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Abstract 
 
Jean-Paul Reeff, Anouk Zabal, Christine Blech (2006): The Assessment of Problem-
Solving Competencies. A draft version of a general framework 
 
 
 
This paper provides an outline for a general framework for the assessment of adults’ 
problem-solving competencies with special attention paid to the requirements of large-scale 
assessments. The framework can be used as an input to ongoing discussions regarding 
international comparative studies of adult competencies such as the “Programme for an 
International Assessment of Adults’ Competencies” (PIAAC) currently being prepared by the 
OECD, and may also be used in the context of national studies in this area. Problem solving 
is understood as a general dimension, strongly related to and partially overlapping with 
general mental abilities. The problem-solving abilities focused on within this framework 
clearly target those aspects that are modifiable by learning. The framework encompasses 
static analytical problem solving as well as dynamic problem solving, and a rationale for 
instrument development with the intent to yield a hierarchic scale. It emphasizes the 
importance of the context in which both the concepts as well as the instruments are 
embedded. 
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I. Introduction 
 
Both educational research and research on human capital have in recent years 
increasingly focused on the assessment of basic skills and competencies. Although 
the measurement of competencies is well-established in psychological and 
educational research, it is only in the last decade that the large-scale assessment of 
competencies – especially in an international context – has become more prominent. 
Here substantial progress was made in the measurement of reading literacy and 
numeracy which are perceived as being fundamental competencies for employment 
and participation in society. There is a wide-spread consensus that these are but two 
of a number of crucial skills, one of them being problem-solving abilities. While there 
is abundant scientific work on problem-solving processes and their measurement, the 
large-scale assessment of problem-solving competencies is a relatively new 
endeavour. 
 
This paper provides an outline for a general framework for the assessment of adults’ 
problem-solving competencies with special attention paid to the requirements of 
large-scale assessments. The framework can be used both in the context of national 
studies on adults’ competencies and as an input to ongoing discussions on 
international comparative studies of adults’ competencies such as the “Programme 
for an International Assessment of Adults’ Competencies” (PIAAC) currently being 
prepared by the OECD.  
 
The development of this framework follows the rationale of the “draft framework” 
development for Information and Communication Technology (ICT) literacy in the 
context of the “Programme for International Student Assessment” (PISA) (Lennon, 
Kirsch, von Davier, Wagner & Yamamoto, 2003). Based on a first draft, a small group 
of international experts cooperated in order to define the essential parts of the 
framework in a common effort. The development work started off from the PISA and 
the “International Adult Literacy and Life Skills Survey” (ALL) problem-solving 
frameworks and expanded these systematically. This framework outlines the 
measurement domain and sketches possible item prototypes. Special emphasis is 
placed on a general rationale for technology-based assessment (TBA) which 
substantially extends the range of possible measurement instruments for problem 
solving in a large-scale perspective. This paper reflects the outcome of this process 
and can be regarded as a first step in a systematic development effort. 
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II. Overview  
 
Policy papers and scientific documents consistently rank problem-solving abilities 
among the most important life skills. The fast pace of technological and societal 
change we are confronted with increasingly requires problem-solving skills at very 
different levels. Actually, it is obvious that pure knowledge-driven strategies for 
successfully coping with the complex challenges of our daily private and professional 
life will fail due to the sheer amount of available knowledge. Sound strategic 
knowledge and adequate problem-solving abilities are needed to organize complex 
information and to deal with potentially competing goals. 
 
Very different communities acknowledge the importance of efficient problem-solving 
competencies. Labour market experts, human resources managers and vocational 
education and training experts point to such skills as essential key qualifications 
(Didi, Fay, Kloft & Vogt, 1993, Hunt, 1995, Binkley, Sternberg, Jones & Nohara, 
1999, Baethge, Achtenhagen, Arends, Babic, Baethge-Kinsky & Weber, 2005). The 
“foundation skills”, identified in the U.S. Department of Labour (1991), are essentially 
related to problem solving. Within an education context, both teachers and curriculum 
designers often ask for problem-solving oriented teaching and learning settings. On a 
large scale, the TIMSS study and above all the subsequent TIMSS-Video study shed 
light on the efficiency of a problem-solving oriented teaching and learning approach 
in mathematics and science (Stigler, Gallimore & Hiebert, 2000). It is therefore not 
surprising that problem solving plays a crucial role within PISA, where from the very 
beginning the discussions on cross-curricular competencies focused on problem 
solving. The assessment of problem-solving skills was implemented in the first PISA 
cycle in Germany (Klieme, Leutner & Wirth, 2005) and was an international option in 
the second PISA cycle (OECD, 2004a, OECD, 2004b). Moreover, a closer look at the 
frameworks and the instruments related to reading literacy, mathematical literacy and 
scientific literacy actually reveals a clear problem-solving centered rationale in all 
three domains. While the above mentioned large-scale surveys provide substantial 
information on students’ problem-solving abilities, the situation in the field of adults’ 
competencies is slightly different. The IALS (International Adult Literacy Survey) 
instruments are not as problem-solving oriented as the PISA reading literacy 
instruments. It is only the recent ALL study that provided more problem-solving 
oriented frameworks for prose and document literacy and numeracy. Moreover, ALL 
provides a direct assessment of problem solving as an international option (Murray, 
Clermont & Binkley, 2005; Statistics Canada/OECD, 2005). 
 
Definition 
 
A general and widely accepted definition of problem solving is (from Reeff, 1999, p. 
48):  
Problem solving is (goal directed) thinking and action in situations for which no 
routine solution procedure is available. The problem solver has a more or less well-
defined goal, but does not immediately know how to reach it. The incongruence of 
goals and admissible operators constitutes a problem. The understanding of the 
problem situation and its step-by-step transformation, based on planning and 
reasoning, constitute the process of problem solving. 
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Scientific research and recent findings from large-scale surveys show that it is useful 
to distinguish between static problem situations and dynamic problem situations. In 
the first case, all problem-related information is available upfront, and the problem 
situation does not change over time. In the case of dynamic problems, the problem 
state changes and develops with time and through the respondents’ actions. So 
actually, dynamic problems are much closer to typical everyday-like problem 
situations – in a dynamic problem situation some aspects of the problem may 
aggravate over time whereas others may simply disappear. Static problems are 
suitable for measuring analytical problem-solving skills; dynamic problems tap a 
mixture of analytical, complex and dynamic problem-solving abilities. It is obvious 
that some of these abilities are related to general mental abilities as described over 
decades in the scientific literature. 
 
General structure 
 
Based on these preliminary remarks we propose a general framework for measuring 
problem-solving competencies. Problem solving is understood as a general 
dimension, strongly related to and partially overlapping with general mental abilities. 
The problem-solving abilities focused on within this framework clearly target those 
aspects that are modifiable by learning. 
 
The framework encompasses static analytical problem solving as well as dynamic 
problem solving, and a rationale for instrument development with the intent to yield a 
hierarchic (a priori-defined) scale. It emphasizes the importance of the context in 
which both the concepts as well as the instruments are embedded. For example, two 
important context dimensions of problem solving could be ICT-rich environments and 
social environments. This would provide the possibility to define ICT-Literacy 
(understood as an individual’s problem-solving competencies in an ICT-rich 
environment) and collaborative problem solving (understood as individual problem-
solving abilities in a social context) within the problem solving domain. Finally, such a 
framework structure has the potential for the future integration of other domains in an 
overarching framework for the assessment of competencies, with general mental 
abilities and problem-solving abilities as general dimensions. 
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Figure 1: General structure for an integrated framework 
 
As illustrated in Figure 1, such an approach would have the advantage of enabling us 
to tackle the measurement of problem-solving competencies in three different ways: 
 

1. It is possible to directly assess problem-solving abilities by implementing static 
and dynamic problem-solving situations in a general context (frequently by 
using everyday-like situations), which doesn’t require “domain-specific” a priori 
knowledge. This is basically the strategy followed in ALL for the area of 
analytical problem solving in static situations, as well as the strategy followed 
by PISA for both types of problem situations. Thus, problem solving here has 
the same status as the other domains. 

2. The approach described above can be extended by translating it into specific 
contexts of special interest, such as social contexts or ICT-rich environments. 
In this case scales for collaborative problem solving and ICT literacy could be 
derived from specifically embedded problem-solving tasks. 

3. On a more global level, the concept of general mental abilities and problem-
solving abilities could serve as a general dimension for structuring and 
integrating different competency domains. This would enhance the conceptual 
coherence of the different competency domains and provide guidance towards 
a more economic assessment rationale and more effective instrument 
development strategies. 

 
Static and dynamic problem solving 
 
Both analytical problem solving in static situations and dynamic problem solving have 
their roots in decades of well-established basic research (Funke, 2003) and are quite 
well understood. As already mentioned, analytical problem solving was successfully 
implemented in PISA and ALL. The results of the dynamic problem-solving 
assessment that was introduced in the German national extension to PISA 2000 are 
also extremely promising. Actually, recent analyses of these data shed light on the 
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relation between the different PISA domains and provide – beyond theoretical 
reasons – a data-based rationale for the chosen approach. 
  
Two aspects should be emphasized: 
 

1. Problem solving can be identified as a separate domain. 
2. Within problem solving, dynamic problem solving can be clearly distinguished. 

Furthermore, it can also be discriminated both from intelligence and the other 
domains and sub-domains. 

 
Together with the fact that dynamic problem solving is becoming increasingly 
important for everyday private and professional life, these results provide a strong 
argument for including dynamic problem solving in large-scales surveys of adult 
competencies such as PIAAC. 
 
Beyond these results, first analyses of the ALL data show that there is a relation 
between analytical problem-solving skills on the one hand and wages and 
professional positions on the other hand (Clermont, 2005, personal communication). 
These results coincide with findings by Schmidt and Hunter (2004) that “GMA 
[General Mental Ability] correlates above .50 with later occupational level, 
performance in job training programs and performance on the job” (p. 171). The 
approach proposed here will enable researchers and policy makers to have even 
more accurate information on the distribution of problem-solving abilities and provide 
them with more accurate information on which to base political decisions and 
interventions (e.g. planning education and training programs, shaping life-long 
learning strategies, etc.). 
 
Recommendations and perspectives 
 
Based on scientific, logistical and political evidence, and having considered both the 
recurrent discussion of the relevant issues in PISA and ALL as well as diverse 
feasibility concerns, we recommend the following general strategy for contemporary 
large-scale programs on the assessment of adult competencies such as PIAAC or 
national assessment programs: Start with a combined approach of strategies 1 and 2 
(see section “general structure” above) for a first wave. For this first wave only ICT-
rich environments would be implemented. At an operational level, some of the 
conceptual work as well as instruments developed in the area of ICT literacy could be 
incorporated. Because of the importance of social contexts for the measurement of 
collaborative problem solving, we recommend focused research activities in this 
domain in order to develop potential instruments that could be then used in a second 
wave.  
 
The third possibility mentioned above is more strategic in nature and points towards 
the possibility of using problem solving as an overarching dimension for the entire 
assessment. There may be design considerations that require reporting on one 
unifying scale, and problem solving as one of the most basic human cognitive 
processes is the natural candidate for this.  
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At an operational level, we propose to base instrument development efforts on two 
types of instruments that are well established and have been successfully 
implemented in large-scale surveys: 
 

1. The analytical problem-solving assessment tools (e.g. “projects” as used in 
ALL) 

2. Dynamic problem-solving assessment tools (e.g. DYNAMIS, finite state 
automata, as used in PISA Germany) 

 
Although the analytical problem-solving items have to date been administered as a 
paper-and-pencil test, it is recommended to transfer these to a technology-based 
platform. This seems quite feasible, however it would be necessary to empirically 
verify how comparable the two versions actually are. Dynamic assessment tools are 
necessarily technology-based. Since the existing tools cover a large part of the 
relevant aspects of the domain and proved to function well within international large-
scale assessments, and furthermore we anticipate no problems with using these 
tools with an adult population, we recommend to continue these development efforts 
and integrate these instruments into one coherent technology-based platform (e.g. 
Martin, Latour, Burton, Busana & Vandenabeele, 2005, Plichart, Jadoul, 
Vandenabeele & Latour, 2004). After these steps, other challenges related to test-
based assessment such as adaptive testing could then be addressed. 
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III. Static analytical problem solving 
 
Problem solving in large-scale assessments became a topic during the early OECD 
Network A discussions on assessing cross-curricular competencies. Early work by 
Trier, Peschar and van der Poele (OECD Network A) prepared the ground for further 
discussions while developing PISA. A European research network that worked on the 
development of new assessment tools for problem solving came up with first 
proposals on how to assess problem solving in large-scale surveys (Reeff, 1999). 
Starting from this pioneer work, the management of the “International Adult Literacy 
and Life Skills Survey” commissioned the further development of these tools for the 
ALL study. Within PISA, parallel work on implementing a problem-solving 
assessment in the second study cycle was pursued.  
 
Static problem solving in ALL 
 
ALL “aims at assessing a broad range of skills important in everyday life and 
essential for social, professional and economic success” (Murray et al., 2005, p. 
196). Problem solving was considered one of the crucial life-skills. Logistical and 
financial considerations led the management to a paper-and-pencil assessment that 
resulted in a conceptual focus on analytical problem solving. The ALL problem 
solving approach, its implementation and some first results will be briefly described 
and taken as a starting point for a more general framework. Parts of this outline are 
taken from the ALL problem-solving framework (Reeff, Zabal & Klieme, 2005) that 
provides the full picture of the ALL analytical problem-solving approach. 
 
The ALL framework is based on a very general definition of problem solving (Hunt, 
1994; Mayer, 1992; Mayer & Wittrock, 1996; Smith, 1991) that was quoted in a 
previous section. It gives a very broad definition of problem solving as a cognitive 
process that underlies the transformation of a non-routine problem situation in order 
to reach a certain goal. More concretely, analytical problem solving is regarded as 
the core of such a goal-directed cognitive process. It encompasses the use of 
content-specific and general knowledge, rules and strategies, and meta-cognition. A 
person’s analytical problem-solving competency may be indicated by his or her 
performance in identifying a problem, searching for relevant information and 
integrating it into a coherent problem representation, evaluating the problem situation 
with respect to given goals and criteria, devising a plan – i.e. an ordered sequence of 
appropriate actions – and monitoring its execution. Thus, analytical problem solving 
as it is defined here is closely related to reasoning ability and to the analytical 
subcomponent in Sternberg’s triarchic theory of intelligence. 
 
The cognitive processes that are activated in the course of problem solving are 
diverse and complex, and they are likely to be organized in a non-linear manner. 
Among these processes, the following components may be identified:  
 

1. Searching for information, and structuring and integrating it into a mental 
representation of the problem (“situational model”).  

2. Reasoning, based on the situational model.  
3. Planning actions and other solution steps.  
4. Executing and evaluating solution steps.  
5. Continuous processing of external information and feedback. 
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Baxter and Glaser (1997) present a similar list of cognitive activities labelled “general 
components of competence in problem solving”: problem representation, solution 
strategies, self-monitoring, and explanations. Analytical problem solving in everyday 
contexts, as measured by the ALL problem-solving instrument, mainly focuses on the 
components 1 to 3, and to a certain extent on 4.  
 
The problem itself can be characterized by different aspects:  
  

- The context can reflect different domains, which may be of a theoretical or a 
practical nature, related to academic situations or to the real world. Problems 
can have varying degrees of authenticity.  

- The scope of a problem can range from working on limited, concrete parts of a 
task to planning and executing complex actions or evaluating multiple 
sequences of actions.  

- The problem can have a well-defined or an ill-defined goal, it can have 
transparent (explicitly named) or intransparent constraints, and involve few 
independent elements or numerous interconnected ones. These features 
determine the complexity of the problem.  

 
How familiar the context is to the target population, whether the problem involves 
concrete tasks or complex actions, how well the goal is defined, how transparent the 
constraints are, how many elements the problem solver has to take into account and 
how strongly they are interconnected – all these features will determine the level of 
problem-solving competency that is required to solve a certain problem. The 
empirical difficulty, i.e. the probability of giving a correct solution, will depend on the 
relation between these problem features and the subjects’ competency level. 
 
The types of problems chosen for the ALL study were static in nature, with well-
defined and transparent goals, moderately complex and with a relatively low degree 
of interconnectivity. The problems only required everyday a-priori knowledge, and 
were designed to be suitable for different cultures. 
 
In order to implement analytical problem solving in ALL, the so-called project 
approach was chosen (cf. to the ALL framework for a motivation of this choice). In 
order to transform contextualized real-life problems into test items, the project 
approach put forth in the ALL framework used different problem-solving phases as a 
dimension along which to generate the actual test items. These steps in the process 
of problem solving have been frequently described as follows (cf. Polya, 1945/1980): 
 

1. Define the goal.  
2. Analyze the given situation and construct a mental representation.  
3. Devise a strategy and plan the steps to be taken.  
4. Execute the plan, including control and – if necessary – modification of the 

strategy.  
5. Evaluate the result. 

 
These stages correspond to the results of research on vocational training and job 
analyses within educational research and applied psychology that have been 
described as a part of the so-called “complete action” approach. Extensive analyses 
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of very different jobs (different professions with varying types of work places) indicate 
that new forms of labour organization require people to perform more complex 
operations that go beyond mere routine. Nowadays, even production workers and 
office clerks are required to master complex tasks requiring integrative skills. 
Complete actions include different steps such as planning, executing and evaluating. 
The basic structure of the model of complete action is thus fully compatible with the 
above mentioned normative process model for problem solving – action steps are 
similar to problem-solving steps. The model of complete action has been successfully 
applied to curriculum development, assessment, and certification reforms in various 
professions in both Germany and Luxembourg (Hensgen & Blum, 1998; Hensgen & 
Klieme, 1998). The main idea is that both training tasks and also test problems 
should include all or most elements of a complete action.  
 
The ALL project approach uses this complete action model to establish the 
underlying structure of the problem-solving test. The different action steps define the 
course of action for an “everyday” project. One or more tasks or items correspond to 
each of these action steps. The respondents thus work on the individual tasks that 
have been identified as steps that need to be carried out as a part of their project 
(e.g., “planning a family reunion”), and these tasks can vary in complexity. 
Embedding the individual tasks in an action context yields a high degree of context 
authenticity. Although they are all part of a comprehensive and coherent project, the 
individual tasks are designed so that they can be solved independently of one 
another. This is necessary in order to fulfil the requirements of the underlying 
measurement model.  
 
The projects describe the problem situation, i.e. the project is introduced, the 
respondent’s role is specified, and the required steps that need to be worked through 
as a part of the project are listed. The following example illustrates such a project 
(quoted from Reeff et al., 2005, p. 210-212): 
 
The project is about “Planning a trip and a family reunion”. In the introductory part of 
the project, the respondent is given the following summary describing the scenario 
and overall problem: 
 
“Imagine that you live in City A. Your relatives are scattered throughout the country 
and you would like to organize a family reunion. The reunion will last 1 day. You 
decide to meet in City B, which is centrally located and accessible to all. Since you 
and your relatives love hiking, you decide to plan a long hike in a state park close to 
City B. You have agreed to be responsible for most of the organization.”  
 
The respondent is then given a list of steps he or she needs to work through, in this 
example the following list:  

- Set the date for the reunion.  
- Consider your relatives’ suggestions for the hike.  
- Plan what needs to be done before booking your flight.  
- Answer your relative’s questions about traveling by plane.  
- Book your flight. 
- Make sure your ticket is correct.  
- Plan the trip from City B to the airport. 
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The first task of this project “Set the date for the reunion” is a good example of a 
typical problem-solving task and is now shown as it would appear in a test booklet. 
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The example task gives a first indication of item structures and formats. The tasks 
typically start off with a short introduction to the situation, followed by varying types 
and amounts of information that need to be worked through. In the example task, in 
order to set the date for the family reunion, the respondent needs to process, 
compare and integrate the information provided in the list of the relatives’ 
appointments, including the addendum to this list, and their own appointment 
calendar. Here the information is mostly textual and in form of tables. The answer 
format is a multiple choice format with more than one correct response alternatives, 
although the number of correct response alternative is not specified. 
 
Proficiency levels 
 
In ALL four levels of problem-solving proficiency were postulated and empirically 
validated:  

1. Content-related reasoning 
2. Evaluating  
3. Ordering/Integrating  
4. Critical Thinking 

 
These four levels can be described as follows (quoted from Reeff et al., 2005, p. 
202): 
 
Level 1:  
At a very elementary level, concrete, limited tasks can be mastered by applying 
content-related, practical reasoning. At this level, people will use specific content-
related schemata to solve problems.  
 
Level 2:  
The second level requires at least rudimentary systematic reasoning. Problems at 
this level are characterized by well-defined, one-dimensional goals; they ask for the 
evaluation of certain alternatives with regard to transparent, explicitly stated 
constraints. At this level, people use concrete logical operations.  
 
Level 3:  
At the third level of problem-solving proficiency, people will be able to use formal 
operations (e.g. ordering) to integrate multidimensional or ill-defined goals, and to 
cope with non-transparent or multiple dependent constraints.  
 
Level 4:  
At the final and highest level of competency, people are capable of grasping a 
system of problem states and possible solutions as a whole. Thus, the consistency of 
certain criteria, the dependency among multiple sequences of actions and other 
“meta-features” of a problem situation may be considered systematically. Also, at this 
stage people are able to explain how and why they arrived at a certain solution. This 
level of problem-solving competency requires a kind of critical thinking and a certain 
amount of meta-cognition. 
  
The results of the first assessment wave are reported on this scale (Statistics 
Canada/OECD, 2005). Thus the project approach to measure problem-solving 
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competencies was successfully implemented in an international large-scale 
comparative study.  
 
Problem solving in PISA 
 
As there are only few and rather preliminary analyses available from the international 
ALL data set, we recur to data from the German national extension to PISA to better 
locate static, analytical problem solving as compared to other competencies as well 
as other aspects of problem solving. Germany, in PISA 2000, added an important 
national extension to the international core assessment and, within this extension, 
problem solving had a most prominent role. Different types of problem-solving 
instruments were used, among them computer-based instruments for dynamic 
problem solving. The manifold results of this study can be found in Klieme et al. 
(2005). Three major results are important here: 
 

1. As in ALL, the project approach was successfully implemented within the PISA 
context. 

2. The data show that problem solving does measure different competencies 
than those measured within the core of PISA. 

3. Dynamic problem solving in particular is especially distinct and discriminates 
“new” aspects of problem solving. 

 
Figure 2 shows the relationship between different competencies. The important 
information is the relative location of competencies to each other, and their distance 
to a general (intelligence) factor. 
 

 
 
Figure 2: Empirical radex structure of PISA competency domains (from Klieme et al., 2005, 

p. 78, English translation) 
 
Obviously, the dynamic aspect of problem solving would make a valuable 
contribution towards further completing a map of relevant competencies. This is 
consistent with results from long-term research on problem solving (Funke, 2003). 
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Therefore, we propose to systematically continue the development of the ALL 
problem-solving framework and instrumentation to enable the integration of dynamic 
problem solving. Within the paradigm of dynamic problem solving, several 
approaches and various instrument types have been used over the last 30 years. 
This framework describes the so-called DYNAMIS paradigm and related instruments 
in order to illustrate this approach. This does not preclude the use of other 
approaches like finite state automata or instruments developed for the assessment of 

T literacy.  
 
IC
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IV. Dynamic problem solving 
 
Parts of this section are taken from the more comprehensive DYNAMIS-Overview by 
Funke and Blech in annex A that provides a more extensive account of the 
DYNAMIS approach.  
 
The use of computer-simulated scenarios in problem-solving research has become 
increasingly popular during the last 25 years (for a representative collection of papers 
see, e.g., the two editions from Sternberg & Frensch, 1991, and Frensch & Funke, 
1995). This new approach to problem solving seems attractive for several reasons. In 
contrast to static problems, computer-simulated scenarios provide the unique 
opportunity to study human problem-solving and decision-making behaviour when 
the task environment changes concurrently to subjects' actions. Subjects can 
manipulate a specific scenario via a number of input variables (typically ranging from 
2 to 20, in some exceptional instances even up to 2000), and they observe the 
changes in the system's state in a number of output variables. While exploring and/or 
controlling a system, subjects have to continuously acquire and use knowledge about 
the internal structure of the system. 
 
Research on dynamic systems was motivated partly because traditional IQ tests 
turned out to be weak predictors in non-academic environments (see Rigas & 
Brehmer, 1999). Computer-simulated “microworlds” were thought to be “ecologically 
valid”. Simulations of (simplified) industrial production (e.g., Moray, Lootsteen, & 
Pajak, 1986), medical systems (e.g., Gardner & Berry, 1995), or political processes 
(e.g., Dörner, 1987) have the appeal of bringing "real world tasks" to the laboratory. 
Brehmer and Dörner (1993) argue that these scenarios avoid both laboratory 
limitations and the difficulties associated with field studies because the scenarios are 
relatively realistic while allowing for systematic control of influential factors. 
 
The DYNAMIS approach 
 
Several everyday activities require the regulation and control of relevant quantitative 
variables, for example regulating the car speed while driving, or controlling a CAD-
machine. In many situations (e.g. technical, economical, ecological) it is necessary to 
really understand the system before goal-oriented action is at all possible. One 
scientifically popular way to represent system information is to use the general linear 
model, at least for systems with quantitative variables (cf. Stevens, 1992). The use of 
linear structural equation systems as a tool for problem-solving research was 
introduced by Funke (1985) under the name of DYNAMIS (which was the name of 
the first software shell for this type of simulations). 
 
How can such a linear DYNAMIS model be used as a tool for analysing decision 
making and problem solving? Subjects are told that they have to deal with a system 
that consists of a given number of exogenous and endogenous variables. The 
exogenous variables can be directly manipulated by the respondent and they (can) 
indirectly influence the endogenous variables, which cannot be manipulated directly. 
The general task is (a) to find out how the exogenous and endogenous variables are 
related to each other, and (b) to control the variables in the system so that they reach 
certain goal values. Normally, these two subtasks, system identification and system 
control, are separated experimentally and consist of two separate steps within one 

URL: http://www.die-bonn.de/esprid/dokumente/doc-2006/reeff06_01.pdf  - 20 - 

http://www.die-bonn.de/esprid/dokumente/doc-2005/blech05_01.pdf


task (see Funke, 1993). The basic structure of a simple linear DYNAMIS system with 
four variables is shown in Figure 3.  
 

 

 
 
Figure 3: Structure of a simple linear DYNAMIS system with two input variables A and B as  

well as two output variables Y and Z. Variables are represented as boxes, 
connections between them are marked by weighted arrows. (Adapted from 
Vollmeyer & Funke, 1999, p.213) 

 
 
In the system illustrated in Figure 3, the variables A and B represent the exogenous 
variables that have a direct effect on the endogenous variables Y and Z. The 
numbers on the arrows represent the weight with which the respective exogenous 
variables affect the endogenous ones. The system is described formally by two 
equations (one for each endogenous variable):  
 

Yt+1 = 2 * At (1) 
Zt+1 = 3 * At - 2 * Bt + 0,5 * Yt + 0,9 * Zt (2) 

 
In these equations, the indices t and t+1 represent the actual state of the system; the 
system state can change in discrete time steps (= cycles).  
 
Some systems also allow for “indirect effects” by permitting endogenous variables to 
influence each other (in Figure 3, the effect from Y to Z). However, such an effect can 
only be identified by manipulating the exogenous variable A. Variable A actually has 
two effects, a larger (“main effect” on Z) and a smaller one (“side effect” on Y). Also, 
the endogenous variables can influence themselves (see variable Z in Figure 3), thus 
representing something which is referred to as “eigendynamic” – this is reflected by a 
constant increase or decrease of this variable independent of other influences.  
 
The status of the system variables is normally shown on the screen. Usually, the 
system’s history is also presented, i.e. the history of a given number of previous 
cycles. The structure of the system, however, is not displayed since it is explored 
during the first phase. 
 
There are many possibilities to construct linear systems with a full range of effects of 
the kind described above, and identification and control of such DYNAMIS systems 
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can actually prove to be quite difficult. The two main experimental tasks are 
knowledge acquisition and knowledge application. 
 
Task Demand 1: Knowledge Acquisition 
 
The term “knowledge acquisition” (system identification) describes a complex 
learning situation during which the subject has to find out details about the 
connectivity of the variables and their dynamics. The structural aspects of the system 
(= connectivity) cannot be easily separated from the dynamic aspects because the 
system itself can only be analysed interactively over time. 
 
In the DYNAMIS situation, this identification problem requires an identification 
strategy, i.e. a certain way of manipulating the exogenous variables and analysing 
the consequences (in terms of values of the endogenous variables) in order to derive 
the causal structure of the system or at least to generate hypotheses about this 
structure that could be subsequently tested. Identification of system relations can 
occur at different levels: (a) as identification of the existence or non-existence of a 
relation, (b) as specification of a direction, (c) as specification of qualitative aspects of 
this (either positive or negative) relation, and (d) as the exact quantitative 
specification of the weight of this relation. 
 
Task Demand 2: Knowledge Application 
 
The term “knowledge application” (system control) refers to the application of 
previously acquired knowledge in order to reach a certain goal state within the 
system. The goal specifications are usually pre-defined by the task designer. 
 
In the DYNAMIS situation, there are two sub-goals in knowledge application: First, to 
transform a given state of the endogenous variables (by means of an input vector 
into the vector of goal values), and second, to keep this goal state on a stable level 
since in a dynamic system the goal state – once reached – may actually disappear if 
“eigendynamics” come into effect. 
 
Task characteristics 
 
Using the DYNAMIS model as a starting point, various characteristics of the tasks 
that relate to the difficulty can be defined by the deep structure of the “system” used:  
 
1.)  X1  Y1 Direct simple effect: exogenous (controllable) variable X1 

affects endogenous (not controllable) variable Y1  
 
2.)  X2   Y1    Multiple effects: exogenous variable X1 affects 

  Y2 endogenous variables Y1 and Y2  
 

3.)  X2   Y1    Multiple dependencies: endogenous variable is 
 X3     determined/influenced by multiple exogenous variables  
 
4) Eigendynamics  An endogenous variable changes by itself over time 
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5) Side effects An endogenous variable is affected by another 
endogenous variable 

 
6) Number of variables The number of endogenous and exogenous variables; the 

controllability of the system may depend on the ratio of 
these two 

 
7) Number of relations  Number of simple effects, number of multiple effects 
 
8) Random components  “Adding noise” by adding an additive effect to an 

endogenous variable in a non-systematic way 
 
9) Delayed effects Time delay of effects; these effects blur or confuse the 

general picture 
 
10) Time window size Number of exploration cycles 
 
11) Transparency  Amount of information explicitly provided about the 

structure of the system (can range from no information to 
a fully transparent structure)  

 
The surface structure or the semantic embedding of the scenario is on a different 
level than the other task characteristics (which describe the deep task characteristics, 
see above). Semantic embedding can make problems harder or easier, but in an 
unpredictable manner. For example, elaborate domain knowledge may actually be an 
obstacle if the “system” doesn’t fit individual assumptions that are based on the 
problem solver’s individual knowledge base. 
 
As previously mentioned, a person dealing with a complex dynamic system basically 
has to accomplish two tasks: First, they have to find out how the system works. 
Second, they have to reach and maintain a certain goal state of the system. In order 
to understand the processes involved in complex problem solving, it is necessary to 
focus on both: subjects’ performance in identifying the system (measure of 
knowledge acquisition), as well as on subjects’ control performance (measure of 
knowledge application). The following paragraphs illustrate how acquisition and 
application of knowledge depend on each other. Some indicators of the type and 
amount of gained knowledge as well as the quality of control performance will also be 
outlined (once again, a detailed description can be found in Blech & Funke in 
annex A). 
 
Measuring acquisition of knowledge 
 
Regarding the acquisition of knowledge, the far most common experimental indicator 
is the structural score derived from subjects’ causal diagrams (see, e.g., Funke, 
1985). In studies by Beckmann (1994) or Schulz (2003), for example, the graphical 
format (arrows in diagrams) is either complemented or replaced by verbal and/or 
numerical elements. Beckmann recorded participants’ structural knowledge by 
means of sequential verbal questions after each experimental trial. Subjects were 
first asked very general questions such as whether they had found out anything new 
about any relation in the dynamic system. Depending on the subjects’ answers more 
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specific questions followed, for example concerning the strength of the relation 
between two defined variables. The verbal answers were then translated into a 
graphical format, i.e. into arrows and symbols between exogenous and endogenous 
variables implemented in the system’s graphical user’s interface (see Beckmann, 
1994).  
 
This method of causal diagrams has been criticised due to its potential reactivity 
since this way of recording knowledge may actually draw subjects’ attention to causal 
relations (see Kluwe, 1988). However, this method has two major advantages. First, 
causal diagrams allow differentiated analyses of three levels of system identification: 
the identification of the existence or non-existence of a relation, the identification of a 
relation’s direction, and the identification of a quantitative weight indicating the 
strength and direction of a relation. Second, measures based on causal diagrams 
have proved to be highly reliable, especially the indicator of the quality of knowledge 
acquisition that was extensively validated by Müller (1993). Quality of knowledge 
acquisition is defined by the weighted difference of ratios of correct and false 
answers relative to the maximum number of correct and false answers (see also 
Funke, 1992). 
 
Another approach to measuring structural knowledge is Preußler’s “pair-task” 
(Preußler, 1996, 1997, 1998): Two variable names are presented to subjects, and the 
subject’s task is to decide whether or not a relation between these variables exists. 
According to Preußler, the pair-task is considered less reactive than the method of 
causal diagrams. However, this method provides only limited information about the 
knowledge acquired, namely whether relations between certain variables exist or not. 
 
Causal diagrams and the “pair-task” aim at recording abstract structural knowledge 
about causal relations in a system. It is also possible to examine acquired knowledge 
at a more concrete level, closer to the application of knowledge. Schoppek (2002) for 
example emphasises the distinction between structural knowledge and input-output 
knowledge that “represents specific input values together with the corresponding 
output values” (Schoppek, 2002, p. 64). Accordingly, in order to consider this type of 
specific knowledge as well, subjects may be asked to predict the resulting outcome 
states given certain input states and interventions. The measure for the “quality of 
prediction” is calculated from the subject’s predictions and the actually resulting 
outcome states (see Funke, 1992, Funke & Müller, 1988). Another way to infer input-
output knowledge is to present specific system’s states which either correspond to 
dynamic situations that actually occurred, i.e. target situations, or to additionally 
constructed distractor situations which resemble target situations but have never 
been encountered by subjects (Preußler, 2001). Subjects are requested to assess 
whether a presented situation is “old”, i.e. a target, or whether it is completely “new”, 
i.e. a distractor. Based on the correct and false recognition answers, knowledge 
scores can be calculated.  
 
Even though the latter measures could be regarded as less reactive than causal 
diagrams, problem solvers confronted with these tasks are conscious that they are 
being asked about their acquired explicit structural knowledge. There are also ways 
of measuring the implicit knowledge that avoid this problem by using a lexical 
decision task (cp. Preußler, 1996). The relevant measure here is based on reaction 
times.  
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More recently, Wirth (2004, 2005) proposed more elaborate measures for describing 
the knowledge acquisition phase. His log(or) measure describes, for defined time 
intervals, whether the problem solver focuses more strongly on the identification or 
on the integration of information. 
 
Measuring control performance 
 
Recent experimental studies generally measure control performance via the quality 
of system control. This measure calculates mean logarithm deviations of the 
system’s observed states from the defined goal states (see, e.g., Müller, 1993). 
Müller’s validating analyses showed that the quality of system control is just as 
reliable as the quality of system identification. A measure found in older studies is the 
mean absolute deviations from goal values (e.g., Funke & Müller, 1988). In one case 
(Görn, Vollmeyer & Rheinberg, 2001) a very simple indicator of control performance 
was used, namely the number of accomplished goals. 
 
This list is far from being exhaustive, but illustrates the wide variety of options from 
which adequate measures for dynamic problem solving can be chosen. The final 
choice will have to take into account overall design constraints and relations with 
other competency domains included in the direct assessment. 
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V. Specific contexts 
 
The ALL approach aimed at choosing everyday contexts for the problem-solving 
scenarios that required little previous knowledge. It seems useful to recommend a 
similar approach for dynamic problem-solving scenarios, in order to disentangle 
problem-solving abilities from knowledge-based decision-making. Nevertheless there 
are reasons to briefly discuss some specific contexts, both in the light of a short-term 
implementation and a mid-term development process. Social contexts have a specific 
role in collaborative problem solving. ICT-rich environments may serve to emphasize 
an ICT literacy dimension within a problem-solving framework. 
 
Social Contexts 
 
Collaborative problem solving is considered one of the crucial problem-solving 
aspects in today’s life. The concept of collaborative problem solving is discussed in 
various ways in the scientific literature, but there are only few efforts to develop or 
implement a large-scale assessment of collaborative problem-solving competencies 
(e.g. Kunter, Stanat & Klieme, 2005). The expert panel working on this framework 
proposes to focus on collaborative problem solving as an individual’s ability to solve 
static and dynamic problems in a social context. Such a preliminary definition lays the 
ground for integrating collaborative problem solving into the general framework of an 
assessment of adults’ competencies based on individual data. At an instrument 
design level, dynamic problem-solving scenarios could easily be constructed to 
include real or simulated “actions” of other individuals. While instrument construction 
is likely to be rather straightforward, it will be much more difficult to develop related 
measures that fulfil the standards of a large-scale comparative study. In order to do 
this we recommend doing substantial research and development work on these 
issues in the next few years. 
 
ICT-rich Environments 
 
The discussion on ICT literacy and its conceptual link with problem solving has not 
yet come to an end. At a practical level it seems easy to include problem-solving 
components into traditional ICT literacy tasks. Nevertheless, at this stage it is not 
clear how ICT literacy could serve as a unifying dimension to integrate important 
aspects of problem solving. Integrating a meaningful ICT literacy component into a 
problem-solving framework seems the more feasible and expandable alternative in a 
long-term program on the assessment of adults’ competencies. We propose a two-
step procedure to cope with both short-term requirements as well as a sustainable 
long-term development. A first step would be to emphasize ICT-rich environments 
when constructing – static and dynamic – problem-solving scenarios as described 
above. A second step could then be to use problem solving as an overarching 
dimension to fully integrate other competency domains (cf. next chapter). 
 
Some examples illustrate how ICT-rich environments can be used in constructing 
problem-solving scenarios: 
 

1. At the lowest level of ICT literacy (or rather computer familiarity), basic tools 
can be added to traditional problem-solving scenarios in order to facilitate the 
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problem-solving process. Notepads, spreadsheets or elementary databases 
could be provided as additional tools to the subject solving the problem. 

2. A static problem-solving scenario like “Apartment hunting” could be 
transposed into a web environment where active web search is required to 
solve the problem. Within the “Family Reunion” scenario as illustrated above, 
coordination and communication between family members could be done via 
e-mail or sms. 

3. Dynamic problem-solving scenarios are particularly well suited to cope with 
ICT-rich environments. They can easily tap this kind of environment as 
illustrated for example by Finite State Automata (FSA). FSA are by definition 
ICT “objects”: Handling simulated ticket machines, video recorders, ATMs or 
other devices brings us directly into the ICT environments we are looking for. 
Furthermore, many web tasks can be easily decomposed into an FSA 
scenario. Dynamic tasks like buying something at an e-auction easily fit into 
the overall framework of dynamic problem solving. 

4. Finally, at the highest level of competency, simulation tools can be used to 
better understand a problem-solving situation and to design more efficient 
solutions for complex problems. 

 
The basic principle in this approach would be to use the construction rationale of 
problem-solving instruments in order to derive a scale for problem solving AND 
information on ICT literacy. This would be an intermediate step as compared to the 
more far-reaching ambition of the next section. 
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VI. Problem solving as an overarching dimension 
 
The ALL experience shows that static analytical problem solving as a separate 
dimension can be successfully implemented within an international large-scale 
comparative study. Similar evidence comes from national studies and smaller 
projects. The German PISA 2000 extension shows that beyond static analytical 
problem solving, dynamic problem solving can also be implemented successfully, as 
was to be expected from previous basic research. The results also show that there 
are very good reasons to focus on these dynamic aspects in future assessments. 
These results and the overview given in the previous chapters clearly indicate that a 
theoretically and empirically well-founded implementation of a problem-solving 
assessment as a separate domain is possible for a large-scale assessment of adult 
competencies such as for example PIAAC. 
 
The previous chapter outlines how one could expand such a traditional approach to 
other contexts. It also shows how problem solving and ICT literacy could be 
conceptually linked. This latter rationale can be expanded to other domains. 
  
A closer look at the PISA and ALL frameworks reveal that all existing frameworks 
(reading literacy, mathematical literacy, scientific literacy, prose and document 
literacy and numeracy) are clearly problem-solving centered. This even holds for the 
tentative ALL frameworks for teamwork and practical cognition. The available 
documents on ICT literacy for PISA and PIAAC do not only show aspects of problem 
solving, but actually, they use the problem-solving terminology for very essential 
aspects in their frameworks. Therefore, an effort should be made to conceptually link 
or even integrate these different domains. While many different stakeholders have 
requested such an effort from a political point of view, recent empirical results 
support the idea to base this effort on a problem-solving dimension. Actually, beyond 
the mere fact that other frameworks contain substantial problem-solving elements at 
a conceptual level, the PISA Germany 2000 results and basic research provide 
reasons for both having a separate problem-solving assessment AND a general 
dimension at the centre of different competencies (cp. Figure 2 on page 18). 
 
Being aware that the assessments of different domains include substantial problem-
solving elements, Figure 2 shows a specific position of dynamic problem solving as 
related to other competencies and a central position of “intelligence” or a “general 
mental ability” at the very heart of all competencies. A discussion of the relation 
between such general factors and problem solving is far beyond the scope of this 
paper. However, based on scientific research, the expert panel, recommends an 
approach that considers problem-solving competencies as the modifiable part of the 
underlying dimension “general mental ability”. Figure 1 on page 9 shows this situation 
and illustrates the different possible approaches that can be derived. 
 
The column under “Problem-Solving Abilities (modifiable)” illustrates the traditional 
approaches from PISA and ALL: Different separate assessment domains, to be 
implemented following political and scientific considerations and priorities. The 
shaded problem-solving part links to the most elementary aspect of this framework, 
i.e. the recommendation to focus on static and dynamic problem solving to be 
implemented as a separate problem-solving assessment. 
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Embedding this approach in an ICT-rich environment shows the potential of linking a 
problem-solving dimension with other domains. It is possible to generalize this 
integrative idea to all other competencies. Based on a thorough analysis of the 
problem-solving elements in other frameworks, and on reflections concerning a 
separate problem-solving assessment as described earlier in this framework, a 
problem-solving rationale could be systematically expanded into different domains. 
Domains would then be considered as contexts that require both general problem-
solving abilities AND domain-specific knowledge and competencies. 
 
The expert panel recommends starting off with a separate assessment of static and 
dynamic problem solving, optionally in ICT-rich environments. The panel also 
recommends to invest substantial efforts in the overall integrative potential of 
problem solving as one unifying dimension and to lay the ground for a more 
comprehensive and sustainable reporting on adults’ competencies. If design 
considerations require reporting on one unifying scale, both basic research and 
experience with different competency domains make problem solving a promising 
candidate for such an ambition. 
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VII. Technology-based assessment 
 
The assessment of dynamic problem solving requires the use of computer-based 
scenarios. In the experimental studies that triggered the basic research in the field of 
problem-solving research during the last 30 years, the technology challenges could 
be overcome rather quickly. In the context of a large-scale study, these problems 
become much more important and diverse. In parallel to developing this framework, a 
substantial effort has been made to provide sustainable solutions for a technology-
based assessment in general and more specifically for the technology-based 
assessment of problem-solving competencies. This effort yielded results at three 
different levels.  
 
First, we developed a preliminary prototype authoring tool for DYNAMIS-like 
scenarios. The main goal here was to give non-programmers a tool that they can use 
to quickly develop dynamic problem situations for assessments. The authoring tool 
generates a parameter file to be read by a prototype simulation engine that executes 
the scenario. The engine can also be used to test most of the simulations mentioned 
in the overview by Blech & Funke in annex A. 
 
Furthermore, the framework team wanted to come up with a sustainable solution for 
generating a large variety of computer-based problem-solving scenarios. Such a 
solution would also foster the collaborative development of instruments as it is 
typically required in large-scale national or international studies. The solution 
proposed in this framework is based on long-term research and development work by 
Alexander Repenning from the University of Boulder, Colorado. It has its roots in the 
work on multi-agent systems and was commercialized subsequent to a project 
supported by the U.S. National Science Foundation. “AgentSheet” introduced the use 
of graphical rewrite rules to program the behavior of agents. As a form of end-user 
programming graphical rewrite rules are pairs of before/ after pictures edited through 
demonstration by users. For instance, the behavior of a train agent to follow train 
tracks is programmed by simply demonstrating an example of how the train moves to 
the right. AgentSheets evolved and introduced additional end-user programming 
paradigms including programming by analogous examples, and tactile programming. 
(Repenning, n.d.) There are several benefits related to this solution, two important 
practical ones being: 
 

1) All major problem-solving instruments can be easily constructed with this tool. 
It even offers options that go far beyond traditional instrument design and 
make full use of agent-based systems. 

2) The design of instruments can be carried out by non-programmers. Thus it 
gives assessment experts and content experts the opportunity to design first 
outlines of assessment instruments without having to involve programmers. 
This allows to replicate the successful collaborative item development process 
that we know e.g. from PISA. 

 
More information on AgentSheets and its context can be found under: 
 
http://www.cs.colorado.edu/~ralex
http://www.cs.colorado.edu/~ralex/Portfolio.pdf
http://agentsheets.com/
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At this stage we cannot yet give a final recommendation for AgentSheets, but it 
should be clear that the product fits the needs we have identified so far, and that it 
should at least serve as a benchmark for choosing another product. 
 
The user-friendly and flexible authoring of computer-based instruments will be crucial 
for the success of any large-scale effort in technology-based assessment. 
Nevertheless, even the best solutions to this problem will not serve to overcome a 
series of other crucial challenges in the whole process of a technology-based 
assessment. As a consequence we propose an overarching generic architecture for 
computer-based assessment that covers all relevant aspects of an assessment. The 
solution proposed goes back to research work done by the University of Luxembourg 
and the Luxembourg “Centre de Recherche Public Henri Tudor”. The architecture 
aims at laying the ground for a very generic technology-based assessment platform 
that has already been implemented under the name of TAO (the French acronym for 
“computer-based assessment”). TAO is by now a well-validated research prototype 
that is currently being reengineered to meet industrial standards. TAO is 
implemented as an open-source product. This will give full control and ownership of 
the product to participants in a large-scale survey when it comes to the concrete 
implementation of an assessment, and thus secures participants’ (country) 
investments. 
 
Figure 4 shows the global TAO architecture (from Plichart et al., 2004, p. 3): 
 

 
 
Figure 4: TAO architecture  
 
Plichart et al. (2004) describe the architecture in the following way (pp. 2-3): 
Five different fundamental sub-domains can be distinguished in the global testing 
problem, corresponding to five independent data domains. Following this view, the 
platform has been split into five types of specialized modules (fig. 1). Each of these 
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specialized modules covers a specific knowledge domain. The data management 
modules implement two fundamental functionalities: i) modelling the domain by 
creating hierarchies of categories characterised by a set of properties, and ii) 
populating the model by instance data. In the TAO framework, the five different 
modules are dedicated to the management of i) subjects (1) who are expected to 
pass tests, ii) groups of subjects (2) that are assigned one or more tests, iii) tests (3) 
consisting in a collection of items, iv) items (4) roughly corresponding to questions, 
and v) results (7). In addition to these modules, the test engine (5) is in charge of 
collecting all the necessary data distributed over all modules in order to assemble 
and to deliver a test. The test is delivered to an identified subject through the test 
provider portal (6). The test resources are assembled automatically according to 
metadata associated to the set of resources that describe all the test components. 
Once the test has been passed by the subject, all results that have been collected 
during the execution are sent back to the result module (7) where they can be 
manipulated for further analysis. All modules are connected as a Peer-To-Peer 
network. 
 
It should be noted that this architecture provides means both for internet-based 
testing and offline testing, as well as for all variants of local network solutions. A full 
description of TAO is beyond the scope of this framework and can be found in Martin 
et al. (2005) or Plichart et al. (2004).  
 
Beyond the reengineering of the TAO platform, a further important step will be to 
integrate AgentSheets with TAO.  
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VIII. Conclusion 
 
Based on results from basic research and first experiences with the assessment of 
problem-solving competencies in large-scale surveys (ALL, PISA) this framework 
provides a description of a more general framework for the assessment of problem-
solving competencies. They can either be assessed as a completely separate 
dimension or by integrating another domain such as ICT literacy. Furthermore, the 
perspective of problem solving as an overarching dimension is outlined. It is 
proposed to implement the assessment of problem-solving competencies within a 
general architecture for technology-based assessment. 
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