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Abstract— This article presents the first results of expert inter-
views conducted within the project MoKoM funded by the Ger-
man Research Foundation (DFG). These are intended to refine
our first theoretically derived competence model comprising
competencies in the domains of informatics systems and model-
ing. In this context, the question arises, which software engineer-
ing workflows could be relevant for software engineering educa-
tion at secondary schools and which are also adequate in profes-
sional contexts. Furthermore, it will be exemplarily shown which
competence aspects have been added to the theoretical model and
how to advance it in an empirical manner.

General Issues in Engineering Education, Pedagogies,
Modeling Competencies, System Comprehension, Active Learning

L. MOTIVATION

This article describes the methodical strategy to develop a
competence model for informatics systems and modeling espe-
cially conducting and analyzing expert interviews within the
project “Measurement Procedure for Informatics in Secondary
Education (MoKoM)” funded by the German Research Foun-
dation (DFG) [1]. Also, first exemplary results of the content
analysis of the expert interviews are presented. Due to these
results refinements on the theoretically derived model were
accomplished. The article gives an outline of an exemplary
analysis of 17 interview transcripts. The main focus is on the
refinements of the theoretically derived competency model
which could be obtained due to the results of the content analy-
sis. Our temporary competence model was derived by means of
theoretical and rational considerations. That means that curri-
cula and expert papers treating informatics modeling and sys-
tem comprehension were taken into account. However, a re-
striction on exclusively theoretically derived competencies
would risk that the reference of competencies to complex re-
quirements in real situations is neglected or disregarded. For
this reason, an additional step is necessary in order to deter-
mine competencies more reliably, that is, ensuring an empirical
access to determinate the relevant competencies. Conducting
expert interviews within which the Critical Incident Technique
was deployed, representing an appropriate empirical approach
in order to detect the relevant competencies which belong to
the two domains informatics modeling and system comprehen-
sion.

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

Sigrid Schubert,

Peer Stechert
University of Siegen
Siegen, Germany
firstname.name@uni-siegen.de

1L THEORETICALLY DERIVED COMPETENCE MODEL

In the following, the four competency dimensions of the in-
formatics modeling and informatics comprehension model are

presented.
K1.Basic Competencies

K1.1 System Application

K1.2 System Comprehension

K1.3 System Development
K1.3.1 BusinessModeling
K1.3.2 Requirements
K1.3.3 Analysis & Design
K1.3.4 Implementation
K1.3.5 Test
K1.3.6 Deployment

Figure 1. Competence Dimension K1 Basic Competencies

They form the fundamental framework of our theoretically
derived competence model.

K2. Informatics views

K2.1 External view
K2.1.1 Expectations of Systems‘ Behavior
K2.1.2 Informatics Literacy & Professional Practice
K2.1.3 Usability

K2.2 Internal view
K2.2.1 LayeredArchitectures
K2.2.2 Net-CentricComputing
K2.2.3 Systems of Patterns
K2.2.4 Algorithms & Data Structures
K2.2.5 Fundamental Ideas of Computer Science
K2.2.6 GraphicalRepresentations
K2.2.7 Languages(Programming & Modeling)
K2.2.8 Computational Thinking (imperative,

functional,logical, object-oriented)

Figure 2. Competence Dimension K2 Informatics views

All competence dimensions were theoretically based on in-
ternational syllabi and curricula with high reputation, e.g., the
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“Computing Curriculum 2001 of ACM and IEEE [2], “Model
Curriculum for K-12 Computer Science” of the ACM [3].
These sources gave us a lot of inspiration and concrete advice
for the structuring of our competence model. We also analyzed
competence frameworks with high reputation, e.g., “The Euro-
pean Qualifications Framework (EQF)” of the European Union
[4], “Definition and Selection of Competencies (DeSeCo)” of
the OECD [5]. But none of these competence frameworks are
really appropriate for education in the field of computer
science.

The competence component K1.2 System comprehension
was theoretically based on “Development of Competencies
with Informatics Systems” [6]. The competence component
K1.3 System development was theoretically derived from the
process workflows of the Rational Unified Process (RUP) [7].
Each dimension comprises different competency components
which characterize in more detail the requirements within the
two mentioned informatics domains. According to Weinert's
notion of competency [8], competencies encompass both cog-
nitive and non-cognitive skills and abilities.

K3. Complexity

K3.1 Number of Componentsof InformaticsSystems
K3.2 Level of Net-Centric Computing

K3.3 Stand-alone Systems vs. Distributed Systems
K3.4 Level of Human-Computer Interaction

Figure 3. Competence Dimension K3 Complexity

Whereas the first two dimensions K1 Basic Competencies
(see Figure 1) and K2 Informatics views (see Figure 2) are tar-
geted on cognitive aspects with regard to the two domains, the
fourth dimension K4 Non-Cognitive Skills (see Figure 4) in-
cludes attitudes, motivational, volitional and social skills which
are of crucial importance for managing high demands and solv-
ing informatics problems in complex situations.

K4. Non-Cognitive Skills

K4.1 Attitudes
K4.1.1 Perception & Anticipation of Informatics Systems
K4.1.2 ExpectationsforInformaticsLiteracy &
Professional Practice
K4.2 Social-Communicative Skills
K4.2.1 Cooperation & Teamwork
K4.2.2 Empathy: Change of Perspectives & Roles (User,
Developer)
K4.3 Motivational and Volitional Skills
K4.3.1 Openness to new |deas & new Requirements
K4.3.2 Learning Motivation
K4.3.3 Commitment

Figure 4. Competence Dimension K4 Non-Cognitive Skills

The third dimension K3 Complexity (see Figure 3) is cho-
sen in order to obtain a graduation of competencies which cor-
respond to different levels of learners’ skills. Also for this rea-
son the first two dimensions are additionally graduated accord-
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ing to following taxonomic levels: (1) Knowledge, (2) Transfer
and (3) Evaluation.

III. EXAMPLES OF QUALITATIVE CONTENT ANALYSIS OF
EXPERT INTERVIEWS

A. Procedure of Conducting and Analysing the Expert
Interviews

In a first step of the empirical procedure the expert inter-
views were conducted. 30 experts on informatics, with a divi-
sion in three equal groups were interviewed: experts in the do-
main of didactics of informatics, computer scientists and expert
informatics teachers. This sample configuration was chosen in
order to reveal the widest possible range of informatics and
didactics expertise. The interview was based on a structured
questionnaire manual and included questions concerning the
expert status of the interviewees and several scenarios concern-
ing application, testing, modifying and developing of informat-
ics systems resp. software. Altogether 12 scenarios were used
in the interview. To limit the duration of the interviews to an
appropriate length each interviewee was only interviewed to
four scenarios. Each interview lasted about 60 to 90 minutes.
The interview included the following steps: (1) Welcoming the
interviewee and introducing the underlying notion of compe-
tency and the interview technique (critical incident technique),
(2) Presenting each scenario to the interviewee and encourag-
ing him or her to give details of his/her intimate proceedings
and approaches to solve the presented informatics problem, (3)
Asking the interviewee to evaluate the four hypothetical scena-
rios with regard to their representativeness (with reference to
rating scales).

The expert interviews were transcribed in full and analyzed
by means of qualitative content analysis according to Mayring
[9]. The main objective of qualitative content analysis is to
reduce the large text material to a manageable size in such a
manner that important information is not wasted. Summarizing,
explicating and structuring are the main techniques of qualita-
tive content analysis. The first technique enables to compress
extensive proportions to text material. Deploying the second
technique additional text material is brought to those passages
in the text which need further explanation. The third technique
means that a certain structure is extracted systematically from
the text material. In our case this structure was brought to the
text material in the form of our category system which belongs
to our theoretical competency model. Analyzing the interview
transcripts, all three techniques were applied. They do not mu-
tually exclude one another, but rather complement each other
well. At first, meaning units (i.e. textual elements containing
relevant information concerning competencies) were systemat-
ically extracted. In the next step, it was investigated if the ga-
thered meaning units could be matched to the competency cat-
egories of our model.

B.  Informatics Systems

In Section B, we focus on K1.2 System comprehension and
its relations to other competence dimensions through concen-
tration on a typical scenario “testing of unknown software (de-
veloped by others)”. This scenario and its questions will be
introduced to the interviewees as follows.
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Scenario: “You are asked by a colleague to test his sofi-
ware, which was developed to solve configuration problems,
e.g., to set up a new car or a new computer.”’

Question 1: “What is your strategy of testing to solve this
problem? Which aspects do you have to bear in mind?”

Question 2: “Which cognitive skills are required for such a
software exploration?”

Question 2.1: “Which informatics views are important for
this task?”

Question 2.2: “Which complexity would you assign to this
task?”

Question 3: “Are there any attitudes or social communica-
tive and cooperative skills which are necessary to accomplish
this?”

Question 4: “Which differences of competence levels would
you expect between novices and experts?”

Question 5: “Could you imagine a potential pupil's proce-
dure to solve this problem?”

Question 6: “Which obstacles would pupils have to cope
with?”

This scenario was interpreted through qualitative content
analysis. Out of 26 interviews, eight experts were asked about
such a scenario. The first results of the qualitative content anal-
ysis have to be structured according to the dimensions of the
competence model. Relations between the competence compo-
nents and meaning units in the interview have to be found and
described (matching).

For this we use the following expressions: Answer plus
number of competence component followed by the original
statement of the expert (if necessary shortened). If the expert
discovered a competence component, which is underestimated,
this leads us to an additional answer. If the experts delivered a
recommendation how to foster this needed competence com-
ponent, then we add a more sophisticated description of the
situation.

Firstly, K1.2 has to be proved. Therefore, a key question of
the analysis process is how the experts support the assumption
that testing of unknown software delivers an approach to in-
formatics systems comprehension. The following three answers
are examples of this proof of our assumptions:

Answer K1.2 (system comprehension): “Then you need to
understand fundamental mechanisms or relations or concepts,
correctness of software, termination, knowledge about software
ergonomics”.

Answer K1.2 (system comprehension): “I need a kind of
model-view on the informatics system to explain the system’s
reactions that could be surprising. That means I need a model
of processes behind the GUI”.

Answer K1.2 (system comprehension): “I will use my in-
creasing system comprehension to plan the input-output rela-
tions.” The experts recommend for learners an unexpected
exploration with non-systematical testing, which will fail for
sure, followed by the successful systematic strategies of test-
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ing. But this should not be misunderstood as a guide line for
school lessons.

The more experienced the experts were in the field of
school informatics, the easier we could match their meaning
units with the components of the theoretically founded compe-
tence model. This could be a hint that the competence model is
not close enough related to the practice of software develop-
ment. To remove doubts we trust on the evaluation of the next
version of the competence model through the method of expert
rating. Until then, we take this as an indicator that the rough
structure of the theoretically founded competence model is
appropriate.

To illustrate this, we give one example to each competence
component beginning with the competence dimension K2 /n-
formatics views:

Answer K2.1.1 (expectations of systems® behavior): “You
are not able to cope with a certain input mask if you don’t
know which input is expected.”

Answer K2.1.3 (usability): “All parts of a Graphical User
Interface have to be tested.”

Answer K2.1.4 (functional view): “When the functionality
and reliability of the informatics system was systematically
tested, then we evaluate the other aspects of the quality of the
software.” (new competence component; see Section IV/A)

Answer K2.2.8 (computational thinking): “You have to
learn which programming style is most appropriate for the
given class of tasks. An important obstacle for this selection is
the boundary of one and only one well-known programming
style.”

The experts mention the handicap of the first and only suc-
cessful problem solving strategy, e.g. a specific programming
style. This phenomenon leads to failure, if one is matching a
problem to an inappropriate problem solving strategy. A solu-
tion is a broad range of informatics strategies. The first suc-
cessful informatics paradigm learned by a developer (student)
is mostly applied even if it is not the best fitting solution.

Answer K4.1 (perception & anticipation of informatics sys-
tems): “For the task of systematic testing perseverance and
accuracy are indispensable for success.”

In turn, through the success you can improve your ability in
accuracy and perseverance.

Answer K4.1.2 (expectations for informatics literacy &
professional practice): “A sofiware engineer is responsible for
the safety of humans and has to avoid any danger to life and
limb.”

Answer K4.1.2 (expectations for informatics literacy &
professional practice): “Sensitization of pupils with respect to
quality of software and responsibility.”

Answer K4.2 (social-communicative skills): “One has to

communicate with customers.”

Answer K4.2 (social-communicative skills): “There is a se-
rious contradiction between the competence of problem solving
and the social-communicative competencies.”
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It is necessary to supervise the development of social-
communicative competencies, since they are not fostered as a
side-effect of informatics problem solving. The task of syste-
matic testing gives the opportunity to gain non-cognitive com-
petencies on a higher level when the learner presents his results
to other learners e.g. the explanation of use cases, the presenta-
tion of test results including the visualization of large data col-
lections.

Answer K4.2.2 (empathy: change of perspectives & roles):
“When we test software of others, we have to learn to criticize
in a fair and sensitive way.”

To foster empathy, systematic testing delivers the opportu-
nity of mutual peer reviewing, i.e. each person has to give con-
structive criticism, handle criticism of others and not to insult
others in a careless way while criticizing.

Answer K4.3 (motivational and volitional skills): “This
process leads to deep satisfaction with your own work and af-
ter a long period to a positive attitude towards high quality of
software.”

From K1.2 to K4.3, the content analysis has shown 14 es-
pecially illuminating results in the form of support with re-
finements of the theoretically derived competence model. This
leads us to the conclusion that the decision for this research
method was very successful. The set of data allows a new ver-
sion of the competence model influenced by the empirical stu-
dies (see Section IV / A).

C. Informatics Modeling

A typical scenario for K1.3 System Development in the expert
interviews is the development of a software project or to pass a
particular workflow within the software development process.
In the following one exemplary scenario “Merchandise Man-
agement System” will be introduced.

Scenario “Merchandise Management System”:

“You are asked to develop a sofiware based merchandise man-
agement system for a small school kiosk.

Question 1: “What is your course of action to solve this task?
Which software engineering workflows do you have to pass?”

Question 2: “Which graphical models would you apply?”

Question 2.1: “Which informatics views are important for
this task?”

Question 2.2: “Which complexity would you assign to this
task?”

Question 3: “Which cognitive skills are required to develop
such a software system?”

Question 4: “Could you imagine a potential pupil’s procedure
to solve this problem?”

Question 5: “Which attitudes, social communicative skills and
motivational aspects are necessary to solve this problem?”

In this connection, meaning units have to be derived from the
interviewees’ answers to Question 1-5. Furthermore potential
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relations between meaning units and components of the theo-
retically derived competency model have to be investigated.

Many interviewees stressed that K1.3 System development is an
important ICT related competency and learners have to pass
the workflows of professional software engineering processes.

Answer K1.3 (system development): “We have to run through
the workflows of the waterfall model.”

Answer K1.3 (system development) “We have to pass the
workflows of professional software development processes.”

The following interviewees’ utterances accentuate specific
software development workflows (K1.3.1 — 1.3.5) and compe-
tencies which could be allocated to them.

The K1.3.2 Requirements was mentioned five times. In this
interrelation it was declared that learners have to be able to
analyze use cases and to specify functional requirements.

Answer 1.3.2 (requirements): “Analyze use cases to gain in-
formation about the way the system is used.”

Answer 1.3.2 (requirements):
ments.”

“Specify functional require-

The K1.3.3 Analysis & Design was mentioned by a large num-
ber of interviewees. It was stated that K1.3.3 Analysis & De-
sign are processes which obey many iterations. In order to gain
additional information to refine the theoretically based compe-
tency model it was expedient to subdivide these utterances to
Analysis and Design. Nevertheless these workflows are strong-
ly interwoven and will be mostly passed within several itera-
tions [7, p. 2].

Answer K1.3.3 (analysis & design): “Analysis Workflow has to
be passed.”

Answer K1.3.3 (analysis & design): “Object-oriented-Analysis
has to be run through.”

Answer K1.3.3 (analysis & design): “Within Analysis
Workflow, learners have to envision the problem/task”.

Concerning the Design the interviewees mentioned that learn-
ers have to choose appropriate concepts and to develop their
own conception to design an informatics system.

Answer K1.3.3 (analysis & design): “Learners have to get
Sfamiliar with several design-techniques.”

Answer K1.3.3 (analysis & design): “Learners have to be
enabled to choose an appropriate concept to design an infor-
matics system.”

Answer K1.3.3 (analysis & design): “They have to be able to
derive potential program modules and tasks.”

Answer K1.3.3 (analysis & design): “After all learners must
get to know how to develop an own conception for designing
the software.”

Irrespective of a potential distinction between Analysis and
Design the interviewees listed several UML modeling tech-
niques. This shows that learners have to be able to choose ap-
propriate modeling techniques with respect to the actual soft-
ware iteration.
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Answer K1.3.3 (analysis & design): “Learners have to apply
UML-diagrams”
Answer K1.3.3 (analysis & design): “Develop class dia-

s

grams.

Answer K1.3.3 (analysis & design):
classes.”

Answer K1.3.3 (analysis & design): “Identify and allocate
constituent parts of a class diagram, i.e. attributes, methods,
associations and inheritance.”

“Identify potential

>

Answer K1.3.3 (analysis & design): “Applying state charts.’

Answer K1.3.3 (analysis & design): “Applying deployment
diagrams.”

The K1.3.4 Implementation was mentioned four times. In this
context it was stressed that learners should be enabled to un-
derstand algorithms and to become familiar to an (Object-
oriented-) programming language

Answer K1.3.4 (implementation): “Understanding algorithms
(recursive algorithms in particular).”

Answer K1.3.4 (implementation): “We have to learn how to
implement programs in a specific programming language and
to cope with syntax errors.”

Answer K1.3.4 (implementation): “Becoming familiar to Ob-
Jject-oriented-Programming.”

Answer K1.3.4 (implementation): “Understanding the distinc-
tion between class-/object- attributes and —methods. *

As mentioned in chapter A it is important to foster K4.2 Social
Communicative Skills within informatics problem solving
processes. Passing the Implementation offers the opportunity to
develop software in teams.

Answer K4.2 (social-communicative skills): “Programming in
teams”

In addition the interviewees mentioned that learners have to be
able to integrate software modules (worked out by teams) into
a comprehensive software system. Although the following
meaning units could be allocated to the K1.3.4 Implementation,
this might give advice to supplement the theoretically derived
competence model by adding the component K1.3.6 Deploy-
ment.

Answer K1.3.4 (implementation):
developed in teams.”

“Synchronizing modules

Answer K1.3.4 (implementation): “Assembling modules devel-
oped in teams.”

Additionally it was stated that learners are faced with informat-
ics system of a different grade of completion. Consequently the
following meaning units might give us advice how to supple-
ment the competency dimension K3 Complexity of an Infor-
matics System.

Answer K1.3.4 (implementation): “Learners must be able to
develop software from the scratch.”
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Answer Kl1.3.4 (implementation):

tem and to re-engineer it.”

Answer K1.3.4 (implementation): “They have to learn to ana-

”

lyze interfaces of an existing informatics system.

The relevance of the K1.3.5 Test was declared by three inter-

viewees.

Answer K1.3.5 (test): “Testing and justifying the product’s

quality by comparing it to the (functional) requirements.”

Moreover the interviewees mentioned some well-established

software testing procedures:

Answer K1.3.5 (test): “Performing Blackbox-Testing.”
Answer K1.3.5 (test): “Performing Whitebox-Testing.”
Answer K1.3.5 (test): “Performing Regression-Testing.”

In summary this chapter illustrates several meaning units,
which were derived from the interviewees’ answers. These
were structured with respect to the subcomponents of K1.2
System Development. According to this assignment of meaning
units to the competence components (K1.2.1-K1.2.5), chapter
IV-B will show how to refine the theoretically derived compe-
tency model, i.e. illustrating components which have to be jus-
tified, pointing out components which seem to be appropriate,
showing interrelations to other competency dimensions and

lining out components to supplement the model.

IV. EMPIRICALLY REFINED COMPETENCE MODEL

A. Informatics System

In this paragraph we discuss the consequences of the con-
tent analysis (see Section III / B). The competence component
K1.2 System comprehension has to be refined with two sub
components, K1.2.1 Requirements and K1.2.2 Test (see Figure

5). The following examples will illustrate this:

Answer K1.2.1 (requirements): “You have to compare the

real system’s behavior with the definition of its requirements.

K1. Basic Competencies

K1.1 System Application

K1.2 System Comprehension
K1.2.1 Requirements
K1.2.2 Test

K1.3 System Development
K1.3.1 BusinessModeling
K1.3.2 Requirements
K1.3.3 Analysis & Design
K1.3.4 Implementation
K1.3.5 Test
K1.3.6 Deployment

Figure 5. New Competence Dimension K1 Basic Competencies
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Answer K1.2.2 (test): Systematic testing is mentioned by
all experts. This should be learned through strategies (blackbox
testing, whitebox testing), manuals and tools of testing.

The competence dimension K2 seems to be very important.
A criterion for the success of problem solving is the selection
of the most appropriate informatics strategy related to theoreti-
cal foundations and practical tools. Denning defines views as
“The five windows of computing mechanics” [10, p 17].
Therefore, a change is recommended between different solu-
tion strategies of problem solving. Several experts stress the
meaning of this relation. Informatics should not be reduced to
programming. Therefore, we assume that this competence di-
mension is incomplete if only a static sequence of K2.1 Exter-
nal view and K2.2 Internal view with their facets is considered
and we insert a new component, K2.3 Change of views.

Also the competence component K2.1 External view needs
refinement, but only with one new sub component, K2.1.4
Functional view (see Figure 6), including input- output rela-
tions and state diagrams.

Answer K2.1.4 (functional view): "In my opinion the view
on the whole system has to be called functional view. This is
connected with the analysis of input-output relations and de-
signing and understanding of state diagrams. *

For the competence dimension K3 we discovered a special
situation. The competence components which we used, e.g., a
“count of components”, are not mentioned by any expert. But
new competence components like combinatorial complexity
and the complexity measures, time and space, are stressed very
often. This leads us to the decision to insert two components,
K3.5 Combinatorial complexity and K3.6 Measures of com-
plexity: time and space (see Figure 7). Maybe we will later skip
the unsuccessful components. It is too early to finalize this de-
cision.

Answer K3.5 (combinatorial complexity): “It is clear that
we have to cope with the combinatorial complexity of 10" so-
lutions in the process of systematical testing.”

Answer K3.6 (measures of complexity: time and space):
“To characterize the quality of the software we should use run-
time performance (including efficiency) and memory require-
ments to evaluate an informatics system, which lead us to the
complexity measures, time and space.”

Furthermore, the scalability of problem solving strategies is
related to the complexity of informatics systems. We found an
impressive number of experts’ statements, which connect sca-
lability with the competence dimension K2 Informatics views.
But in an unexpected way, the experts did not mention the role
of scalability in the context of Question 2.2 on the assigned
complexity. We took all pro and contra arguments into consid-
eration and came to the conclusion that it is necessary to put
scalability into the competence model as new competence
component, K3.7 Scalability, with strong connection to the
other complexity factors.

To summarize the most important results of empirical eval-
uation line A (Informatics systems), in the following two para-
graphs we focus on a deeper discussion of K2.3 Change of
view (see Figure 6) and K3.7 Scalability (see Figure 7). Both
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results could be seen as a bridge between the empirical evalua-
tion lines A and B (Informatics modeling).

K2.3 Change of view: In the particular research on system
comprehension (during the last four years) we developed a
successful strategy of changes of views from observable beha-
vior (Sp) to internal structure (Sg) without focus on construc-
tion of a concrete realization (Sc). The main advantage is the
change of view from observable behavior (S,) to combination
of behavior and internal structure (Sag) and then to combina-
tion of internal structure and construction of a concrete reali-
zation (Spc) and then to combination of behavior and construc-
tion of a concrete realization (Sac). “The learners are able to
explain, why a certain internal structure has been chosen with
respect to the intended behavior of the informatics system.”
[11, p. 7]. Further research results are two important connec-
tions, firstly between static and dynamic properties of informat-
ics systems and secondly between exploration and develop-
ment of informatics systems. On our way from a theoretically
established competence model to an empirically proved one,
the change of view effects also the networked thinking in dif-
ferent ways: networking of fundamental ideas of informatics,
networking of informatics sub systems, networking of success-
ful patterns of informatics, such as object-oriented design pat-
terns and architectural patterns. Surprisingly this opens an ap-
proach to informatics competencies not only connected with
modeling and programming but to exploration of informatics
systems.

K2. Informatics views

K2.1 External view
K2.1.1 Expectations of Systems’ Behavior
K2.1.2 Informatics Literacy & Professional Practice
K2.1.3 Usability
K2.1.4 Functional View

K2.2 Internal view
K2.2.1 LayeredArchitectures
K2.2.2 Net-Centric Computing
K2.2.3 Systems of Patterns
K2.2.4 Algorithms & Data Structures
K2.2.5 Fundamental Ideas of Computer Science
K2.2.6 Graphical Representations
K2.2.7 Languages(Programming & Modeling)
K2.2.8 Computational Thinking (imperative,

functional, logical, object-oriented)
K2.3 Change of View

Figure 6. New Competence Dimension K2 Informatics views

K3.7 Scalability: Here we face the problem that most re-
search results target on informatics modeling. We will refer to
selected examples: In Informatics complexity of a problem
resp. task plays an important role. Depending on the size of
input n, how many resources, represented by the function f(n)
are necessary to process a program on a machine. Resources
may be the necessary time and space, the number accesses to
the data bases etc. Some standard algorithms deliver good re-
sults for a small input size, but for a large input size they deliv-
er bad results or no solution in a given time boundary. There-
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fore, the criterion scalability can be used to decide, which solu-
tion (system, algorithm, process) should be applied to different
problem sets.

K3. Complexity

K3.1 Number of Componentsof InformaticsSystems
K3.2 Level of Net-Centric Computing

K3.3 Stand-alone Systems vs. Distributed Systems
K3.4 Level of Human-ComputerInteraction

K3.5 Combinatorial Complexity

K3.6 Measures of Complexity: Time & Space

K3.7 Scalability

Figure 7. New Competence Dimension K2 Informatics views

There are nearly no publications for the influence of scala-
bility of system comprehension. One example would be to find
an efficient search strategy in relation to the expected search
space. This means, you should not use the same strategy for
searching key words in a finite text and for application of a
web based search engine assuming a huge amount of candi-
dates in the solution set. This leads us to heuristic solution
strategies. Furthermore, scalability is an evaluation criterion for
the range of application of a given informatics systems or tool.

The application of the empirical method Critical Incident
Technique and content analysis established seven new compe-
tence components with respect to a scenario on system com-
prehension:

o  KI1.2.1 Requirements,

K1.2.2 Test,

o K2.1.4 Functional view,

K2.3 Change of view,
K3.5 Combinatorial complexity,

o K3.6 Measures of complexity: time and space,

K3.7 Scalability.

The same empirical method allows removing competence
components. But to be one the safe side, we decided that we
use the second empirical method, expert rating, to prove the
agreement of the experts with the now more completed compe-
tence model. And after this research phase, it is easier to dis-
cover redundancies and removable components. This means,
we can merge different components if necessary, in case of
redundancies.

B.  Informatics Modeling

The component K1.3 System development is an important
part of the competency model, because it covers essential
processes and competencies to develop an informatics system.
Nevertheless the analyses of the expert interviews have shown
the need to refine this component.

In this connection no interviewee stressed the K1.3.1 Busi-
ness modeling or competencies which could be explicitly allo-

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

cated to it. Hence this competency component has to be justi-
fied by taking further interviews and expert ratings into account
or regarded as not be relevant for system development at least
on secondary level.

K1.3.2 Requirements was mentioned several times and
seems to be appropriate at this stage of work.

K1.3.3 Analysis & design was stressed by many intervie-
wees. Nevertheless there are a lot of meaning units derived
from the interviewee’s utterances, which could be explicitly
allocated to analysis or to design. Consequently it seems to be
serviceable to split K1.3.3 Analysis & design into these sepa-
rated workflows in order to categorize competencies more pre-
cisely. As mentioned before these workflows are interwoven
and will be passed within several iterations [7, p. 2]. Irrespec-
tively the analysis of the interviewee’s utterances has shown
that learners have to be fostered to choose serviceable model-
ing techniques and an appropriate course of action with respect
to the actual iteration of the software engineering process (ab-
breviation: sequencing pattern). Fostering this kind of compe-
tency enables learners to restructure knowledge in multiple
ways according to changing situational demands [12] and con-
stitutes a precondition for situational learning. The application
of different modeling techniques requires static views as well
as dynamic views, e.g., class diagrams to support the static
view and state diagrams for the dynamic view. To foster ap-
propriate modeling competencies, K2.3 Change of views is
inevitable.

Additionally, adding “Sequencing pattern” could be anoth-
er purposeful refinement of the competency model. Further-
more, the selection of appropriate modeling techniques accord-
ing to the actual stage of development of the software engineer-
ing process represents the appliance of scalable informatics
problem solving strategies. Hence, K3.7 Scalability seems to
be interwoven with other complexity factors of an informatics
system and justifies the supplementation of K3 Complexity
once more. Choosing expedient modeling techniques also
comprises the appliance of several UML diagrams. This com-
petence facet could be assigned to K1.3.3 Analysis & Design as
well as to K2.2.6 Graphical representations and illustrates the
linkage between K1 Basic competencies and K2 Informatics
views.

As illustrated in chapter III / C K1.2.4 Implementation is an
essential workflow within software engineering processes. The
illustrated meaning units show its interrelation to other dimen-
sions of the competency model. In this connection understand-
ing of algorithms can also be assigned to K2.2.4 Algorithms &
data structures and constitutes an important internal view on
an informatics system. In addition to K1.2.4 Implementation,
object-oriented programming can also be allocated to K2.2.7
Languages (programming & modeling). These interrelations
illustrate the linkage between K1 Basic competencies and K2
Informatics views. Furthermore the interviewees mentioned
that learners have to be fostered to develop an informatics
system from the scratch and to re-engineer an already existing
informatics system, i.e. analyzing interfaces or integrating new
program modules into a comprehensive system. These differ-
ent approaches might illustrate the handling with informatics
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systems of a different grade of completion. Hence, “grade of
completion” might be an appropriate competency component
to describe informatics systems of varying complexity. Con-
sequently this competency component might be useful to sup-
plement K3 Complexity.

In addition to the interviewee’s utterances concerning the sys-
tem’s completion many interviewees declared expressly that
learners have to be enabled to synchronize and to assemble
program modules (developed by teams) in order to integrate
them into a comprehensive informatics system. Accordingly it
seems to be expedient to supplement K1.3.2 Requirements to
the competency model. Additionally synchronizing and as-
sembling program modules demands K4.2  Social-
communicative skills. In this context workgroups have to agree
to common interfaces for instance. This fact shows, that K1
Basic competencies is also related to K4 Non-cognitive skills.

K1.3.5 Test was also mentioned by many interviewees and
seems to be appropriate as a constituent part of the competen-
cy model.

The application of the empirical method Critical Incident
Technique and content analysis established two new compe-
tence components with respect to a scenario on system devel-
opment:

K2.3 Change of view,
K3.7 Scalability.

This chapter focuses the empirical refinements of the theoreti-
cally based competency component K1.3 System development.
In this context almost any of the subcomponents (K1.3.1-
K1.3.5) seem to be appropriate. Furthermore there are several
interrelations between the competency dimensions (K1 to K2,
K3, K4). In addition, it has shown to be serviceable to add
new components to the theoretical model. Particularly adding
“Sequencing pattern” indicates that informatics modeling cov-
ers competencies to consciously select problem solving strate-
gies according to the respective context the learners are faced.
The supplementation of “Deployment” shows that modules
worked out by working groups have to be consolidated in an
expedient manner. Consequently it is inevitable to foster K4.2
Social-communicative skills explicitly and they should not be
treated as negligibility.

V.

As highlights of this article we summarize two research re-
sults, which will influence our further work in a specific way.
These are Scalability and Change of view.

CONCLUSIONS

Scalability was found through the different research pers-
pectives, informatics systems and informatics modeling. One
important conclusion in Section IV / A was the criterion scala-
bility can be used to decide, which solution should be applied
to different problem sets. Another important conclusion in Sec-
tion IV / B was that the context specific selection of modeling
techniques represents the application of scalable informatics
problem solving strategies. For the reader it is obvious that the

978-1-4244-6571-2/10/$26.00 ©2010 IEEE

person who is faced with an informatics system plays different
roles, firstly as an explorer of informatics systems, secondly as
a developer of such systems. It would be possible to describe
both phenomena with different expressions to distinguish these
aspects of scalability. But we decided to combine the two con-
clusions in one more abstract competence component K3.7
Scalability, because both aspects constitute the appropriate
problem solving strategy.

In the same way we found change of view through the dif-
ferent research perspectives, informatics systems and informat-
ics modeling. The research perspective on informatics systems
delivers the next conclusion; the change of view affects the
networked thinking in different ways. The analogue conclusion
from the perspective of informatics modeling leads to K2.3
Change of views, which is inevitable to consciously use differ-
ent modeling techniques.

This article presented first exemplary results of an empiri-
cal approach to determine competencies with reference to the
domains Informatics System Comprehension and Informatics
Modeling. The described results suggest that refinements and
supplements to the theoretically derived competence model can
be accomplished. On the basis of 17 from a total of 30 inter-
view transcripts, it has been shown how the interviews were
conducted and analyzed. Furthermore, it has been demonstrat-
ed how the results were applied to prove the theoretically de-
rived competence model and to refine and supplement the
model.

The described empirical procedure to complement the theo-
retical model is nevertheless restricted: One methodological
restriction includes that the relevant competence requirements
cannot be actuated comprehensively by the used scenarios. So
it is important that the scenarios contain at least typical and
representative tasks and problems to solve. This was evaluated
by the represenativeness ratings of the experts. Furthermore,
the actions described by the informatics experts might not nec-
essarily mirror their actual behavior in those scenarios because
they could describe idealized actions to solve the problems in
the scenarios. On this issue, the different orientations of exper-
tise of the interviewees serve as a corrective to some extent.
The deployment of the qualitative content analysis took place
adhering to comprehensible, methodical rules and principles.
Nevertheless, qualitative analyses include inevitably interpreta-
tive processes which might restrict the objectivity, reliability
and validity of the described analyses.

So it is necessary to prove the resulting competence model
in further empirical research steps focussing on the content and
criteria validity of the model. In a first step informatics experts
with different backgrounds of expertise shall evaluate the re-
levance, difficulty, representativeness and differentiation of the
determined competencies to prove the content validity of the
model. The analysis of the criteria validity of the model is fo-
cussed on the following question: Do the determined compe-
tencies describe the requirements of successful acting in a suf-
ficient manner? In order to answer this question, instruments to
measure the different facets of the competence model and the
criteria behavior have to be developed. Based on these mea-
surements, then the correlations between the levels of compe-
tence on the one hand and the successful problem solving be-
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havior as criteria on the other hand can be interpreted as criteria
validity indicators of the competence model.

(1]

(1]

[12]
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