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Problem solving is a central topic in modern educational contexts and has been receiving increasing interest in
educational large-scale assessment studies like the Programme for International Student Assessment (PISA). How-
ever, conceptualizing and assessing problem solving skills is not a trivial task and up to now research has provided
little assistance in developing sound measures. In this article the rationale behind PISA and behind two domain-un-
specific strands in problem solving research, the fields of interactive problem solving (IPS) and collaborative prob-
lem solving (ColPS), which will be assessed as cross-curricular abilities in the PISA 2012 and the PISA 2015 survey,
respectively, are introduced. After giving basic information on PISA, both constructs, IPS and ColPS, are reviewed
with regard to (a) their conceptual understanding and theoretical background, (b) specific items used to translate
the theoretical background into empirical scales, (c) existing research on predictive and construct validity, and (d)
general obstacles as well as obstacles specific to large-scales assessments, which are to be met in an assessment
of IPS and ColPS. The internationally high impact of the PISA survey renders further research on both constructs
indispensable. The subsequent implications for problem solving research and educational systems are discussed.
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Throughout history, seminal inventions such as the use
of electricity or travelling by plane have strongly altered
mankind’s way of life. However, hardly any change has
been so rapid, so dramatic, and so widespread as the one
ignited by the invention of personal computers. In fact, due
to this invention literally all skills needed for a successful
career have undergone great changes in the last 20 years
and many studies show that tasks at school, at university,
and at work are continuously less routine, but increasingly
involve non-routine, dynamic, and complex skills mediated
by computer interaction such as general problem solving or
collaborating in a group.

These tasks are not limited to educational contexts or to
the job arena, but also involve the capability to naturally use
computers and other technical devices in private life. For
instance, the ability to handle an MP3 Player is taken for
granted in the 215 century and today’s generation seldom
struggles with these kinds of requirements. On the other
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hand, people born a few generations ago would have been
utterly lost confronted with a device which was supposed
to digitally play music. Imagine you came across an MP3
Player for the first time having only a slight idea what it
might be used for (Figure 1; Funke, 2001; Greiff, 2012).
What would be your natural approach to master this device?

Figure 1. MP3 Player as an item example for interactive problem
solving. This item was published by the OECD (2011) as an ex-
ample of the PISA 2012 interactive problem solving assessment.
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First, you would (a) press buttons randomly (i.e., give
inputs) in order to receive a reaction from the device (i.e.,
generate output; Kroner, Plass, & Leutner, 2005). From the
observed connections between in- and outputs, you would
(b) acquire knowledge and a mental representation of the
underlying structure would emerge (Markman, 1999). You
could (c) then apply your mental representation to reach
desired goal states, for instance playing a particular song
repeatedly (Funke, 2001; Novick & Bassok, 2005). While
doing so, you would (d) have to use your metacognitive
knowledge and strategies to monitor your progress and to
reflect on your problem solving behavior (Wirth & Leutner,
2008).

On a general level, the MP3 Player, which is encoun-
tered for the first time, and the four processes necessary to
master it describe a problem situation and the subsequent
process of problem solving. According to Frensch and
Funke (1995), a problem situation consists of an initial
state, a goal state, and barriers between initial and goal state
that cannot be removed by routine operations (cf. Funke &
Frensch, 2007). Mayer and Wittrock (2006) define the pro-
cess of problem solving as transforming a given state into a
goal state when no obvious method of solution is available.
This process can be divided into four subprocesses, which
are illustrated in the MP3 Player-example: (a) exploring and
understanding by generating information about the problem
situation, (b) representing and formulating by reducing and
integrating the information gathered into a mental model of
the problem, (¢) planning and executing by carrying out ac-
tions to reach a desired goal state, and (d) evaluating and
reflecting by using metacognitive skills to monitor the entire
process of problem solving (The Organization for Econom-
ic Co-operation and Development [OECD], 2010).

The objective of this paper is to introduce the assessment
of problem solving in international large-scale assessments
(LSA) and to discuss unsolved issues and implications for
educational research from a scientific perspective. More
specifically, after introducing the concept of problem solv-
ing, I will give some background information on the organi-
zation and rationale behind the Programme for International
Student Assessment (PISA), arguably the most influential
and comprehensive LSA worldwide. I will then present and
discuss two different concepts of problem solving and their
assessment, interactive problem solving (IPS), which will
be part of the PISA 2012 survey, and collaborative prob-
lem solving (ColPS), which will be part of the PISA 2015
survey. The public attention PISA has received in the past
and the psychometric issues associated with assessing any
kind of problem solving (Greiff, 2012; Wiistenberg, Greiff,
& Funke, 2012) warrant a scientific examination of the con-
cept’s realization in LSA. In fact, the very limited assess-
ment experience particularly with regard to ColPS renders
such a review even more necessary.

The understanding of a problem situation and of the four
problem solving processes mentioned above is neither sci-
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entifically nor in LSA limited to technical devices such as
the MP3 Player but is also applied to non-technical prob-
lems in varying contexts such as personal, social, or global
(Funke & Frensch, 2007; OECD, 2010). An individual’s
level of problem solving is considered a crucial determinant
for one’s success in private life and in the job arena. Even
more general, all non-routine behavior can be seen as prob-
lem solving rendering the concept potentially relevant for
educational contexts. As the eminent Hungarian mathemati-
cian George Polya put it already 40 years ago (1971, p. 4):
“What is good education? Giving systematically opportu-
nity to the student to discover things by himself”. Discover-
ing things within an unknown system with the aim to build
and apply this knowledge is at the core of the understand-
ing of problem solving mentioned above. Thus, to allocate
people according to their individual problem solving level
to a fitting environment and to foster their abilities is one of
society’s most crucial and essential tasks, which needs to
be based on an accurate assessment of problem solving. As
international LSA such as the PISA survey aim at measur-
ing cross-curricular skills of relevance not only in school
but also in real life (OECD, 2009a), and problem solving is
considered such a skill (OECD, 2010), obviously such an
assessment should be included. The underlying motivation
is to gain information on a skill that goes beyond domain-
specific and content-bound knowledge and provides infor-
mation on students’ capability when faced with ecologically
valid real world problems.

However, problem solving research is no consistent field
of study. Very much to the contrary, few areas of research
are as deeply divided as problem solving and it is widely
acknowledged that there are two main research lines apart
from each other (Frensch & Funke, 1995; Sternberg, 1995).
The first line conducts research on domain-specific problem
solving in different content areas (cf. Sugrue, 1995) such
as mathematical (e.g., Daniel & Embretson, 2010), scien-
tific (e.g., Dunbar & Fugelsang, 2005), or technical (e.g.,
Baumert, Evans, & Geiser, 1998) problem solving often
comparing experts and novices whereas the other line is
concerned with general mental processes associated with
problem solving performance in microworlds (Dorner,
1986; Greift, 2012). Both lines are — at least indirectly —
represented in PISA as the assessment of mathematics or
science skills, which is mandatory in each cycle, represents
domain-specific problem solving going beyond specific
school curricula and content knowledge (OECD, 2009a).
Additionally and for the first time in PISA 2012, IPS is con-
ceptualized as a cross-curricular skill representing domain
unspecific problem solving. Arguably, both domain-specif-
ic and domain-general processes are involved in problem
solving and there are some recently published studies sup-
porting this point of view (Abele et al., 2012; Wiistenberg
et al., 2012) suggesting the importance of a specific and a
general understanding of problem solving. Additional sup-
port for the integrated understanding of problem solving as
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a combination of domain specific and domain unspecific
processes is found in Sternberg (1995). He criticizes that
some research on problem solving focuses too strongly on
the comparison of experts and novices and specific differ-
ences between the two thereby overstating domain specific
processes and neglecting domain general processes. Fur-
ther, he certifies educational psychology a general neglect
of domain general aspects of problem solving by stating that
they have “not captured their [researchers’ and practition-
ers’] imagination, at least not in the United States” (Stern-
berg, 1995, p. 300). He asks for comprehensive research on
complex problems, which (a) are more about real life (e.g.,
represent what happens in the classroom and is required
in educational contexts) and (b) can be solved by anybody
(i.e., also by students being considered novices).

According to Novick, Hurley, and Francis (1999), do-
main general processes are important when solving prob-
lems because abstract representation schemas are more use-
ful than specific example problems for understanding the
structure of novel problems. This is because these general
representations are not contaminated by content knowledge
(Holyoak, 1985). This view is empirically supported by
Chen and Klahr (1999) and Klahr, Triona, and Williams
(2007) who showed that training students in how to conduct
experiments that allow for causal inferences by teaching
them the principle of isolated variation led to an increase
in the knowledge acquired even though it was gathered in
a particular context (i.e., science education). In fact, knowl-
edge was successfully transferred to different contexts. That
is, students in the trained group performed better in tasks
comparable to the original one but also in generalizing the
knowledge to various tasks with differing characteristics
and in other contexts (Chen & Klahr, 1999).

Interestingly, this kind of domain-general understanding
of problem solving was the very idea when the decision to
include IPS and ColPS in the PISA survey was made: to
provide the means and measures necessary to specifically
target those general problem solving and collaborative skills
needed for a successful participation in today’s society that
are not captured within domain specific problem solving.
Before I present these two concepts in detail, I will give
some background information on the PISA survey and its
impact in research and policy.

THE PROGRAMME FOR INTERNATIONAL STUDENT
ASSESSMENT (PISA)

During the 1950ies great pioneering work was accom-
plished by implementing LSA, mostly on a national level,
to gain a broader understanding of educational systems for
the first time ever (e.g., Nagy, 2000). A few decades later,
these efforts were carried further and LSA advanced on in-
ternational grounds with the first international LSA receiv-
ing noteworthy public attention being the Trends in Inter-

national Mathematics and Science Study (TIMSS). TIMSS
is still carried out in a 4-year cycle and provides important
insights on mathematics and science achievement across
almost 50 countries (e.g., Gonzales et al., 2009; Koller &
Baumert, 2001). Whereas TIMSS seeks to measure what
students know in relation to the intended curriculum, the
PISA survey, which has been carried out by the Organiza-
tion for Economic Co-operation and Development (OECD)
for over a decade starting in 2000, is aimed at establishing
an understanding of what students can do with their acquired
knowledge at the end of compulsory schooling and is less
concerned with curricular domain-specific contents. More
specifically, “rather than focusing on the extent to which
[...] students have mastered a specific school curriculum, it
[the assessment] looks at their ability to use their knowledge
and skills to meet real-life challenges” (OECD, 2009a, p. 1).
Even though scientific experts vividly discuss whether PISA
sufficiently fulfils this intention (e.g., Hopmann, Brinek, &
Retzl, 2007; Sjoberg, 2007), the targeted constructs are ob-
viously skill- and not knowledge-based. That is, the assess-
ment aims at testing skills that students meet when negotiat-
ing their daily lives (OECD, 2009a).

Taking place in three year cycles, classical skills in
mathematics, science, and reading and their application
in contents that are not bound to specific curricula are as-
sessed in PISA with one of them being the major domain
in every cycle. That is, in the 2009 assessment, reading was
for the second time after 2000 a major domain allowing one
hour of assessment to reliably and validly reflect students’
level of reading achievement (OECD, 2009b). Besides the
three classical domains, additional options to assess cross-
curricular competencies are included on an irregular basis.
For instance, participating countries could opt for an as-
sessment of digital reading skills in 2009. Both IPS in PISA
2012 and ColPS in PISA 2015 are an optional assessment of
cross-curricular skills in the main survey and the increasing
number of countries choosing it displays the internationally
growing interest in domain-unspecific measures of achieve-
ment.

In 2009 a representative sample of approximately half
a million students completed the main survey in almost 70
participating countries representing about 26 million 15-
year olds (OECD, 2009a) and politicians and practitioners
use the PISA results as a way to evaluate their policy and
their national educational systems yielding large practical,
political, and public implications. For example, the Ger-
man school system is probably unique in placing students
already after Grade 4 in different school tracks according
to their individual ability (low, medium, or high track) with
transmission rates between tracks at a later stage being ex-
tremely low (Jirges & Schneider, 2006). The underlying
theoretical assumption is that fostering students in a way tai-
lored at their intellectual ability and their individual needs,
enhances overall achievement. However, this theoretical as-
sumption, which has been at the core of the German educa-
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tional system for several decades, was proven plainly wrong
by the PISA studies (e.g., OECD, 2009b; PISA-Konsortium
Deutschland, 2004). That is, variances between German
schools were among the highest worldwide and the level of
achievement was average or even below average depending
on the specific cycle and the domain considered, whereas
other countries like Finland with a considerably later or no
differentiation into different school tracks exhibited sub-
stantially lower variances between schools and high aver-
age performance. It does not surprise that — in light of these
results — experts frequently discuss necessary and funda-
mental interventions into the educational system and even
wonder whether different school tracks are not an overdue
relict of old times. These considerations gain their empirical
right to exist directly from the PISA studies.

Clearly, such exemplary results demonstrate the poten-
tially major implications for educational systems and the
challenge PISA currently faces in moving beyond purely
descriptive measures of achievement but to provide sound
measures to answer questions about the correlates and caus-
es of school performance. Efforts into this direction involve
using student, parent, and school questionnaires as well as
linking contextual information such as economic indicators
or educational markers to levels of achievement (OECD,
2009a). Further, the repeated PISA cycles now allow mov-
ing from a cross-sectional to a longitudinal design linking
interventions into an educational system to outcomes a few
years later within and across nations. This serves two over-
arching purposes: to describe the level and the development
of important skills in the 215 century at different educational
levels over time on the one hand, and to explain the process
of skill acquisition theoretically and empirically thereby de-
riving means to understand and enhance these skills on the
other hand. That is, LSA launched by the OECD become
increasingly explanatory and longitudinal and widen their
view to later stages of life. For instance, the Programme for
the International Assessment of Adult Competencies, which
tests adults between the age of 16 and 65, took place the first
time in 2011 with results to be published in 2013.

Looking forward to the upcoming PISA cycles with
a steadily increasing number of participating countries
(OECD, 2009a), itis in 2012 and 2015 for the first time ever
that cross-curricular competencies are explicitly included in
the assessment. After allowing for the assessment of ana-
lytical problem solving in 2003 with a strong affiliation to
mathematics and of digital reading in the 2009 with a strong
affiliation to reading, the conception of both IPS and ColPS
are profoundly domain-general. That is, even though the
assessment is contextually embedded into certain domains
solving the tasks is explicitly not necessitated by specific
knowledge. However, considering the existing body of
knowledge about IPS and ColPS, including them into a high
impact assessment as PISA may be challenging from a con-
ceptual, empirical, and technical point of view. I will now
review both concepts and their role in the PISA survey.
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INTERACTIVE PROBLEM SOLVING IN PISA 2012

Some problem situations — for instance those used in the
PISA 2003 assessment of analytical problem solving — con-
tain all information necessary to solve the problem at the
outset. This differs from the PISA 2012 understanding, in
which problems “that require direct interaction by the solv-
er to uncover and discover relevant information” (OECD,
2010, p. 7) are considered a central feature of the assessment.
That is, without some active and systematic exploration and
interaction between problem solver and task, the problem
cannot be solved. This unique feature is reflected in the term
IPS and there is some evidence that skills additional to those
involved in traditional reasoning-based problem solving and
general mental ability, which do not necessarily require ac-
tive exploration, are required in IPS (Klieme, 2004; Raven,
2000; Wiistenberg et al., 2012). Formally, OECD (2010)
understands problem solving skills as “an individual’s ca-
pacity to engage in cognitive processing to understand and
resolve problem situations where a method of solution is
not immediately obvious. It includes the willingness to en-
gage with such situations in order to achieve one’s potential
as a constructive and reflective citizen” (p. 10). This rather
unspecific definition largely reflects the self-concept of the
PISA survey with its focus on external validity and its direct
reference to participation in society, whereas little informa-
tion about the concept itself is contained.

To gain a deeper understanding about the theoretical
background of IPS, one needs to search existing literature.
However, when doing so the term IPS cannot be found,
but there is a large body of literature dealing with interac-
tive problems under different labels: Funke (2001, 2010)
emphasized the dynamics inherent in each problem as the
problem situation may change by itself over time using the
term dynamic problem solving whereas Dorner (1986) intro-
duced the original term complex problem solving referring
to the complexity of the underlying system. That is, chang-
ing one variable in a task may lead to manifold changes in
other variables. This European line of research (cf. Frensch
& Funke, 1995) has worked on interactive problems for sev-
eral decades and produced a variety of interesting findings
even though not primarily from an assessment perspective
and not under the flag of interactivity.

Within this line, the process of problem solving is de-
fined as “the successful interaction with task environments
that are dynamic (i.e., change as a function of user’s inter-
vention and/or as a function of time) and in which some,
if not all, of the environment’s regularities can only be re-
vealed by successful exploration and integration of the infor-
mation gained in that process“(Buchner, 1995, p. 14). This
definition highlights the aspect of interactivity and also ac-
knowledges that prior knowledge or previous experience as
well as the context may influence how the problem is tackled
but these aspects are not of elementary concern and prob-
lems are designed to be solvable without prior knowledge
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and independent of the specific context they are embedded
into (OECD, 2010). However, not only this European un-
derstanding of complex or IPS is resembled in the PISA
2012 understanding. It also includes a theoretical notion of
problem solving in particular content domains as based on
research largely carried out in the United States, which em-
phasizes two main demands placed on a problem solver: (a)
to represent a problem (representation) and (b) to carry out
a solution to solve the problem (solution; Novick & Bassok,
2005). Mayer and Wittrock (2006) further subdivide these
two overarching processes into four more narrow dimen-
sions, which are closely resembled in the four PISA process-
es mentioned above. Different authors conceive and label
processes involved in problem solving differently, but there
is a considerable overlap in their views (e.g., Baxter & Gla-
ser, 1998; Blech & Funke, 2005), which is largely represent-
ed in the PISA 2012 understanding of IPS (OECD, 2010).
Interestingly, despite acknowledging that problem solving
consists of several distinct processes, PISA 2012 will report
only one dimension paying tribute to the limited availability
of testing time and to easiness of public perception.

Besides coming to an understanding of the processes
IPS is composed of, translating the theoretical understand-
ing into items poses a great challenge. Clearly, interac-
tive problems changing dynamically as reaction to user’s
intervention have to be assessed computer-based and it is
for the first time in 2012 that the PISA survey provides a
comprehensive computer-delivery platform - one of the rea-
sons why interactive problems were not included in previ-
ous assessment cycles. Further, unsolved measurement is-
sues adjourned a meaningful assessment of IPS until a few
years ago. More specifically, in the early years of research
on interactive problems, complex microworlds (e.g., Blech
& Funke, 2005; Dorner, 1986; Frensch & Funke, 1995)
were used to test problem solving behavior often requir-
ing several hours of testing time and being associated with
severe psychometric issues (Greiff, 2012). One major ad-
vance in assessing problem solving skills was made when
Funke (2001) introduced (a) finite state automata (FSA) and
(b) linear structural equation (LSE) models paving the way
for recent psychometric improvements (cf. Greift, 2012;
Kroner et al., 2005; Wiistenberg et al., 2012). These formal-
isms allowed to formally describe the underlying structure
of different interactive problems and to develop measures
from the data produced. Interactive problems based on the
first formalism, FSA, are composed of qualitative connec-
tions between variables. That is, changing one variable may
transfer parts of the system or the entire system into a dif-
ferent state. Problems based on the second formalism, LSE,
on the other hand, are composed of quantitative connections
between variables. Decreasing or increasing an input vari-
able may in turn lead to a decrease or increase in one or sev-
eral output variables

The MP3 Player in Figure 1, one of the items published
by the OECD to demonstrate the principle of IPS, is an ex-

ample of a (a) FSA and displays the kind of interaction men-
tioned above: In its original state, the MP3 Player contains
only a fraction of the information necessary to fully repre-
sent the device or to solve a specific problem. Formally, the
underlying structure is composed of qualitatively different
states as is mandatory in FSA and each of the four prob-
lem solving processes is targeted by specific items within
the PISA 2012 assessment. For instance, some statements
about the player’s functionality have to be evaluated due
to their correctness assessing representing and formulating
(e.g., You need to use the lower button to change the type of
music. Is this statement correct?), whereas others require a
specific goal to be reached assessing planning and executing
(e.g., Set the MP3 Player to Pop, Volume 6, and Bass 1).

In a (b) LSE example, which is not directly taken from
the upcoming PISA items but conceptually similar to a con-
siderable amount of them is displayed in Figure 2, input var-
iables (i.e., different chemical substances) are related to out-
put variables (i.e., different attributes of these substances)
and again different processes of the problem solving process
are tested. That is, generating information by systematical-
ly entering values into the input variables and by moving
only one slider at a time allowing to directly relate input
to output variables indicates a high level of exploring and
understanding, whereas unsystematic intervention patterns
indicate low performance levels. Further, one potentially
sound way to assess the metacognitive process of evaluating
and reflecting, which is largely taking place implicitly dur-
ing the entire problem solving process (Wirth, 2004; Wirth
& Leutner, 2008), is to ask for a general rule how to explore
the kind of system presented in Figure 2 (e.g., What is the
best way to move the sliders in order to gain as much infor-
mation about the system as possible?).

Research on complex microworlds in general and on
FSA and LSE systems specifically looks back on an exten-
sive body of studies and interesting findings (cf. Frensch
& Funke, 1995). FSA and LSE are eligible to provide both
a theoretical conception (Fischer, Greiff, & Funke, 2012)
and an overarching item framework for IPS in PISA 2012.
Despite this research (Frensch & Funke, 1995), the orienta-
tion towards skill assessment and diagnostics of individual
problem solving levels has just begun. In fact, only recently
severe psychometric problems within formal frameworks
were resolved in a second major measurement advance
(Greiff, 2012; Wiistenberg et al., 2012) and now allow for a
proper assessment perspective on IPS serving the emerging
public interest in this cross-curricular skill. But what do we
currently know empirically about the assessment of IPS?

Recent results suggest that representation and solu-
tion as overarching processes can be empirically separated
in different student populations (e.g., Kroner et al., 2005;
Wiistenberg et al., 2012) and, depending on the specific sam-
ple under study and the item layout, the first three problem
solving processes defined in PISA (OECD, 2010; evaluating
and reflecting is usually not assessed directly) can be dis-
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Figure 2. Laboratory item example within the framework of linear structural equation models (cf. Greiff, 2012).

tinguished as well (Greiff, 2012). The correlation between
the processes is moderate to high, but considerably too low
to suggest identity. IPS as measured via LSE and FSA is
correlated with and yet distinct from general intelligence
(Kroner et al. 2005; Sonnleitner et al., 2012; Wiistenberg
et al., 2012) and from working memory (Biihner, Kroner,
& Ziegler, 2008). When incremental validity in assessing
external criteria is checked, IPS substantially explains vari-
ance beyond measures of intelligence. Wiistenberg et al.
(2012) show that 6% of variance in grade point average is
additionally predicted when an LSE-based test is used com-
plementing a test of reasoning. Further, Abele et al. (2012)
report that IPS is predictive of building up domain-specific
knowledge, which, in turn, leads to domain-specific prob-
lem solving skills. That is, domain-specific problem solving
is largely determined by knowledge in the respective area,
which was also shown by the PISA 2003 results on ana-
lytical problem solving (Leutner, Klieme, Meyer, & Wirth,
2004). In order to gain this domain-specific knowledge IPS
is a significant prerequisite beyond intelligence rendering
IPS an essential while indirect factor in solving domain spe-
cific problems. In general, IPS exhibits good psychomet-
ric characteristics when measured via formal frameworks
(Funke, 2001) and general measurement desiderata are tak-
en into account (Greiff, 2012). However, empirical results
so far largely originate from two research institutions as the
repeated mentioning of some authors above show and the
general importance of IPS in a large-scale context has yet
to be shown. No doubt, results obtained so far are promis-
ing and measuring IPS in PISA 2012 may lead to important
insights on how educational systems foster cross-curricular
problem solving skills in largely domain-bound classes, but
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considering that theoretical concepts — even though existing
— are now for the first time applied to an assessment per-
spective and given the scarce empirical evidence compared
to other cognitive constructs (e.g., intelligence), it is quite
courageous to include IPS at this stage in the PISA survey.
At the same time, much less is known about ColPS, which
will be assessed in PISA 2015 — an even more challenging
enterprise. I will now turn to ColPS and introduce the con-
cept along with potential operationalisations and challenges
awaiting test developers.

COLLABORATIVE PROBLEM SOLVING IN PISA 2015

A substantial and rapidly increasing amount of tasks
around the world is carried out collaboratively in teams
(Brannick & Prince, 1997). That is, not only that analyti-
cal non-routine skills performed by individuals are becom-
ing more important but the considerable changes of today’s
work requirements involve team activities to an extent un-
thinkable 50 years ago. Surprisingly, research on ColPS
— the application of individual problem solving skills in a
group context — is scarce at best, which is also reflected in
the original description for ColPS issued by the OECD for
PISA 2015. There, the importance of ColPS is underlined
without further specifying what kind of collaboration and
which facets may be of importance. One advantage of the
continuity within PISA is that the assessment can draw on
previous cycles, for instance by linking items or only slight-
ly altering frameworks. Assessing IPS in PISA 2012 is al-
ready pioneering work without links to past surveys, which
at least can rely on a decent body of research, whereas this
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is not the case for ColPS. More specifically, there is research
on problem solving as mentioned above and some research
on collaboration and group behavior coming from cognitive
and social psychology, but both lines have not been merged
up to this point in time (cf. Frensch & Funke, 1995; O’Neil,
Chuang, & Chung, 2003; OECD, 2010). Thus, at the cur-
rent state of knowledge only a preliminary understanding
of ColPS in PISA 2015 with a link to the assessment of IPS
in 2012 is feasible. The few existing definitions of ColPS
have in common that (a) they postulate the existence of a
group consisting of at least two individuals, (b) they assume
that there is a problem and a shared goal, which needs to
be achieved, and (c¢) not only cognitive but also social and
communication skills need to be used to solve the problem
(e.g., O’Neil et al., 2003; Salas, Dickenson, Converse, &
Tannenbaum, 1992).

Attempts to assess ColPS are as rare as comprehensive
definitions. They tend to treat problem solving and collabo-
ration as different dimensions each being composed of sepa-
rate processes. For instance, O’Neill et al. (2003) measure
ColPS using the process model of Salas et al. (1992) and
the teamwork model published by the Center for Research
on Evaluation, Standards, and Student Testing (CRESST;
Morgan, Salas, & Glickman, 1993). Based on their broad
understanding of ColPS as “problem solving activities that
involve interactions among a group of individuals” (O’Neil
et al., 2003, p. 361) the authors include adaptability, co-
ordination, decision making, interpersonal skills, leader-
ship, and communication/social regulation as collaborative
dimensions and content understanding, problem solving
strategies, and self-regulation, as problem solving dimen-
sions into their model. Hsieh and O’Neil (2002) as well as
Schacter, Herl, Chung, Dennis, and O’Neil (1999) present
ideas on tasks and first empirical results, which underline
the difficulties involved in combining collaboration and
problem solving within one assessment.

How can this narrow body of research inform the PISA
2015 assessment of ColPS and how could such an assess-
ment in general look like? Currently, the PISA 2015 ColPS
Expert Group meets on a regular basis further refining the

framework, but no papers have been published so far. Thus,
the following section can only give an idea of where the
assessment is headed without relying on a published frame-
work.

Generally, the extension of individual IPS to ColPS
could assume different shapes. First, in line with O’Neil
et al. (2003), additional processes of collaboration could
be included by simply adding collaborative dimensions to
the process model introduced for IPS (OECD, 2010). For
instance, exploring a system, a genuine problem solving di-
mension, could be preceded by a process of communication,
in which leadership skills have to be expressed to derive a
common plan, a collaborative dimension. That is, the mem-
bers of a group would have to direct orders and to derive
a shared understanding of how the problem is solved best
and only then engage individually in the problem solving
process of exploring and understanding (Salas et al., 1992).

However, the assumption of separate processes for prob-
lem solving and collaboration taking place consecutively
may not be realistic as ColPS involves both collaboration
and problem solving at all stages and simultaneously. In
other words, a second option would be to embed problem
solving into the collaborating group or dyad and not to sepa-
rate them from each other. To this end, ColPS could be un-
derstood as a two-dimensional construct with problem solv-
ing being the first and collaboration the second dimension
each being composed of different subprocesses. An example
of such a framework is displayed in Figure 3. There, the four
IPS processes from the PISA 2012 survey and three col-
laborative processes, leadership, interaction, and communi-
cation/social regulation on the basis of O’Neil et al. (2003)
are combined into 4x3 cells.

Even though straight out empirical, an assessment of
ColPS needs to fill each of these cells with content and then
derive items addressing them. More specifically, a compre-
hensive assessment of ColPS would yield overall measures
and measures on each of the 12 cells, but — in this frame-
work — not separately on the different problem solving and
collaboration processes. It is important to note that even
though cells are assessed separately, this does not necessi-

Collaboration —

1Problem Solving Leadership

Interaction

Communication &
Social Regulation

Exploring & Understanding
Representing & Formulating

Planning & Executing

Monitoring & Reflecting

Apply strategies

Assign tasks

Figure 3. A suggestion for the understanding of collaborative problem solving in the PISA 2015 assessment. Problem solving processes in
rows are combined with collaboration processes in columns. Exemplary, two cells are displayed. Empty cells are to be filled during frame-

work development.
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tate separate tasks for each cell as several cells could be
assessed within one task.

As an example, let’s consider the problem solving pro-
cess exploring and understanding and the collaborative
processes interaction and communication/social regulation.
The two resulting cell combinations are displayed in Figure
3 and could be labelled as apply strategies and assign tasks.
That is, in the first cell apply strategies, the problem solvers
have to communicate with and convince each other which
strategic approach to take concerning the exploration of the
system, build consensus about the next steps and about the
variables to vary when applying strategies. The second cell,
assign tasks is mandatory in group problem solving, where-
as non-existent in individual problem solving. More spe-
cifically, the problem solvers have to engage into processes
of social regulation by clarifying hierarchies, asking each
other for help, acting according to their duties, and so on to
explore and understand the problem situation. A translation
into items could be achieved by extending existing concepts
from PISA 2012. For instance, the MP3 Player in Figure 1
is easily upgraded to a collaborative setting: Imagine two
MP3 Players controlled by different persons and without
a manual available (Figure 4). One specific problem could
be to exchange a song via Bluetooth in a joint effort each
problem solver having control over one MP3 Player only.
Problem solvers have to decide who is doing which part of
the problem (e.g., finding out were the Bluetooth is turned
on or where the song that is to be exchanged is stored) and
which strategies to apply (e.g., searching the MP3 Player
guided by a hypothesis or randomly), that is, to assign tasks
and apply strategies concerning the exploration of the task
thereby assessing some of the cells in Figure 3.

Extending the concept of IPS in PISA 2012 in the way
described in order to include collaboration is at the current
stage still vague and does not rely on empirical evidence.
Apparently, the OECD is well aware of these obstacles and

Play All
Music List

Import Music

yet wiling to meet them trying to provide an innovative
measure of ColPS despite unsettled issues of the construct.
There are even more challenges and crucial decisions await-
ing framework and test developers when dealing with ColPS
(cf. Graesser, Jeon, & Dufty, 2008; O’Neil et al., 2003): Will
real interaction between pairs or even larger groups of per-
sons be possible considering practical constraints posed on
LSA or will there be human agent interactions simulating
group problem solving keeping control of standardization
but accepting a loss of external validity? What happens
when a person gets matched with a problematic other per-
son, which, for instance, may be mute or overly assertive?
Which processes are included into the assessment and how
many aspects can be measured in a meaningful way? What
are the specific operationalisations? That is, how can con-
cepts be meaningfully translated into items, and how can,
in turn, these items be meaningfully translated to individ-
ual scores? How to deal with cultural issues and individual
communication patterns? Is there a way to reliably score
complex sequences of communication or is it necessary to
heavily restrict user inputs by using standardized forms of
communication? Are there defensible psychometrics to han-
dle the kind of data produced? Will groups be composed
of two members keeping the assessment straightforward
or will larger groups be included acknowledging that real
world interaction is seldom limited to pairs? And, last but
not least, what are the technological logistics involved in
computer-mediated communication?

A group of experts from different fields busily works
on solving these issues juggling with practical, political,
and scientific desiderata. Arguably, the PISA 2012 problem
solving processes will be maintained but additional col-
laboration processes will be included, where substantially
altered or even completely new items will be employed.
Whether this yields in valid results representing important
real world challenges remains to be seen. Towards the end

Play All
Music List

Export Music

Import Music

Figure 4. Extension of the MP3 Player example to a collaborative item, which has to be solved in a joint effort.
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of this paper, I will now consider some of the challenges and
the potential of specific impacts in a broader context.

OUTLOOK

This article introduced IPS and ColPS in the context of
the PISA survey, a well-established international LSA, by
(a) reviewing the theoretical background behind IPS and
ColPS, (b) presenting items and item ideas based on this
background, (c) summarizing existing empirical literature
to the extent it exists, and (d) outlining obstacles yet to be
solved.

Even though of scientific and practical relevance, one
could argue that this article comes premature. In fact, it will
be several years from now until results on ColPS are avail-
able to the public. Having said this, one (a) needs to take
into account what happened to the PISA 2003 assessment of
analytical problem solving (PISA-Konsortium Deutschland,
2004). There, results were received with great interest, but
nobody knew what implications or interventions to derive
from them. Teachers and educationalists were literally
swamped with findings on analytical problems and argued
that — despite its unquestioned importance — this construct
was none of their concern and within a few months results
just trickled away. One lesson learned from this is that re-
search needs to provide specific recommendations on how to
handle a certain pattern of results and what implications they
yield once results are published. Another (b) reason to focus
IPS and ColPS at this point in time is their mode of delivery,
the computer. Both assessment within LSA and schooling
will increasingly rely on computers. This, in turn, will face
people uncomfortable with technological sophistication, so-
called technophobics, with severe problems in a number of
contexts including educational settings. According to Weil
and Rosen (1995), there is a substantial amount of people
with high levels of technophobia across countries, whereas
knowledge on development and fostering of technophobia
is scarce. Considering the impact of LSA and disadvantages
technophobics may experience in the assessment situation,
now seems by no means too early and research will have to
give answers on (a) how to integrate cross-curricular skills
into domain-specific concepts of teaching and on (b) how
to comprehensively deal with the matter of technophobia.

No doubt, when PISA 2012 results are published in
2013 and PISA 2015 results in 2016 they will be met with
large interest - at least by some participating countries. In-
terestingly, the public attention given to PISA differs con-
siderably across them. Whereas a public outcry was heard
throughout Germany and the United States when the results
on PISA 2000 were first published and both countries per-
formed worse than expected, other countries have been tak-
ing little notice of the PISA results and their accompanying
implications over several cycles. That is, whereas a number
of countries dismiss results from PISA as essentially irrel-

evant, quite a few other countries have used the PISA sur-
vey to successfully rejuvenate their educational system and
to improve their quality of education. Both, IPS and ColPS
have the potential of further adding to the understanding of
how educational systems function and offer opportunities to
discover which improvements may be needed in a specific
educational system. Besides all the unsolved issues men-
tioned throughout this article, participating countries should
not let this opportunity pass by without grasping it.
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