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Abstract: Structural changes in the qualification requirements 
for employees have led many countries to adopt competence-
based education schemes. Despite its increased use, the concept 
of ‘competence’ lacks a comprehensive definition. Moreover, the 
assessment of competence is a time-consuming endeavour, which 
has prompted several institutions to implement automated as-
sessment systems. This paper seeks to analyze the history and 
current notion of competence and investigates the state of the 
field of automated competence assessment. A prevalent assump-
tion is that most automated competence assessments rest exclu-
sively on multiple-choice formats and measure only knowledge. 
Our research indicates that this assumption must be revised.  

Introduction 

Companies today are faced with numerous new challenges. Developments during 
the second half of the 20th century have set trends towards increasing diversity 
and liberalization on the one hand, and continued globalization and standardiza-
tion on the other (Rychen & Salganik, 2003a). International integration and co-
operation requires communication and team work across borders as well as an 
understanding for different cultures and value systems (Kurz, 2002). Technologi-
cal progress demands a great and variable repertoire of subject knowledge. In 
response, organizations are flattening, relying on self-managed teams without 
stable working domains and on concepts like change management, total quality 
management, lean production, and lean management (Plath, 2000). 

These structural changes also have a sustainable impact on the qualification 
requirements for employees. For some time it has been recognized that domain-
based knowledge and basic skills do not capture the full range of relevant educa-
tional outcomes needed to meet the challenges of today’s life (Gonzáles & 
Wagenaar, 2003). In a world in which the stock of factual knowledge is created, 
distributed, and accessed ever more rapidly, people’s need to memorize such 
knowledge is declining (European Commission, 2002). According to Moe and 
Blodget (2000) the knowledge required to maintain a job in many fields is chang-
ing so fast that 50 percent of all employees’ skills are estimated to become out-
dated within three to five years. Therefore, the half life of subject knowledge is 
declining (Gonczi, 2003).  

Instead, the challenges often associated with modern life call for abilities, 
which provide the tools for selecting, processing, and applying the knowledge 
required to cope with manifold professional tasks and which facilitate lifelong 
learning (Bergmann, 2003; Schaper, 2003). These abilities include skills such as 
the willingness and capability to deal with diversity, navigate social space, de-
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velop a critical stance and a reflective approach to life, and take responsibility 
(Gilomen, 2003) – skills commonly referred to as ‘key competencies’. Efforts to 
determine these key competencies are being pursued by policy makers at both 
national and international level (Schaeper & Briedis, 2004). Many countries are 
increasingly concerned to identify the key competencies that will equip their citi-
zens to play an active part in this emerging knowledge-driven society. Within the 
European Union these efforts have led to the adoption of the Lisbon Strategy, 
which aims at transforming the European education and training systems to 
make Europe the most competitive and dynamic knowledge-based economy 
(European Commission, 2001). The underlying assumption is that “where people 
acquire knowledge, learn skills, and transform them into competence for mean-
ingful use, they not only stimulate economic and technological progress but de-
rive much personal satisfaction and well-being from their endeavours” (cf. Euro-
pean Commission, 2002, p. 11). 

This shift from a subject-based to a competence-based working environment 
also has a great influence on the view to scholastic, academic, and occupational 
education. In many countries – including Australia, the United Kingdom, and the 
United States of America – especially the sector of tertiary education has been 
subject to major curriculum change from domain-based grade schemes towards 
systems of so-called competence portfolios or competence passports (Erpenbeck 
& Rosenstiel, 2003). The reason for this change is the belief among policy-
makers “that graduates educated under a competence regime will be better able 
to perform in jobs required by modern organisations than those with traditional 
qualifications” (cf. Biemans et al., 2004, p. 529). In the long run competence-
based education is assumed to reduce the gap between the school system and the 
labour market and promises to equip learners with the abilities required for life-
long-learning (Fallows & Steven, 2000).  

The increasing adoption of competence education also poses the challenge of 
competence assessment (Gonzáles & Wagenaar, 2003). Most competence as-
sessment methods nearly exclusively rest upon paper-based and oral formats 
which burdens especially universities with many students and limited faculty 
resources (Byers, 2002). One way to overcome this problem is the implementa-
tion of an automated assessment system. 

Automated assessment systems come in a great variety of different tools and 
technologies. Although it is often claimed that most automated assessments rest 
exclusively on multiple-choice formats (Booth et al., 2003), the spectrum ranges 
from multiple-choice-, yes/no- or cloze-questions (e.g., Alberer et al., 2003; Holl-
ing et al., 2003; Insight Assessment, 2006; Schuler & Prochaska, 2003) on the 
one side to natural language processing approaches on the other (e.g., Burstein, 
2003; Hart & Childers, 2004; Landauer et al., 2003; Shaw, 2005). Other tools 
include graph-based approaches (e.g., Fisher et al., 2006; Klein et al., 2002; 
Ruiz-Primo et al., 2001; Zhang et al., 2002) and simulations (e.g., Aleven & 
Koedinger, 2002; Johnson & Beal, 2005; Mislevy et al., 2001; Qu & Johnson, 
2005). These tools also differ substantially in their underlying technologies, 
which include – among others – statistical and probabilistic methods to model 
content, learners, and learning contexts. Yet, what all these technologies have in 
common is that the grading is fully automated, i.e., the assessment process from 
analyzing a learner’s performance to awarding a grade or other rating is con-
ducted by the computer without any human tutor intervention, although human 
assistance might be needed in setting-up assessments.  This is in contrast to 
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computer-assisted assessment (CAA) tools, which support – but not replace – 
human assessors.  

This paper seeks to investigate the state of the field of automated competence 
assessment. For this purpose the rest of this paper is structured as follows:  

The Concept of Competence: Despite its increased use, the concept of ‘compe-
tence’ lacks a comprehensive and universally accepted definition. This is partly 
due to their long history in different theoretical fields. Section 2 therefore gives a 
brief overview of the history of competence, establishes a working definition for 
the concept of competence, and proposes a taxonomical ontology of competence. 

The Practice of Automated Assessment: Many technologies for automated as-
sessment exist. Section 3 introduces these technologies for automated assess-
ment. 

The State of the Field: Section 4 gives an overview of currently available 
automated competence assessment implementations and investigates, which 
competencies are measured by these existing applications.  

Section 5 summarizes this paper with a discussion and conclusion. 

The Concept of Competence 

Despite its increased popularity, the concept of competence lacks a comprehen-
sive and universally accepted definition (National Postsecondary Education Co-
operative, 2002; Plath, 2000). Many experts have tried to define the notion of 
competence, but often there is little conceptual coherence to the discourse (Gilo-
men, 2003). Weinert (2001) even refers to “a conceptual ‘inflation’, where the 
lack of a precise definition is accompanied by considerable surplus meanings” (p. 
45).  

These inconsistent understandings of competence are caused by differences in 
the theoretical viewpoints associated with its use. The concept of competence is 
rooted at the core of three disciplines, namely education, psychology, and human 
resource development. Each of them carries a different notion of competence 
derived from a long history of competence research and use. For this reason, the 
following section gives a brief introduction to the educational, psychological, and 
organizational history of competence. Then a working definition of the concept of 
competence is established that will form the basis for the remainder of this paper. 
The lack of a concise definition of competence also raises the question of how to 
classify competencies, which skills, abilities, and characteristics to include in and 
which to exclude from the concept of competence. For this reason a taxonomy of 
competencies that classifies key competencies into four competence classes is 
proposed.  

The History of Competence 

Originally, the term ‘competence’ stems from the Latin words ‘cum’ (with) and 
‘petere’ (to aspire) and refers to the ability to keep pace with something or some-
one (Jäger, 2001). Other meanings ascribed to the Latin roots are ‘cognizance’ 
and ‘responsibility’ (Weinert, 2001). Its current meanings, however, trace back to 
its usage in education, psychology, and human resource development. Each of 
these disciplines created its own specific understanding of competence (see Fig-
ure 1 for an overview). 
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In part, the term ‘competence’ has its origin in vocational counselling and 
education, where it was used to describe broad areas of knowledge, skills, and 
abilities. Competence-based education goes back as far as the 1920s, where scien-
tific analyses of human actions were conducted to identify underlying abilities 
needed for high performance (Biemans et al., 2004). Subsequently, the concept 
of competence also found its way into developmental science, where it was 
adopted by Jean Piaget. Piaget (1947) and his followers understood competence 
as “general intellectual abilities with strong and stable inter-individual differ-
ences” (cf. Weinert, 2001, p. 46). Although relatively stable from an inter-
individual perspective, these intellectual abilities are assumed to change over 
time. Adaptation, assimilation, and accommodation processes based on the abil-
ity to individually construct knowledge from experienced reality allow for im-
proved memorization, reproducibility, and processing of new information and 
consequently for advancements between different developmental stages. This 
results in increasingly flexible and abstract knowledge and action competencies, 
which are also adaptive to concrete environmental conditions. Piaget’s concept of 
general cognitive competencies is based on knowledge construction through in-
teraction with the environment and thus emphasizes a context-dependent con-
cept of competence. 

Another significant educational approach to describe competence was taken 
by Noam Chomsky (1965) in his ‘Competence-Performance Model’. Chomsky 
believed that “a limited system of inborn linguistic principles, abstract rules, and 
basic cognitive elements (competence) combined with a specific learning process 
allows each normal human to acquire the mother tongue, including the ability to 
create and understand an infinite variety of unique, grammatically correct sen-
tences (performance)” (cf. Weinert, 2001, pp. 47-48). Competence is therefore 
considered the internalized knowledge of language, while performance is the 
externalized demonstration of language competence. While Piaget understood 
competence as constructed and learned abilities, Chomsky’s theories about lan-
guage acquisition characterise competence to (at least) have a strong innate com-
ponent. As he states, performance can only under idealization become a direct 
reflection of competence. 

The psychologist Robert W. White extended Piaget’s competence concept to 
include motivational aspects. White postulated that competence refers to “an 
organism’s capacity to interact effectively with its environment” (cf. White, 1959, 
p. 297) and that this capacity is not inborn but “is slowly attained through pro-
longed feats of learning” (cf. White, loc. cit.). White further elaborated that such 
learning processes are initiated by exploratory, but also directed, selective, and 
persistent behavior, which implies that this behavior is based on motivational 
aspects rather than drives or instincts. These motivational aspects – or ‘effec-
tance motivation’ as White termed them – encourage individuals to exhibit com-
petence in order to achieve satisfaction or ‘feelings of efficacy’. Like Piaget, White 
emphasized the social and developmental elements of competence; however, 
while the former restricted his concept of competence to cognitive abilities, the 
latter also included non-cognitive aspects. 

Early industrial psychologists also used the term ‘competence’ to describe suc-
cessful individuals in specific professions. The goal was to identify differences in 
human behaviour, analyze leaders and conduct job analyses in terms of those 
competencies required to successfully fulfil tasks in a certain occupation 
(Shippmann et al., 2000). While the underlying objective of earlier approaches 
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was to identify competencies that may be encountered by a majority of individu-
als in typical situations of working, social, and everyday life and thus referred to 
essential abilities that are useful for a broad range of individuals in a broad range 
of situations, the human resource movement analyzed competencies required for 
superior performance. For this purpose approaches were sought to externalize 
competence and make it accessible to objective measurement. The precursor of 
this human resource development approach to the concept of competence was 
David McClelland (1973) whose article Testing for Competence Rather Than for 
‘Intelligence’ may be considered to be the starting point of the competence 
movement in human resource development (Stoof et al., 2002). According to 
McClelland, competencies include motives, traits, self-concepts, attitudes or val-
ues, content knowledge, or cognitive or behavioural skills directly resembling or 
related to superior performance on a job or job profile. The essence of this ap-
proach to competence is that while traditional job analysis looked at elements of 
the job, McClelland studied the people performing distinctively in a job and de-
fined the job in terms of the characteristics and behaviours of these people 
(Spencer et al., 1994). The strong link between competence and superior per-
formance in a specific job established in this approach resembles the prevalent 
understanding of competence in human resource development and is still part of 
the current notion of competence in organizational theory. 

In 1990 Prahalad and Hamel introduced the concept of collective competence. 
Their ‘core competencies’ refer to those abilities of an organization (such as 
knowledge, experience, and ideas) that “provide potential access to a wide variety 
of markets […] make a significant contribution to the perceived customer benefits 
of the end product […] are difficult for competitors to imitate” (cf. Prahalad & 
Hamel, 1990, p. 83). Collective concepts imply that a group or institution may 
have competencies that not all of its individual members provide (Stoof et al., 
2002). This is in contrast to prior concepts of individual competence, which in-
volve competencies every individual should possess. The concept of collective 
competence raises issues such as division of labour and distribution of resources, 
as well as the question in how far individual competencies are influenced by col-
lective competencies and vice versa (Rychen & Salganik, 2003b). Although the 
research conducted by Prahalad and Hamel had a major impact on competence 
research the remainder of this paper will focus on individual competencies.      

 
FIGURE 1. Timeline of the history of competence. 
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The Notion of Competence 

Although the educational, psychological, and organizational theories differ in 
some aspects of their understanding, in all of the above contexts the term ‘com-
petence’ roughly defines successful performance of a certain task or activity 
(Shippmann et al., 2000). While this complies with the commonsense notion of 
competence, we chose Rychen’s and Salganik’s definition as a starting point for 
an in-depth analysis of the different key elements of a comprehensive compe-
tence definition: “A competence is defined as the ability to successfully meet 
complex demands in a particular context through the mobilization of psychoso-
cial prerequisites (including both cognitive and noncognitive aspects)” (cf. 
Rychen & Salganik, 2003b, p. 43). This definition of the concept of competence 
was established by Rychen and Salganik in the course of the OECD project Defi-
nition and Selection of Competencies: Theoretical and Conceptual Foundations 
(DeSeCo) and touches three elements considered important for this article. 

The concept of competence is demand-oriented. This aspect of competence 
derives from the competence understanding in human resource development and 
indicates that the concept of competence is used to describe abilities required to 
meet demands, tasks, or challenges, for instance, related to a professional posi-
tion, social role, or personal project (Kauffeld et al., 2003; Schaper, 2003; Kurz, 
2002). Depending on the context the emphasis may be either on essential compe-
tencies every individual has to exhibit (as stipulated by DeSeCo) or on competen-
cies required for superior performance (as requested by McClelland). An impor-
tant issue is that the demands, tasks, and challenges have to require a sufficient 
degree of complexity, that is, the entire range of available psychosocial prerequi-
sites must be mobilized to fulfil them. Those abilities that can be used with rela-
tive ease and that can be fully automated are characterized as skills (Weinert, 
2001). Likewise, the term ‘skill’ is used to designate abilities that can be decom-
posed into abstract rules and algorithms (Canto-Sperber & Dupuy, 2001; OECD, 
2001). The concept of competence, on the other hand, is used to refer to meeting 
complex demands, tasks, and challenges that require self-organized actions (Er-
penbeck & Rosenstiel, 2003). 
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The concept of competence refers to abilities that can be learned. Under cer-
tain conditions competencies are assumed to be learnable and teachable through 
instructional, social and motivational stimuli (North, 2003). Educational theory 
stipulates that learning processes are a necessary condition for the acquisition 
and demonstration of competence. Consequently, competence is demonstrated 
by meeting demands, tasks, and challenges that initiate learning instead of recall-
ing consolidated capabilities. Such learning processes are not only initiated in the 
context of formal instruction but also include informal learning situations in the 
individual’s social and professional environments (Canto-Sperber & Dupuy, 
2001). Therefore, competencies can only be acquired and demonstrated if the 
social and professional environments foster learning processes. From this it be-
comes clear, that the concept of competence is always applied in some sort of 
social context (Gonczi, 2003). The underlying assumption is that individuals do 
not act in a social vacuum but are influenced by the many social fields they are 
members of (e.g., family, friends, work place). The fact that competence is 
formed and used in specific contexts, however, does not imply that competence 
cannot be transferred from one situation to another. The differences between 
existing competencies and competencies needed in new contexts and situations 
are resolved through adaptation (Oates, 2003). These adaptation processes cor-
respond to Piaget’s ability to construct knowledge from experienced situations, 
which allows for advancements between different developmental stages and for 
adaptations to different environmental conditions. Consequently, a once ac-
quired competence can be applied to different situations in professional, social, 
and everyday life. The concept of competence as a system of learned abilities 
contrasts with other concepts in which abilities are considered genetically and 
epigenetically inherited. These innate abilities include – among others – Chom-
sky’s linguistic competence. Based on the notion of competence adopted in this 
paper, such competence concepts may be rather considered as personal charac-
teristics and traits (National Postsecondary Education Cooperative, 2002). 

The concept of competence involves cognitive and non-cognitive elements. 
Meeting complex demands requires not only knowledge, skills, as well as strate-
gies and routines needed to apply the knowledge and skills, but also appropriate 
emotions, attitudes, value propositions, and effective management of these com-
ponents (Rychen & Salganik, 2000). The importance of the latter is also sup-
ported by labour market behaviour and current research on intelligence and 
learning (Rychen & Salganik, 2003a). Following the psychological theory of 
White, the concept of competence therefore encompasses cognitive as well as 
motivational, ethical, social, and behavioural components (Canto-Sperber & Du-
puy, 2001). This holistic understanding of the concept of competence is also indi-
cated by recent findings from neuroscience, which states that reasoning (cogni-
tive elements) and emotion (non-cognitive elements) are strongly related 
(Gonczi, 2003). The inclusion of non-cognitive components also discriminates 
the concept of competence from the concept of qualification. Despite its wide-
spread use in human resource development and close relation to competence, the 
term ‘qualification’ is generally associated with the cognitive realm and does not 
explicitly involve non-cognitive elements (Lang-von Wins, 2003)1. 

These three aspects of the concept of competence – demand-orientation, 
learnability, and inclusion of cognitive and non-cognitive components – are the 
major elements of the definition of competence that will be used throughout this 
paper. 
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A Taxonomy of Competence 

In order to investigate different education and assessment approaches single 
competencies need to be summarized and structured in a way that allows for 
analysis and comparison. For this reason we propose a taxonomy of action com-
petence that is commonly used in the German literature (e.g., Bergmann, 2003; 
Gay, 2003; Kauffeld et al., 2003; Schaeper & Briedis, 2004; Schaper, 2003; Kurz, 
2002; Jäger, 2001). This taxonomy assigns single competencies to one of four 
competence classes: professional competence, methodological competence, social 
competence, and personal competence.  

Professional competence – or so called ‘hard skills’ – is the basis for working, 
social, and everyday activity of any kind (North, 2003). It refers to basic and spe-
cialized general knowledge, basic psychomotor and mechanical skills, and disci-
plinary and interdisciplinary knowledge (Jäger, 2001). While the professional 
competence of novices usually consists of shallow and loosely coupled knowledge 
in various domains, the knowledge structure of experts and successful learners is 
characterized by “elaborate, highly integrated frameworks of related concepts” 
(cf. Yin et al., 2005, p. 166). 

Methodological competence provides the instruments needed to implement 
professional competence. It refers to the ability to independently acquire, struc-
ture, critically evaluate, and exploit knowledge in a creative way (Kauffeld et al., 
2003). Although there is a strong relationship between professional and meth-
odological competence, methodological competence is yet considered independ-
ent in that it provides the basis for applying professional competence to  a large 
spectrum of different tasks and problems (North, 2003). In contrast to profes-
sional competence, methodological competence is thus domain-independent. 
Typical areas of methodological competence include time management, knowl-
edge management, and risk management and involve problem-solving, critical-
thinking, and information structuring competencies. The PISA category ‘scien-
tific literacy’, which is defined as “the capacity to use scientific knowledge, to 
identify questions, and to draw evidence-based conclusions in order to under-
stand and help make decisions about the natural world and the changes made to 
it through human activity” (cf. OECD, 2001, p. 23) is also part of methodological 
competence. Methodological competence, however, also involves the means to 
acquire new knowledge, skills, and abilities and can thus be perceived as the pre-
requisite for competence in any of the other competence classes (Murray, 2003). 

Social competence emphasizes interaction between people. It involves compe-
tencies that facilitate communicative and cooperative action and that aim at 
identifying, managing and mastering conflicts (Erpenbeck, 2003). Among these 
abilities the most often named social competencies are communication compe-
tence, team-working competence, conflict-management competence, and the 
competence to motivate others. Social competence has recently gained attention 
among educational researchers due to its importance for effective participation, 
especially in increasingly multicultural and multilingual environments. In par-
ticular the social competence ‘citizenship’2 is currently the subject of much inter-
est at national and international level.  

Whereas social competence focuses on the relationship with other people, 
personal competence is directed at a person’s inner self. Personal competence is 
concerned with those attitudes and character attributes required to perceive and 
utilize one’s own competencies and to act in a reflective and self-reflective way 
(Erpenbeck, 2003). This includes competencies such as autonomy, curiosity, 
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enthusiasm, flexibility, honesty, initiative, motivation, perseverance, and self-
esteem. Such personal competence may also be promoted by a high level of social 
competence.  

Although every competence combines elements of all four competence classes 
(i.e., every competence includes professional, methodological, social, and per-
sonal elements) most competencies can be associated with a single class.  

The Practice of Automated Assessment 

The increasing adoption of competence instruction in education also poses the 
challenge of competence assessment. The idea of competence assessment is just 
as old as the concept of competence itself. Attempts to identify differences in 
human behaviour and to use these differences for a specific purpose can be found 
in the bible and ancient history (Shippmann et al., 2000). Yet, most current 
competence assessment methods are still exclusively based on paper-and-pencil 
formats (Chung & Baker, 2003). This assessment medium puts both time and 
creativity constraints on the assessment process. With the rise of computer-
assisted education several attempts have been made to transfer existing compe-
tence assessment methods to the computer.  

The first approaches to automated assessment were reported in the 1920s. 
These systems were used to automatically evaluate answers to multiple-choice 
tests (Simon, 2001). Today, various more sophisticated technologies are em-
ployed for automated assessment, which fall in one of two categories: fixed re-
sponse or free response systems (Tsintsifas, 2002). Fixed response systems re-
quire the learner to choose one (or several) solution from a list of available op-
tions; the most popular approach in this category is the multiple-choice format. 
Free response systems on the other hand assess free text responses against crite-
ria-based algorithms and include – among others – natural language processing 
approaches. The most popular technologies for automated assessment are intro-
duced in this section, namely multiple-choice approaches, graph-based ap-
proaches, simulations, and natural language processing approaches. 

Multiple-Choice Approaches 

Multiple-choice approaches represent the most basic form of automated assess-
ment. They operate on the basis of simplified question types and use ordinary 
answer matching mechanisms to identify correct and incorrect answers. Typi-
cally, multiple-choice approaches consist of a question and several possible an-
swers, of which usually one is correct and the others serve as distractors. Other 
question types also subsumed under the multiple-choice approach include 
true/false questions, item ordering tasks, combination matching tasks, and sen-
tence completion tasks. The latter represents a more advanced form in that the 
comparison has to take into consideration the full range of acceptable solutions 
(e.g., ‘Problem-solving’ or ‘problem solving’ may also be acceptable forms of the 
correct answer ‘problem-solving’).  
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Graph-Based Approaches 

Graph-based approaches deploy abstract objects formed by a set of vertices 
which are connected by a set of edges (Brandes & Erlebach, 2005) to represent 
certain intrinsic and extrinsic aspects about a learner and/or his performance in 
his social and/or technical environment. These aspects include, for example, 
knowledge about concepts and their relationships externalised by a learner dur-
ing an assessment situation, or the relationships a learner built by interacting 
with media artefacts, individuals, or groups. Graph-based assessment approaches 
are often based on formalisms such as concept maps, knowledge maps, mind 
maps, topic maps, ontologies, Petri nets, adjacency networks, and affiliation net-
works (plus many others). Often creation and human analysis of graphs are sup-
ported by visualisations in the form of diagrams.  

In general, graph-based approaches in automated assessment can be differ-
entiated into two types according to how the underlying graphs are created: in 
mining approaches, graphs are automatically constructed from interactions or 
from media artefacts. The creation of an adjacency graph from the eMail mes-
sages of a community of learners is an example for such a mining approach. The 
second type are construction approaches, where graphs are created manually 
through, for example, fill-in-the-map or construct-a-map techniques. Fill-in-the-
map techniques provide a diagram where some of the nodes or linking phrases 
are left out (Ruiz-Primo et al., 2001). Construct-a-map techniques on the other 
hand expect learners to create their own diagrams based on their understanding 
of a given concept. While fill-in-the-map techniques are similar to sentence com-
pletion tasks and can thus be automatically assessed with simple matching algo-
rithms, the solution space of construct-a-map techniques involves a “potentially 
infinite number of solutions with varying degrees of correctness” (cf. Tsintsifas, 
2002, p. 7). To automatically assess such complex entities, simple scoring tech-
niques based on the number of nodes, linking lines, or propositions already yield 
useful results (Klein et al., 2002). Moreover, the analysis of networks represented 
in graphs has a long tradition in various disciplines (Jansen, 2003), which has 
resulted in the availability of a large amount of (complex) analysis algorithms (for 
an overview see Brandes & Erlebach, 2005). 

Simulations 

Simulations comprise virtual labs, online experiments, and games and may range 
from simple click-through-interfaces to sophisticated, multimedia-supported 
systems. These systems have in common that they usually represent assignments 
and problems learners may encounter in later working life in a realistic and au-
thentic setting (Simon, 2001). The demands of assignments can range from sim-
ple exercises with single answers to problems that are ill-structured and can have 
multiple solutions. In these virtual environments learners can collect relevant 
information, make decisions, and view the results of their actions; underlying 
learner and learning models are used to evaluate the learners’ performance 
(Mislevy et al., 2001).  For assessment learners’ actions are continuously logged, 
which – in addition to outcomes – also allows for the assessment of learning 
processes. Time-dependent and sequential dimensions are thus accessible for 
assessment. Such process evidence can be used to evaluate the extent to which a 
task evokes expected problem-solving behaviours, to explain performance differ-
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ences between excellent and poor performers, and for task validation (Chung & 
Baker, 2003). 

Natural Language Processing Appraoches 

Natural language processing (NLP) approaches aim at facilitating the processing 
and understanding of spoken and written natural language. In an assessment 
context this involves tasks such as automated essay grading or automated sum-
marization. NLP comprises numerous technologies differing in the granularity 
and scope of analysis, but roughly they can be classified into syntax-based and 
semantics-based technologies3.  

The former – syntax-based technologies – analyze the structure of textual in-
formation regardless their meaning. This includes shallow techniques such as 
counting the number of words, nouns, verbs, or adjectives, determining the aver-
age length of words and sentences, or the investigation of orthography (e.g., 
counting commas). Furthermore, means of structural analysis such as linguistic 
parsers (e.g., part-of-speech taggers) are commonly used, allowing, e.g., to derive 
information about discourse structures. Simple syntactic methods were among 
the earliest techniques successfully used to automatically analyse texts with new 
media. They are, however, often criticized for not considering the meaning and 
concepts inherent in the used vocabulary.  

Semantics-based technologies on the other hand focus on the content and 
meaning of textual information. Here, the goal is to investigate, which and how 
terms, phrases, or propositions are used to represent human thinking and cogni-
tion in a meaningful way. This requires word-sense disambiguation (i.e., which 
concepts a term or phrase stands for) and semantic parsing (i.e., how these con-
cepts are linked together). Semantics-based technologies may again be subdi-
vided into term-based and corpus-based technologies. Corpus-based technolo-
gies try to take into account the surrounding texts in which a term shows up 
within a document or within a document collection, whereas term-based meth-
ods analyze terms individually and do not relate them to their context. Both 
methods share the problems of synonymy and polysemy, however, corpus-based 
technologies in general offer more disambiguation possibilities than term-based 
technologies. While synonymy refers to the fact that two or more terms may have 
identical meaning, polysemy denotes the problem that a single term may have 
multiple meanings. Such methods do, however, often require comprehensive 
training of the algorithms applied and are often constrained by limited comput-
ing capacities. 

 
FIGURE 2. Automated Assessment Approaches. 
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The State of the Field 

So far this paper defined the concept of competence (Section 2) and introduced 
technologies for automated assessment (Section 3). This section is concerned 
with the current practice of automated competence assessment, combining the 
underlying assumptions of the concept of competence with new technologies for 
automated assessment. Although it is often claimed that most automated as-
sessments rest exclusively on multiple-choice formats and measure only knowl-
edge, we believe that other implementations prove the contrary. The main ques-
tion to answer in this section therefore is: Are there implementations that auto-
matically assess competence and if so, which competencies are measured by 
these existing applications? For this purpose a literature review of current auto-
mated assessment implementations was conducted. The goal of this review was 
not to conduct a comprehensive study of all currently available applications, but 
instead to give an overview of the field. The following outline presents examples 
of implementations that measure competence – or at least aspects of competence 
– for each of the key competence classes described earlier: professional compe-
tence, methodological competence, social competence, and personal competence. 

Automated Assessment of Professional Competence 

Most automated assessment technologies focus on the assessment of professional 
competence. Multiple-choice approaches, graph-based approaches, simulations, 
and NLP-approaches are all used to assess knowledge and other professional 
competencies. The following four implementations serve as examples for the vast 
number of available applications. 

Multiple-choice approaches can be easily presented on-screen, require little 
computer familiarity, and allow for a simple and intuitive use for both faculty and 
learners (Bennett, 2002). These advantages partly explain their popularity for 
automated assessment of professional competence. One exemplary implementa-
tion is employed at the authors’ university, the Vienna University of Economics 
and Business Administration. For more than five years the Learn@WU learning 
environment has been in use to support students and faculty in administering 
their courses and distributing course materials. Among other features the 
OpenACS-based platform offers automated self-assessment functionalities, 
which aim at helping students to check their current level of knowledge and pre-
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pare for their course exams. Implemented question types include true/false, mul-
tiple-choice, fill-in, matching, and ordering questions. These questions focus on 
content knowledge of the disciplines taught at the University (e.g., business ad-
ministration, economics, law, mathematics/statistics, and foreign languages). 
Research has shown that the number of self-assessment exercises completed is 
considerable higher among students with passing grades than among students 
with failing grades (Alberer et al., 2003) indicating that the self-assessment func-
tionalities do indeed improve student performance. Currently, Learn@WU has 
more than 25,000 registered users making it one of the largest operational learn-
ing environments in higher education. 

Graph-based approaches allow learners to characterize relationships between 
concepts and are thus assumed to measure deep conceptual understanding of 
knowledge structures in a domain (professional competence). The U.S. National 
Center for Research on Evaluation, Standards, and Student Testing (CRESST), 
for example, has used knowledge maps in several studies (e.g., Klein et al., 2002; 
Ruiz-Primo et al., 2001) to automatically assess professional competence in do-
mains such as chemistry and biology. Results indicated that different mapping 
techniques (e.g., fill-in-the-map versus construct-a-map) measure similar but not 
identical aspects of knowledge (Ruiz-Primo et al., 2001). When compared to 
other assessment methods such as multiple-choice and essay tasks, however, 
knowledge mapping techniques achieved only moderate correlations indicating 
that graph-based approaches may measure aspects of knowledge different (al-
though not necessarily less valuable) from other assessment tasks (Klein et al., 
2002).  

The authentic and realistic setting of simulations facilitates the assessment of 
professional competence. The Cognitive Tutor® developed by Carnegie Learning, 
Inc. is one example of such a simulation. Cognitive Tutor® is an intelligent in-
structional software, which provides individualized support for guided learning 
by doing in mathematics. Learners are assigned mathematical problems that 
have to be solved by collecting information from several integrated sources such 
as electronic textbooks and glossaries. The software also allows learners to view 
multiple representations of an assignment including numerical and graphical 
representations. Cognitive Tutor® assesses each learner’s progress on solving 
these problems and gives immediate and dynamic feedback to help learners mas-
ter mathematical skills and concepts. Research indicated that this allows for a 
deeper understanding of the subject matter and facilitates application of learned 
concepts to unfamiliar situations (Aleven & Koedinger, 2002). 

Professional competence is also assessed by means of NLP-approaches. The 
Intelligent Essay AssessorTM (IEA), for example, is an automated essay scoring 
system that concentrates primarily on the knowledge conveyed in an essay. IEA is 
based on a statistical method called Latent Semantic Analysis (LSA), which uses 
a mathematical representation of the meaning relations among words and pas-
sages to compare student free text responses to expert essays or knowledge 
source materials. The mathematical representation is automatically calculated 
from a corpus of related content; IEA can thus be used for any discipline pro-
vided that the algorithm is trained with appropriate content. Consequently, IEA 
has been used to assess student knowledge in numerous disciplines including 
biology, psychology, and history (Landauer et al., 2003). 
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Automated Assessment of Methodological Competence 

Although the popularity of multiple-choice approaches is responsible for its wide-
spread use in methodological competence assessment, more sophisticated auto-
mated assessment methods for this key competence class are gaining ground. 
Due to their ability to analyze processes and semantic content, especially simula-
tions and NLP-approaches, respectively, are increasingly applied for this pur-
pose. To some extent, graph-based approaches may also allow for inferences 
about methodological competence. Exemplary implementations for each of these 
technologies are presented below. 

As multiple-choice approaches promote the recall of facts rather than the 
creation of new knowledge they are often assumed to assess only lower-order 
thinking skills such as comprehension and application of knowledge (McAlpine & 
Higgison, 2000). Other scientific views, however, suggest that by designing ap-
propriate questions, even higher-order thinking competencies such as the com-
petence to analyze, synthesize, and evaluate knowledge can be sufficiently tested 
(Tsintsifas, 2002). This perspective is supported by makers of large-scale tests, 
which often include multiple-choice-based sections on critical-thinking and prob-
lem-solving, competencies that fall into the category of methodological compe-
tence. One such implementation is the online-version of the California Critical 
Thinking Skills Test (CCTST). The CCTST is a 34-item multiple-choice test with 
scales assessing inductive and deductive reasoning, analysis, inference, and 
evaluation competencies. Validity research compared the CCTST with other 
popular large-scale tests such as the Graduate Record Examinations® (GRE®) 
test; the CCTST showed fairly high correlations with GRE® Total, Analytical 
Writing, and Verbal Reasoning scores (r > 0.7) as well as moderate correlations 
with the GRE® Quantitative Reasoning section (Insight Assessment, 2006). 

Graph-based approaches foster the generation of explanations and the rapid 
identification of meaningful patterns; these features are also known to facilitate 
problem-solving and other methodological competencies. The Australian Defense 
Force, for example, uses the Course Of Action Scheduling Tool (COAST) to sup-
port operations planning. COAST is an application based on Coloured Petri Nets, 
which allows planners of military operations to identify tasks, resources, syn-
chronisations, and initial conditions for several lines of operation. Moreover, the 
system automatically assesses each line of operation by means of quantitative 
measures such as duration, probability of success, and cost (Zhang et al., 2002). 
Currently, COAST is available as prototype and is undergoing preliminary evalua-
tion. 

Simulations can be used to assess professional competence, but more often 
they are applied to measure methodological competence. The fact that learners’ 
actions within a simulation are continuously logged allows for displaying proc-
esses that provide insights into problem-solving and information-gathering com-
petencies. While simulations that assess professional competence analyze such 
processes to support learners in improving their knowledge, the improvement of 
the processes itself is subject to simulations for methodological competence. The 
U.S. National Center for Research on Evaluation, Standards, and Student Testing 
(CRESST) developed such a simulation to measure problem-solving in dental 
hygiene. Students are confronted with a case and have to assess the patient, pre-
scribe a treatment, educate the patient, and evaluate the results. Students’ per-
formance is measured against criteria such as information gathering and usage, 
problem formulation and investigation, communication and language, ethics, 
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and scripting (Mislevy et al., 2001). The underlying student, evaluation, and task 
models are then used to assess a student’s performance. 

Finally, NLP-approaches are increasingly used to assess textual properties 
such as content, creativity, style, organization, and mechanics (methodological 
competencies) in students’ free-text responses. The most widespread implemen-
tation of this technology is e-rater®, and automated essay scoring system devel-
oped by the Educational Testing Service (ETS). e-rater® is  based on a hybrid 
model that combines analysis for syntactical features with statistical structure 
analysis for discourse and topic evaluation (Burstein, 2003). Like the Intelligent 
Essay AssessorTM discussed in the previous section, e-rater® is individually 
trained for each essay with related content making it independent from a particu-
lar discipline. e-rater® is currently used for the automated assessment of the 
writing assignments of several educational large-scale tests including the Gradu-
ate Record Examinations General Test (GRE®), the Graduate Management Ad-
mission Test (GMAT®), and the Test of English as a Foreign Language 
(TOEFL®). 

Automated Assessment of Social Competence 

One exemplary implementation to automatically measure social competence is 
SOKO, a multiple-choice-based self-assessment tool of the Bavarian police. 
SOKO aims at identifying and selecting the most promising candidates for a ca-
reer as officer of high rank. For this purpose eleven dimensions of social compe-
tence are assessed on a rating scale. Additionally, situational items are presented 
to the candidates who choose one of several behaviour alternatives. The dimen-
sional and situational ratings are combined in a factor analysis resulting in three 
factors: employee-oriented leadership, team-orientation and decisiveness, and 
emotional stability. SOKO has proven validity in several studies where it was 
compared to other assessment methods including multimodal interviews, super-
visor judgements, peer-assessments, and assessment centres. SOKO has shown 
to correlate significantly with these assessment methods (Holling et al., 2003). 

Graph-based approaches for the assessment of social competence mainly in-
volve interaction measuring approaches. Originally derived from Social Network 
Analysis (SNA), which investigates the composition of and association within 
social networks, these approaches aim at automatically identifying and assessing 
interactions among individuals to reveal their relationship structures among each 
other. This can be done, for example, by analysing the activities in a discussion 
forum or in a chat session. In this case, the output is analysed in respect to di-
rected interactions between individuals (e.g., replies to messages), which are then 
aggregated into an adjacency matrix, from which a social network graph can be 
derived. Over this social network graph various indicators can be measured, in-
forming the analyst about the properties of individuals, group/clique structures, 
or the characteristics of the network as a whole. One exemplary research in this 
field was conducted by Microsoft Research. This approach analyzed nine news-
groups based on one- and two-degree egocentric networks of each author. Ex-
amination of individual authors allowed for evaluating an author’s connectivity 
and the distribution of the out-degree of each actor’s out-neighbours (that is, 
whether an author typically replies to well- or poorly-connected neighbours); the 
results were used to identify social roles of authors. A group-wide comparison 
allowed for classifying authors into single-appearance (authors who only posted 
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one single message) and multi-appearance (authors who posted multiple mes-
sages) authors on the one hand, and enabled the comparison of in-degree (replies 
received by an author) to out-degree distributions (replies posted by an author) 
on the other hand; results permitted the classification of newsgroups into ques-
tion-and-answer versus discussion-oriented newsgroups (Fisher et al., 2006). 
Reffay and Chanier analysed the cohesion in small groups while collaboration in 
a distance-learning situation (Reffay and Chanier, 2003). They consider the 
monitoring of such an SNA-based group cohesion indicator as even of greater 
important to a tutor than textually analysing their messages. 

Although simulations rarely involve the assessment of social aspects there are 
exemplary implementations for the automated assessment of social competence. 
The Tactical Language Training System (TLTS) developed at the Center for Ad-
vanced Research in Technology for Education at the University of Southern Cali-
fornia is such an interactive game for learning foreign language and culture. 
Originally developed to train learners in Lebanese language, TLTS also assesses 
cultural aspects such as gestures of etiquette and politeness. To achieve this, 
TLTS combines computer gaming technology with speech recognition and artifi-
cial intelligence-based tutors. The most recent application is Tactical Iraqi, an 
adaptation of TLTS to Iraqi Arabic, which is currently under formative evalua-
tion. First results indicate that learners rated the system as most helpful, consid-
ered it to be superior to classroom instruction, and regarded it to be comparable 
to one-on-one tutoring (Johnson & Beal, 2005). 

Only few approaches are concerned with assessing aspects of social compe-
tence by means of NLP-approaches. One such research was conducted at the 
Center for Advanced Research in Technology for Education at the University of 
Southern California. This approach compared the strategies used by tutors and 
students to encourage discussion in an online forum. Relations defined in Rhe-
torical Structure Theory (e.g., attribution, elaboration, enablement) were auto-
matically derived by parsing the textual content of discussion forums and were 
then mapped to different types of scaffolding that tutors use to facilitate commu-
nication (e.g., offering explanations, verification and clarification of students’ 
understandings, inviting students’ participation). Preliminary results showed 
that tutors use particular rhetorical relations (such as attribution and elabora-
tion) more often than students to scaffold discussions indicating that tutors in 
discussion forums – at least in the two forums analyzed – indeed are more con-
cerned with facilitating communication than students are (Shaw, 2005). 

Automated Assessment of Personal Competence 

Available technologies for personal competence assessment include multiple-
choice approaches, simulations, and NLP-approaches. To the knowledge of the 
authors an application for the automated assessment of personal competence 
using graph-based approaches does currently not exist. This is not surprising 
considering the difficulties in representing competencies that are mainly non-
cognitive in nature with a cognitive ‘language’ of graphs and diagrams.  

Multiple-choice approaches for automated assessment of personal compe-
tence are often PC-versions of traditional psychological paper-and-pencil tests. 
One example of such an implementation is the Leistungsmotivationsinventar 
(LMI). The LMI is a self-assessment test to evaluate the achievement motivation 
of current and future employees, developed at the University of Hohenheim in 
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Stuttgart, Germany. The LMI assesses 17 dimension of achievement motivation 
such as insistency, intrepidity, self-control, commitment, and flexibility, which 
can be subsumed under three factors: ambition, independence, and task-oriented 
motivation. To measure these dimension, candidates have to indicate their level 
of agreement with 170 items on a 7-point Likert scale. Research has shown that 
the LMI correlates well with personal characteristics such as preciseness and 
neuroticism as well as moderately with measures assessing attitudes, interests, 
and school-based achievements (Schuler & Prochaska, 2003).  

Likewise, simulations can be used to assess personal competence. The Virtual 
Factory Teaching System (VFTS), developed at the University of Southern Cali-
fornia to teach learners how to build and manage factories, was adapted to auto-
matically measure learners’ affective and motivational states during the use of 
VFTS, to support the system in deciding when and how to assist learners. The 
motivational states ‘confidence’, ‘confusion’, and ‘effort’ were measured using 
three types of input: the VFTS interface, which provided information on key-
board entries and mouse clicks, the attention tracking model, which analyzed 
data from an eye gaze program, and the plan recognizer, which was used to track 
the learner’s progress in performing assignments. The results of the automated 
motivational states assessment were compared with the learners’ motivation as 
inferred by human tutors and with the learners’ motivation from a self-report. 
Reported recognition accuracy was between 70.7 % (for comparing learners’ 
automatically assessed confidence with self-reported results) and 82.0 % (be-
tween the learners’ automatically assessed confidence and the human tutor rat-
ing) suggesting that such models for automated assessment can provide accurate 
information about a learner’s motivation (Qu & Johnson, 2005). 

Even NLP-approaches can be used to assess personal competence. Diction, 
for example, is an application, which uses quantitative content analysis based on 
dictionaries of relevant keywords to automatically evaluate the level of certainty, 
optimism, activity, realism, and commonality exhibited in free text. Diction has 
especially been used to analyze the tone of public speeches and treaties. For ex-
ample, research conducted with Diction in 2004 revealed that verbal certainty 
had declined across presidential administrations since the 1940s, but has in-
creased again during the administration of George W. Bush (Hart & Childers, 
2004).  

Discussion and Conclusion 

We have defined competence to be demand-oriented, learnable, and to include 
cognitive as well as non-cognitive elements. Furthermore, we derived a taxo-
nomical ontology, which consists of four competence classes: professional, meth-
odological, social, and personal competence. Succeedingly, we investigated the 
state-of-the-art in automated assessment with respect to the applicability for 
competence assessment. 

With the exception of a graph-based approach for the automated assessment 
of personal competence we have been able to show that the currently available 
technologies are comprehensively employed to measure aspects of every compe-
tence class. The general assumption that automated assessments are solely based 
on multiple-choice formats and almost exclusively measure knowledge must 
therefore be revised. Not all of the exemplary implementations presented in this 
paper explicitly assess learning in an educational, psychological, or an organiza-
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tional context. Nevertheless they were included as their application to assess 
learners is straightforward. 

Apart from the technologies applied and the competence classes assessed, the 
presented implementations differ in many aspects. Some implementations are 
used for summative assessment (e.g., IEA), others for formative assessment (e.g., 
Cognitive Tutor®). Some applications are based on objective (e.g., Learn@WU), 
others on subjective measures (e.g., LMI). Some tools are in a prototypical state 
(e.g., COAST), others have undergone extensive research and are widely used 
(e.g., e-rater®).  

However, some questions remain unanswered. Most of all, these questions 
pertain to the issue as to what extent the earlier presented implementations of 
automated competence assessment truly measure competence. Not all of these 
applications explicitly refer to the assessment of competence; rather they often 
mention ‘skills’ and ‘abilities’ as the objective of measurement. While these con-
structs are part of the concept of competence and therefore provide some indica-
tion for the presence of a competence, other – especially non-cognitive – ele-
ments of the concept of competence are neglected. But even for those implemen-
tations that explicitly refer to the automated assessment of ‘competencies’ further 
research and discourse will have to evaluate in how far these approaches are 
based on a theory-driven and comprehensive understanding of competence and 
how new technologies can be applied to ensure the assessment of competence 
instead of other constructs. 
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1 Like the term ‘competence’, the concepts of ‘qualification’ and ‘key qualifica-

tion’ have experienced great popularity, especially in the German literature. 
Originally introduced by Dieter Mertens (Mertens, 1974) these concepts have 
been adopted by many researchers leading to numerous different definitions and 
understandings (for a detailed discussion see Jäger, 2001). Depending on the 
definition, the concepts of ‘qualification’ and ‘key qualification’ may or may not 
involve different levels of non-cognitive elements. The general notion, however, 
is to consider qualifications as mainly cognitive in nature, while competence ex-
plicitly includes also non-cognitive aspects. 

2 The European Union defines citizenship as “the informed and active partici-
pation of individuals in the community to which they belong” (cf. European Com-
mission, 2002, p. 16). 

3 Also distinctively different means of natural language processing such as 
speech recognition (acting on phonetics) are applied in assessments. However, as 
this would widen the scope of this article beyond grammar-based technologies to 
lower level phonetics-based technologies and at the same time would restrict the 
application area (mainly to language learning), these approaches are not included 
in the analysis presented here. 
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