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Motivation 

Why do we need competence models? 
 
Opportunities and risks 
 
•  PISA – Learning Outcomes 
•  Assessment of Learning Processes 
•  Feed-back for Students 
•  Guidance / Reduction of Drop-out Rates 
•  Comparison of Learning Designs 
•  Certification /Accreditation 
•  Curricula Construction 
•  Construction of Learning Materials / Learning Environments 

Test-driven Learning 
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Structure – Hierarchy - Level 
 

 

•  Competence Structure Model (granularity) 
•  Competence Level Model (grading) 

 

Motivation 



CSE Standards 

Source: German Informatics Society 

Related Work 
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AKT 2001, Weinert 2001 Related Work 



Computer Science-specific Taxonomy 

Fuller et. al (2007): Developing a Computer Science-specific Learning 
Taxonomy (ACM DL) 

Related Work 



Competences 

Definition of Competence:  
•  A Competence is the existence of learnable cognitive 

abilities and skills which are needed for problem solving 
as well as the associated motivational, volitional and 
social capabilities and skills which are needed for 
successful and responsible problem solving in variable 
situations. 

•  Weinert, F.E.: Concept of Competence: A Conceptual 
Clarification. In: Rychen, D., Salganik, L. (eds.): Defining 
and Selecting Key Competences. Seattle, (2001). 

Objectives and Research Methodology 



History 

•  In 2004 the research community of Didactics of Informatics in 
Germany started during the Dagstuhl-Seminar “Concepts of 
Empirical Research and Standardisation of Measurement in 
the Area of Didactics of Informatics” a discussion about 
educational standards of CSE on a higher secondary school 
level.  

•  The results of the seminar revealed that further theoretical 
and empirical research was necessary to examine the 
opportunities of the measurement of educational standards of 
CSE and that respective research should be founded on a 
sound CSE competence model. 

•  Result: DFG funded research Project MoKoM 

Objectives and Research Methodology 



Siegen & Paderborn 

University of Siegen 
13,272 students 
 
University of Paderborn 
18,475 students 

MoKoM: Measurement of Competences for  
  Informatics in Secondary Education 

•  Competence Model Research 
•  German Research Foundation 

(DFG) 
•  DFG Section Engineering 
•  Interdisciplinary Project: 

•  Didactics of Informatics 
•  Organizational Psychology 

•  Start in August 2008 

Objectives and Research Methodology 



Objectives and Research Methodology 

Main Research Questions: 
 
•  Which competencies are necessary for informatics system application, 

informatics system comprehension and informatics system modelling in 
upper secondary education? 

•  How can these competencies be related to a theoretical derived 
competence model (TCM)? 

•  How could the TCM be used to gain an empirically refined competence 
model (ECM)? 

•  Which test items are adequate to measure these competencies? 
•  Is the test-instrument able to measure the described informatics 

competences in a valid and reliable way when applied to a large sample of 
senior students?  

•  How can this model be used for the grading of competencies and how can it 
be used to evaluate the learning outcomes of a specific CSE-learning 
setting? 

Objectives and Research Methodology 
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Research Methodology 

•  In a first phase of the project, competence definitions, expert papers and 
CSE curricula were analysed.  
 

•  Thus, all competence dimensions were theoretically derived from 
international syllabi and curricula, e.g., the “Computing Curriculum 2001” of 
ACM and IEEE, the “Model Curriculum for K-12 Computer Science” of the 
ACM and a variety of other ACM, IEEE, IFIP, GI and CSTA publications.  
  

•  Additionally, expert papers like the Rational Unified Process for software 
development were used to identify important competence components for 
system modelling.  
 

•  Based on the analysis of these resources and applying Weinert's definition 
of competence, a first competence framework, containing cognitive and 
non-cognitive competences was developed.  

Objectives and Research Methodology 



Source: G. Fischer (L3D) Meta-Design and Social Creativity  / IBM RUP 

Production of Software / Digital Media  

Objectives and Research Methodology 



Research Methodology 

•  But a restriction on exclusively theoretically derived competencies would 
risk that the reference of competencies to complex requirements in real 
situations is neglected or disregarded. 
  

•  Therefore, an additional step was necessary in order to determine 
competencies more reliably, that is, ensuring an empirical access to 
determinate the relevant competencies.  
 

•  Conducting expert interviews by applying the Critical Incident Technique 
represents an appropriate empirical approach to detect the relevant 
competencies in the subject domains ‘system comprehension’ and ‘object-
oriented modelling’. 
 

•  The interviews of the 30 experts (experts in the domain of didactics of 
informatics, computer scientists and expert informatics teachers) were 
based on a structured questionnaire manual and included twelve hypothetic 
scenarios concerning application, testing, modifying and developing of 
informatics systems. 

Objectives and Research Methodology 



Critical Incident Technique 

 
•   the cause, description and outcome of a critical incident 

•   users' feelings and perceptions of the situation 

•   actions taken during the incident 

•   changes (if any) in their future behavior. 

Objectives and Research Methodology 



Example for CIT 

Answer requirements: 
 “You have to compare the real system’s behavior with the definition of its 
requirements.” 
 
 
Answer test:  
Systematic testing is mentioned by all experts.  
This should be learned through strategies (blackbox testing, whitebox testing), 
manuals and tools of testing. 

Objectives and Research Methodology 



Qualitative Content Analysis 

•  The expert interviews were transcribed in full and analysed by 
means of qualitative content analysis according to Mayring.  

•  The requirements of intercoder reliability were also considered 
during this empirical phase of analysis and were sufficiently 
achieved. 

•  The results of the qualitative content analysis have to be structured 
according to the dimensions of the competence model.  

•  Relations between the competence components and meaning units 
in the interview have to be found and described.  

Objectives and Research Methodology 



Qualitative Content Analysis / CIT (Mayring) 

Objectives and Research Methodology 



MoKoM Competence Model 

19 Competence Model 



K5.	  Non-‐cogni,ve	  skills	  
K5.1	  	  A'tudes	  
	  	  	  	  	  	  K5.1.1	  	  Perceive	  &	  an5cipate	  effects	  of	  informa5cs	  	  

	  	  	  	  	  	  	  	  	  	  	  	  systems	  
	  	  	  K5.1.1.1	  Demys5fy	  informa5cs	  systems	  
	  	  	  ...	  
	  	  	  K5.1.1.5	  Know	  &	  evaluate	  consequences	  of	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  informa5cs	  systems	  for	  social	  reali5es	  
K5.1.2	  	  Expecta5ons	  for	  informa5cs	  literacy	  &	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  professional	  prac5ce	  
	  	  	  K5.1.2.1	  	  	  Affinity	  &	  enthusiasm	  for	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  informa5cs	  issues	  
	  	  	  	  K5.1.2.2	  	  Willing	  to	  face	  demanding	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  informa5cs	  challenges	  

K5.2	  	  Social-‐communica5ve	  skills	  
K5.2.1	  Coopera5on	  &	  teamwork	  
K5.2.2	  Empathy:	  ability	  to	  change	  perspec5ves	  &	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  roles	  

K5.3	  	  Mo5va5onal	  and	  voli5onal	  skills	  
K5.3.1	  	  Open	  to	  new	  ideas	  &	  new	  requirements	  
K5.3.2	  	  Learning	  mo5va5on	  
K5.3.3	  	  Commitment	  &	  engagement	  

Competence model on informatics system 
comprehension and object-oriented modeling  

Theoretically derived competence 
model 

Empirically refined competence model 

K5.	  Non-‐cogni,ve	  skills	  

K5.1	  	  A'tudes	  
K5.1.1	  	  Perceive	  &	  an5cipate	  effects	  of	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  informa5cs	  systems	  
K5.1.2	  	  Expecta5ons	  for	  informa5cs	  literacy	  &	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  professional	  prac5ce	  

K5.2	  	  Social-‐communica5ve	  skills	  
K5.2.1	  Coopera5on	  &	  teamwork	  

	  	  	  	  K5.2.2	  Empathy:	  ability	  to	  change	  perspec5ves	  &	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  roles	  

K5.3	  	  Mo5va5onal	  and	  voli5onal	  skills	  
K5.3.1	  	  Open	  to	  new	  ideas	  &	  new	  requirements	  
K5.3.2	  	  Learning	  mo5va5on	  
K5.3.3	  	  Commitment	  &	  engagement	  

Competence Model 



Empirically Refined Competence Model 

K1  System application 
   K1.1  Structuring of  
             application field 
     K1.1.1 Structure problems 
     K1.1.2 Apply appropriate    
                 tools for structuring 
     K1.1.3 Appropriately apply     
                system functions 
  K1.2  System exploration 
     K1.2.1 Systematically  
           explore system functions 
     K1.2.2 Identify structural  
                properties 
     K1.2.3 Develop mental  
                models 
  K1.3  System selection 
     K1.3.1  Analyze system  
                 functions 
     K1.3.2 Select applicable  
               systems for a problem          
  K1.4 Use of media to foster  
          system application 
  K1.5 Transfer to new  
          application fields 
    

 

K2  System comprehension 
  K2.1  System requirements 
  K2.2  Systematic tests 
    K2.2.1 Analyze errors to enhance  
               tests 
    K2.2.2 Apply established test  
               strategies 
  K2.3  System exploration    
  K2.4  Evaluation of software quality 
    K2.4.1 Evaluate correctness 
    K2.4.2 Evaluate efficiency 
    K2.4.3 Evaluate robustness 
    K2.4.4 Evaluate reusability 
    K2.4.5 Evaluate compatibility 
    K2.4.6 Evaluate structuredness 
    K2.4.7 Evaluate usability 
    K2.4.8 Evaluate maintainability 
    K2.4.9 Evaluate information security 
  K2.5  Architecture & organization 
  K2.6 Algorithms & data structures 
  K2.7 Informatics’ views 
     K2.7.1 Know & use external view 

K2.7.2 Know & use internal view 
K2.7.3 Apply change of view 
 

K3  System development 
   K3.1 System development 

process models 
   K3.2 Business modelling 
   K3.3 Requirements 
   K3.4  Analysis 
   K3.5 Design 
   K3.6  Implementation 
   K3.7  Test 
   K3.8 Interative development 
 
K4 Dealing with system 

complexity 
K4.1  Measures of complexity:  
          time & space 
K4.2  Number of components 
K4.3  Level of networkedness 
K4.4  Stand-alone vs.  
          distributed systems 
K4.5  Level of human- 
          computer interaction 
K4.6  Combinatorial  
          complexity 
 
 

 



Development of a Competence 
 Measurement Instrument  

The empirically refined competence model allows the defining of competence pro-
files, which are the basis for the model for the instruments of competence 
measurement. 

Development of a Competence Measurement Instrument 



Competence Profiles 

To illustrate the procedure of defining competence profiles on informatics system 
comprehension, we will start with an example:  
 
(1) A competence component of the empirically refined competence model is 

chosen, e.g. “Errors as Learning Opportunities”.  
(2) All main expert statements, which are related with this competence component, 

are collected from the spreadsheets.  
(3) Step 3 is to select citations of the collection of expert statements, which have the 

most meaningful expressions. Such citations of expert statements will be called 
“anchored examples”. In this case two anchored examples are related to this 
component: 

 
I. “Most important is the ability not to give up after the first syntax error, but to learn 
from them, and to determine error messages. I want to deliver a completed product, 
which actually does, what it should do.” 
 
II. “You have to intervene in this case and reflect once again, and in the very 
moment, when it happens, say: This error, you will never do it again.” 
 

Development of a Competence Measurement Instrument 



Competence Profiles 

(4) A first competence profile definition of “Errors as Learning Opportunities” is based 
on the content of both statements.  
 
(I)  implies that students should require the competence to identify errors and  
(II)  implies that learners should detect and avoid errors:  
 
 
“The learners are able to determine, to assess and to examine system-based errors. 
This acquired knowledge will be applied to error avoidance and improvement of 
tests.”  

Development of a Competence Measurement Instrument 



Competence Profiles 

(5) Is to improve this definition.  
•  Therefore, keywords, referring to the cognitive processes in Anderson and 

Krathwohl, are used.  
•  These keywords are called operators.  
•  An operator is a work instruction, which refers to the content and to the methods 

to solve a given task.  
•  In the competence profiles the operator ensures that misinterpretations of the 

requirements towards the learners are reduced.  
•  In the competence profile definition above is “apply” an operator. In contrast, 

“determine, assess and examine” have to be discussed.  
•  The challenge is to find synonyms or similar expressions and express the 

meaning of the first competence profile definition.  
•  A refined definition of the competence profile follows:  
 
 
“The learners are able to identify, to differentiate, and to judge system-based errors. 
This acquired knowledge is applied to error avoidance and improvement of tests.” 

Development of a Competence Measurement Instrument 



Competence Profiles 

•  Four operators “to identify, to differentiate, to judge, and to apply” are used in the 
definition of competence profile.  
 

•  These operators support our aim, which is to assure the standardization. 

•  After defining competence profiles for each component of the empirically refined 
competence model, test items can be developed.  
 

•  These test items measure the individual performance of a learner related to 
different components of the competence model in classroom practice.  
 

•  All cognitive and non-cognitive process dimensions, which are defined in a 
competence profile, have to be tested by such items.  
 

•  We developed and improved such test items together with CSE teachers.  

Development of a Competence Measurement Instrument 



Construction of Test Instruments 
Booklets 

Development of a Competence Measurement Instrument 



Applying the Measurement Instrument  

The test sample: 
 
•  The booklets were originally distributed in 26 classes with 522 students in North 

Rhine Westphalia.  
•  Additionally 6 classes from Berlin, Hessen and Lower Saxony with a total of 82 

students also participated.  
•  In Bavaria 244 students from 11 different classes (6 classes of grade 10 and 3 of 

grade 11) took part in the test.  
•  From more than 800 tests we sent out we received back 583 completed and 

evaluable booklets.  
•  The investigated sample consists of 86% male and 14% female students with an 

average age of 17.5 years.  
•  17% of them had an immigrant background.  
•  Their self-assessed proficiency in computer science on a scale from 1 to 6 

averaged at 2.65 points.  
•  They had participated in computer science classes for a mean of 3.5 years.  
•  Only 3.3 % had dropped the subject in the interim. 

Applying the Measurement Instrument 



Analyzing the Test Data – Difficulty 
Parameters and Latent Abilities 

•  Main goal of IRT analysis is the estimation of two parameters: the item difficulty, 
that denotes the probability of answering an item correct given a certain level of 
the measured construct, and person parameters, that assess the level of the 
latent trait for individual students.  
 

•  One advantage of IRT analysis is that both estimates can be arranged on the 
same scale and easily compared.  
 

•  The item-person-map for each model visualizes the item difficulties on the right, 
by ordering them from more difficult (top) to less difficult (bottom), and the latent 
trait levels on the left (grouping persons with the same values together).  
 

•  Ideally, the item difficulties should be well dispersed around the mean, having the 
most items in the medium difficulty range, but also providing items with high and 
low difficulties.  
 

•  Additionally, the latent traits are separated by dimension. 

Applying the Measurement Instrument 



Item Distribution according difficulties 

Applying the Measurement Instrument 



Item Distribution according difficulties 
-  cleared 

Applying the Measurement Instrument 



Analyzing the test data  
- item fit and reliability 

•  The data for all models showed a good item fit overall, but the percentage of unfit 
items increased for models with more dimensions, from below 1% (2 items out of 
292) for the one-dimensional to 4.7% (14 items) for the four-dimensional model. 
  

•  In addition, the number of items that might have a bad fit according to the t-values 
increased from 27 to 37 items.  
 

•  Unfortunately the discrimination parameters are not very good for a large part of 
the items.  
 

•  Just 22.6% (66 items) are above the 0.4 threshold and even if we adjust the point 
at which an item is considered to have a too small discrimination to 0.3, roughly 
43.8% (128 items) remain under that line.  
 

•  Only one item had a negative discrimination, which was close to 0.  
 

•  The high ratio of low discrimination items necessitates a throughout examination 
of the items and how they fit to their corresponding dimension in further steps.  

Applying the Measurement Instrument 



Estimated Item Parameters 

Applying the Measurement Instrument 



Analysing the test data – test of model fit 

The analyses results concerning the IRT models with different competence 
dimensions can be seen in table 1. 
 
Model  Final Deviance  Estimated Parameters  Reliability for dimension 1 to 4  
1-Dim  87379.09538  316    0.872 (K1,K2,K3,K4) 
2-Dim  86695.99173  319    0.831 (K1) / 0.831 (K3) 
3-Dim  86403.83657  323   0.749 (K1) / 0.806 (K2,K4) / 0.812 (K3) 
4-Dim  85891.85717  328  0.779 (K1) / 0.763 (K2) / 0.861 (K3) / 0.759 (K4) 
  
Table 1: Final deviance, estimated parameters and reliability for evaluated models 

Applying the Measurement Instrument 



Expert rating of the difficulty determining 
task resp. item features 

•  In a second step we used the described features of task difficulty to rate the 
difficulties of the items of our competence test.  
 

•  Therefore experts in computer science education were asked to rate each item of 
the competence test with reference to the thirteen difficulty features.  
 

•  To conduct the expert rating a rating scheme and instructions were formulated. 
 

•  Furthermore, the measurement instrument was split into four parts of roughly 
equal size to keep the amount of ratings at an acceptable extent.  
 

•  Each of the four instrument parts – including solutions for the items – was 
presented to two selected experts in the field of didactics of informatics, along with 
an explanation of each feature and its rating levels.  
 

•  The experts (8+2) were asked to answer each item on their own, compare the 
solution with the given sample solution and then rate the item for each of the 
features. In addition, the experts had to give a subjective rating of the item 
difficulty on a scale from one to ten. 

Modeling of Competence Levels 



Expert Rating – Difficulty Levels 

Modeling of Competence Levels 



Identification and description of difficulty 
relevant features of the competency test items  

The following features were identified and defined:  
 

•  addressed knowledge taxonomy level (KTL),  
•  cognitive process dimensions), (CP) 
•  cognitive combination- and differentiation capacities (CCD),  
•  cognitive strain (CS),  
•  scope of tasks (necessary materials, reading effort and understanding) (ST),  
•  inner- vs. outer computational task formulation, aspects of demands of 

computer science (IOC),  
•  number of components, level of connectedness (NC),  
•  stand-alone vs. distributed system (SDS),  
•  level of human-computer-interaction (HCI),  
•  (mathematical) combinatorial complexity (CC),  
•  level of the necessary understanding of systems of computer science (LUS),  
•  level of the necessary modelling competence of computer science (LMC).  

Modeling of Competence Levels 



2nd Expertrating 

The resulting two ratings for each item were compared and treated in three ways:  
1.  exact matches between the two ratings of a certain feature per item were 

accepted and not further treated;  
2.  items with small rating differences (if the ratings only differ one point or grade 

from each other) were discussed within the project group to decide upon a final 
rating;  

3.  items with big rating differences (if the ratings deviate two points and more from 
each other): 
•  these cases were presented to two further experts that had to rate these 

features for a certain item again while considering the ratings of the two 
preliminary experts;  

•  again, resulting differences of these experts were discussed in the project 
group to decide upon a final rating.  
 

The expert group was composed of 8 +2 researchers with background in computer 
science, computer science education and psychology.  

Modeling of Competence Levels 



Regression-Analyses 

Modeling of Competence Levels 



Modeling of Competence Levels  

•  First, you have to identify and define task features that determine the difficulty 
when coping with the task requirements and contents.  

•  Secondly, you have to determine and describe the different grades or levels of 
difficulty concerning each difficulty feature.  

•  In a third step you have to determine how the different difficulty features and 
grades are represented in each test item.  

•  Therefore you have to conduct an expert rating at which the experts examine and 
rate each item if specific difficulty features and levels are given or required when 
coping with the item.  

•  In a fourth step the expert ratings of the difficulty features of each test item are 
related to the empirically determined difficulty parameters (when the test is 
applied to a large sample of students).  

•  This is conducted by regression analyses to test if the assumed difficulty features 
and grades are really determining the empirically determined difficulty of the 
items.  

Modeling of Competence Levels 



Modeling of Competence Levels  

•  Only those difficulty features and grades that prove to be significant predictors of 
the empirical difficulty are kept in the further process of defining the competence 
levels.  

•  In a fifth step the items are ordered concerning their empirically determined 
difficulty and in an adjunct table for each item it is systematically determined and 
described if a difficulty feature is realized in the requirements and at which 
difficulty grade resp. level.  

•  This table is used in a sixth step to determine and define thresholds of 
competence levels.  

•  This is usually the case, when new difficulty features or grades appear at a certain 
type of items.  

•  After you have determined such thresholds and the number of different 
competence levels you have to describe each level in a seventh step.  

•  Therefore, you have to take reference to the requirements of the items that belong 
to a specific competence level.  

Modeling of Competence Levels 



Modeling of Competence Levels  

•  These requirements are especially derived from the difficulty features and grades, 
which characterize these group of items typically.  

•  In a last step you have to classify the persons of your sample according to the 
competence levels to determine how the sample is distributed over the 
competence levels.  

Under construction 

Modeling of Competence Levels 



Conclusion and Further Work  

•  As a first main result we developed a theoretically grounded and empirically 
refined competence structure model in the subject area of informatics system 
comprehension and object-oriented modelling.  

•  Based on this model an empirical test instrument was developed and an empirical 
survey conducted.  

•  By applying IRT evaluation methodology to construct the test-instrument and to 
assess the data, gained from the survey with 583 upper secondary students in 
Germany.  

•  Further research of the project will concentrate on the application of the MoKoM 
test-instruments to evaluate the learning outcomes of specific learning design 
settings in CSE.  

•  In general the MoKoM competence model and the related test instrument should 
be used to contribute to the theoretically founded and empirically based 
development of standards in CSE.  

•  Furthermore, the application of the test-instrument on an enhanced sample of 
students could provide an overview on students competences in CSE and reveal 
a possible gap between these competences students’ really own and the 
expected learning outcomes according to the curricula of CSE. 

Conclusion and Further Work 
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