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Abstract—Problem-solving skills assessment starts with the
imperative that the hypothesized construct of skills, is theo-
retically sound. Secondly, assessment refers to identifying
and recording inductive and deductive types of reasoning as
well as divergent and convergent thinking skills. The afore-
mentioned procedures should be measured, independent of
specific learning domains or knowledge backgrounds. Fu-
ture research should be oriented towards the development
of a prototype set of tasks that would embed problem-
solving skills in different content and context areas and that
would act as a model for implementation in online large-
scale assessments. Furthermore, the classroom provides an
environment amenable to collaborative problem solving, in
which capturing the progress of students’ both social and
cognitive processes through identifying the exchange of
implicit and explicit types of information, remains to be
sufficiently addressed. Effective collaborative problem-
solving assessment is related to well-defined, real-world
problems as well as to the provision of respective scaffolds
to group members for developing their cognitive and meta-
cognitive skills. In other words, effective collaborative prob-
lem-solving assessment should bring about and measure
group members’ cognitive and meta-cognitive skills, evolv-
ing from the social regulation of processes, such as goal
setting, connecting information and patterns as well as test-
ing hypotheses.

Index Terms—problem-solving skills, cognitive assessment,
collaborative problem-solving, metacognitive skills

I.  PROGRAMME FOR INTERNATIONAL STUDENT
ASSESSMENT (PISA)

Buchwald et al. investigated the effects of training stu-
dents’ analytical problem solving competence on their
cross-curricular and mathematical problem solving skills.
Analytical problem solving incorporates several analytical
reasoning sub-processes, such as structuring as well as
integrating information and existing knowledge. High
analytical reasoning ability is a common prerequisite for
mathematics and cross-curricular problem solving in
combination with planning, procedural knowledge and
conditional knowledge as important components of both
domains. Researchers designed a training experiment,
encircling participants’ competency-based training in
analytical problem solving and its effect on cross-
curricular analytical problem solving. Moreover, the in-
ferred competences developed and tested were, more or
less, overlapping components of the mathematical compe-
tence, as well. Research results verified the common na-
ture of cross-curricular problem solving and mathematical
problem solving deriving from the importance of prior
knowledge for both competences. Nevertheless, the train-
ing showed no significant main effect. However, the re-
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sults showed that low-achieving problem-solvers made a
small improvement in their mathematical problem solving
competence. Future research on problem solving compe-
tence should thus, take into account motivation issues so
as to induce the test reliability. Adaptive testing through
open-source testing platforms accompanied by video-
taping or by using computer-based assessments with log
files could evoke changes in cognitive measurements, in
general.

II.  STAND ON APPLICATIONS

Greiff et al. delineate complex problem solving (CPS)
in terms of its construct validity, effective measurement
approach and solid research, as a whole. Researchers
propose computer-based simulations of complex problems
both for assessing and training CPS. According to current
research, CPS measurement structure should be based on
multiple complex systems (MCS), such as MicroDYN and
MicroFIN, and multiple-item scales. The two aforemen-
tioned tests have their origin in the frameworks, Linear
structural equations (LSE) for modelling linear relations
between quantitative variables and Finite state automata
(FSA) for describing relations between qualitative varia-
bles. Furthermore, the plasticity of the CPS construct and
the influence of lifelong learning and training on its de-
velopment as well as its relations to other facets of cogni-
tive performance call for further theoretical and empirical
work. Likewise, individual differences among partici-
pants, such as their personality or motivation, as well as
participants’ encountering multiple tasks with different
type of feedback, such as numerical, figural, or verbal,
should be taken into consideration for improving the reli-
ability of CPS measurement. Launching new forms of
tests that can capture the complex processes occurring
during problem solving corresponds to a contemporary
daily life issue, the importance of which lays beyond its
apparent educational purpose.

Biihner et al. investigated the network of relationships
between intelligence, working memory and problem solv-
ing abilities, using a dynamic computer-based simulation,
called MultiFlux. This problem solving scenario is a do-
main-independent simulation, assessing the contribution
of working memory above and beyond intelligence in
predicting problem-solving performance. The study re-
vealed that the individual differences in problem solving
cannot be explained by differences in intelligence or
working memory. Nevertheless, the importance of work-
ing memory for computer-simulated problem-solving
scenarios was clearly shown.

Schweizer et al. used computer-based scenarios, the
MicroDYN test, to simulate dynamic problems for as-
sessing students’ complex problem solving ability. This
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complex problem solving measurement approach aims to
examine the relation between complex problem solving
ability and working memory capacity as well as it ex-
plores the concurrent and incremental validity of complex
problem solving in three different subjects. Findings of the
study confirm the relation between complex problem
solving and working memory capacity, although complex
problem solving encompasses specific processes beyond
working memory capacity, such as using feedback to infer
relations between variables and planning further actions.
Although MicroDYN assessment and training tool was
inconsistent as far as its validity across different scholastic
domains, it revealed new insights into the relation between
complex problem solving and school achievement. Con-
current validity was the highest for science followed by
social studies. Future research should examine numeric,
spatial-figural and verbal abilities as possible mediators in
complex problem solving scenarios of different subjects.

Greiff et al. performed an empirical study on the con-
struct validity of the complex problem solving ability
through assessing the convergence of three different com-
plex problem solving assessment instruments, MicroDYN,
the Genetics Lab and MicroFIN. Also, the research was
centered on exploring the relation between complex prob-
lem solving and reasoning accompanied by the explora-
tion of the relation between complex problem solving and
students’ academic achievement. The results showed that
complex problem solving assessment instruments con-
verge sufficiently; the complex problem solving construct
differed significantly from reasoning as well as complex
problem solving predicted students’ natural science
grades, thus indicating construct validity and convergent
validity for complex problem solving. Therefore, the initi-
ation of students’ complex problem solving training in
combination with the development of alternative assess-
ment instruments in the field of complex problem solving,
are in due course. Nevertheless, the relations of different
aspects of complex problem solving in terms of internal
validity and in combination with other cognitive abilities
such as reasoning were rather ambiguous and need further
investigation. In addition, other cognitive and non-
cognitive constructs such as personality or motivation may
be related to the incremental validity of complex problem
solving, a research question, which can be addressed to,
empirically, in future studies.

Wiistenberg et al. investigated the predictive and in-
cremental validity of all relevant complex problem solving
facets, such as school grades in order to check construct
validity of complex problem solving. Also, through multi-
ple control rounds they aimed at the assessment of com-
plex problem solving abilities like using and incorporating
feedback in rule application. Thirdly, they looked further
into the relationship between complex problem solving
and reasoning. The study used computer-based assessment
materials, the MicroDYN test and the Advanced Progres-
sive Matrices (APM) so as to measure participants’ com-
plex problem solving and reasoning ability, respectively.
The findings suggest that complex problem solving is
established as a valid construct that can predict cognitive
performance and it is empirically separated from reason-
ing, as well. Moreover, even though rule identification and
rule knowledge could not be empirically separated, rule
knowledge and rule application were clearly distin-
guished. Furthermore, rule knowledge — the ability to
draw conclusions in order to generate knowledge — was
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more closely connected to school grade point average
(GPA) than rule application — the ability to use
knowledge in order to control a system. In future studies,
a comparison of MicroDYN and tests including feedback
should be conducted in order to provide more information
on how closely complex problem solving and learning
tests are related.

Molnar et al. aimed to study the interrelations between
the three constructs, inductive reasoning (IR), domain
specific problem solving (DSPS), and complex problem
solving (CPS), as they develop over school time. Three
tests were deployed for measuring respective constructs
between three age groups (5th, 7th and 11th graders). The
fastest growth period for all three constructs was observed
in Grade 7. Thus, this is the most effective time to en-
hance students’ IR, DSPS and CPS skills. Moreover, the
mechanisms operated by the three correlated constructs
IR, DSPS, and CPS are interrelated and specifically,
DSPS and CPS strategies, knowledge acquisition and
application skills, tend to become more similar over time.
As a result, the role of knowledge and experience in spe-
cific content areas in order to solve problems decreases
over time. Therefore, students’ complex problem solving
(CPS) training during compulsory schooling may develop
the other two thinking skills, implicitly, as well.

Lai et al. explored the relationship among Mathematics
Anxiety (MA), mathematical metacognition and Word
Problem Solving (WPS) performance. In addition, they
examined the role of Mathematics Anxiety and metacog-
nitions of children both at four mathematical learning
achievement levels, high achieving (HA), typical achiev-
ing (TA), low achieving (LA) and in case of them exhibit-
ing a Mathematical Learning Difficulty (MLD). Mathe-
matics Anxiety may both reflect the anxiety aroused in an
assumed test situation and the anxiety of children’s ordi-
nary life related to mathematics. In the present study, the
concept of metacognition encompasses self-image and
self-regulation. Researchers used two mathematical
achievement measures, a mathematical metacognition
questionnaire, a mathematics anxiety test, a standardized
battery for measuring children’s mathematical abilities as
well as two general intelligence tests. According to the
models designed to illustrate the effects of mathematics
anxiety and mathematical metacognition on word problem
solving, metacognition had an indirect effect on word
problem solving performance through mathematics anxie-
ty. Moreover, the group differences in self-image and
mathematics anxiety were significant and predicted math-
ematics achievement. More specifically, low achieving
children exhibited lower levels of mathematics anxiety
than children with a mathematical learning difficulty. The
latter exhibited deficits in self-image, as well. Conse-
quently, children with a mathematical learning difficulty
should be supported in such a way that their self-image
and specific metacognitive strategies are enhanced. Fur-
thermore, children’s induced metacognitive processes can
counter the negative or stressful perceptions in mathemat-
ical performance, although the relation between mathe-
matics anxiety and children’s mathematical metacognition
need to be further examined through dynamic, adaptable
and large-scale assessment tools.

Bryce et al. studied the naturally occurring metacogni-
tive skills employed by five and seven year-olds while
completing a problem-solving task, through the use of
observational coding of their verbalizations and non-
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verbal behaviors. In this research, metacognitive skills are
considered a construct comprising two basic categories of
behaviors corresponding to respective cognitive processes,
either coded as Monitoring or Control. All video coding
was conducted by using Observer XT 9.0 software from
Noldus. A Monitoring behavior is defined as one that
serves to update the mental representation of the task,
while a Control behavior asserts some action at the level
of the task. The Children’s Independent Learning Devel-
opment (CHILD) questionnaire was also an alternative
validation method of the metacognitive skills coding
scheme. In reference to the results of the study, older
children showed overall higher rates of Monitoring and
Control. Furthermore, both monitoring and control pro-
cesses increased quantitatively and improved qualitatively
in this age range. More specifically, verbally expressed
planning in the younger groups was positively associated
with high quality end products, possibly on account of
their explicitly stated planning moves or approaches to the
task. Additionally, task-specific ability or task difficulty
appeared to affect children’s control processes more than
their monitoring processes. Finally, the frequency rates of
negative behaviors (PD) decrease as children’s task-
specific ability increases. Consequently, the design of
naturalistic and challenging problem-solving tasks in
correspondence to adopting sensitive and on-task assess-
ment techniques can create meaningful and dynamic
learning environments for children in an attempt to en-
hance their metacognitive skills.

III.  WEB

Care et al. present the design process and its illustration
in the field of collaborative problem solving skills assess-
ment. Collaborative problem solving is one skillset requir-
ing both social and cognitive competences. Therefore, by
introducing cooperative problem solving tasks teachers
are especially interested in students’ sharing of common
resources and capacities, thus evoking their reasoning.
Eleven collaborative problem solving tasks were designed
and validated for measuring both students’ cognitive and
collaborative skills, as part of the Assessment and Teach-
ing of 21 Century Skills (ATC21S ™) project in Austral-
ia. The Laughing Clown online task assessed the collabo-
rative problem solving construct and the five strands (Par-
ticipation, Perspective Taking, Social Regulation, Task
Regulation as well as students’ Learning and Knowledge
Building skills). All the draft tasks were taken to research
participants for paneling, piloting and trialing, along with
coding, scoring and calibration activities. Moreover, such
large scale assessments of collaborative problem solving
or other 21% Century Skills provide the means for the
concurrent development of adequate teaching strategies
towards the promotion of the aforementioned thinking
processes.

Demiraslan Cevik et al. made an experimental study on
peer assessment as a learning strategy for enhancing third-
grade students’ problem solving skills. According to the
researchers, peer assessment can scaffold students’ prob-
lem solving skills to the extent that they value and use the
peer feedback. Groups with low task commitment or low
involvement in the development of the problem solving
outcomes, such as the reflection on the targets and solu-
tion processes, are less inclined to effective feedback use.
Furthermore, peer feedback can be integrated in collabora-
tive learning contexts as long as group members are mutu-
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ally active contributors to the problem solving process and
the feedback is perceived as much elaborative and con-
crete as possible.

Vista et al. made a large-scale differential item func-
tioning (DIF) analysis in order to validate an online prob-
lem solving ability test that minimizes the extraneous
differential effects of students’ language background.
Thus, this research insinuates that the implementation of
such large scale interventions may have a positive impact
on students’ problem solving and numeracy achievement
as well as on the measurement of any other language-
independent skills. Furthermore, this problem solving
assessment tool and the concurrent establishment of prob-
lem solving ability learning standards may lead to the
advancement of the teaching techniques towards the de-
velopment of students’ problem solving skills. Eventually,
the differential item functioning (DIF) analysis verified of
the fact that the test is appropriate for measuring students’
problem solving abilities, regardless of their English
speaking background (ESB).

Lubin et al. introduced the Learning Environments Ap-
proaching Professional Situations (LEAPS) model with
the aim to enhance students’ problem-solving, metacogni-
tion and motivation in a non-linear, dynamic learning
environment. This intervention incorporates elements
from situated learning, human motivation and open learn-
ing environments literature in order to evoke students’
problem-solving ability as well as their meta-cognitive
awareness regarding their perceptions of confidence for
self-updating their knowledge and skills background.
Above all, preservice teachers should be able to self-
monitor and self-regulate their problem-solving skills in
addition to self-reflecting on their authentic, autonomous,
life-long learning competence. Students worked on solv-
ing problems as members of small groups assisted by a
holistic, open learning environment. The data originated
from observation notes and videotaped data accompanied
by interview sessions and student-generated materials.
Researchers’ identification and classification of students’
problem-solving abilities showed that the ill-defined and
shared-responsibility learning environment, induced stu-
dents’ self-regulated and self-reflective thinking through-
out the problem-solving process. Furthermore, teachers
should encourage students to formulate heterogeneous
prior knowledge-based groups, thus producing self-
directed, flexible in taking over new assignments and
peer-supported problem-solvers. Notwithstanding, open
learning environments should be ideally designed on the
basis of creating and preserving as much a personalized
and challenging learning experience as possible by im-
plementing strategic scaffolds in combination to teachers’
supporting feedback.

Rosenzweig et al. investigated students’ with and with-
out Learning Disabilities (LD) metacognitive strategies,
such as self-observation, self-instruction, self-monitoring,
self-questioning, self-evaluation and self-control while
being engaged in novel or challenging math problem solv-
ing tasks. The aforementioned set of metacognitive skills
assessment was based on a think-aloud protocol, in which
students were audio-taped as they processed their on-line
textbook-type problems of increasing difficulty. Thus,
such investigative method may be used in an attempt to
verbalize and obtain information on the cognitive and
metacognitive processes taking place in on-line activities.
Productive verbalizations included self-monitoring, self-
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instruction, self-questioning and self-correction statements
directly related to solving the problem. Students with
learning disabilities produced significantly more overall
metacognitive verbalizations than their average achieving
peers, with their non-productive verbalizations increasing
as the problems became more difficult. Therefore, stu-
dents with learning disabilities exhibited frustration and
lack in the implementation of metacognitive strategies.
Moreover, students’ problem-solving ability as well as
their self-regulation and self-consciousness about their
metacognitive skills are interrelated components of suc-
cessful problem-solving processes, which should be taught
and measured through complex, math problems.

IV. GAMES

Hwang et al. integrated peer assessment into a digital
game-based learning approach. More specifically, re-
searchers introduced this game development approach into
the learning process so as to improve students’ learning
achievement, learning motivation and problem solving
capability. Thus, they employed the peer assessment activ-
ity with the aim to enhance students’ formative qualitative
assessment through engaging them in making self-
reflections and sharing ideas among each other. The ex-
perimental group showed significantly improved learning
achievements, learning motivation and problem solving
conception in the natural science course, relative to the
control group. As a whole, students thought that their
experience in peer assessment was quite leveraging as it
enhanced their ‘‘in-depth thinking’’, ‘‘creativity’’ and
‘‘learning motivation.”” Future studies should take into
account and analyze students’ learning patterns, cognitive
processes and creative performances in addition to imple-
menting collaborative game development strategies.

V. RESEARCH HIGHLIGHTS

Problem solving skills assessment verified of the con-
struct validity of problem solving, the training of which
may develop, implicitly, other thinking skills, as well.
Future research on problem solving assessment should
focus on adopting hybrid problem solving contexts, which
counter with diverse cognitive mediators, such as verbal,
numeric and spatial-figural abilities. Above all, problem
solving skills assessment should be insusceptible to stu-
dents’ prior knowledge background, whereas immersive,
adaptable and interactive tasks set the grounds for the
efficient assessment of learners’ cognitive and meta-
cognitive sub-processes. Additionally, cooperative prob-
lem solving assessment provides a more holistic view of
the problem solving construct on account of the simulta-
neous use of students’ social and cognitive competences
while coordinating the group’s goals, task work and mul-
tiple perspectives. Thus, the benefits and challenges of
designing effective cooperative problem solving tasks
through training and assessment of synchronous and asyn-
chronous social interaction features among group mem-
bers are yet to come.

VI. CONCLUSIONS

Effective assessment of the problem-solving skills con-
struct entails a dynamic environment, wherein the afore-
mentioned set of cognitive and meta-cognitive skills can
be captured. ICTs provide the means for the explicit de-
sign and implementation of individualized or collaborative
problem-solving tasks through facilitators’ interactive
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scaffolding and immediate feedback supply towards
learners. Notwithstanding, large-scale problem-solving
assessment tools should be able to offer hybrid tasks,
embedding the skillset in different content areas and in
areas that vary in terms of how much content knowledge
is necessary. Finally, the upgrade of cognitive and meta-
cognitive skills assessment, such as in problem-solving
tasks shall trigger changes in the teaching and learning
techniques at schools.
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