
measurement invariance, and construct validity. Journal of Educational Psychology,
105, 364–379. doi:10.1037/a0031856

Griffin, P., McGaw, B., & Care, E. (Eds.). (2012). Assessment and teaching of 21st century
skills. New York, NY: Springer.

Grossman,G. M.,&Rossi-Hansberg, E. (2008). Trading tasks: A simple theory of offshoring.
American Economic Review, 98(5), 1978–1997. doi:10.1257/aer.98.5.1978

Hall, D. T., & Mirvis, P. H. (1996). The new protean career. In D. T. Hall (Ed.), The career is
dead—Long live the career: A relational approach to careers (pp. 15–45). San Francisco,
CA: Jossey-Bass.

Harvey, D. F., & Bowin, R. B. (1996). Human resource management: An experiential ap-
proach. Englewood Cliffs, NJ: Prentice-Hall.

Hogan, J., & Holland, B. (2003). Using theory to evaluate personality and job-performance
relations: A socioanalytic perspective. Journal of Applied Psychology, 88, 100–112.
doi:10.1037/0021-9010.88.1.100

Holland, J. L. (1985). Making vocational choices: A theory of vocational per-
sonalities and work environments. Odessa, FL: Psychological Assessment
Resources.

Hunter, J. E., & Schmidt, F. L. (1996). Intelligence and job performance: Eco-
nomic and social implications. Psychology, Public Policy, and Law, 2, 447–472.
doi:10.1037/1076-8971.2.3-4.447

Jacobs, T. O., & Jaques, E. (1987). Leadership in complex systems. In J. Zeidner
(Ed.), Human productivity enhancement (Vols. 1–2, pp. 7–65). New York, NY:
Praeger.

Jones, G., & Schneider, W. J. (2006). Intelligence, human capital, and economic growth:
A Bayesian averaging of classical estimates (BACE) approach. Journal of Economic
Growth, 11, 71–93. doi:10.1007/s10887-006-7407-2

Keane, A. J., & Nair, P. B. (2001). Problem solving environments in aerospace design. Ad-
vances in Engineering Software, 32, 477–487. doi:10.1016/S0965-9978(00)00108-3

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1016/j.intell.2013.07.012
http://dx.doi.org/10.1037/a0035426
http://dx.doi.org/10.1016/j.lindif.2014.08.003
http://dx.doi.org/10.1027/1015-5759/a000194
http://dx.doi.org/10.1177/0146621612439620
http://dx.doi.org/10.1037/a0031856
http://dx.doi.org/10.1257/aer.98.5.1978
http://dx.doi.org/10.1037/0021-9010.88.1.100
http://dx.doi.org/10.1037/1076-8971.2.3-4.447
http://dx.doi.org/10.1007/s10887-006-7407-2
http://dx.doi.org/10.1016/S0965-9978(00)00108-3
https://doi.org/10.1017/iop.2015.14


assessment of skills in i -o psychology 265

Kirton, M. (1976). Adaptors and innovators: A description and measure. Journal of Applied
Psychology, 61, 622–629. doi:10.1037/0021-9010.61.5.622

Klein, C., DeRouin, R. E., & Salas, E. (2006). Uncovering workplace interpersonal skills: A
review, framework, and research agenda. InG. P.Hodgkinson& J. K. Ford (Eds.), Inter-
national review of industrial and organizational psychology (pp. 79–126). West Sussex,
England: Wiley.

Klein, G. (2008). Naturalistic decision making. Human Factors: The Journal of the Human
Factors and Ergonomics Society, 50, 456–460. doi:10.1518/001872008´288385

Klein, G., Orasanu, J., Calderwood, R., & Zsambok, C. E. (1993).Decision making in action:
Models and methods. Norwood, NJ: Ablex.

Kristof, A. L. (1996). Person–organization fit: An integrative review of its concep-
tualizations, measurement, and implications. Personnel Psychology, 49, 1–49.
doi:10.1111/j.1744-6570.1996.tb01790.x

Levine, E. L., Ash, R. A., Hall, H., & Sistrunk, F. (1983). Evaluation of job analysis meth-
ods by experienced job analysts. The Academy of Management Journal, 26, 339–348.
doi:10.2307/255981

Levine, E. L., Sistrunk, F., McNutt, K. J., & Gael, S. (1988). Exemplary job analysis systems
in selected organizations: A description of process and outcomes. Journal of Business
and Psychology, 3, 3–21. doi:10.1007/BF01016745

Lewis, R. E., & Heckman, R. J. (2006). Talent management: A critical review. Human Re-
source Management Review, 16, 139–154. doi:10.1016/j.hrmr.2006.03.001

Lombardo, M. M., & Eichinger, R. W. (2000). High potentials as high learners. Human
Resource Management, 39, 321–329. doi:10.1002/1099-050X(200024)39:4<321::AID-
HRM4>3.0.CO;2-1

Marshall-Mies, J. C., Fleishman, E. A., Martin, J. A., Zaccaro, S. J., Baughman, W. A., &
McGee, M. L. (2000). Development and evaluation of cognitive and metacognitive
measures for predicting leadership potential. The Leadership Quarterly, 11, 135–153.
doi:10.1016/S1048-9843(99)00046-6

McCormick, E. J., Jeanneret, P. R., & Mecham, R. C. (1972). A study of job characteristics
and job dimensions as based on the Position Analysis Questionnaire (PAQ). Journal of
Applied Psychology, 56, 347–368. doi:10.1037/h0033099

McEntire, L. E., Dailey, L. R., Osburn, H. K., & Mumford, M. D. (2006). Innovations in job
analysis: Development and application of metrics to analyze job data.Human Resource
Management Review, 16, 310–323. doi:10.1016/j.hrmr.2006.05.004

Middleton, H. (2002). Complex problem solving in a workplace setting. International Jour-
nal of Educational Research, 37, 67–84. doi:10.1016/S0883-0355(02)00022-8

Mumford, M. D., Mobley, M. I., Reiter-Palmon, R., Uhlman, C. E., & Doares, L. M. (1991).
Process analytic models of creative capacities. Creativity Research Journal, 4, 91–122.
doi:10.1080/10400419109534380

Mumford, M. D., Zaccaro, S. J., Harding, F. D., Jacobs, T. O., & Fleishman, E. A. (2000).
Leadership skills for a changing world: Solving complex social problems. The Lead-
ership Quarterly, 11, 11–35. doi:10.1016/S1048-9843(99)00041-7

Murphy, K. R., & Saal, F. E. (1990). What should we expect from scientist–practitioners? In
K. R. Murphy & F. E. Saal (Eds.), Psychology in organizations: Integrating science and
practice (pp. 49–66). Hillsdale, NJ: Erlbaum.

Naikar, N., Moylan, A., & Pearce, B. (2006). Analysing activity in complex systems with
cognitive work analysis: Concepts, guidelines and case study for control task analysis.
Theoretical Issues in Ergonomics Science, 7, 371–394. doi:10.1080/14639220500098821

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1037/0021-9010.61.5.622
http://dx.doi.org/10.1518/001872008
http://dx.doi.org/10.1111/j.1744-6570.1996.tb01790.x
http://dx.doi.org/10.2307/255981
http://dx.doi.org/10.1007/BF01016745
http://dx.doi.org/10.1016/j.hrmr.2006.03.001
http://dx.doi.org/10.1002/1099-050X(200024)39
http://dx.doi.org/10.1016/S1048-9843(99)00046-6
http://dx.doi.org/10.1037/h0033099
http://dx.doi.org/10.1016/j.hrmr.2006.05.004
http://dx.doi.org/10.1016/S0883-0355(02)00022-8
http://dx.doi.org/10.1080/10400419109534380
http://dx.doi.org/10.1016/S1048-9843(99)00041-7
http://dx.doi.org/10.1080/14639220500098821
https://doi.org/10.1017/iop.2015.14


266 jonas c . neubert et al .

National Center for O∗NET Development. (2009). New and emerging occupations of the
21st century: Updating the O∗NET-SOC taxonomy [O∗NET Reports and Documents].
Raleigh, NC: Author.

National Research Council. (2012). Education for life and work: Developing transferable
knowledge and skills in the 21st century. Washington, DC: The National Academies
Press.

Novick, L. R., & Bassok, M. (2005). Problem solving. In K. J. Holyoak & R. G. Morrison
(Eds.), The Cambridge handbook of thinking and reasoning (pp. 321–349). New York,
NY: Cambridge University Press.

O’Neil, H. F., Chuang, S., & Chung, G. K. W. K. (2004). Issues in the computer-based assess-
ment of collaborative problem solving (CSE Report No. 620). Los Angeles, CA: National
Center for Research on Evaluation, Standards, and Student Testing.

O’Reilly, C. A., Chatman, J. A., & Caldwell, D. F. (1991). People and organizational culture:
A profile comparison approach to assessing person–organization fit.Academy of Man-
agement Journal, 34, 487–516. doi:10.2307/256404

Organisation for Economic Co-operation and Development. (2013a). Employment by size
class. In Entrepreneurship at a glance 2013. Paris, France: Author. Retrieved from
http://www.keepeek.com/Digital-Asset-Management/oecd/industry-and-services/
entrepreneurship-at-a-glance-2013/employment-by-size-class_entrepreneur_aag-
2013-8-en#page1

Organisation for Economic Co-operation and Development. (2013b). OECD skills out-
look 2013: First results from the survey of adult skills. Paris, France: Author.
doi:10.1787/9789264204256-en

Organisation for Economic Co-operation andDevelopment. (2013c). PISA 2012 assessment
and analytical framework. Paris, France: Author.

Organisation for Economic Co-operation and Development. (2013d). PISA 2015 draft
collaborative problem solving framework. Paris, France: Author. Retrieved from http://
www.oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Collaborative%20
Problem%20Solving%20Framework%20.pdf

Osman, M. (2010). Controlling uncertainty: A review of human behavior in complex dy-
namic environments. Psychological Bulletin, 136, 65–86. doi:10.1037/a0017815

Oswald, F. L., & Hough, L. (2012). I–O 2.0 From intelligence 1.5: Staying (just) behind the
cutting edge of intelligence theories. Industrial and Organizational Psychology, 5, 172–
175. doi:10.1111/j.1754-9434.2012.01425.x

Pearlman, K. (1980). Job families: A review and discussion of their implications for person-
nel selection. Psychological Bulletin, 87, 1–28. doi:10.1037/0033-2909.87.1.1

Putz-Osterloh,W. (1981). Über die beziehung zwischen Testintelligenz und problemlöseer-
folg [The relation between test intelligence and problem solving success]. Zeitschrift
Für Psychologie Mit Zeitschrift Für Angewandte Psychologie, 189(1), 79–100.

Rasmussen, J., Pejtersen, A. M., & Goodstein, L. P. (1994). Cognitive systems engineering.
New York, NY: Wiley.

Ready, D. A., & Conger, J. A. (2007). Make your company a talent factory.Harvard Business
Review, 85(6), 68–77.

Reiter-Palmon, R., & Illies, J. J. (2004). Leadership and creativity: Understanding leader-
ship from a creative problem-solving perspective. The Leadership Quarterly, 15, 55–77.
doi:10.1016/j.leaqua.2003.12.005

Riding, R. J. (1997). On the nature of cognitive style. Educational Psychology, 17, 29–49.
doi:10.1080/0144341970170102

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.2307/256404
http://www.keepeek.com/Digital-Asset-Management/oecd/industry-and-services/entrepreneurship-at-a-glance-2013/employment-by-size-class_entrepreneur_aag-2013-8-en#page1
http://www.keepeek.com/Digital-Asset-Management/oecd/industry-and-services/entrepreneurship-at-a-glance-2013/employment-by-size-class_entrepreneur_aag-2013-8-en#page1
http://www.keepeek.com/Digital-Asset-Management/oecd/industry-and-services/entrepreneurship-at-a-glance-2013/employment-by-size-class_entrepreneur_aag-2013-8-en#page1
http://dx.doi.org/10.1787/9789264204256-en
http://www.oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Collaborative%20Problem%20Solving%20Framework%20.pdf
http://www.oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Collaborative%20Problem%20Solving%20Framework%20.pdf
http://www.oecd.org/pisa/pisaproducts/Draft%20PISA%202015%20Collaborative%20Problem%20Solving%20Framework%20.pdf
http://dx.doi.org/10.1037/a0017815
http://dx.doi.org/10.1111/j.1754-9434.2012.01425.x
http://dx.doi.org/10.1037/0033-2909.87.1.1
http://dx.doi.org/10.1016/j.leaqua.2003.12.005
http://dx.doi.org/10.1080/0144341970170102
https://doi.org/10.1017/iop.2015.14


assessment of skills in i -o psychology 267

Rupp, D. E., & Beal, D. (2007, July). Checking in with the scientist–practitionermodel: How
are we doing? The Industrial-Organizational Psychologist, 45(1), 35–40.

Rynes, S. L., Colbert, A. E., & Brown, K. G. (2002). HR professionals’ beliefs about effective
human resource practices: Correspondence between research and practice.HumanRe-
source Management, 41, 149–174. doi:10.1002/hrm.10029

Rynes, S. L., & Gerhart, B. (1990). Interviewer assessments of applicant
“fit”: An exploratory investigation. Personnel Psychology, 43, 13–35.
doi:10.1111/j.1744-6570.1990.tb02004.x

Rynes, S. L., Giluk, T. L., & Brown, K. G. (2007). The very separate worlds of aca-
demic and practitioner periodicals in human resource management: Implications
for evidence-based management. Academy of Management Journal, 50, 987–1008.
doi:10.5465/AMJ.2007.27151939

Scherbaum, C. A., Goldstein, H. W., Yusko, K. P., Ryan, R., & Hanges, P. J. (2012). Intelli-
gence 2.0: Reestablishing a research program on g in I–O psychology. Industrial and
Organizational Psychology, 5, 128–148. doi:10.1111/j.1754-9434.2012.01419.x

Schippmann, J. S., Ash, R. A., Battista, M., Carr, L., Eyde, L. D., Hesketh, B., . . . Sanchez, J. I.
(2000). The Practice of Competency Modeling. Personnel Psychology, 53, 703–740.

Schmid, U., Ragni, M., Gonzalez, C., & Funke, J. (2011). The challenge of com-
plexity for cognitive systems. Cognitive Systems Research, 12, 211–218.
doi:10.1016/j.cogsys.2010.12.007

Schmidt, F. L., &Hunter, J. E. (1998). The validity and utility of selectionmethods in person-
nel psychology: Practical and theoretical implications of 85 years of research findings.
Psychological Bulletin, 124, 262–274. doi:10.1037/0033-2909.124.2.262

Schmidt, F. L., Hunter, J. E., Outerbridge, A. N., & Goff, S. (1988). Joint relation of expe-
rience and ability with job performance: Test of three hypotheses. Journal of Applied
Psychology, 73, 46–57. doi:10.1037/0021-9010.73.1.46

Schneider, B., & Konz, A. M. (1989). Strategic job analysis. Human Resource Management,
28, 51–63. doi:10.1002/hrm.3930280104

Schooler, C., Mulatu,M. S., &Oates, G. (1999). The continuing effects of substantively com-
plex work on the intellectual functioning of older workers. Psychology and Aging, 14,
483–506. doi:10.1037/0882-7974.14.3.483

Schweizer, F.,Wüstenberg, S., &Greiff, S. (2013). Validity of theMicroDYNapproach: Com-
plex problem solving predicts school grades beyond working memory capacity. Learn-
ing and Individual Differences, 24, 42–52. doi:10.1016/j.lindif.2012.12.011

Seibert, S. E., & Kraimer, M. L. (2001). The five-factor model of personality and career suc-
cess. Journal of Vocational Behavior, 58, 1–21. doi:10.1006/jvbe.2000.1757

Shepherd, A. (2001). Hierarchical task analysis. New York, NY: Taylor & Francis.
Siddique, C. M. (2004). Job analysis: A strategic human resource management

practice. International Journal of Human Resource Management, 15, 219–244.
doi:10.1080/0958519032000157438

Smith, G. F. (1997). Managerial problem solving: A problem-centered approach. In
C. E. Zsambok&G. Klein (Eds.),Naturalistic decisionmaking (pp. 371–380). Hillsdale,
NJ: Erlbaum.

Sonnleitner, P., Brunner, M., Greiff, S., Funke, J., Keller, U., Martin, R., . . . Latour, T.
(2012). The genetics lab: Acceptance and psychometric characteristics of a computer-
based microworld assessing complex problem solving. Psychological Test and Assess-
ment Modeling, 54, 54–72.

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1002/hrm.10029
http://dx.doi.org/10.1111/j.1744-6570.1990.tb02004.x
http://dx.doi.org/10.5465/AMJ.2007.27151939
http://dx.doi.org/10.1111/j.1754-9434.2012.01419.x
http://dx.doi.org/10.1016/j.cogsys.2010.12.007
http://dx.doi.org/10.1037/0033-2909.124.2.262
http://dx.doi.org/10.1037/0021-9010.73.1.46
http://dx.doi.org/10.1002/hrm.3930280104
http://dx.doi.org/10.1037/0882-7974.14.3.483
http://dx.doi.org/10.1016/j.lindif.2012.12.011
http://dx.doi.org/10.1006/jvbe.2000.1757
http://dx.doi.org/10.1080/0958519032000157438
https://doi.org/10.1017/iop.2015.14


268 jonas c . neubert et al .

Sonnleitner, P., Keller, U., Martin, R., & Brunner, M. (2013). Students’ complex problem-
solving abilities: Their structure and relations to reasoning ability and educational suc-
cess. Intelligence, 41, 289–305. doi:10.1016/j.intell.2013.05.002

Spitz-Oener, A. (2006). Technical change, job tasks, and rising educational demands: Look-
ing outside the wage structure. Journal of Labor Economics, 24, 235–270.

Taylor, F. W. (1911). The principles of scientific management. New York, NY: Harper.
Taylor, W. G. K. (1989). The Kirton Adaption–Innovation Inventory: A re-examination

of the factor structure. Journal of Organizational Behavior, 10, 297–307.
doi:10.1002/job.4030100402

Tushman,M., &O’Reilly, C. (2007). Research and relevance: Implications of Pasteur’s quad-
rant for doctoral programs and faculty development.Academy ofManagement Journal,
50, 769–774. doi:10.5465/AMJ.2007.26279169

Vancouver, J. B., & Schmitt, N. W. (2006). An exploratory examination of person-
organization fit: Organizational goal congruence. Personnel Psychology, 44, 333–352.
doi:10.1111/j.1744-6570.1991.tb00962.x

Vargas Cortes, M. G., & Beruvides, M. G. (1996). An analysis of middle management
work in non-steady conditions. Computers & Industrial Engineering, 31, 53–57.
doi:10.1016/0360-8352(96)00077-0

Vicente, K. J. (1999).Cognitive work analysis: Toward safe, productive, and healthy computer-
based work. Hoboken, NJ: Taylor & Francis.

Warr, P., & Bunce, D. (1995). Trainee characteristics and the outcomes of open learning.
Personnel Psychology, 48, 347–375. doi:10.1111/j.1744-6570.1995.tb01761.x

Weede, E., & Kämpf, S. (2002). The impact of intelligence and institutional improvements
on economic growth. Kyklos, 55, 361–380. doi:10.1111/1467-6435.00191

Wüstenberg, S., Greiff, S., & Funke, J. (2012). Complex problem solving—More than rea-
soning? Intelligence, 40, 1–14.

Zaccaro, S. J., Mumford, M. D., Connelly, M. S., Marks, M. A., & Gilbert, J. A. (2000). As-
sessment of leader problem-solving capabilities. The Leadership Quarterly, 11, 37–64.
doi:10.1016/S1048-9843(99)00042-9

Zaccaro, S. J., Mumford, M. D., Marks, M. A., Connelly, M. S., Threlfall, K. V., Gilbert, J. A.,
& Fleishman, E. A. (1997).Cognitive and temperament determinants of Army leadership
(U.S. Army Research Institute for the Behavioral and Social Sciences Tech. Rep. No.
MRI 95-4). Bethesda, MD: Management Research Institute.

Zsambok, C. E., & Klein, G. (Eds.). (1997). Naturalistic decision making. Hillsdale, NJ: Erl-
baum.

https://doi.org/10.1017/iop.2015.14 Published online by Cambridge University Press

http://dx.doi.org/10.1016/j.intell.2013.05.002
http://dx.doi.org/10.1002/job.4030100402
http://dx.doi.org/10.5465/AMJ.2007.26279169
http://dx.doi.org/10.1111/j.1744-6570.1991.tb00962.x
http://dx.doi.org/10.1016/0360-8352(96)00077-0
http://dx.doi.org/10.1111/j.1744-6570.1995.tb01761.x
http://dx.doi.org/10.1111/1467-6435.00191
http://dx.doi.org/10.1016/S1048-9843(99)00042-9
https://doi.org/10.1017/iop.2015.14

	Paths to the Assessment of 21st Century Skills
	Complex and Collaborative Problem Solving
	The Assessment of Complex and Collaborative Problem Solving
	Complex and Collaborative Problem Solving and Industrial and Organizational Psychology

	Conclusion
	References



