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Abstract

Researchers and lecturers commonly agree that the competence of abstract thinking
is of utmost importance in computer science. It is therefore striking that few sources
precisely and completely define abstract thinking and its cognitive processes. As a con-
sequence, there is a lack of assessment tools for this competence. These issues mean
that concepts to support students in developing higher levels of competence in a uni-
versity setting cannot be evaluated and their development lacks empirical basis. In this
dissertation, I narrow the gap between the general appreciation of abstract thinking
competence and its teaching to first-year students through the following four contribu-
tions:

Firstly, there is the conceptualisation of abstract thinking competence, where a com-
petence model is derived from theoretical descriptions and scientific literature. The fi-
nal model consists of the three competence components: Commonalities and Differences,
Hide and Keep; and Expand. These components summarise cognitive processes related
to abstract thinking.

Secondly, there is the development of an assessment tool called Abstract Thinking
Assessment (ATA) to evaluate students” competence of abstract thinking. The ATA is
aimed at first-year students undertaking a bachelor’s degree in computer science or
related topics; the ATA considers and utilises current research. For each competence
component of abstract thinking, one or more types of questions are presented and it is
then explained how they have been implemented in different test items of the ATA. In
order to evaluate students” answers objectively, a rating rationale as well as a detailed
coding manual are developed. These recommendations guide evaluators through a
qualitative rating process and help to obtain unbiased results.

Thirdly, there is the description of the application of the ATA in two studies Main
and Post, and the analysis of the data collected. 134 first-year students of the bach-
elor’s programmes in computer science and scientific computing participated in the
Main study. First, the data are used to validate the assessment against common quality
criteria, which confirms a good quality of the ATA. Second, the analysis of the student
population gives lecturers an overview of their cohort and enables them to pick up
students at the level they are in terms of learning. The analysis shows a very high het-
erogeneity regarding the competence of abstract thinking. Moreover, the data reveal
that novice programmers focus on components and attributes when describing a set
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of entities while neglecting their dynamic aspect. Furthermore, the comparison of stu-
dents’ results in the Main and Post study discovers that the development of students’
competence is rather small within one semester, but significant. In order to give more
evidence to the importance of teaching abstract thinking competence, known hypothe-
ses on the lack of abstract thinking competence and its impact are verified. Analyses
indicate that the lack in competence is rather small when considering the level of ab-
straction solely. However, if the correctness and the level of abstraction of a solution are
combined in the evaluation, students’ results show a significant deficit. Moreover, this
thesis confirms what researchers and lecturers have long suspected: the competence
of abstract thinking is necessary to acquire professional software development skills.
However, it also reveals that the competence alone is not sufficient.

Fourthly, it is shown how all findings concerning the competence of abstract thinking
and further research directly influence the development of future teaching practice. A
teaching concept is designed that explicitly addresses the competence of abstract think-
ing integrated into a course on software development. This dissertation presents the
development of teaching units and their realisation in class. In addition to the teaching
material, the teaching style has been changed from a traditional approach to pair teach-
ing. Lecturers can have different roles during the lecture that are outlined in this thesis.
Amongst others, students state that the lecture picks them up at the right level of com-
petence. Moreover, they are aware that abstract thinking is an important competence
in software development.

In conclusion, this dissertation narrows the research gap regarding the competence
of abstract thinking and gives an example of how to define, measure and teach compe-
tences in general. In addition, this thesis also significantly contributes to the ongoing
debate surrounding abstract thinking competence.
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Zusammenfassung

Forschende und Dozierende sind sich einig, dass die Kompetenz des abstrakten Den-
kens in der Informatik von grofiter Bedeutung ist. Es ist daher erstaunlich, dass nur
wenige Quellen das abstrakte Denken und seine kognitiven Prozesse prézise und voll-
standig definieren. Infolgedessen fehlen Messinstrumente fiir diese Kompetenz. Diese
Problematik fiihrt dazu, dass Konzepte zur Unterstiitzung der Studierenden bei der
Entwicklung hoherer Kompetenzniveaus in einem universitiren Umfeld nicht evalu-
iert werden konnen und keine empirischen Grundlagen fiir deren Entwicklung vorlie-
gen. In dieser Dissertation schliefle ich die Liicke zwischen der allgemeinen Wertschit-
zung der Abstraktionskompetenz und ihrer Vermittlung an Studienanfangerinnen und
-anfanger durch die folgenden vier Beitrage:

Der erste Teil der Dissertation ist die Konzeptualisierung der Kompetenz des abstrak-
ten Denkens, bei der ein Kompetenzmodell aus theoretischen Beschreibungen und wis-
senschaftlicher Literatur abgeleitet wird. Das endgiiltige Modell besteht aus den drei
Komponenten: Commonalities and Differences, Hide and Keep und Expand. Diese Kompo-
nenten fassen kognitive Prozesse zusammen, die sich auf die Kompetenz des abstrak-
ten Denkens beziehen.

Zweitens wird die Entwicklung eines Assessment-Tools namens Abstract Thinking
Assessment (ATA) beschrieben, mit dem die Kompetenz der Studierenden im Bereich
des abstrakten Denkens bewertet werden kann. Das ATA richtet sich an Studienan-
fangerinnen und -anfdnger die einen Bachelorabschluss in Informatik anstreben. Es
berticksichtigt und nutzt aktuelle Forschungsergebnisse. Fiir jede Kompetenzkompo-
nente des abstrakten Denkens werden eine oder mehrere Arten von Fragen vorgestellt.
Anschliefiend wird erklért, wie diese in verschiedenen Testaufgaben des ATA umge-
setzt wurden. Um die Antworten der Studierenden objektiv bewerten zu kénnen, wer-
den ein Bewertungsschema sowie ein detailliertes Kodierhandbuch entwickelt. Diese
Handreichungen leiten Beurteilende durch einen qualitativen Evaluationsprozess und
tragen dazu bei, unverfélschte Ergebnisse zu erzielen.

Im dritten Teil erfolgt die Beschreibung der Anwendung des ATA in zwei Studien
Main und Post sowie die Analyse der erhobenen Daten. 134 Studienanfdangerinnen und
-anfanger der Bachelorstudiengdnge Informatik und Scientific Computing haben an der
Hauptstudie teilgenommen. Zuerst werden die Daten verwendet, um das Messinstru-
ment gegen allgemein bekannte Qualitdtskriterien zu priifen, was eine gute Qualitat




des ATA bestitigt. Zweitens gibt die Analyse der Gesamtheit der Studierenden den Do-
zierenden einen Uberblick iiber ihre Kohorte und ermoglicht es ihnen, Studierende auf
dem Kompetenzniveau abzuholen, auf dem sie sich befinden. Die Analyse zeigt eine
sehr hohe Heterogenitit in Bezug auf die Kompetenz des abstrakten Denkens. Dariiber
hinaus zeigen die Daten, dass sich Programmieranfangerinnen und -anfanger bei der
Beschreibung einer Menge von Entitdten auf Komponenten und Attribute konzentrie-
ren und dabei deren dynamischen Aspekt vernachldssigen. Dariiber hinaus zeigt der
Vergleich der Ergebnisse von Main und Post Study, dass die Kompetenzentwicklung
der Studierenden innerhalb eines Semesters eher gering, aber signifikant ist. Um die
Bedeutung der Lehre von abstraktem Denken besser zu belegen, werden bekannte Hy-
pothesen zum Mangel an Abstraktionskompetenz und deren Auswirkungen tiberpriift.
Auswertungen zeigen, dass der Kompetenzmangel bei alleiniger Betrachtung der Ab-
straktionsebene eher gering ist. Wird jedoch die Richtigkeit und der Abstraktionsgrad
einer Losung in die Bewertung mit einbezogen, weisen die Ergebnisse der Studieren-
den ein signifikantes Defizit auf. Dariiber hinaus bestitigt diese Arbeit, was Forschen-
de und Dozierende seit langem vermuten: Die Kompetenz des abstrakten Denkens ist
fiir den Erwerb professioneller Fahigkeiten in der Softwareentwicklung notwendig. Es
zeigt sich jedoch auch, dass die Kompetenz keine hinreichende Voraussetzung ist.

Viertens wird gezeigt, wie alle Erkenntnisse {iber die Kompetenz des abstrakten Den-
kens und weitere Forschung die Entwicklung der zukiinftigen Unterrichtspraxis direkt
beeinflussen. Es wird ein Lehrkonzept fiir das Modul Softwareentwicklung entwickelt,
dass explizit auf die Kompetenz des abstrakten Denkens eingeht. In dieser Dissertation
werden die Entwicklung von Unterrichtseinheiten und deren Umsetzung im Unter-
richt vorgestellt. Zusatzlich zum Unterrichtsmaterial wurde der Unterrichtsstil von ei-
nem traditionellen Ansatz zu Pair-Teaching gedndert. Dozierende konnen wéhrend der
Lehrveranstaltung unterschiedliche Rollen einnehmen, die in dieser Arbeit beschrie-
ben werden. Die Studierenden geben unter anderem an, dass die Lehrveranstaltung sie
auf der richtigen Kompetenzstufe abholt. Dartiber hinaus sind sie sich dessen bewusst,
dass abstraktes Denken eine wichtige Kompetenz in der Softwareentwicklung darstellt.

Zusammenfassend wird in dieser Dissertation die Forschungsliicke in Bezug auf
die Kompetenz des abstrakten Denkens geschlossen und ein Beispiel fiir die Defini-
tion, Messung und Forderung von Kompetenzen im Allgemeinen gegeben. Dariiber
hinaus leistet diese Dissertation einen wesentlichen Beitrag zur laufenden Debatte um
die Kompetenz des abstrakten Denkens.
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Introduction and Overview

It is commonly agreed that the competence of abstract thinking is one of the most im-
portant competences in computer science [3, 15, 20, 29, 34, 53, 66, 79, 84, 93, 99]. This is
because numerous concepts in computer science are abstract by nature [20, 29, 41].

Associations like IEEE, ACM [90] and the German GI [33] state in their curricula for
computer science that abstraction is a "fundamental concept” and a "key component’.
The US Advanced Placement Courses name abstraction as a central problem-solving
technique [89], and so does the Guide to the Software Engineering Body of Knowledge
(SWEBoK [82]). Furthermore, textbooks for teaching computer science refer to abstrac-
tion as a fundamental concept [7, 46, 58].

Abstract thinking is stated as one of the twelve most important competences of soft-
ware engineers investigated by Sedelmaier [79]. Dorge [29, p. 421] defines abstract
thinking as a key competence in computer science, as it plays a role in all core areas
of computer science. Keith Devlin [28] writes: “Once you realize that computing is all
about constructing, manipulating, and reasoning about abstractions, it becomes clear
that an important prerequisite for writing (good) computer programs is the ability to
handle abstractions in a precise manner.”

Previous investigations suggest that incoming students lack in competences, which
are necessary to study computer science or related topics successfully, especially in ab-
stract thinking [9, 53, 55, 93]. Hence, it should be the goal of computer science education
at universities, to develop abstract thinking within the students, right after they have
been admitted to a university.

Although there exist many scientific sources asserting the competence of abstract
thinking as one of the most important competences in computer science, as mentioned
above, only a few of these sources define this competence and its processes in a precise
manner. Moreover, existing attempts to define it differ significantly from each other or
highlight solely a single aspect of the competence.

Kramer [53] calls for a sound understanding of the competence of abstract thinking.
The author claims that it is essential to the future of the computer science profession to
be able to test and teach abstract thinking. In general, only a sound competence model
allows the development of a valid assessment method [52]. In a later publication [44]
on how to assess abstract thinking, Hazzan and Kramer suggest question patterns for
abstract thinking as a first attempt to tackle the challenge of measuring the competence
of abstract thinking. Hazzan and Kramer did not follow up on their research, and a
verified assessment method still appears to be missing.
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There exist numerous concepts for teaching abstract thinking [13, 23, 44, 66, 68, 84].
I agree with Kramer that “before we can control or effect, we must first measure” [53].
As there exists no competence model and no possibility to measure the competence
of abstract thinking, the effectiveness of teaching concepts is not validated. Addition-
ally, statements concerning the competence of abstract thinking and its influence on the
success in studying computer science remain hypotheses.

In summary, there is a research gap concerning the competence of abstract thinking
in computer science. Although the relevance of abstract thinking is commonly agreed
upon, there is no consistent and complete definition of the competence. Nor has it been
statistically validated that the competence is a key for acquiring computer science skills.
Thus, it has to be justified to prove the necessity of abstract thinking competence in the
curriculum of computer science. Due to the lack of an assessment tool, the effectiveness
of existing teaching concepts cannot be validated.

My overall goal is to improve the competence of abstract thinking among first-year
students in computer science, which contributes to the improvement of university teach-
ing in this field. For this purpose, I provide a competence model as well as a valid
assessment tool to meet the demands of Kramer [53]. I focus on the study entry phase,
as this phase forms the basis for the students’ study progress and it shows a significant
drop out [36, 42, 50, 93]. Moreover, this dissertation focusses on a single competence,
abstract thinking, which is often said to be a prerequisite for studying computer science
successfully.

Consequently, the following research questions and intermediate research questions
for this work are:

How can the competence of abstract thinking be defined in the
context of computer science based on current literature?

How can the competence of abstract thinking be measured in the
context of computer science?

Is there a deficit in first-year students’ initial competence of abstract
thinking?

Is there a relation between the competence of abstract thinking and
the acquisition of professional software development skills?

How can students” competence of abstract thinking be promoted in a
class on software development?
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Based on the research questions, the following goals of this work can be derived:

Theoretical competence model

Theoretical competence model of abstract thinking focussing
on a computer science perspective to create the basis for
assessment and teaching.

Valid assessment tool

Valid assessment tool to evaluate known hypotheses on the
abstract thinking competence of first semester students in
computer science.

Verification of the assessment tool

Verification of the assessment tool to ensure the quality of the
assessment tool.

Confirmation of two crucial hypotheses

Confirmation of two crucial hypotheses on the competence of
abstract thinking: deficit in the competence and impact of the
competence on the acquisition of professional skills to close
the research gap and to justify a teaching concept that
additionally addresses the competence of abstract thinking.

Teaching concept

Exemplary teaching units to promote students” competence of
abstract thinking based on the research results. And a
teaching approach to additionally support the teaching units.

In this dissertation, I achieve these goals by proposing a theoretical model of the com-
petence of abstract thinking, focusing on a computer science perspective. Furthermore,
I present an assessment method and the accompanying rating rationale. Additionally,
conduct three studies to verify the instrument and to collect data. Based on the insights
gained by student answers, known hypotheses are investigated. Moreover, implica-
tions for teachings abstract thinking integrated into a CS-1 class are presented.
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Scope and overview of this work

In my thesis, I devise a competence model, an assessment tool, and a teaching concept
for the competence of abstract thinking. Different researchers, such as Kramer [53] and
Thurner et al. [93], hypothesise that this competence is essential, but underdeveloped,
in incoming computer science students. Under the assumption that the competence
is crucial, I investigate the abstract thinking competence of first-year students” using
the proposed assessment tool. The competence model as well as the findings of the
analysis serve as an impulse for developing an innovative teaching concept. The four
main goals that I have identified above inform the structure of the dissertation.

Part I: Conceptualisation
How can the competence of abstract thinking be defined in the context of computer
science based on current literature?

The first result of this thesis is a theoretically founded model of the competence of ab-
stract thinking. A literature review forms the basis for the competence model, where
relevant statements are collected, structured and synthesised. This part of the disserta-
tion also includes theory regarding competences in general. The theoretically derived
competence model is the foundation of the assessment method, as well as the teaching
practice.

Part II: Operationalisation
How can the competence of abstract thinking be measured in the context of computer
science?

At the beginning of the operationalisation, the target group and the planned setting are
described in detail. From this, requirements for the assessment tool are derived. After
that, the research method is chosen, based on a short evaluation of common methods
with respect to the predefined requirements.

Subsequently, the assessment tool called Abstract Thinking Assessment (ATA) is de-
veloped. In the first step, performance indicators are derived from the competence
model. They form the basis to evaluate and develop question patterns. They also rep-
resent typical situations where a specific competence is needed. Based on these general
descriptions, concrete problems are deduced, which are called “items” in assessment
theory. As a result of discussion with experts, a subset of items forms the first version
of the ATA. This undergoes a pilot study to find further improvements and evaluate
the requirements derived from the setting. The findings obtained are used to revise the
assessment tool and end up in the final ATA.

One of the requirements is that the answers can be judged by some kind of standard.
Therefore, a general rating rationale is developed. This represents a blueprint for the
evaluation of each item and is completed by sample answers from the pilot study. This
rating rationale is then further refined for every individual task. All this together forms
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the coding manual, which is used to rate student answers. In order to prepare the rated
answers for analysis, they are scored.

Part III: Analysis
Is there a deficit in first-year students’ initial competence of abstract thinking?

Is there a relation between the competence of abstract thinking and the acquisition of
professional software development skills?

The ATA is applied in a Main and a Post study at the Munich University of Applied
Sciences. Students of the bachelor’s programmes in computer science and scientific
computing took part in the assessment in the early days of their first semester. The same
students fill in the identical assessment at the beginning of their second semester. These
data allow to verify hypotheses from literature and to get insights into the students’
level of competence. Additionally, the collected data are used to analyse the quality of
the assessment itself.

Part IV: Training
How can students’ competence of abstract thinking be promoted in a class on
software development?

The last part presents the development of a teaching concept for the module Software
Development I. It explicitly addresses the competence of abstract thinking using an
integrated approach. Several teaching units are described in detail from design to re-
alisation in class. Additionally, the teaching style pair teaching has been introduced as
part of the teaching concept. Useful roles lecturers can take are outlined. An evaluation
of the results of the end-of-term evaluation completes this part.

Parts of this thesis have been published in:

— Designing Lectures as a Team and Teaching in Pairs; by Daniela Zehetmeier, Axel Bottcher and
Anne Briiggemann-Klein. [100]

— Defining the Competence of Abstract Thinking and Evaluating CS-Students” Level of Abstraction;
by Daniela Zehetmeier, Axel Bottcher, Anne Briiggemann-Klein and Veronika Thurner. [101]
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Part 1.

Conceptualisation

Modelling
Abstract Thinking Competence






Conceptualisation

There exists a variety of reasons why research on competences is conducted. My re-
search question “Is there a deficit in first-year students’ initial competence of abstract think-
ing?” indicates a diagnostic purpose. But before this question can be answered, a com-
petence model is needed as a basis [52]. The aim is to identify crucial factors of the com-
petence of abstract thinking. This competence model then helps to reflect on student
competences in a systematic way, and thus, forms the foundation for an assessment
tool, which will be introduced in Part II.

This part describes the development of a competence model for abstract thinking in
the context of computer science. It represents the competence in terms of specific basic
skills and abilities. Hence, I reach a comprehensive understanding of abstract thinking
in the context of computer science. The competence model is a theoretically deduced
description of the competence. It is a synthesis of literature from various fields, like
psychology and computer science, and is extended by professional experience. The
underlying notion of competences is based on F. Weinert [98].
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1. Literature Review: Competences in
General and Definitions of Abstract
Thinking Competence

Looking in more detail at abstract thinking, the term competence or a periphrasis of
competence often occur. Competences have increased in importance not at least be-
cause of the Bologna Process [64]. Based on recent research, competences are attributed
with the following characteristics: become visible through performance in real life sit-
uations, depend on the domain, and are learnable (see Section 1.1).

Once the term competence is clarified, the chapter continues with the evaluation of
terms that appear in the context of the competence of abstract thinking, like purpose
and level (see Section 1.2). The chapter ends with an overview of the current state
of literature regarding definitions of the competence of abstract thinking. Although
several scientific sources consider abstract thinking to be highly relevant, they do not
state a definition or a competence model.

1.1. Term Competence

Over the last years, acquiring competences has been identified as a main goal of edu-
cation at every level. In our modern and industrial society, professional qualifications
cannot be limited to knowledge passed on from generation to generation [51, p. 8]. The
statement of Keith Devlin affirms this evolution:

“A common view of education is that its main aim is the acquisition of
knowledge through the learning of facts. [...] But it's simply not right.
[...] The goal of education is to improve minds, enabling them to ac-
quire abilities and skills to do things they could not do previously” [28].

Since the Bologna Process [64] has been established in 1999, many people have de-
veloped an intuition what is meant by competences. However, most of them are not
able to precisely define or clearly differentiate them [98]. Hence, it is helpful to estab-
lish a common understanding of competences based on recent literature. This section
presents widely-used definitions and concludes with one that is used throughout this
work.

Most scientific work interprets competence as a (specialised) set of knowledge, abili-
ties, and skills that professionals use to reach a specific goal as e.g. defined in [30, 81, 98].
The competence definition that is probably most often cited originates from Weinert:
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1. Literature Review: Competences in General and Definitions of Abstract Thinking
Competence

“First, this concept refers to the necessary prerequisites available to an
individual or a group of individuals for successfully meeting complex
demands. [...]

Second, it should be used when the necessary prerequisites for success-
fully meeting a demand are comprised of cognitive and (in many cases)
motivational, ethical, volitional, and/or social components.

Third, the concept of competence implies that a sufficient degree of com-
plexity is required to meet demands and tasks. Those prerequisites that
can in principle be fully automatized can also be characterized as skills.
The boundary between skill and competencies is fuzzy.

Fourth, learning processes are a necessary condition for the acquisition
of prerequisites for successful mastery of complex demands. This means
much must be learned, but cannot be directly taught”[98, p. 62 f]

A definition that is comparable with Weinert’s was given by Shavelson:

“Competence (1) is a physical or intellectual ability, skill or both; (2) is
a performance capacity to do as well as to know; (3) is carried out un-
der standardized conditions; (4) is judged by some level or standard of
performance as ‘adequate,” ‘sufficient,” ‘proper,” 'suitable’ or ‘qualified’;
(5) can be improved; (6) draws upon an underlying complex ability;

and (7) needs to be observed in real-life situations” [81, p. 44].

The most important aspect of Shavelson’s definition is that competences are learnable
and improvable. Additionally, the author also includes the fact that competences are
demonstrated when meeting demands, like Weinert did before.

Erpenbeck gives a very general and vague definition of competences. The author in-
dicates that competences comprise skills, knowledge and qualifications. However com-
petences cannot be reduced to this. Competences have something in addition, which
facilitates the ability to act in open, uncertain and complex situations [30, p. XII].

Hartig & Klieme [39, p. 131] describe competence as contextualised. This means
that competences are abilities to master specific situations and demands. Furthermore,
they state that competences are learnable. They can be acquired through experiences
with certain demands and situations. And according to Schaper [76] the competence
term for academia also includes the aspect of reflection, i.e. the awareness of the own
competences.

Based on these well-known definitions, this work considers competences as learnable
and that they can be improved through conscious support. Competences are linked to
the mastery of specific demands and situations. Following this reasoning, demands
and situations need to be analysed in order to define a competence. Moreover, criteria
have to be defined to give evidence whether and to which extent demands are mastered
and thus competences are present.
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1.2. Context of Abstract Thinking

1.2. Context of Abstract Thinking

This section presents and categorises terms that appear in the context of abstract think-
ing. In everyday use, the term is often associated with the notion of difficulty or so-
phistication. When looking into literature, one can find several terms that are used syn-
onymously to name the process of building abstract mental models. Additionally, most
scientific sources state that an abstraction is formed for a particular purpose. However,
their descriptions of a purpose vary. Additionally, three different dimensions for char-
acterising the process of abstract thinking in more detail are identified: artefact, number
of artefacts and abstraction level.

1.2.1. Terms

There exist two terms in literature that are used to describe the process: abstraction and
abstract thinking. Abstraction is also used to characterise the result of the process [80].
This ambiguity causes discussions and incomprehension. In order to avoid misunder-
standings and to be clear about the terms, I will use the term abstract thinking to refer
to the mental process. How this process is defined in detail is described in the following
(especially Chapter 2). In this work, the term abstraction is used to specify the mental
representation, which is the final result of the process.

1.2.2. Colloquial Use

The first we hear from our students when talking about abstract thinking is that they
associate it with being difficult. Furthermore, the term abstract is commonly used in
phrases like “That’s too abstract for me” to express that something is complex or so-
phisticated. This common feeling is even reflected in dictionaries. The dictionary Mer-
riam Webster [62] defines abstract as “difficult to understand”. This might be the case
as abstractions are independent of specific instances [41, 62, 73].

Such an association of abstract thinking with being difficult has consequences for
teaching this key competence in computer science. Students might have an unconscious
barrier when learning the competence or might give up more quickly. This will gain
further importance in Part IV.

1.2.3. Purpose

Along with the process of abstract thinking, the importance of the purpose is often
highlighted [41, 43, 53, 82]. Most publications state a rather vague purpose, like “focus
on the "big picture’” [82] or “highlight the substantial parts” [41, p. 115]. Kramer [53]
writes that “the level, benefit, and value of a particular abstraction depend on its pur-
pose”. When analysing the context of this statement, Kramer is much clearer about the
purpose than other sources are. He uses the evolution of the London Underground
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map to illustrate the importance of a purpose during an abstract thinking process. Un-
derground maps have the purpose of visualizing intersections between railway lines
clearly, whereas the geographical distances are not relevant. However, if an abstrac-
tion is used for another purpose, in this case walking between sights in London, the
abstraction gives misleading information.

This aspect is important when it comes to the design of the test instrument in Part II.
Items need to state a purpose in order to guide the abstract thinking. Furthermore,
it is of high importance to point out the role of the purpose when teaching abstract
thinking (cf. Part IV). During abstract thinking, it is necessary to always keep an eye on
the desired goal and check whether one is still on the right track. When working with
existing abstractions, which were created for a certain purpose, it needs to be evaluated
whether they are suitable or not to solve the problem.

1.2.4. Dimensions

When it comes to the development of items in Part II, the following dimensions should
be considered to cover the entire spectrum of the competence. Additionally, this could
help students to structure their mental processes and thus to support them while train-
ing the competence.

Artefact. One aspect that is relevant with regard to the competence of abstract think-
ing is the kind of artefacts that are considered during the abstraction process. Literature
distinguishes between static entities and dynamic procedures while abstracting [25, 45].
In my opinion this facet will particularly influence the teaching of this competence. Es-
pecially in computer science, static entities and dynamic processes differ in their han-
dling. This is reflected by the fact that in object-oriented programming there exist two
concepts for implementing static and dynamic abstraction: attributes and methods.

Number of Artefacts. Another facet that influences the abstraction process itself is
the number of artefacts at the beginning of the process. When looking at the example in
the paper of Kramer [53] the abstraction of one single entity is developed. This process
of focussing on one single object is also described by Davydov [27]. In summary, this
procedure can be seen as finding the essence of a subject for a certain purpose. Other
authors state that the abstraction process starts with two or more objects and aims to
integrate them into one structure (cf. [45, 58, 67]). Hence, it is a many-to-one mapping
in order to build an intersecting set.

Abstraction Level. According to SWEBOK Version 3 [82], while abstracting one fo-
cusses on one abstraction level of the problem or concept at a time (cf. also [43]). How-
ever, concentrating on one level does not mean the person does not know anything
about the neighbouring levels. Furthermore, Kramer [53] adds that the level has to
be chosen carefully to keep the important information and neglect the irrelevant. Guid-
ance for selecting an appropriate level is given by the purpose [53]. When talking about
abstract thinking and levels of abstraction, I see both as abstract thinking: building
higher level abstractions or working with higher level abstractions and thereby staying
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on the same level. In contrast, I see building alternate abstractions [82], like transferring
a class-diagram into code, not as a process in the sense of abstract thinking. I consider
such processes as systematic translations.

1.3. Definitions of Abstract Thinking

In a first step towards a competence model of abstract thinking, I have conducted a
literature review, which was guided by the recent work of Hazzan & Kramer [44] as
well as Cetin & Dubinsky [19]. I started with looking up the terms abstract, abstrac-
tion, and abstracting in English dictionaries and encyclopaedias. The review continued
with searching for abstraction, abstract thinking, and synonyms like abstraction skills and
thinking in an abstract way, or translations into German (Abstrahierfihigkeit, Abstraktions-
fiihigkeit) in scientific publications.

The goal of the literature review was to find definitions that describe the competence
of abstract thinking. Table 1.1 summarises my findings by quoting relevant statements
that can be seen as competence descriptions. This collection is the starting point for
deriving a competence model. In addition to publications that indicate a competence
definition, there exist some [66, 68, 80] that state the relevance of abstract thinking, try
to measure the competence or teach the competence, but do not (clearly) specify what
is meant by the competence of abstract thinking, and thus, its underlying cognitive pro-
cesses and demands. In a definition of this kind [80, p. 31]: “In mathematics learning,
the term abstraction is used in two senses: An abstraction is a mental representation of a math-
ematical object. Abstraction, without an article, is the mental process by which an individual
constructs such an abstraction.”, the crucial concept of the mental process is underspec-
ified. Furthermore, there exist publications that just mention abstract thinking as a
process students need to be able to perform in certain situations. For example, students
should be able to use this technique while solving problems [82] and e.g. master this
fundamental design concept and principle [90]. This needs further clarification in order
to develop a competence model.
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Quote

Reference

#1

“The process of considering something independently of its associations or
attributes”, “Consider something theoretically or separately from (something

vou

else)”, “Extract or remove (something)”

(73]

#2

v

“disassociated from any specific instance”, “relating to or involving general
ideas or qualities rather than specific people, objects, or actions”, “[...] some-
thing that summarizes or concentrates the essentials of a larger thing or sev-

"o

eral things”, “to consider apart from application to or association with a par-

A

ticular instance”, “the act of obtaining or removing something from a source”

[62]

#3

“one is able to draw conclusions or illustrate relationships among concepts in
a manner beyond what is obvious. [..] Progressing beyond the tangible char-
acteristics in order to conceptualize theoretical relationships between items or
processes. [...] Abstract thinking occurs conceptually, categorically, and gen-
erally.”

[61]

#4

“drawing out of common features [...] represent the essential underlying rela-
tionships and the irrelevant aspects of the problem are ignored. ”

80, p. 31]

#5

“a process of omitting all individuating features, and retaining only what is
common to all of a set of resembling particulars” ([59] cited from [97])

[59]

#6

“[a]bstraction is the transition from concrete to abstract, that is, to the set
of commonalties.[...] An activity of vertically reorganizing previously con-
structed mathematics into a new mathematical structure.”, “abstraction pro-
ceeds from a set of mathematical objects (or processes) and consists of focus-
ing on some distinguishing properties and relationships of these objects rather
than on the objects themselves. The product of abstraction consists of the class
of all objects that have the distinguishing properties and enter into the distin-

guishing relationships”

[45]

#7

“abstractions are constructed by assembling available ideas into new struc-
tures. The function of abstraction is not to provide generality but to facilitate
the assembly process and to provide a different categorization. [...] particulars
are recognized as instances of the same abstraction”

[67]

#8

Can appear in two shapes: idealisation (process) and extraction (product, re-
sult) (translated from German)

[26]

#9

“By abstracting, man isolates and, in the process of ascent, mentally retains the
specific nature of the real relationship of things that determines the formation
and integrity of assorted phenomena. [...] ‘'The abstract’ usually has several
characteristics it is something simple, devoid of differences, fragmentary, and
undeveloped.”

[27]

#10

“The act or process of leaving out of consideration one or more properties of
a complex object so as to attend to others”

65, p. 11]

#11

Reduction of complexity or formalization (translated from German)

[29, p. 427]

#12

“Through abstraction we view the problem and its possible solution paths
from a higher level of conceptual understanding. As a result, we may become
better prepared to recognize possible relationships between different aspects
of the problem and thereby generate more creative design solutions.”

[95, p. 240]
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Quote Reference

#13 The ability to abstract is the skill to detach circumstances from specific details [96]
and to focus on the essential. Furthermore, it is the skill to identify common-
alities and normalise differences. Additionally, the ability to think and work
without a concrete reference is described.

#14 “[...] process and result of generalization by reducing the information of a [82, p. 13-4]
concept, a problem, or an observable phenomenon so that one can focus on
the 'big picture” ”

#15 “process of removing details to simplify and focus attention” [53]

#16 Common characteristics are carved out or an amount of events with common  [46, p. 212 ff]
features is summarised.

#17 Is the approach where the real world is reduced to a model, which highlights [41, p. 115].
the substantial parts or were certain aspects of an issue are deliberately omit-
ted

#18 “It is a cognitive means according to which, in order to overcome complexity [43]
at a specific stage of a problem solving situation, we concentrate on the es-
sential features of our subject of thought, and ignore irrelevant details. [...] it
enables the problem solver to think in terms of conceptual ideas rather than
in terms of their details.”

#19 “a way to do decomposition productively by changing the level of detail to [58, p. 11]

be considered. [...] The process of abstraction can be seen as an application
of many-to-one mapping. It allows us to forget information and consequently
to treat things that are different as if they were the same. We do this in the
hope of simplifying our analysis by separating attributes that are relevant
from those that are not. It is crucial to remember, however, that relevance
often depends upon context. [...] Abstraction by parametrization allows us,
through the introduction of parameters, to represent a potentially infinite set
of different computations with a single program text that is an abstraction of
all of them.”

#20 “ Abstraction reduces information and detail to facilitate focus on relevant con- [88, p. 15 1]
cepts. [...] Itis a process, a strategy, and the result of reducing detail to focus
on concepts relevant to understanding and solving problems. [...] The process
of developing an abstraction involves removing detail and generalizing func-
tionality. [...] An abstraction extracts common features from specific examples
in order to generalize concepts”

#21 “The most common, but not necessarily the most important meaning of ab- [19]
straction of a concept in computer science and mathematics, is extraction, that
is, the idea of considering common features of several (the more the merrier)
examples and building a structure or category which has all of these features.”

#22 dropping (or ignoring, or neglecting) spatial and temporal features with [20]
which one is not concerned.

#23 “somehow subtracting specificity, so that an incomplete description of the [57]
original concrete entity would be a complete description of the abstraction”

Table 1.1.: Summary of the literature review presenting definitions and process descrip-
tions.
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2. Development of the Competence Model

In a next step, | have analysed the quotes listed in the literature review (see Section 1.3).
During the review, I focused on the processes described by each quote. Often, it was
sufficient to look at the verbs that are used. Afterwards, I clustered similar process de-
scriptions and ended up with four clusters. The first group contains processes describ-
ing a summary of common features, as well as processes that include steps to identify
and to normalize distinguishing properties. This cluster is labelled with Commonalities
and Differences. Processes involving removal or reduction are comprised in the cluster
called Remove. The third cluster is entitled Keep. It assembles processes that mention
focusing on relevant information, described by terms like essential and concentrate.
The last one covers higher level processes leading to new structures or ideas (entitled
Expand).

I was almost satisfied with these four clusters. However, when solving problems
that require to focus on essential information, Remove and Keep appeared to be two
sides of the same medal. Merging them into one cluster illustrates that using certain
details is a reflected choice, driven by a purpose. Furthermore, I agree with Colburn &
Shute [20], who describe the process of removing details as hiding, but not neglecting
them, as the information might be important in a lower level of abstraction. Thus,
I suggest the term Hide instead of Remove, as I interpret the term of removing as an
irreversible process. Consequently, I end up with three clusters by combining those
two. The resulting second cluster is finally called Hide & Keep.

Figure 2.1 shows a Venn diagram where the references are assigned to the clusters

they address. Some statements are related to more than one cluster. Thus, they appear
in the appropriate intersecting set.

Commonalities & Differences Hide & Keep
#16
#21 #4 #18 #22
#1
#9 #5 #8 #11 #23 #10
#2 #13 #14
#19 #15
#20 #17
#6
#7
#12 #3
Expand

Figure 2.1.: Venn diagram of quotes (Table 1.1) assigned to the clusters they address.
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Summarise Reduce Build new

Commonalities common irrelevant relationships
. Hide & Keep Expand

& Differences Normalise Keep Build new

differences important components

Result is homogeneous Result 1s an excerpt Result 1s something new

Figure 2.2.: Final Model stating the identified aspects of abstract thinking.

The identified clusters build the three components of my competence model of ab-
stract thinking. In summary, the components are defined as follows (cf. Figure 2.2) and
are completed by representative quotes:

— Identifying commonalities in order to summarize them and determining differ-
ences to normalize them
Abstraction by parametrization allows us, through the introduction of parameters, to rep-
resent a potentially infinite set of different computations with a single program text that
is an abstraction of all of them.” [58]

— Deciding which information is essential for the intended purpose and which is
not
“Extract or remove (something)” [73]

— Revealing relationships between items or processes and building new compo-
nents and concepts
“abstractions are constructed by assembling available ideas into new structures. [...]” [67]

In the following subsections, I illustrate the components of the proposed competence
model and their relevant literature in more detail. Additionally, I describe examples
that are related to computer science and require the competence component in focus.

2.1. Commonalities and Differences

As one can see in the citations in Table 1.1, a process that is often associated with ab-
stract thinking is identifying commonalities and differences. Weicker et al. [96] describe
abstract thinking as the skill to identify commonalities and to normalise differences.
Normalising differences is an aspect typical for computer science. Liskov & Guttag [58]
describe the process of normalising as “abstraction by parameterization’. This process
is described as treating “things that are different as if they were the same” and can be
achieved by using parameters. The resulting abstraction then “represent[s] a poten-
tially infinite set of different computations” [58]. Thus, the authors describe a concrete
method how normalisation of differences can be accomplished. This competence com-
ponent finds further underpinning in [19, 45, 62, 80, 97].

A typical example for finding and summarizing commonalities or normalizing dif-
ferences is to parametrise various similar entities in order to integrate them into a
blueprint. A concrete problem that requires these processes could look like the fol-
lowing. There exist several circles of uniform size and colour, which are spread along
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the x-axis. Consequently, the x-coordinate of the circle is a parameter and varies in ev-
ery appearance. All other commonalities, like y-coordinate or colour, remain constant
and are explicitly named in the description of the object.

This applies not only to entities, but also to processes. A typical example for common-
alities and differences in such a setting are maps in the context of programming. When
using maps, a given function f is applied to each element e of a list. In a simple ex-
ample, all elements in the list are increased by one (f(e) = e + 1). When looking at
this mechanism in detail, this step seems to be more advanced than normalising an
x-coordinate. However, the mental process behind it is the same.

The result of this process is a homogeneous mental model that is devoid of differ-
ences. It is possible to describe the characteristics of a large number of objects or pro-
cesses in a simple, comprehensive and precise manner, with only one description (text,
picture or code) [58]. The other way around it is possible to replace every specific object
by another equivalent object such that all statements remain valid [60].

2.2. Hide and Keep

An even more frequent aspect that comes up in the definitions shown in Table 1.1 is to
remove information in order to focus on the essentials [53, 58, 62, 65, 73, 88, 96]. When
revealing the essential features [53, 58, 82], it is important that this happens for a specific
purpose. One needs also to concentrate on the desired level of abstraction, in order to
keep the necessary information and neglect the irrelevant [53, 82].

Defining classes based on given entities, is a frequent task in object-oriented design
and programming. Depending on the purpose of the abstraction, the resulting classes
might differ. In contrast to commonalities and differences a reflected choice is required,
whether to keep or neglect information given by the entities.

The two aspects that influence the result of a Hide & Keep process are purpose and
level. When both are taken into account, the result can be considered as an excerpt. The
clearer the purpose and the intended level, the less scope for discussions arises.

2.3. Expand

A process that is less frequently described in definitions of abstract thinking is the pro-
cess of assembling available ideas into new and more abstract structures, as well as,
discovering relationships between entities or steps of a process that can be described
by e.g. logical operations and parameters [67]. This kind of new structure appears to
be easier to understand, but is increasingly difficult to develop [58].

Based on the previously described example of the circles that are spread along the
x-axis, a problem in the sense of an expand process can be developed. The example
is supplemented by the process of printing yellow circles with a specific diameter ten
times in a constant distance starting at a predefined point. Students can parametrise
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the circle using the process described before. Additionally, they now need to keep
track of the number of circles printed so far and they need to find a representation of
the coordinates where the circle has to be printed, depending on the number of the
circle, e.g. presented in a mathematical statement. All this has to be combined with a
repeating statement in order to solve the problem.

Such processes can end up in more advanced designs, like high-level programming
languages or new numbers.

The higher the level of abstraction is, the more complex is the definition of high-
level programming languages. However, high-level programming languages are more
intuitive, as well as, easier to read and to learn than e.g. low-level languages, as they
hide a lot of complex single steps.

Another significant example for expand processes is the development of new number
systems. We put ourself in a state in which we did not know about real numbers and
think of the common example of calculating the length of the diagonal of a unit square
(side length = 1). From the Pythagorean theorem it follows that the length must be /2.
However, /2 is not a number we know so far in Q. There exist several approaches to
define the number space of real numbers, and all of them show that a new concept is
necessary to represent the circumstances [8].

The result of an expand process is described as something new. It can be a relation-
ship, component or even a new concept. After this process, it is possible to talk about
the resulting abstraction as if it were a new object. However, it is just a new way to talk
about the underlying objects [60, p. 161 ff].
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Operationalisation

In order to be one step closer to the diagnostic question of “Is there a deficit in first-year
students’ initial competence of abstract thinking?”, an appropriate assessment tool has to
be designed. The process of making competences measurable is called operationalisa-
tion [37].

Literature suggests that abstract thinking is a key competence, and thus, a prerequi-
site for studying computer science or related topics successfully [29, 53, 93]. At the same
time, it is assumed that incoming students have deficits in the competence of abstract
thinking [93]. In order to support these hypotheses, the diagnosis of the competence
has to be carried out at the beginning of students” studies.

Thus, the assessment tool aims at the group of first-year students of the bachelor’s
programme in computer science and related topics. More concretely, the target date is
at the beginning of their studies to exclude influence on the assessment results, e.g. by
lectures at university. Due to the point in time, the skills that are necessary for solving
the assessment are restricted to basic skills that have been acquired at school, as I want
to assess students’ competence and not their technical expertise. Thus, no item in the
assessment should imply computer-science specific knowledge or skills, but represent
a computer-science relevant way of thinking, which also meets the need to embed items
in a real context. In addition, items need to have an appropriate level of difficulty. From
a theoretical perspective, items must also be in accordance with the competence model.
This leads to four criteria for all items:

1. Computer science knowledge must not be a prerequisite.

2. Items should represent the computer science mindset.

3. Items need to have an appropriate level of difficulty for first-year students.
4. Items must be in accordance with the competence model.

Additionally, literature and good didactial practice suggest several aspects that must
be considered when developing the assessment tool. The overall assessment tool needs
to cover each competence component several times. Different item types should be
used in order to avoid a strong influence of other base competences, like reading abil-
ity. And each component of the competence model should be assessed by different
types of tasks. Furthermore, the items should reflect different purposes and various
perspectives! such as: artefact, number of artefacts and level [53].

From an organisational point of view, the time limit for the assessment tool is within
two lecture hours (1.5 hours). This time should include a short explanation of the test

Isee Section 1.2
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and its purpose as well as concluding the test. Thus, the planned time limit for the as-
sessment itself is 75 minutes. Its adequacy is evaluated in a pilot study (see Section 4.4).

In order to find an appropriate operationalisation for the competence of abstract
thinking, one can pursue two approaches: looking for existing assessment tools or de-
veloping a new assessment tool, guided by the competence model. The results of both
approaches have to be evaluated using the predefined requirements. Using an existing
tool would be time efficient and thus is the first step I attempted. Chapter 3 shows
the findings of my literature review and the evaluation of each approach. In the end,
the previously derived evaluation criteria are picked up again to come to an overall
résume.

As the result of the literature review shows, none of the known approaches is appro-
priate for my intended setting. Consequently, a new assessment tool called Abstract
Thinking Assessment (ATA) is developed in Chapter 4. For this purpose, performance
indicators are defined based on the competence model. When designing the assessment
tool, all questions are aligned with the competence model and reflect the computer sci-
ence mindset. Question patterns found during the literature review are adapted and
new items are derived from the competence model. The resulting collection of so called
items is presented to experts. The ATA is evaluated in a pilot study with eleven repre-
sentative participants (see Section 4.4). The insights gained are integrated into the final
version of the ATA.

In parallel to the ATA, a rating rationale is established based on the competence
model. This is used to categorise open format answers with the aim of objectively
comparing them (see Chapter 5). For each item of the ATA, the rating rationale is spec-
ified to represent the individual item and its characteristics. The compilation of those
instantiations forms the coding manual (see Appendix VII). It is enriched by exemplary
answers of the pilot study.
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3. Literature Review: Measuring Abstract
Thinking Competence

After the competence of abstract thinking has been defined based on literature, I have
again checked the literature for an appropriate assessment tool. For this purpose, I
consider approaches that focus specifically on this competence. Moreover, approaches
that focus on programming skills in introductory courses are considered.

3.1. Known Concepts for Operationalisation

In order to identify suitable tasks for the assessment, I analysed a number of different
sources, e.g. computer science assessments on university level, school contests, and
scientific publications. The emphasis of this search is on the evaluation of assessments
with respect to the intended setting and requirements.

3.1.1. Computer Science Assessments at University Level

There exist serveral validated assessments for introduction to computer science, like
the Foundational CS1 Assessment (FCS1) [86, 87] and the Second CS1 Assessment
(SCS1) [70]. These tests focus solely on technical knowledge of computer science, like
logical operators, arrays or recursion. Hence, they are not appropriate to be used at the
very beginning of the students’ studies nor do they measure the abstract thinking com-
petence explicitly. Consequently, such approaches can be excluded from the review as
they do not fulfil the first criterion.

3.1.2. School Contests

Another source to look at are school contests, since they often require little or no techni-
cal expertise. In the context of computer science, there exists the "Bebras International
Contest on Informatics and Computer Literacy’, which originates from Lithuania and
started in 2003. It is an annual contest (online test) for school students at all ages. Items
focus on the “understanding of the principles, ideas and concepts that are involved in
informatics systems” [24]. The aim of this international challenge is to draw students’
interest to computer science, using realistic problems. However, they do not require
any professional and computer science related knowledge. At the same time, attempts
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are made to reduce the often already present fear of coming into contact with computer
science. As a result, students should be motivated to get engaged in computer science.

The German release of the Bebras Contest is called ‘Informatik-Biber’ [18]!. All tests
as well as their solutions are available online?. Each task of the assessment is charac-
terised by three kinds of meta-information: targeted school years, level of difficulty,
and a description why this task is related to computer science.

This assessment is a valuable source of items, but items most often focus on more
than one key competence, as they were not designed for this purpose. The process
described by Dagiené and Futschek [24] in the context of the Bebras contest provides
good guidance on how to transfer real computer science problems into novice friendly
ones.

3.1.3. Scientific Literature

In literature there are various approaches to measure the competence of abstract think-
ing in particular. In the next paragraphs I will present well-known approaches and
discuss their degree of maturity as well as their applicability for my purpose.

Kurtz. A first attempt to measure abstraction processes was made by Barry Kurtz [55]
in 1980. He used 15 questions on displaced volume, direct proportion, probability, in-
verse proportion, propositional logic, correlational reasoning, deductive logic, separa-
tion of variables, permutations, and combinations, to evaluate students’ competence
of abstract reasoning. When analysing the items, the processes required to solve the
problems are often similar to the processes described in the competence model.

Students had to answer questions and afterwards they had to explain how they came
up with their answer. Students knew that their explanations are way more relevant than
to come up with the correct solution. The sample of the study consisted of 23 students in
the course introduction to programming. The students’” answers were coded by using
0 or 1 to show that a specific formal reasoning is present or missing. Based on the
difficulty of the topic of an item and the code, the author classified students into three
categories: late concrete, early formal, and late formal. For instance, if a student was not
able to exhibit direct proportional reasoning or probabilistic reasoning he or she was
classified at the late concrete level. At the end, most of the students were classified as
early formal.

However, Kurtz mainly focusses on reasoning and not on abstract thinking. More-
over, the categories used for classification are not standardised nor validated with help
of the data. Additionally, the author gives only little insights into his thoughts on the
coding of students” answers. In conclusion, this approach is not reproducible. Addi-
tionally, it is not clear whether the tool is suitable for my target group.

lSupported by: German Informatics Society, Fraunhofer Information and Communication Technology
Group, Max-Planck Institute for Informatics and the federal ministry of education and research.
ttp://informatik-biber.de/
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3.1. Known Concepts for Operationalisation

Or-Bach and Lavy. Another example for operationalising the competence of abstract
thinking is the work of Or-Bach and Lavy [68]. The authors define the demonstration
of fundamental object-oriented concepts, like classes, inheritance, abstract classes and
methods as indicators for abstract thinking. In order to let students show their un-
derstanding of fundamental concepts, Or-Bach and Lavy designed one question. The
question was answered by 33 students of the third year, who already took a course
on object-oriented programming and another on object-oriented analysis and design.
Based on the students” answers, the authors extracted a cognitive task analysis taxon-
omy reflecting the level of abstraction. The taxonomy has the following three stages (as-
cending order):

1. The abstract class includes attributes.
2. The abstract class includes attributes and implemented methods.
3. The abstract class includes attributes, implemented and abstract methods.

Most of the students achieved level one in the taxonomy. About one-third of the class
was able to complete level two, and only four of 33 students accomplished the whole
task and are thus classified as level three.

In my opinion, the authors define the stages of abstraction by the completeness of a
class hierarchy and this does not reflect cognitive activities regarding abstract thinking.
However, a modified version might be used as one item of the test instrument. Another
weak point of this work is that the taxonomy does not reflect the decomposition process
necessary to solve the task. Or-Bach and Lavy state that an important and difficult
activity of the task is “the decision about the relevant” and that some students struggled
with this part of the task. Compared to the developed competence model both aspects
are important parts of abstract thinking and thus should be tested.

Bennedsen and Caspersen. In the work of Bennedsen and Caspersen [9], the com-
petence of abstract thinking is measured by using the so-called “pendulum test”. This
test was developed by Inhelder and Piaget [49] to measure the cognitive development
stage of a person. It uses an experimental set up of “a simple apparatus consisting of
a string, which can be shortened or lengthened, and a set of varying weights”. The
experimental set-up is depicted in Figure 3.1.

Participants have to identify the factor that is most important for the speed of swing
of the pendulum. Beside the length of the string and the weight, “other variables which
at first might be considered relevant are the height of the release point and the force of
the push given by the subject” [49]. The observation how a child deals with the problem
is categorised into the four stages shown in Table 3.1.

Adey and Shayer [2] later repeated the experiment of Inhelder and Piaget with pupils
at the age of 16. As only 40% of the pupils achieve one of the two highest levels defined
by Inhelder and Piaget, Adey and Shayer revised the known stages and ended up with
eight stages of cognitive development presented in Table 3.2. According to Bennedsen
and Caspersen, the idea that abstract thinking can be mapped to these eight stages, can
be derived from Adey and Shayer’s theory of cognitive development [2].
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FIG. 3. The pendulum problem utilizes a simple apparatus consisting
of a string, which con be shortened or lengthened, and a set of vorying
weights. The other variables which at first might be considered relevant
are the height of the release point and the force of the push given by
the subject.

Figure 3.1.: Experimental set-up of the pendulum test [49].

Stage | Description

I Indifferentation between the subject’s own actions and the motion of the pendulum

II The appearance of serial ordering and correspondences but without separation of variables
III-A | Possible but not spontaneous separation of variables

III-B | The separation of variables and the exclusion of inoperant links

Table 3.1.: Stages of cognitive development observable in the “pendulum test” defined

by [49, p. 67 f].

Stage ’ Name

1 Pre-operational

2A Early concrete

2A/2B | Mid concrete

2B Late concrete

2B* Concrete generalisation
3A Early formal

3A/3B | Mature formal

3B Formal generalisation

Table 3.2.: Stages of cognitive development after the refinement of [2].
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3.2. Question Patterns by Hazzan and Kramer

A notable source of weakness is that the work does not necessarily measure the com-
petence of abstract thinking, as already indicated by the wording. The cognitive devel-
opment of a student is possibly not equal to the level of abstract thinking. This point
is also discussed in the paper, as the authors did not find a significant correlation be-
tween cognitive development and programming ability, which experts would expect.
They write: “The pendulum test measures the student’s ability to control independent
variables in a reasoning task.” This ability does not match any component in the com-
petence model of abstract thinking.

Hammer, Zehetmeier, Bottcher, and Thurner. Our research group developed a test
focussing on competences, like abstract thinking, which are said to be necessary to
study computer science or related topics sucessfully [38, 102]. This test does not re-
quire computer science specific knowledge. Instead, the competences are represented
in tasks that require typical thinking processes of computer scientists, but no technical
knowledge. This test is a first step towards measuring such competences.

Up to now, test results of over 750 students are available and were evaluated. As
items of the test instrument can be mapped to several competences at the same time, it
is not surprising that Cronbach’s Alpha is 0.57. This means that the quality of the test is
acceptable, but not good. Thus, I decided to focus this work only on one competence:
abstract thinking.

Summary. Taken together, to my knowledge there exists no well-defined and vali-
dated approach for assessing the competence of abstract thinking. None of the pub-
lished methods fulfils the criteria defined for this work. Many approaches require spe-
cific subject knowledge, which is not applicable for the diagnosis of the competence
at the very beginning of students” studies. In that case, I would only test students’
previous knowledge of a specific subject, but not their competence of abstract think-
ing. Many others have potential for improvement as they have known deficiencies and
some are not reproducible due to a lack of information.

3.2. Question Patterns by Hazzan and Kramer

Hazzan and Kramer [43, 44] present a collection of question patterns as a first attempt
to assess the competence of abstract thinking in the context of computer science. Each
pattern needs to be concretely instantiated to be used in an assessment tool. The authors
give an illustrative example of how to do this and explain in which way the question
requires and enhances students” competence of abstract thinking.

In an iterative process, they propose collections of question patterns to lecturers and
asked for their expert opinion. The last version of the collection [54] is presented in the
following:

Pattern 1 Comparing two or more representations and ranking them according to
the level of abstraction
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Pattern

Pattern
Pattern

Pattern

Pattern

Pattern

Pattern

2

7
8

Categorising representations of different systems according to a student’s
choice of abstraction

Describing a known system at different levels of abstraction

Ilustrating a representation that is more and one that is less specific than
a given one

Explaining a topic X to another person in two cases: The other person can
see X or not. And explaining the considerations that were made to choose
the explanation

Explaining a topic X with one or more constraints. Afterwards, explain-
ing the considerations that were made to choose the explanation

Finding a metaphor or analogy to a given system

Reflecting on the last software one developed

Most of the 31 experts, who completed the survey, are experienced in teaching com-
puter science at research universities. Asking students to give two representations,
where one is more and the other less abstract than a given one (pattern 4), achieved
the highest agreement with respect to adequacy. Experts assessed the lowest suitabil-
ity for pattern 1 that asks students to arrange representations according to the level of
abstraction. The authors see a tendency of lecturers to favour question patterns where
students need to construct abstractions for assessing the competence of abstract think-
ing, like pattern 4.

In summary, some question patterns suggested by Hazzan & Kramer show potential
to be instantiated in a way referring to the computer science mindset without requiring
any specific knowledge. Thus, they are considered during the development of items
for the assessment tool.
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4. Design of the Abstract Thinking
Assessment (ATA)

As scientific literature does not provide a suitable assessment tool for the intended pur-
pose and setting, this chapter describes in detail the development of an assessment tool
called Abstract Thinking Assessment (ATA) based on the previously defined compe-
tence model (cf. Part I). Thereby, I close the gap of the approaches described before and
tailor the assessment tool to the target group, as well as to the desired setting.

First, the decision about an appropriate assessment method has to be made. Potential
methods are interview, questionnaire, observation, and test. All methods have their
advantages and disadvantages, which are discussed in Section 4.1. The comparison
leads to the decision to design a test.

Second, performance indicators are derived from the competence model, in order
to create a test. These indicators, in combination with question patterns and specific
situations, form items for the Abstract Thinking Assessment (ATA). In Section 4.2 the
development of individual items for specific competence components is described in
detail. Most of the items in the ATA are open answer format, as suggested by Rost [74].
This format allows to represent the real life context in a better way. The subsequent
sections show how the items are assembled in the final Abstract Thinking Assessment
(ATA) and how they cover the competence model.

4.1. Literature Review: Research Methods

In order to develop an assessment tool, it has to be decided which research method
should be used. The aim of the assessment tool is to measures students’ current level
of the competence of abstract thinking. In general, there exist four techniques that are
conceivable: observation, questionnaire, interview, and test [12].

During an observation, people are examined by researchers in naturally occurring
situations without any interaction between the two. Although observation has unique
features compared to all other methods, they are irrelevant in this setting. The first one
is avoiding distortion of the behaviour as people might act in accordance with social de-
sirability when asked directly. Another advantage is the presence of information about
facial expression or gestures [12]. Nevertheless, both aspects are not of importance
when assessing abstract thinking. Moreover, conducting and evaluating observations
is cost- and time-consuming. Thus, it can also be excluded due to research economical
reasons.
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In contrast to observation, questionnaires are conducted in written form and by defi-
nition of Bortz and Doring [12] filled in remotely. As a consequence, it is not clear who
completed the questionnaire, in which environment it was taken, and how much time
the participant spent on it. The latter can be limited to a maximum when completed
online. Nevertheless, answers are difficult to compare and possibly not representative.

Interviews address the problems that emerge from questionnaires. Each participant
can be identified and the environment as well as the time frame can be controlled.
In addition, interviews offer the possibility to react to the participants” answers and
behaviour. For example, it is possible to ask in-depth questions or clarify questions
when necessary. However, interviews are extremely time consuming and expensive
[12]. This is contrary to the intended setting of the assessment: All approximately 150
students of the bachelor’s programmes in computer science and scientific computing
should be assessed within the first week of the semester. The timing is essential, as
students should not be influenced by any lectures at university when measuring their
initial level of competence. Interviewing this many students in one week is not feasible
because of the research setting!. In conclusion, the assessment has to be conducted
in written form due to research economical reasons and the given constraints. Thus,
interviews are excluded as a research method.

The research method test meets all predefined criteria: First, a test is conducted in
written form. Therefore, the implementation is feasible from a research economical per-
spective [12], and thus, fits the given requirements. Second, all students are assessed
under equal conditions. This is necessary to obtain comparable results. Third, their
identity can be verified. Additionally, using a test for the diagnosis of competences is
also suggested by research, like [39]. Moreover, items in a test can be objectively cor-
rected with a given assessment standard [12, 72]. Hence, the competence is objectively
measured for a diagnostic purpose. Defining items, creating a test and developing an
assessment standard (coding manual) is described hereafter.

4.2. Item Development

One of the most crucial points in a test design is selecting and developing items to mea-
sure the targeted competence. In this work I will approach this problem from two sides:
on the one hand, the previous conceptualisation of the competence is a starting point
for the development of new items, on the other hand, existing patterns are adapted to
fit the requirements.

During the development of items, one has to take care that items always refer to a set
of similar real-life situations, where the competence is required. This is a way to limit
the risk of arbitrariness in the development process [40]. Additionally, I will follow
the suggestion of Kramer [53] that "tests should examine different forms of abstraction,
different levels of abstraction and different purposes for those abstractions”.

1One researcher (me) available to conduct all interviews within a short period of time.
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4.2. Item Development

4.2.1. Operationalisation of Commonalities and Differences

The competence component of Commonalities and Differences is defined as follows: Iden-
tifying commonalities in order to summarise them and determining differences to normalise
them. These facets can be operationalised by items that require:

— Identifying common and different characteristics
— Summarising and normalising characteristics
— Evaluating the level of summary and normalisation

Based on these requirements, three types of items have been developed: RANK AND
REASON, MARK, and SUMMARISE AND PARAMETRISE.

Type RANK AND REASON

In order to assess the component, PATTERN 1: RANKING GIVEN REPRESENTATIONS de-
scribed by Hazzan and Kramer is promising. Even if the participantes in the survey
of Hazzan and Kramer [44] stated that ranking questions are not favoured compared to
the creation of new abstractions, I decided to start with ranking of given abstractions
as a warm-up section (cf. Figure 4.1).

Students need to evaluate commonalities and differences of the given depictions. Ad-
ditionally, they need to rate the level of summary and normalisation in order to come to
a solution. Every ranking is based on the number of details represented by the depic-
tion. The higher the level of abstraction, the smaller the number of details represented
by a depiction. Hence, more characteristics are summarised and normalised.

A modification of this type is pattern 3 described in Hazzan and Kramer [44]. Stu-
dents need to describe a known system at different levels of abstraction. This kind of
task is also reflected by an item of the test, where students have to characterise their
smartphone on three different levels of abstraction, while focussing on the same aspect.

Additionally, I combined these ranking tasks with several reflection questions, where
students need to argue on the overall structure that all rankings have in common (cf.
Figure 4.2) or why they decided on the ranking they have chosen. This helps to get
further insights in the criteria students use for those rankings, and whether they can
explain what they where looking for.

Within the ranking items I differentiate between objects and processes to rank, as
suggested in Section 1.2. In computer science, these two types of artefacts are handled
differently and this should be reflected in the items. Furthermore, it is interesting to
see, whether students deal better with one or the other.
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Below are three illustrations (image or text). These can each be arranged in a spe-
cific order from 1: concrete to 3: abstract.

Example

* *
* + Farbe X x Kk * *
Illustration ek 2

Sequence 2 1 3

Bring all other groups of three in an order that matches the pattern above. Number
the pictures from 1: concrete to 3: abstract

Illustration ‘

Sequence

Illustration 1: https://pixabay.com/images/id-307761/

B EL S Write a character x | a Write a character n?
times, insert a line | aaaa times, increase n by
break. Then increase | aaaaaaaaa one and start over.

x according to the
given rule and start
writing again from
the beginning.

Sequence

Figure 4.1.: Sample items of type RANK, focussing on different kinds artefacts.

Describe briefly what constitutes the sequence of all four previous examples. Not suf-
ficient are statements, such as: The illustrations are always ordered from concrete to abstract.

Figure 4.2.: Sample item of type REASON.
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4.2. Item Development

Type MARK

This type of question was inspired by the examples of visual abstraction described in
the paper of Kramer [53]. The author depicts several abstractions that are represented
visually. An example from every day life is the abstraction of every kind of public
transport networks in form of maps. More precisely, Kramer presented the evolution
of the London Underground Map between 1928 and 1931 as a concrete example of an
abstraction.

In Figure 4.3 (a) the exact way of the London Underground in 1928 is projected onto
a geographically accurate map of London. Showing all curves of the train lines as well
as the bends of River Thames. Additionally, the relative distance between the stations
is transferred. In contrast, the revised version (cf. Figure 4.3 (b)) of Henry Charles
Beck (Harry Beck) from 1931 only contains horizontal, vertical and diagonal lines. The
distances on the map are no longer proportional to the real geographical distances.
These steps make the map more clear and more structured for the purpose of navigating
along the underground railway network.

(a) London Underground 1928 by F. H. Stinge- (b) London Underground 1931 by Henry
more [4]. Charles Beck [32].

Figure 4.3.: Evolution of the London Underground Map.

In this question type MARK, students need to evaluate what has changed and what re-
mained unchanged after the abstract thinking process has happened. Section 1.2 argues
that the number of artefacts at the beginning of an abstract thinking process should be
considered. So far, items used several objects or processes as a starting point. In con-
trast, the question depicted in Figure 4.4 uses only one single entity. The abstract think-
ing process underlying this question is adapted from the example given by Kramer [53]
and described above. Characteristics like distances or course of the tracks are listed, as
well as some distractors such as interchanges. Students now need to check whether a
characteristic has been modified or not.
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London Underground
The number of stations on both maps should be considered identical!

aus dem Jahr 1928 [4]. aus dem Jahr 1931 [32].

Between 1928 and 1931, the London Underground map has been revised. See the
table below for a list of characteristics included in the 1928 map.

Mark which characteristics remained unchanged and which have been changed
during the revision.

Characteristic unchanged changed
Stations O O
Intersection points of the tracks O O
(interchanges)

Location of the stations

Distances between the stations

Presentation of the environment

(I I S N B
O 0| o|d

Course of the railway lines

Figure 4.4.: Sample item MARK.
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Type SUMMARISE AND PARAMETRISE

This type of question of the test represents typical problems in computer science that
are transferred into novice friendly items. Derived from the competence model, stu-
dents need to describe commonalities and differences among objects and processes. As
Section 1.2 suggests there exists a difference between static and dynamic abstractions.
Consequently, it is important to include both aspects into several items.

For static artefacts, questions focus on summarising depictions under one umbrella
term or on naming common details. Either way, students need to identify common
and different characteristics. A typical task in computer science that requires this part
of the competence is the development of classes. This includes finding an appropriate
name for several objects and stating their common characteristics as attributes. It is
important to keep in mind that in computer science, we separate characteristics which
have an equivalent value for all objects from those who differ for each object.

Without any computer science specific knowledge, students cannot write proper
classes in a specific language, but they are able to find an umbrella term or list common
characteristics of given objects. Moreover, students can determine whether the mani-
festation of a characteristic is equivalent for all objects or not. An example is shown in
Figure 4.5.

Summarise
1. Find a common and significant name for all objects of a subtask (umbrella
term).
2. Name 4 characteristics that all objects have in common.
3. Mark whether the values/manifestations of the characteristics are the same or
different for all objects.

S B @ N

Source: https://www.die-welt-der-kleinen.de/lego—einzelelemente-einzelteile-ersatzteile-de/LEGO-Grundsteine—-de/

Umbrella term

for all objects

Characteristic different

| g
a g
] g

Figure 4.5.: Sample item SUMMARISE AND PARAMETRISE.
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4. Design of the Abstract Thinking Assessment (ATA)

In computer science, it is necessary to parametrise common characteristics. Whether
students are able to recognise and parametrise characteristics is evaluated with items
such as the one shown in Figure 4.7.

This item presents several elixirs and their effect to the students. The composition
of each potion can be recorded by using a combination of X, 0 and I. The task is to
describe the characteristic(s) shared by all potions that make chequered. One correct
solution is that they have an even number of X in their description. In order to come
up with this kind of solution, it is necessary to parametrise the number of X. In a next
step the numbers of X for all elixirs making chequered are evaluated and parametrised
to come up with the solution of even numbers of X.

When similar steps of a dynamic process have to be summarised and parametrised,
indices are often the result of a parametrisation step. This often makes it more difficult
for students, but is still a process in the sense of the competence component commonal-
ities and differences. As Figure 4.6 depicts, this facet of the competence can be assessed
without any computer science specific knowledge.

All questions of type SUMMARISE AND PARAMETRISE are deduced from the compe-
tence model and take a variation of the kind of artefact into account, as suggested in
Section 1.2.

The following procedure is an extract of a computer program. Its goal is to system-
atically analyse the word INFORMATIK for a specific characteristic.

(1) Compare I with K (6) Compare M with R
(2) Compare N with T (7) Compare A with O
(3) Compare F with T (8) Compare T with F
(4) Compare O with A (9) Compare I with N
(5) Compare R with M (10) Compare K with I

Formulate the procedure above in a way that it can be applicable to any words of
length 10.

Figure 4.6.: Sample item SUMMARISE AND PARAMETRISE.
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Miraculix has forgotten how to brew the potion that makes
the Gauls so strong. He tries to remember and brews

various potions. Some show amazing effects.

Miraculix writes down which potion causes which effect.
For each potion he uses a combination of the letters X, O
and I. With the help of this notation he can later retrace

what effect a potion has.

Potion Effect

lexikon/db/handzumgrus.php

XIXXX0OX - - -
XXTIXXX - - -
OXIXXXX - - -
IIOXOII - - makes glowing
IOIIIOI - - makes glowing
OXXXXXO - - makes glowing
000IO000 - makes weightless makes glowing
OXOIXXO - makes weightless -
OOOIXXO makes chequered makes weightless -
OXXIXXO makes chequered makes weightless makes glowing
XXXOXXX makes chequered - makes glowing
XXXIXXX makes chequered - makes glowing
OXXOXXO makes chequered - makes glowing
XXO000II makes chequered - -
XXXIX00 makes chequered - -
OXXXXXX makes chequered - -

What do all the potions making chequered have in common?

Figure 4.7.: Sample item SUMMARISE AND PARAMETRISE.
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4. Design of the Abstract Thinking Assessment (ATA)

4.2.2. Operationalisation of Hide and Keep

The competence component Hide and Keep is related to the process of choosing an ap-
propriate level of abstraction and selecting characteristics for a certain purpose. This is
what should be represented by all items derived from this component. The items pro-
vide a purpose and possibly several objects or processes. Students then have to choose
which characteristic is relevant and which is not.

The problem with this type of question is that in many cases, it leads to a huge space
of possible solutions, as one can most often find both, arguments for and against a se-
lected subset. A typical example would be deciding which personal information should
be stored in an online shop. One can create scenarios where most information sug-
gested is relevant. A possibility to deal with this problem is that students need to write
down their arguments. Then, however, the item focusses on the ability to argue instead
of the abstract thinking competence. Another edition could state the purpose in much
more detail and make more restrictions, but this makes the items almost trivial. Thus,
this kind of problem is postponed to be discussed in the lecture.

Nevertheless, through the use of items in which students make a decision whether
a characteristic or a set of characteristics is sufficient to differentiate objects of different
classes, the solution space can be narrowed in a way that the solution is not trivial.
Consequently, I decided to formulate several items of this type (cf. Figure 4.8). In
addition, I designed an item where students do the inverse process. They are asked to
reproduce the purpose from a given abstraction and the input of the abstract thinking
process.
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4.2. Item Development

On many websites you see if a password is weak, medium or strong. You want to
find out which criteria underlie the process of a specific homepage. To do this, you
enter different passwords and note the displayed status. The result of this enquiry is
shown in the following table.

Passwort Status ‘
Servus weak
Baum36 weak
T?08 weak
$5&-!1? weak
SteffisPassworT medium
Informatik medium
urlaubindien2013 medium
studium medium
20!7-10 medium
B3!$p!3l strong
§Passwort& strong
TH3OPW! strong
§4%68?9!a strong
6PassWort strong

What are the components that all various pass phrases consist of?

Which components and other characteristics distinguish weak from medium pass
phrases?

Which components and other characteristics distinguish strong from medium
pass phrases?

Figure 4.8.: Sample item HIDE AND KEEP.
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4.2.3. Operationalisation of Expand

Expand is the third and last competence component to be assessed. It is defined as re-
vealing relationships between items or processes and building new components and concepts.
In order to evaluate this part of abstract thinking, concrete entities or processes are
presented to the students. The objects are constructed, based on a rule set that is not
described. In contrast to Commonalities and Differences the introduction of parameters is
no longer sufficient. New concepts like counting, substitution or loops are needed. Just
to clarify: This does not mean that students need to know loops in a certain program-
ming language. However, they have to come up with some idea of how to repeat steps
and maybe keep track of the number of steps done so far.

In order to assess this, students need to reveal and describe the relationships between
instances in a collection of similar entities or processes. This also includes building hy-
potheses about the underlying structure and verifying those using the given examples.
Examples for this type of item are shown in Figures 4.9 and 4.10. In order to foster the
reflection process, students are sometimes asked to build an instance by applying the
proposed rule set.

The following procedure is an extract of a computer program. Its goal is to system-
atically analyse the word INFORMATIK for a specific characteristic.

(1) Compare I with K (6) Compare M with R
(2) Compare N with I (7) Compare A with O
(3) Compare F with T (8) Compare T with F
(4) Compare O with A (9) Compare I with N
(5) Compare R with M (10) Compare K with T

How would the procedure look like to be applicable to any word of even length.
Define this procedure.

Figure 4.9.: Sample item EXPAND.

In contrast to the item depicted in Figure 4.6, it is no longer sufficient to introduce
a parameter to solve the task. Students need to come up with the idea of a repeating
structure that influences the parameter in every run. If and only if they are able to deal
with the variable length of the word.
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In the following, four messages were encoded. Below you can see the original
message and the code. But the encodings exhibit gaps (empty rows).
Complete the gaps in the code.

Meros

— | bxcobx

‘ — | axeoax

| —

‘ ‘ — | axaoaxaiaxaoax
‘ ‘ — | bxcobx

Figure 4.10.: Sample item ExPAND. Adapted from [18].

In a previous study presented at EDUCON’17 [102], I conducted several think-aloud
sessions [71] and decoding interviews [69] with students and researchers. The aim was
to analyse their mental processes and to identify the competences necessary to solve
the problem.

One question that was studied is the one depicted in Figure 4.10, but in a closed
format. After the interviews, the answers of the participants where summarised for
those solving the problem and for those who were not able to. The result of this analysis
is again presented in Table 4.1 and Table 4.2. It has to be pointed out that participants
who solved the problem describe a flash of inspiration in their thinking process. This is
when they come up with a new relationship, component or concept. Participants that
came to an incorrect solution did not depict any similar event. Moreover, they did not
sufficiently check their hypotheses about the underlying rule set.

Items presented in this chapter are just an excerpt from the final Abstract Thinking
Assessment (ATA) to illustrate the design process. The development of all other items
followed this design process, where at first, the competence model is analysed to derive
specific processes of the competence component. Afterwards, typical problems related
to computer science are collected that represent the specified process. Subsequently, the
problems are rephrased to fit students” previous knowledge. The resulting problems
then form test items. The final ATA (in German) can be found in the Appendix — Part VL
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# Step

1 Picture and code contain the same characters (x, o, i)

2 | All other characters like a and b in the code must carry some information

3 | Both Xin the picture have the same color and might be a unit

4 | Try find correlation between XX __ __ and code bxcobx aswellas ____ XX and code bxcobx

5 | Sequence XX twice in the picture and bx twice in the code

6 | From XX follows bx

7 | Test hypothesis with last row — correct

8 | Both bx as well as XX can be 'removed’ for further work

9 | Remains OOO and co for the first line

10 | b—>2,c—3,a—1

11 | Character in front of x, o, i represents the amount of signs X, O, I in the code until it changes and
it matches the number to the character in the alphabet on the position equal to the amount

12 | Code consists of tuple (amount of same character, the character itself)

13 | Test hypothesis with all examples — works

14 | Apply rule to third and missing row

15 | Check if result is a possible answer

Table 4.1.: Results of the think-aloud process that leads to the correct result [102].

Step

Picture has 7 columns whereas the code has 6 and more characters

Match of one sign in the picture to a character in the code is not possible

Row 1 and 5 are identical

Difference between code inrow 1 and 2,2 hasno b

Conclusion XX equals b

Correlation discovered that 2X — b

What does the o in the code mean?

What does the O in the picture stand for?

Correlation XX — b, X — a

Solution cannot start with b or a as the picture shows no X

Elimination process on the answer possibilities leaves only one choice oociaio (Wrong answer)

Table 4.2.: Results of the think-aloud process that leads to a false result [102].
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4.3. Composition

4.3. Composition

The items are arranged in a mixed way due to the component they address. However,
items of the same type and referring to a comparable situation are presented as one
block with one problem description at the beginning. This description is sometimes
enriched by an example that also includes its solution. Thus, students know what kind
of answer is expected from them. In other problems, the response field shows the be-
ginning of the sentence anticipated. The size of the response fields is appropriate to the
amount of text expected. All this should help to make instructions more clear and thus
to minimise bias [74].

An overview of the component each item addresses is depicted in Table 4.3. The
order of items in the table is the same as the order in which items appear in the ATA.
The final ATA is presented in Part VI of the appendix.

4.4. Evaluation

At the beginning of this Part II, the aim and the target group of the assessment tool
have been presented and requirements for the assessment and all items have been de-
duced. After the development of the items and the composition of the assessment, the
implementation of these requirements is reviewed.

In general, different item types should be established in the assessment, which has
been fulfilled by using a mixture of textual and graphical descriptions. Additionally, the
items use various purposes, like finding the way through the London railway network
or building an abstraction in order to automate a process.

As the example items in Section 4.2 show, all of them meet the previously defined
requirements. This also applies to every item in the test that is presented in the Ap-
pendix Part VI. None of the items requires any computer-science specific knowledge.
Instead, items are derived from typical problems in order to represent the character-
istic mindset. The problems used often originate from our first-semester introduction
to software development. In addition, problems from the Informatik Biber” [18] have
been examined, which are aiming at secondary education (grades 5 to 12/13) and offer
different levels of difficulty. The items focus on the “understanding of the principles,
ideas and concepts that are involved in informatic systems” [24]. Thus, all items have
an appropriate level of difficulty and represent the computer science mindset. Finally,
each item can be assigned to a specific competence component of the proposed model,
as shown in Table 4.3.
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4. Design of the Abstract Thinking Assessment (ATA)

Item

Communalities Hide & Keep Expand
& Differences

Rank, analyse and reason
Rank Apple

Rank Seal

Rank Vending Machine
Rank Typing

Reflect upon Rankings
Generalise Rankings

Rank Ticket
Justify Ticket
Rank Species
Justify Species

X X X X

X X X X

Summarise

Name Vehicle
Characterise Vehicle (1)
Characterise Vehicle (2)
Characterise Vehicle (3)
Characterise Vehicle (4)

Name Brick

Characterise Brick (1)

Evaluate Characteristics Brick (1)
Characterise Brick (2)

Evaluate Characteristics Brick (2)
Characterise Brick (3)

Evaluate Characteristics Brick (3)
Characterise Brick (4)

Evaluate Characteristics Brick (4)

XX X X X

London Railway Network
Stations

Intersections

Location of stations
Distances

Representation

Course

Justify Tube Map

Fragmentary Codes
Easy Code
Medium Code
Biber Code

Music Code

X X X X

Faulty Codes

Mark and Correct Binary to Alpha
Mark and Correct Counting Code
Rule for Counting Code

Mark and Correct Caesar Code
Rule for Caesar Code

Mark and Correct Digital Code
Rule for Digital Code

XXX X X X X
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4.4. Evaluation

Item Communalities Hide & Keep Expand
& Differences

Machines

Function Sorting

Function Set

On the Grid

Grid Moved Diagonal

Grid Triangle

Grid Chess

Grid Tree

Pass phrase Security Status
Pass phrase Components
Differences weak — medium
Differences medium — strong
Rule weak

Rule medium

Rule strong

Potions

Potion chequered commonalities X

Potion weightless commonalities X

Potion luminous differences X
Automation
Palindrome constant length X

Palindrome various length X
Smartphone
Smartphone — 3 abstraction levels X
Justify Smartphone Levels X

X X

X X X X

X X X

X X X

Table 4.3.: Overview of which question is related to which competence component.

In order to evaluate the time limit, the comprehensibility and the difficulty of the Ab-
stract Thinking Assessment (ATA), a pilot study has been conducted. The population
was a representative group of 11 people consisting of potential students (last year of
Gymnasium), enrolled students and professionals from the STEM field. Participants
had a time limit of 75 minutes to finish the ATA. In Table 4.4 an overview of the partic-
ipants is depicted.

In a performance test with time limit, there is a risk that the last items in the test will
often not be answered. Thus, every participant of first run, got a different order of the
items in the individual ATA. This helps to reduce the effect that the arrangement of he
items might have on the solution frequency.

In summary, the following insights were gained by the pilot study using ATA ver-
sion 1 and were used to revise the ATA.

Solution rate: The evaluation showed that some of the RANKING items are rather easy
for the participants. Nevertheless, these items remain in the ATA to function as
‘'warm-up’ questions.

Item selection: Two items contained an extensive amount of text, which several partic-
ipants found very difficult. Especially students with difficulties in reading strug-
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4. Design of the Abstract Thinking Assessment (ATA)

Version ‘ Current Level (Education) ’ Highest degree ‘ Specialisation

Version1 | Gymnasium 12th grade - -
Version1 | Gymnasium 12th grade - -

Version 1 | Bachelor Fachabitur Economics

Version 1 | Bachelor Abitur MINT

Version1 | Master Bachelor Information systems & management
Version 1 | Master Bachelor Computer science

Version 1 | Non-IT Professional Abitur -

Version 2 | Gymnasium 12th grade - -

Version 2 | Non-CS Professional Abitur -
Version 2 | CS Professional Bachelor Computer science
Version 2 | CS Professional Bachelor Computer science

Table 4.4.: Biographic characteristics of the participants of the pilot study.

gled with these items. Thus, those two items were replaced by one item with less
text, but representing a similar situation and problem. This item has been revised
by interviews with experts and students.

Arrangement of items: Participants reported that changing item type or competence
component frequently, makes it difficult for the students to stay focussed. Ad-
ditionally, this makes it necessary to understand the task type again and again.
Thus, items of the same type, focussing on the same competence component are
grouped together. Similar items are presented one after the other. Whenever pos-
sible, the initial instruction is just presented once at the beginning of the group of
items.

Time limit: High performing participants managed to complete the ATA in time. Thus,
neither the number of items nor the time limit need to be adjusted. The time
limit will be set to 75 minutes for the following studies. Thus, the organisational
requirement time can be met.

Wording: When asking students to name similar characteristics the term 'Eigenschaft’
(feature) has been used in version one. Several participants noted that the term
"Eigenschaft’ is misleading and suggested ‘"Merkmal’ (characteristic) instead. Con-
sequently, the wording was adapted in all items, like the one depicted in Fig-
ure 4.5.

All these findings are used to create a second version of the ATA. Subsequently, a sec-
ond pilot study was conducted to evaluate whether the changes increased readability
and to check whether the ATA is still feasible in the predetermined time. Participants
still managed to complete version 2 of the ATA within the time limit of 75 minutes and
did not suggest further changes. Thus, the second version of the ATA is used in the
following studies and forms the final version.
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5. Rating Guidelines and Scoring

In order to be able to judge students” answers by some kind of standard, a comprehen-
sive and generic rating rationale is developed (see Section 5.1). It is a blueprint to eval-
uate items that assess the competence of abstract thinking. From this, a coding manual
has been derived to guide the rater through a qualitative rating process (see Appendix
Part VII). A detailed description of each item complemented by sample answers helps
to obtain unbiased evaluations. The advantage of using a rating rationale is that an-
swers are objectively categorised. Thus, answers are comparable [12]. Afterwards, the
rating process is presented in Section 5.2. At the end, codes in the rating rationale are
assigned to scores for the data analysis. During this scoring process, several codes can
map to one score (see Section 5.3).

5.1. Rating Rationale

I identified several dimensions for looking at students” answers, like correctness, level
of abstraction or quality of reasoning. Moreover, completeness seems to be important,
as this represents whether students thought of all aspects that are relevant. Descrip-
tive characteristics like kind of presentation (prose text, graphic or formula) and kind
of characteristic have been identified. These are documented for several items, to gain
further insights that influence the teaching concept. As the quality of students reason-
ing is a field of research on its own, it is not part of this work. All other dimension
seem promising for the evaluation of abstract thinking competence in the context of
computer science.

Accuracy and completeness form the basis for a solution. Thus, both are taken to-
gether. It is not sufficient, to give accurate answers, if these are not complete. On the
other hand, if answers represent all relevant aspects, but for example depict a wrong
relation, the answers cannot be evaluated correctly. Thus, they are comprised into one
scale called Correctness.

For the scale Correctness, the categories correct and false are defined. There must be
a hard border between these two categories. Therefore I rate only answers as correct,
which are entirely accurate and complete. Partly correct or wrong answers are rated as

false.

The Level of Abstraction shows to which degree a solution represents a set of different
objects. This, in essence, answers the question about students” competence of abstract
thinking. The Level of Abstraction is evaluated independently of the Correctness.
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5. Rating Guidelines and Scoring

The rating rationale for the Level of Abstraction is guided by the observation that peo-
ple who think in an abstract manner are able to summarize or concentrate on the essen-
tials of several objects or processes. Furthermore, abstract thinking is commonly seen
to appear on various levels [19, 44, 58, 82, 95]. Thus, it seems obvious that I have to find
an adequate measure for the level of abstraction students achieved. Based on literature,
two opposed categories concrete and generic can definitely be defined [45, 62, 67].

Teaching experience shows that students tend to focus on given objects while build-
ing abstractions, which restricts the range of possible applications of the solution. How-
ever, this is more than concrete, but not the most generic solution. Thus, I introduced
a third category specific between the poles concrete and generic. Concrete answers are
characterised by a practical and stepwise explanation. Moreover, answers focus on the
given examples and use well-known terms. When answers reveal a rule set, which can
only be applied to the given examples, the answers are specific. In the case that the
described rule set can be applied beyond the given examples, the answers are rated as
generic.

All scales are completed by the rating category empty for an empty answer or answers
that are crossed out. In addition, the category unconnected is used for answers that do
not show any relation to the problem statement.

A detailed description of the comprehensive and generic rating rationale for the two
scales Correctness and Level of Abstraction can be found in Table 5.1. In case that several
codes apply, the lowest is chosen. The application of the rating rationale to evaluate
students” answers is exemplarily shown in Section 5.2.

Based on the coding of the Level of Abstraction a second, dichotomous scale can be
derived. This scale specifies whether the solution represents an abstraction of the given
examples or not, and thus, whether the solution indicates a sufficiently high level of
abstraction or not. Consequently, the scale is called Abstract Thinking Competence.

Experts in software engineering need to build abstractions on a high level of abstrac-
tion, which are also accurate and complete. As abstract thinking competence and cor-
rectness are assessed independently in the coding step, this relation is not reflected by
one of the scales, yet. Thus, it is interesting to compute a scale representing the relation
between Correctness and Abstract Thinking Competence representing Professionality.

In summary, the following four scales have been defined:

Correctness Level of Abstraction
Accuracy and completeness Degree of abstraction
Abstract Thinking Competence Professionality
Indication for a sufficiently high Accuracy and completeness as well
level of abstraction as an indication for a sufficiently
high level of abstraction
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5.1. Rating Rationale

Correctness

Empty

The response field is ...
— empty.
— crossed out completely.

999

Unconnected

The answer is ...
— unconnected or out of context.
— abuzzword.
— a paraphrase of the problem.
— unreadable.

99

False

The answer is ...
— deficient from a professional perspective.
— partly deficient from a professional perspective.
- unclear in its formulation.

Correct

The answer is ...

— accurate and complete from a professional perspective.

Level of Abstraction

Empty

The response field is ...
— empty.
— crossed out completely.

999

Unconnected

The answer is ...
— unconnected or out of context.
— a buzzword.
- a paraphrase of the problem.
— unreadable.

99

Concrete

The answer ...

describes the given examples.

— uses everyday or well-known terms.
— describes actions step by step.

— uses several cases that are specific for a single example.

Specific

The answer ...

— depicts a rule or a rule set, which exclusively describes

the given examples.

Generic

The answer ...

— depicts a rule or a rule set, which describes the given

examples and goes beyond that.

Table 5.1.: Rating rationale for items designed to measure the competence abstract

thinking.
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5. Rating Guidelines and Scoring

5.2. Rating Process

A majority of 40 out of 61 questions of the Abstract Thinking Assessment (ATA) are
open format questions. Answers are given in a written form on paper. All filled assess-
ments are rated by one rater using the coding manual (see Appendix VII). A second
rater classifies answers of 10% of the filled assessments independently. The degree of
agreement of both ratings is a basis for the evaluation of the objectivity of the assess-
ment and its rating. The original test sheets including answers, notes and sketches
are accessible to both raters. None of the answers are evaluated automatically. In the
following, the rating process is illustrated in detail for a choice of items.

RANK, ANALYSE AND REASON: JUSTIFY TICKET

This item represents the competence component Commonalities and Differences. Students
need to rank several objects as illustrated in Figure 4.1. In a next step, they are asked
to give a justification for the sequence they have chosen. This item is open format and
represents a typical process of abstract thinking. Consequently, in addition to correct-
ness, the level of abstraction is rated using the coding manual. The results of the rating
process for several answers are depicted in Table 5.2.

Sample Answer ‘ Correctness  Level

Peter had to count the money first, but in concrete terms he has the same | False Unconnected
coins as Mona.

In 1 it is exactly described which coins are used, in 2 only the total | False Concrete
amount. In 3, the process is described only generally and 4 is a sym-

bol.

Number 1 contains the most information, whereas number 4 offers | False Specific
much scope for interpretation.

I go from the general to the detailed depiction. False Generic

1. Complicated process Correct Concrete

2. Same process simplified
3. Process generalised & reduced
4. Abstract description reduced to on image

The largest information content is in (1), then (2) rightarrow In (2) you | Correct Specific
do not know exactly how the change is split. (3) is just a description of
the activity and (4) a representation with no details.

The process of ticket purchase is described with fewer and fewer details. | Correct Generic
The level of detail is the sorting criterion. The less details, the more
abstract.

Table 5.2.: Rating of different sample answers to item JUSTIFY TICKET, according to the
two scales. Translated from German into English while trying to maintain
sloppiness in wording.
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5.2. Rating Process

PASS PHRASE SECURITY STATUS: DIFFERENCES MEDIUM — STRONG

A sample item shown in Figure 4.8 represents items of the Hide and Keep competence
component. In the second and third item, students are asked to describe a characteristic
or a set of characteristics that is sufficient to distinguish different classes of objects. The
application of the coding manual to the third task, asking for criteria to differentiate
pass phrases of medium and strong status, is shown in Table 5.3.

Sample Answer ‘ Correctness  Level
Numbers used as letters, special characters mixed with these ‘'words’ False Concrete
At least 1 number or 1 special character for strong. 8 digits False Concrete
strong: consists of at least 3 different components, weak: consists of not | False Specific
more than 2 different components

3/4 components used for strong, 2/4 for medium False Specific
At least 3/4 of the components are used for strong. Medium pass | Correct Specific

phrases, however, use at most 2 of the 4 components.

Number of used character types Correct Generic

Table 5.3.: Rating of different sample answers to item DIFFERENCES MEDIUM — STRONG,
according to the two scales. Translated from German into English while try-
ing to maintain sloppiness in wording.

ON THE GRID: GRID CHESS

A typical item derived from the competence component Expand is shown in Figure 5.1.
Students need to reveal the relationships between the 'x” on the grid, and then describe
the rule set of their creation. Sample answers and their ratings are presented in Ta-
ble 5.4.

Find and formulate a rule that describes when an 'x’ is placed on the following grid. Each cell can be
clearly identified by a row and a column number. The rule should be as general as possible.

1| x X X
2 X X
3 | x X X
4 X X
5 | x X X

Figure 5.1.: Sample item Expand as it appears in the test.
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5. Rating Guidelines and Scoring

Sample Answer Correctness  Level
An x is printed with one free box each. If the row number is even, the | False Specific
free box comes first.

An x in each cell whose column number is equal to the row number and | False Specific
in each cell of a row whose column number is 2 smaller or larger than

its row number.

x is set if row number is odd if numbers are divisible only by them- | False Generic
selves. If row number is even, x is set for numbers that are divisible by

2.

If the number is even, column numbers consist only of even numbers | False Generic
and vice versa.

An 'x’ is set if row % 2 = 0. False Generic
For all even row numbers, an ’x’ is set at column 2 and 4. For all odd | Correct Concrete
row numbers, an 'x” is set at 1, 3, 5.

An x is set if column number + row number is an even number. Correct Generic
An x is set if row number odd and column number odd too or if row | Correct Generic
number even and column number even too.

An ’x’ is set if row number % 2 = column number % 2. Correct Generic

Table 5.4.: Rating of different sample answers to item GRID CHESS, according to the two
scales. Translated from German into English while trying to maintain slop-

piness in wording.
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5.3. Scoring process

5.3. Scoring process

For the analysis, the answers are scored after the rating. The mapping of codes and
scores for all scales is depicted in Table 5.5. As the Abstract Thinking Assessment (ATA)
is a performance test, empty and unconnected answers on scale Correctness show the
same low performance as wrong answers. This is reflected by the scoring. Empty,
unconnected and false answers receive the same score 0. Only correct answers are
valued with a score of 1.

For scale Level of Abstraction, empty and unconnected answers are marked with score
0 as it is not possible to make a statement about the abstraction level present. All other
codes are increased by 1 as each score should represent a single level. Thus, a scale
from 0 to 3 with a step size of 1 emerges.

Based on the Level of Abstraction a dichotomous scale called Abstract Thinking Com-
petence with values 0 and 1 has been derived. Answers showing the competence of
abstract thinking are scored with 1, whereas score 0 represents that no abstract think-
ing competence is present in the solution.

The mapping rules for the derivation of Abstract Thinking Competence is as follows:
Code 1 (specific) on Level of Abstraction is assigned to answers depicting an abstraction
of the given examples, but they still contain specifics that limit the abstraction to the
given examples. Solutions with code 2 (generic) do not contain any restrictions of the
abstraction with respect to the examples. Hence, both codes stand for an abstraction.
Consequently, answers with code 1 and 2 assigned on Level of Abstraction are scored 1 on
scale Abstract Thinking Competence. Answers with code 0 (concrete) on Level of Abstrac-
tion solely describe the examples one by one or use numerous cases to discriminate each
example individually. The number of cases is in this case often equal to the number of
examples. This kind of solution does not represent an abstraction, the same applies
to empty or unconnected answers. Thus, they are scored 0 on scale Abstract Thinking
Competence.

For the new scale Professionality only answers that are correct and that show a suf-
ficiently high level of abstraction are scored 1. All others do not depict a professional
solution and are consequently scored 0.
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5. Rating Guidelines and Scoring

Label Code Score
Correctness

Empty 999 0
Unconnected 99 0
False 0 0
Correct 1
Level of Abstraction

Empty 999 0
Unconnected 99 0
Concrete 0 1
Specific 2
Generic 2 3
Label Code Score
Level of Abstraction Abstract Thinking Competence
Empty 999 0
Unconnected 99 0
Concrete 0 0
Specific 1
Generic 2 1
Score Score Score
Correctness Abstract Thinking Competence Professionality
0 0 0
0 1 0
1 0 0
1 1 1

Table 5.5.: Scoring scheme for the rated answers.
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Part III.

Studies and Analysis
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Studies and Analysis

After the definition of the competence model for abstract thinking, the Abstract Think-
ing Assessment (ATA) has been introduced. Data collected using the ATA reflect cor-
rectness in the sense of accuracy and completeness as well as the level of abstraction of
students” answers. Analysing the data collected using the ATA makes it possible to test
commonly known hypotheses, for example on the relation between the competence of
abstract thinking and the acquisition of professional skills in computer science, or the
lack in abstract thinking competence among first-year students.

The ATA was applied in two studies: the Main study and the Post study. The pop-
ulation that forms the basis for these studies are 151 first-year students starting in
winter semester 2017/18 in the bachelor’s programmes in computer science and sci-
entific computing at the Munich University of Applied Sciences. Thus, the Main study
provides insights into first-year students’ initial level of abstract thinking competence
when entering university. In order to evaluate students’ progress, a Post study has been
conducted at the beginning of the second semester.

At my institution, first-year students are split into sub-cohorts taught in parallel.
Consequently, the Main study took place in three sessions to fit the individual sched-
ules of the sub-cohorts. These sessions were carried out under comparable conditions:
75 minutes editing time, same lecture hall, clock present in all sessions, time check after
30 minutes and 15 minutes before submission. In order to motivate students and to
reward participation, all students received a joker for an arbitrary lab-assignment. This
means, that they can skip one lab-assignment without consequences for their admis-
sion to the final exam. Overall, n = 134 students participated in the study. 129 students
were ‘real’ first-year students. The other five students are in their third semester, retak-
ing courses of the first semester that they did not pass before.

During the Post study, students participated in one session. The conditions were
the same as the ones for the Main study. This time, students received an individual
evaluation of their results in the ATA as a bonus. Additionally, five power banks have
been raffled among the participants. All in all, 45 students from all three sub-cohorts
attended the Post study.

This part of the thesis focusses on the analysis of the data collected in the two studies.
Based on the data of the Main study, common quality criteria are evaluated for the
ATA in Chapter 6. Subsequently, students’ results are analysed in Chapter 7 to get an
overview of first-year students level of proficiency. At the end, the data collected are
used to verify well-known hypotheses from literature and one further hypothesis that
arose during the coding process. The findings are presented in Chapter 8.
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6. Evaluation of the Quality of the Abstract
Thinking Assessment (ATA)

The quality of an assessment is defined by its items and their composition. A good
quality can be achieved by design and can be verified with help of empirical data [12, 17].
The main quality criteria for assessments are:

— Validity: Correspondence to the underlying model.
— Objectivity: Independence of the investigator.

— Reliability: Accuracy of the measurement.

— Item difficulty: Variety of levels of proficiency.

In the following four sections, methods to evaluate the quality of the ATA are pre-
sented and applied. The data underlying all analyses originates from the Main Study.

6.1. Validity

The quality criterion validity describes the degree to which an instrument measures
what it claims to. There exist three types of validity:

— Content validity
— Criterion validity
— Construct validity

Content validity is achieved by a deliberate and thorough design of the assessment.
The fact that the items of the ATA are derived from a well-researched competence
model contributes to its content validity.

After data have been collected, criterion validity can be examined by comparing the
results with another criterion that should correlate with the outcome of the assessment.
Subsection 8.3 shows that students” competence of abstract thinking measured using
the ATA shows an impact on the acquisition of programming skills. As this corresponds
to known hypotheses, criterion validity is assumed.

Construct validity is evaluated by the comparison of results of the new assessment
with the results of an established one measuring the same. As the ATA is the first
attempt to measure the competence of abstract thinking, a comparison is not possible
at this time. Thus, complete validity cannot be proven.
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

6.2. Objectivity

The objectivity of an assessment describes the independence of the investigator. A high
objectivity can already be achieved in the design phase by providing standardised in-
structions for the following three phases [17]:

— Application

— Evaluation

— Interpretation

An objective application is achieved by comparable conditions like time limit, lecture
hall and assistance during the assessment. In all three sessions of the Main study they
were exactly the same for all students. Additionally, these conditions have been noted
in this work to be available for further applications of the ATA (see introduction of
Part III).

In order to achieve an objective evaluation and interpretation, guidance for the in-
vestigator must be provided. In case of the ATA, a rating rationale has been developed,
which serves as a blueprint for the evaluation of the competence of abstract thinking.
From this, a coding manual has been derived to guide the rater through the evaluation
of each item. Moreover, the application of the coding manual is exemplarily shown.
In order to limit the scope for interpretation, the scoring is additionally presented (see
Chapter 5). Furthermore, the analysis of the results presented in this part of the thesis
can be considered as a guide to interpret the results of the ATA.

The objectivity of the evaluation can also be verified empirically. A well-known mea-
surement for the agreement of independent ratersis Cohen’ s Kappa, representing the
so-called interrater reliability. Cohen’s Kappa represents the agreement of two raters
beyond what would be expected by chance [56]. Perfect agreement of both raters is
represented by x = 1.0. Fleiss & Cohen [31] suggest a value between 0.60 and 0.75 for a
good agreement. Values above 0.75 represent an almost perfect match.

To validate the objectivity of the ATA, a second person rated 10% of the 134 assess-
ments, which were randomly drawn, independently of the first rater. In order to iden-
tify misunderstandings or problems using the coding manual, a rater training took
place at the beginning. The agreement of both raters x has then been calculated for
each item on the basis of 14 assessments. Subsequently, the average Cohen’s Kappa
has been computed for the two scales Correctness and Level of Abstraction. According to
known interpretations, the interrater reliability, which is shown in Table 6.1, is almost
perfect for the ATA and its coding manual.

Scale Cohen’s Kappa
Correctness 0.87
Level of Abstraction 0.92

Table 6.1.: Average interrater reliability (Cohen’s Kappa ) for the two scales.
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6.3. Reliability

6.3. Reliability

Generally speaking, reliability describes the degree of accuracy of the measurement.
The reliability of an assessment is examined using empirical data. There exist three meth-
ods to investigate the reliability and to calculate the reliability coefficient. Depending
on the setting of the study one can compute [17]:

— Retest reliability
— Parallel test reliability
— Internal consistency

With the help of retest reliability, the stability of the results over time is investigated.
The assessment is filled in by the same group of participants at two different points
in time. Although students have been assessed using the ATA at different times, this
measurement is not appropriate, as an increase in the competence is expected between
Main and Post study.

In case of parallel test reliability, two different assessments measuring the same con-
struct are required. It is expected that both assessments lead to similar results. So far,
there exists no other assessment for the competence of abstract thinking. Thus, the
application of this method is not possible yet.

The only reliability measurement that requires just one study and one assessment is
internal consistency. Consequently, this is the measurement of choice in my case. Inter-
nal consistency is reported using the reliability coefficient Cronbach’s Alpha («). The
coefficient is calculated on a scale level and is a modification of parallel test reliability.
For the calculation, each item is interpreted as an assessment on its own and correlated
to all other items in the assessment. Thus, Cronbach’s Alpha represents the revised
average correlation between the items [12, 17]. There exist several suggestions for the
interpretation of Cronbach’s Alpha. Bland and Altman [10] as well as Tavakol and Den-
nick [85] propose a value ranging from 0.70 to 0.95 to be good, whereas studies like [77]
consider a-values starting from 0.60 as adequate in case of a small number of items.

The results of the reliability analysis for all four scales are depicted in Table 6.2. The
value of Cronbach’s alpha using all 61 items representing Correctness is 0.799. For the
Level of Abstraction, Cronbach’s alpha reaches 0.807 using the 24 items of this scale. Both
scales Abstract Thinking Competence and Professionality derived from the initial coding
show good reliability, too. In summary, all four scales show good measurement accu-
racy.

Scale n Scale length Cronbach’s alpha
Correctness 134 61 0.799
Level of Abstraction 134 24 0.819
Abstract Thinking Competence 134 24 0.781
Professionality 134 24 0.749

Table 6.2.: Description of all scales of the Abstract Thinking Assessment (ATA).
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

6.4. Item Difficulty

Items have different solution rates that are quantifiable as psychometric item difficulty,
which is often just called item difficulty. Tough items are solved correctly only by a few
participants of an assessment, whereas easy items, are solved by almost every partic-
ipant. Hence, the item difficulty has a significant influence on the distribution of the
results. Moreover, a good variation of item difficuly allows to differenciate participants
according to their proficiency [12, 17]. Thus, the range of item difficulty is evaluated for
the ATA.

The item difficulty is calculated separately for each item and is indicated by an index
corresponding to the proportion of those who correctly solve the item. For dichoto-
mous scales the item difficulty is equivalent to the percentage of correct answers. Thus,
the name of the measurement does not necessarily correspond to the everyday under-
standing of difficulty [12, 17].

As suggested by Bortz & Doring [12], items with an value between 0 and 0.2 are
classified as tough, whereas an item difficulty index of 0.8 - 1.0 indicates easy items.
An index between 0.2 and 0.8 (excluding the interval limits) is denoted as moderate.
In order to be able to differentiate various persons according to their abilities, a good
assessment should have a broad distribution of item difficulties. To denote the difficulty
of an entire assessment, the average item difficulty per scale can be calculated. Table 6.3
presents the average item difficulty for the three dichotomous scales of the ATA.

Scale Average item difficulty
Correctness 0.62
Abstraction Thinking Competence 0.57
Professionality 0.39

Table 6.3.: Average item difficulty of the three dichotomous scales.

Overall, the ATA shows a moderate average of item difficulty. Detailed analysis of the
items, which are presented in the following subsections, show a satisfactory range of
item difficulty. Item difficulty ranges from several easy items, over moderate, to a few
tough items. Thus, the ATA allows to differentiate students on all levels of proficiency.

Each subsection starts with a summary of the scale in the form of a graphical overview.
For dichotomous scales a pie chart reveals the average item difficulty. The overview is
supplemented by a bar chart presenting the amount of items per category of item dif-
ficulty (easy, moderate and tough). And additionally, the range of item difficulties is
indicated by the minimum and the maximum value. In case of the non-dichotomous
scale Level of Abstraction the distribution of scores is shown using a bar chart. A detailed
list of all individual items per scale is presented at the end of each subsection. The item
difficulty is reported in case of dichotomous scales. And for the non-dichotomous scale
Level of Abstraction the distribution of answers across the scores is outlined.
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6.4. Item Difficulty

6.4.1. Scale Correctness

Scale Correctness — 61 Items
Correct
h Range of individual items’ solution rate:

9.7% — 99.25% correct answers

61.60%

Distribution of items categorised ac-
cording to their item difficulty:

Easy 19 items
38.40% Moderate 35 items
false Tough 7 items

Ratio of correct and false answers on basis of
the Main Study (all items and students).

Figure 6.1.: Overview of scale Correctness (n = 134).

The correctness of students” abstractions is assessed using 61 items. Figure 6.1 presents
an overview of the important results of the analysis of this scale. The scale Correctness
differentiates the whole performance range. Overall, 61.60% of the students” answers
have been assessed as correct. Item difficulty varies from easy (solved by 99.25% of
the students) to tough (solved by 9.7% of the students). The categorisation of items
according to their item difficulty shows that 18 items can be categorised as easy, 36 as
moderate and 7 as tough. Each item belongs to one of 11 subsets, such as SUMMARISE
or ON THE GRID. An in-depth analysis shows that at least one student achieved the
maximum number of points within a subset.

The results in Table 6.4 reveal that items of group SUMMARISE representing the con-
cept of classes are rather easy for the students. The solution rate of RANK items varies
from 48.51% to 95.52%.

It is also noticeable that the item REFLECT UPON RANKINGS is very tough. Moreover,
the reliability of the ATA increases to a higher factor (o« = 0.803) when the item is
deleted from the assessment. This indicates that the item requires something in ad-
dition or different. My assumption is that students struggle with reflecting on their
thinking process.

Items, such as PALINDROME VARIOUS LENGTH, that require building an abstraction and
parametrising a process are most difficult for students. Items like RULE MEDIUM where

students need to be very precise and clear are solved correctly by only a few students
as well.
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

Item — Scale Correctness Item difficulty

Rank, analyse and reason

Rank Apple 0.96
Rank Seal 0.78
Rank Vending Machine 0.87
Rank Typing 0.46

" Reflect upon Rankings 0.10
Generalise Rankings 0.42

" Rank Ticket 0.82
Justify Ticket 0.46
Rank Species 0.65
Justify Species 0.25
Summarise
Name Vehicle 0.97
Characterise Vehicle (1) 0.97
Characterise Vehicle (2) 0.98
Characterise Vehicle (3) 0.97
Characterise Vehicle (4) 0.96

" NameBrick 096
Characterise Brick (1) 0.93
Evaluate Characteristics Brick (1) 0.89
Characterise Brick (2) 0.90
Evaluate Characteristics Brick (2) 0.90
Characterise Brick (3) 0.89
Evaluate Characteristics Brick (3) 0.69
Characterise Brick (4) 0.86
Evaluate Characteristics Brick (4) 0.81
London Railway Network
Stations 0.70
Intersections 0.81
Location of stations 0.69
Distances 0.62
Representation 0.12
Course 0.78

" Justify Tube Map 0.10
Fragmentary Codes
Easy Code 0.99
Medium Code 0.64
Biber Code 0.62
Music Code 0.72
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6.4. Item Difficulty

Item — Scale Correctness Item difficulty
Faulty Codes

Mark and Correct Binary to Alpha 0.81
Mark and Correct Counting Code 0.66
Rule for Counting Code 0.49
Mark and Correct Caesar Code 0.72
Rule for Caesar Code 0.57
Mark and Correct Digital Code 0.22
Rule for Digital Code 0.24
Machines

Function Sorting 0.80
Function Set 0.54
On the Grid

Grid Moved Diagonal 0.76
Grid Triangle 0.75
Grid Chess 0.69
Grid Tree 0.15
Pass phrase Security Status

Pass phrase Components 0.64
Differences weak — medium 043
Differences medium — strong 0.19
Rule weak 0.55
Rule medium 0.17
Rule strong 0.25
Potions

Potion chequered commonalities 0.66
Potion weightless commonalities 0.70
Potion luminous differences 0.40
Automation

Palindrome constant length 0.41
Palindrome various length 0.13
Smartphone

Smartphone — 3 abstraction levels 0.31
Justify Smartphone Levels 0.22

Table 6.4.: Item difficulty of items rated on scale Correctness.
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

6.4.2. Scale Level of Abstraction

Scale Level of Abstraction — 24 Items

Missing | Unconnected
Concrete
Specific

Generic 47 %

Figure 6.2.: Overview of scale Level of Abstraction (n = 134).

The scale Level of Abstraction comprises 24 items. Figure 6.2 depicts the distribution
of the four scores! for all students participating in the Main study. Contrary to the
expectations, almost 50% of students” answers are assessed to be generic. Whereas, level
specific is only achieved by a small number of answers. Table 6.5 reports the detailed
frequencies of scores for each item on the basis of all 134 students.

There exist items of categories, such as FUNCTION or GRID (1-3), which 75% of the
students solve on a generic level. In contrast, items like PALINDROME VARIOUS LENGTH Or
DIFFERENCES MEDIUM — STRONG PASS PHRASES are solved by less than 25% of the students
on the highest level. Answers to the items labelled in the ATA with Profistufe (Expert
level)? are most often missing an answer. There exist items, where the majority of stu-
dents answered on a concrete level. Examples are: PALINDROME CONSTANT LENGTH,
DIFFERENCES MEDIUM — STRONG as well as JUSTIFY SPECIES and JUSTIFY TICKET.

!The attentive reader might ask, why the frequencies of scores are reported instead of the item difficulty.
Experts involved in the design of the ATA could not agree that Level of Abstraction is an interval scale.
Consequently, values assessed using this scale can just be considered as ordinal values. For this kind
of scale, the median would be the mathematically correct measurement. The basis for the calculation
of the item difficulty index is the average, but as explained, the average is not an appropriate measure-
ment in this case. Nevertheless, the average is the preferred measurement in classical test theory [17] to
report on the item difficulty of ordinal scales, as the median simply splits the sample into two groups
of equal size and provides no information about how the two groups internally look like. However,
as the distributions of scores of items on the scale Level of Abstraction are often bimodal, the mean is
not considered to be an appropriate measurement. As all these problems do not occur on dichotomous
scales, the scale Abstract Thinking Competence derived from the Level of Abstraction is used for all further
in-depth investigations concerning the competence of abstract thinking.

’Indicates that the item is tough by design and students might skip it at first.
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6.4. Item Difficulty

When looking at the frequencies of scores per item shown in Table 6.5, almost every
conceivable distribution can be found. Several items are often solved on level generic,
others on level concrete, and still others show a balanced distribution over all levels.
The only thing that stands out is that level specific is highest only for one item (RANK
REFLECTION). However, the difference between level concrete and specific is less than 2%,
which cannot be considered as substantial.

Item — Scale Level of Abstraction Missing/ Concrete Specific Generic
Unconnected

Rank, analyse and reason

Reflect upon Rankings 6.72% 32.84% 34.33% 26.12%
Generalise Rankings 19.40% 23.88% 23.88 % 32.84%
Justify Ticket 5,97% 50.75% 21.64% 21.64%
Justify Species 10.45% 68.66% 13.43% 7.46%
Faulty Codes

Rule for Counting Code 20.90% 14.93% 14.18% 50.00%
Rule for Caesar Code 5.97% 14.93% 24.63% 54.48%
Rule for Digital Code 61.19% 16.42% 6.72% 15.67%
Machines

Function Sorting 11.94% 2.99% 0.75% 84.33%
Function Set 3.73% 8.21% 3.73% 84.33%
On the Grid

Grid Moved Diagonal 2.24% 2.24% 0.75% 94.78%
Grid Triangle 2.99% 19.40% 0.75% 76.87%
Grid Chess 7.46% 9.70% 4.48% 78.36%
Grid Tree 58.21% 21.64% 17.91% 2.24%
Pass phrase Security Status

Pass phrase Components 2.99% 14.18% 2.24% 80.60%
Differences weak — medium 7.46% 42.54% 23.13% 26.87%
Differences medium — strong 10.45% 61.94% 17.16% 10.45%
Rule weak 11.94% 26.87% 3.73% 57.46%
Rule medium 14.93% 24.63% 4.48% 55.97%
Rule strong 17.16% 27.61% 14.93% 40.30%
Potions

Potion chequered commonalities 22.39% 4.48% 1.49% 71.64%
Potion weightless commonalities 17.16% 3.73% 17.91% 61.19%
Potion luminous differences 35.07% 4.48% 2.24% 58.21%
Automation

Palindrome constant length 32.09% 55.97% 0.75 % 11.19%
Palindrome various length 55.22% 26.87% 2.24% 15.67%

Table 6.5.: Percentage frequencies of scores for items rated on scale Level of Abstraction.
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

6.4.3. Scale Abstract Thinking Competence

Scale Abstract Thinking Competence — 24 Items

Low level

Range of individual items’ rate:
11.94% - 95.52% answers show a suffi-
ciently high level of abstraction

Distribution of items categorised ac-
cording to their item difficulty:

Easy 5 items
42.63%
Moderate 17 items
Sufficiently high level Tough 2 items

Ratio of answers indicating a sufficiently
high level of abstraction on basis of the Main
Study (all items and students).

Figure 6.3.: Overview of scale Abstract Thinking Competence (n = 134).

The scale Abstract Thinking Competence is a dichotomous scale derived from on the
scale Level of Abstraction and includes 24 items. Figure 6.3 shows that 57.37% of the stu-
dents” answers indicate a sufficiently high level of abstraction. The amount of solutions
indicating a sufficiently high level of abstraction ranges from few (11.94%) to many
(95.52%). Overall, the items show a balanced distribution, which allows differentiating
students on all levels of proficiency. A detailed evaluation of the percentage of answers
indicating a sufficiently high level of abstraction is depicted in Table 6.6.

Items of group AUTOMATION and item GRID TREE are solved by less than 20% of the
students in a way that shows a sufficiently high level of abstraction. It is not surprising
that only a small number of students is able to give a parametrised solution for GRID
TREE, as the parameters row-number, column-number and height are interdependent.
In contrast to this, it is astonishing that items of the group PALINDROME, which guides
students through the abstraction process, show such poor results. Most students first
used a non-parametrised approach, numbering the positions of the characters and de-
scribing all ten comparisons. If they try to keep this pattern for words of various length,
this leads to the problem that the list of comparisons is of indefinite length. Students
might not be able to perform the expand process, and thus, are not able to introduce a
concept for variable length.
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6.4. Item Difficulty

In contrast, many students show a sufficiently high level of abstraction in items GRID
MOVED DIAGONAL, GRID CHESS and in the group MACHINES. A reason for the good
performance concerning the ON THE GRID items might be the similarity of the desired
solution to mathematical equations, as students are familiar with this concept. The
underlying processes of items of group MACHINES are well-known processes, such as
sorting. Consequently, students are very often able to solve these items by showing a
sufficiently high level of abstraction.

Item — Scale Abstract Thinking Competence Item difficulty
Rank, analyse and reason
Reflect upon Rankings 0.60
Generalise Rankings 0.57
" Justify Ticket 043
Justify Species 0.21
Faulty Codes
Rule for Counting Code 0.64
Rule for Caesar Code 0.79
Rule for Digital Code 0.22
Machines
Function Sorting 0.85
Function Set 0.88
On the Grid
Grid Moved Diagonal 0.96
Grid Triangle 0.78
Grid Chess 0.83
Grid Tree 0.20
Pass phrase Security Status
Pass phrase Components 0.84
Differences weak — medium 0.50
Differences medium — strong 0.28
Rule weak 0.61
Rule medium 0.60
Rule strong 0.55
Potions
Potion chequered commonalities 0.73
Potion weightless commonalities 0.79
Potion luminous differences 0.60
Automation
Palindrome constant length 0.12
Palindrome various length 0.18

Table 6.6.: Item difficulty of items rated on scale Abstract Thinking Competence.
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6. Evaluation of the Quality of the Abstract Thinking Assessment (ATA)

6.4.4. Scale Professionality

Scale Professionality — 24 Items
Prqfessional

Range of individual items’ rate:

5.97% —79.10% professional answers

Distribution of items categorised ac-
cording to their item difficulty:

Easy |0items

60.79% Moderate 16 items

Non—Profess/ional Tough 8 items

Ratio of professional and non-professional
answers on basis of the Main Study (all
items and students).

Figure 6.4.: Overview of scale Professionality (n = 134).

The scale Professionality has been derived from scales Correctness and Abstract Think-
ing Competence, and consists of 24 items. Figure 6.4 depicts that only 39.21% of the
students” answers were assessed as professional. Item difficulty ranges from moderate
(solved by 79.10% of the students) to difficult (solved by 5.97% of the students). The
analysis shows that 16 items can be categorised as moderate and 8 as tough. Thus, the
ATA allows to differentiate between medium and high performing first-year students
regarding their professionality. In general, the scale is more difficult for the first-year
students. On the other dichotomous scales the average solution rate was more than
50%. On this scale, the solution rate dropped noticeably.

The tough items of this scale require both, a high level of abstraction and accuracy to
a high extent to solve them professionally. To clearly differentiate medium pass phrases
from weak and strong ones (item RULE MEDIUM), seems to be challenging for the stu-
dents. When describing a process with a predefined number of steps, students do not
parametrise a dynamic process normally (item PALINDROME CONSTANT LENGTH). Item
PALINDROME VARIOUS LENGTH indicates that they might not have sufficient skills to per-
form this step. Answers to item DIFFERENCES MEDIUM — STRONG often just describe the
structure of both pass phase groups and lack in the quantification of the differences,
which indicates missing abstract thinking competence.
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6.4. Item Difficulty

Item — Scale Professionality Item difficulty
Rank, analyse and reason
Reflect upon Rankings 0.07
Generalise Rankings 0.34
" Justify Ticket 037
Justify Species 0.13
Faulty Codes
Rule for Counting Code 0.45
Rule for Caesar Code 0.53
Rule for Digital Code 0.16
Machines
Function Sorting 0.79
Function Set 0.49
On the Grid
Grid Moved Diagonal 0.75
Grid Triangle 0.64
Grid Chess 0.65
Grid Tree 0.06
Pass phrase Security Status
Pass phrase Components 0.63
Differences weak — medium 0.37
Differences medium — strong 0.15
Rule weak 0.54
Rule medium 0.17
Rule strong 0.25
Potions
Potion chequered commonalities 0.64
Potion weightless commonalities 0.69
Potion luminous differences 0.40
Automation
Palindrome constant length 0.06
Palindrome various length 0.07

Table 6.7.: Item difficulty of items rated on scale Professionality.

Summary of findings in Chapter 6

The ATA fulfils all quality criteria for a good assessment. It is valid, reliable and
objective. Moreover, the analysis of item difficulty shows that the ATA allows for
distinguishing students on the whole range of performance. The analyses addi-
tionally reveal that students are able to recognise abstractions, but building their
own abstractions seem to be challenging for them. Furthermore, it revealed that
on scale Professionality the majority of answers is categorised as non-professional,
is the first indicator for a deficit among the first-semester students” competence of
abstract thinking.
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7. Analysis of the Student Population

Students starting in the bachelor’s programme of computer science at the Munich Uni-
versity of Applied Sciences, are an extremely heterogeneous group regarding cultural,
educational and professional background. Thus, it is tough for lecturers, to pick them
up where they are and help them to develop whatever they need to study successfully.

Prior to an in-depth analysis of students” competence, it is interesting to gain insights
into students” ideas of abstraction and abstract thinking. A negative association with
for example fear or difficulty might cause unconscious learning obstacles. This could
especially appear, when abstract thinking is made more explicit in the lecture.

As shown in Chapter I, a well-researched definition of abstract thinking has just been
introduced in this work. However, everyone has an intuitive understanding of the
terms abstract, abstraction and abstract thinking, thus also the students. They wrote
down their own intuitive definitions of abstract during the justification of rankings.
Their definitions are often in accordance with the colloquial use described in Section 1.2,
or are very vague. Students define abstract for example as:

- vague
— less well imaginable
— generalisation

— ditficult

— difficult to find an example

As abstract thinking is a crucial competence in computer science it is important for
lecturers to know their incoming students” profiles regarding the competence. With
help of the ATA, I can now provide lecturers with an idea of their students” competence
of abstract thinking. Thus, they know right from the beginning of a semester what
they can build on, and what part of the competence has yet to be developed in the
majority of students. Knowing this, lecturers can develop new teaching concepts that
take these findings into account. Moreover, I can examine the development of students’
competence over time.

Consequently, Section 7.1 depicts an overview of the student population of winter
semester 2017/18 based on data collected at the beginning of their studies. The curricu-
lum of the bachelor’s programme at the Faculty of Computer Science and Mathematics
schedules object-orientation in the first semester. Thus, an analysis has been conducted
to explore students’ intuitive understanding of objects when entering university (see
Section 7.2). At the end, the development of students” competence over a period of one
semester is investigated (see Section 7.3).

77



7. Analysis of the Student Population

7.1. Overview of First-year Students” Results

In order to adjust the teaching right from the beginning, it is necessary, to know the
incoming student population as good as possible. The goal of this analysis is to identify
groups, typical student profiles and to describe the degree of heterogeneity of first-year
students, with respect to their competence of abstract thinking.

The following subsections are organised according to the four scales and investigate
the results of the students participating in the Main study. Each subsection shows a his-
togram of the results of the student population to provide insights into the heterogene-
ity of the students. Additionally, this might lead to first indications regarding groups
of students with similar performance. In order to define groups, the well-known cate-
gorisation of good, bad and murky middle [21] is preferred.

7.1.1. Scale Correctness

Figure 7.1 shows the distribution of students with respect to the points achieved on
scale Correctness. The total score of students’ correct answers ranges from 10 to 50 out
of a maximum of 61 points. On average, the student population achieved 38 points,
which corresponds to 62.29%. Thus, a large part of the students achieve more than 50%
of the maximum points on this scale.

10 -

Number of students

2
oLt 1 I 1 1 II 1 1
0 45

0 5 10 15 20 25 30 35 4
Sum of correct answers

Figure 7.1.: Distribution of students’ total scores on scale Correctness based on the data
of the Main study (n = 134).

When looking at the number of points students achieved in Figure 7.1, it is positive to
note that the majority of students achieved more than 40% of the maximum number of
points. The figure also shows that students still have scope for improvement. Moreover,
no significant gap can be found in the histogram. This is an indicator that the students’
results are spread over the whole spectrum of correctness and that they show a high
degree of heterogeneity regarding their performance on scale Correctness.
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7.1. Overview of First-year Students” Results

Consequently groups, like good, bad and murky middle cannot be clearly identified in
the data. For an attempt to categorise students, the gaps between 23 and 25 points could
be used to split the bad from the murky middle. Good students achieved more than 47
points. As a result, 3 students are insufficiently prepared, 12 students are categorised
as good and all other 119 student count to murky middle. The information gained by
this approach is very little, as almost 90% of the students are classified to potentially
struggle during the study process.

As a consequence, the high heterogeneity makes adaptations of teaching quite dif-
ficult. Material cannot be simply adjusted to three groups of similar students. The
groups cannot be confirmed and their profiles are not well defined, yet.

On average, students did not answer 7 out of 61 questions. In total, the distribution
depicted in Figure 7.2 (a) indicates that the time frame was set appropriately, as the
majority of students left no more than six items blank, which is less than 10%. The
analysis of students’ individual distribution of scores throughout the ATA supports
this assumption. It does not show a relation between skipped items and the items’
position in the assessment.

A student with a remarkable high number of 48 missing answers can be found in the
data. About the reason for this high number only assumptions can be made. It might
be caused due to a lack of motivation, a lack of abstract thinking competence, a lack of
reading ability or something else.

The number of unconnected answers in the ATA ranges from 0 to 6 per student (see
Figure 7.2 (b)). The mean of unconnected answers is 0.84 per student. The distribu-
tion of unconnected answers has its peak at 0 and decreases continuously. From this I
conclude that items were expressed comprehensibly.

Number of students
Number of students

0 5 10 15 20 0 1 2 3 4 5 6
Number of missing answers Number of unconnected answers

(a) Distribution of missing answers. (b) Distribution of unconnected answers.
(Student with 48 missing answers not depicted here.)

Figure 7.2.: Distribution of students” number of missing (left) and unconnected (right)
answers on scale Correctness based on the data of the Main study (n = 134).

79



7. Analysis of the Student Population

7.1.2. Scale Level of Abstraction

The four histograms depicted in Figure 7.2 present the distribution of the students’
total scores with respect to the four scores that have been assigned on scale Level of
Abstraction. The sub-figures again show a high heterogeneity of the student population
and do not clearly show groups.

Figure 7.2 (a) shows that there are only some students with an increased number of
missing or unconnected answers. Sub-figure (b) reveals that only three students an-
swered more than 50% of the items on a concrete level. During lectures, we experienced
that students focus on given objects while building abstractions. Thus, their solution
is more than concrete, but not generic yet. This is not confirmed by the data (see Fig-
ure 7.2 (c)). Students” answers are rarely assessed as specific. The histogram (d) show-
ing level generic illustrates that each student out of 134 gave at least three answers,
which were classified as generic. This suggests that all students have at least a basic
level of abstract thinking competence. In addition, the sub-figure shows a significant
drop at 14 answers. This does not correlate to the categorisation of items according to
their item difficulty. Possible reasons could be a lack in concentration or problems with
the characteristics of the items. To answer this question, further investigations have to
be conducted.

In order to get further insights into students” profiles eight profiles are exemplary
depicted in Table 7.1. They represent the students with most (right) and least (left)
answers on a specific level. These profiles already indicate the large variety of distri-
butions, which can be confirmed when looking at all student profiles. Several students
show a profile with many generic answers, and others exhibit an almost balanced num-
ber of answers across all levels. Nevertheless, as the levels per student cohere: the
higher the number of answers on one level, the lower are the numbers on the other
levels.

26
24
22
20
18
16
14 -
12 -

Number of students
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T T T T

. . . . .
0 5 10 15 20 25
Number of missing and unconnected answers

(a) Distribution of missing and unconnected answers.
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7.1. Overview of First-year Students” Results

Number of students

0 5 10 15 20 25
Number of answers on level concrete

(b) Distribution of answers on level concrete.

Number of students

0 5 10 15 20 25
Number of answers on level specific

(c) Distribution of answers on level specific.

Number of students

0 5 10 15 20 25
Number of answers on level generic

(d) Distribution of answers on level generic.

Figure 7.2.: Distribution of students’ total scores on scale Level of Abstraction based on
the data of the Main study (n = 134).
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7. Analysis of the Student Population

Missing | Unconnected

Distribution of answers per level for student
with least answers missing or unconnected:
(One student profile has been randomly chosen.)

Missing|Unconnected | 0 answer(s)

Concrete || 1 answer(s)
Specific 8 answer(s)

Generic 17 answer(s)

Distribution of answers per level for student
with most answers missing or unconnected:

Missing|Unconnected 19 answer(s)

Concrete | 0 answer(s)

Specific | 0 answer(s)

Generic 5 answer(s)

Level Concrete

Distribution of answers per level for student
with least answers on level concrete:

Missing|Unconnected 19 answer(s)

Concrete |0 answer(s)

Specific | 0 answer(s)

Generic 5 answer(s)

Distribution of answers per level for student
with most answers on level concrete:
(One student profile has been randomly chosen.)

Missing|Unconnected 3 answer(s)

Concrete 14 answer(s)
Specific 1 answer(s)

Generic 6 answer(s)

Level Specific

Distribution of answers per level for student
with least answers on level specific:
(One student profile has been randomly chosen.)

Missing|Unconnected 17 answer(s)

Concrete 3 answer(s)

Specific |0 answer(s)

Generic 4 answer(s)

Distribution of answers per level for student
with most answers on level specific:

Missing|Unconnected || 1 answer(s)

Concrete 4 answer(s)
Specific 9 answer(s)
Generic 10 answer(s)

Level Generic

Distribution of answers per level for student
with least answers on level generic:
(One student profile has been randomly chosen.)

Missing|Unconnected 13 answer(s)

Concrete 7 answer(s)
Specific || 1 answer(s)
Generic 3 answer(s)

Distribution of answers per level for student
with most answers on level generic:

Missing|Unconnected || 2 answer(s)

Concrete || 2 answer(s)

Specific |0 answer(s)

Generic 20 answer(s)

Table 7.1.: Overview of student profiles at the extrema of answers per level regarding

the scale Level of Abstraction.
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7.1. Overview of First-year Students” Results

7.1.3. Scale Abstract Thinking Competence

Figure 7.3 presents the distribution of the number of points students achieved on scale
Abstract Thinking Competence. The total score of individual students” answers ranges
from 4 up to 23 out of a maximum 24 points. On average, students achieved 14 points
on this scale, which corresponds to 57.37% of the number of points possible.

The distribution of students points in Figure 7.3 again reveals a gap to zero points
and again shows a high degree of heterogeneity. A significant gap in the points students
achieved cannot be found. However, there exists a substantial decrease in the number
of students from 12 to 13 points and a increase from 16 to 17 points. These can be used
to attempt a classification of the students. As a result, 40 students are categorised as
insufficiently prepared, 63 as murky middle and 31 as well prepared. However, this
suggestion for categorising students would need further research.
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Sum of answers indicating a sufficiently high level of abstraction

Figure 7.3.: Distribution of students’ total scores on scale Abstract Thinking Competence
based on the data of the Main study (n = 134).
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7. Analysis of the Student Population

7.1.4. Scale Professionality

The distribution of students with respect to the sum of points they achieved on scale
Professionality is depicted in Figure 7.4. Students’ number of answers assessed as pro-
fessional ranges from 2 up to 18 out of a maximum of 24 points. On average, students
achieved 9 points, which is 37.50% of the number of points possible. Hence, the aver-
age points students achieve dropped noticeably compared to the other scales and the
majority of students” answers is categorised as non-professional.

The histogram in Figure 7.4 shows no big gaps, which would provide indications
of groups. The image of a heterogeneous student population is confirmed once again.
A drop can be noted from 14 to 15 points. This can not be simply explained by the
categorisation of the items according to their item difficulty. Thus, further research
should be conducted to explain the drop.

16 .

14 a

12 .

10 a

Number of students

0 5 10 15 20 25
Sum of professional answers

Figure 7.4.: Distribution of students’ total scores on scale Professionality based on the
data of the Main study (n = 134).
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7.2. Novices’ Intuitive Understanding of Objects

7.2. Novices’ Intuitive Understanding of Objects

The curriculum of the bachelor’s programme in computer science at Munich University
of Applied Sciences and many others, schedules the introduction of the object-oriented
paradigm in the first semester. A typical task in the context of object-orientation is the
development of classes. Programmers need to find an appropriate name for the class
representing several objects. Each class contains attributes and methods describing
common characteristics. In order to adapt teaching to students previous knowledge, it
is useful to know students intuitive understanding of objects.

The ATA contains two questions (see Figure 4.5 for an example) that allow insights
into the type of characteristics students use intuitively to describe collections of similar
objects. Derived from the competence model students need to describe commonalities
and differences among objects and processes. The questions focus on summarising de-
pictions under one umbrella term or on naming common details. Either way, students
need to identify common characteristics of a set of entities. Characteristics students’
named have been categorised into five classes during the rating process. A clipping
from the coding manual that lists the categories and names examples is depicted in
Table 7.2.

Category Examples

Missing | Unconnected =~ Empty, “I don’t know”, Car

Component Tires, Windows, Seats

Attribute Colour, Weight, HP

Behaviour Drive, Consume fuel

Others Number of Tires, Carry people, Require a driving licence

Table 7.2.: Coding manual for the categorisation of answers concerning the item Sum-
MARISE — VEHICLE.

Most of these categories can be mapped to a specific programming concept; e.g., com-
ponents are represented by associations, and behaviour by methods. With this analysis,
I want to evaluate which concept students spontaneously use to describe objects.

Figure 7.5 depicts that students most often choose components or attributes to char-
acterise objects. Both refer to the static aspects of the objects. Only a few students see the
dynamic aspect of objects, which would be implemented as methods in object-oriented
programming. Humbert [47, 48] describes in his work that students often interpret
objects as data storage, and thus, overemphasize the data aspect of objects. This pre-
conception might also be present in the students participating in my Main study. As
students intuitively use attributes and components to describe characteristics of similar
objects and rarely name behavioural characteristics, this should be considered in the
introduction of object-oriented programming.
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Figure 7.5.: Distribution of the kind of characteristics students used to describe collec-
tions of lego bricks and vehicles.

Commonly, attributes and methods are introduced early and quickly. Due to the
findings, lecturers should put more emphasis on teaching methods, spend more time
on this concept and address it more explicitly.

Moreover, vehicles are a common example to introduce the behaviour of classes, like
acceleration. The analysis shows that behaviour is not the students’ first choice to de-
scribe the characteristics of objects, especially of vehicles. Thus, the selection of intro-
ductory examples should be reconsidered and chosen carefully.

Further adaptations can be made regarding the sequence of topics. Components in
the form of associations could be taught much earlier in the curriculum as students
have an intuitive understanding of the concept. Associations usually remain a hidden
concept in the beginning. Only advanced courses later in the curriculum deal with the
concept explicitly, when introducing aggregation and composition. However, using
classes as part of another seems to be a concept that students understand intuitively.
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7.3. Development of Students” Competence

During the first semester, students train their competence of abstract thinking in several
modules, such as Software Development I. In order to evaluate the development of
students’” abstract thinking competence over one semester, the ATA has been conducted
again six months after the Main study at the beginning of the students’” second semester
in a Post study. This time, the bonus for participating were power banks being raffled
and each student got an individual evaluation of his or her ATA results. In total, 45
students took part in the Post study, which is only one-third of the participants of the
Main study.

To measure the development of the competence, it is necessary to have matching
pairs of the assessment filled in by the same student. The matching ends up with 38
students that took part in both studies. This group shows slightly better results in the
Main study compared to the results of all participants in the Main study. In conclusion,
the generality of the statements that can be derived are limited due to the small number
of students and their representativeness.

Table 7.3 illustrates the comparison of Main and Post study results of the 38 students.
There is an increase on the generic level of abstraction, and thus, in the abstract thinking
competence. The scale Correctness also depicts a slight improvement. As Professionality
is a combination of Correctness and Abstract Thinking Competence, the evaluation shows
only a small growth of proficiency.

Correctness
Main Study Post Study
Correct Correct
f’alse
Level of Abstraction

Main Study Post Study
Missing | Missing | Un-
Unconnected connected
Concrete Concrete
Specific Specific

Generic 48 % Generic 56 %

87



7. Analysis of the Student Population

Abstract Thinking Competence

Main Study Post Study

Low level

Low level

Suffi&ently high level Sufﬁéiently high level

Professionality

Main Study Post Study

. Professional
Pr(zfessmnal Pz

e

Non-Professional Non-Professional

Table 7.3.: Comparison of the results of the main and post study for all four scales, lim-
ited to the students participating in both studies (n = 38).

To evaluate the significance of the development, the Wilcoxon-Test for paired sam-
ples has been used. This test is necessary to evaluate whether the increase in compe-
tence is random or not. The Wilcoxon-Test is a variation of the t-Test for dependent
samples. It requires related samples and in contrast to the t-Test, it can be applied to
ordinal scales. Thus, I decided to use the Wilcoxon-Test instead of the t-Test. In order
to quantify magnitude of the development of students’ competence, the effect size is
calculated.

The results presented in Table 7.4 show that only the decrease in missing answers,
the increase answers on level generic, as well as the increase in answers indicating a
sufficiently high level of abstraction is statistically significant (p-value < 0.05). Stu-
dents” development on all other scales is not statistically significant. The effect size r
representing the magnitude of the development has been calculated for each scale. For
the scales with a significant increase the development of students” competence shows a
large effect, meaning that it is substantial.
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Scale Evaluation of Students” Development

(individual score when required) Significance Effect size
Correctness p = 0.264 not significant r = 0.18 small effect
Level of Abstraction — Missing p = 0.001 significant r = 0.56 large effect
Level of Abstraction — Concrete p = 0.580 not significant r = 0.009 small effect
Level of Abstraction — Specific p = 0.952 not significant r = 0.001 small effect
Level of Abstraction — Generic p < 0.001 significant r = 0.596 large effect
Abstract Thinking Competence p = 0.003 significant r = 0.479 large effect
Professionality p = 0.547 not significant r = 0.098 small effect

Table 7.4.: Overview of the significance and the effect size of students” development
(n = 38).

Figures 7.6 to 7.11 illustrate the development of 38 students over one semester. The
line graphs illustrate the progress of individual students, whereas the area graphs de-
pict a comparison of the student population according to their points achieved in Main

and Post study. This analysis is reduced to the scales showing a significant develop-
ment.

25

20t |

15

Points achieved

O 1 1
Mai n Post
Development from Main to Post Study

Figure 7.6.: Analysis of the development of individual students with respect to the

number of answers on a generic level on scale Level of Abstraction (n = 38).
(blue: increase, orange: decrease, gray: constant)
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In case of the level generic on scale Level of Abstraction, eight students deteriorated
on level generic, three achieved the same number of points and all other 27 achieved
more points in the Post study (see Figure 7.6). The overview of the student population
(Figure 7.7) shows that students made good progress within their first semester: the
minimum number of points increased as well as the maximum number of points.

[ Main Study
Post Study

Number of students

L

0 5 10 15 20
Number of answers on a generic level

B —

Figure 7.7.: Analysis of the development of the student population with respect to the
number of answers on a generic level on scale Level of Abstraction (n = 38).

A similar trend can be observed in Figures 7.8 and 7.9 depicting students” develop-
ment on scale Abstract Thinking Competence. One student was able to achieve the max-
imum number of points in the Post study. In Figure 7.8 this student can be identified.
He or she developed from 15 answers indicating a sufficiently high level of abstrac-
tion to 24. When looking at the initial level of competence (see Figure 7.9), the student
belonged to the intermediate performance group. Overall, 24 students have shown a
growth on scale Abstract Thinking Competence, 10 achieved less points on this scale and
four students kept their level of proficiency.

In the Main study, the distribution of points of the 38 students shows a normal distri-
bution (see Figure 7.9). After one semester, the shape of the distribution changes from
one main peak to three peaks. Thus, it seems that students start to split into groups
according to scale Abstract Thinking Competence. This might indicate that there are stu-
dents that develop their competence as lecturers would expect it and others, that need
more time or further interventions to catch up on their competence.
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Figure 7.8.: Analysis of the development of individual students with respect to scale
Abstract Thinking Competence (n = 38). (blue: increase, orange: decrease, gray:

constant)
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Figure 7.9.: Analysis of the development of the student population with respect to scale
Abstract Thinking Competence (n = 38).
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For 23 students the number of missing or unconnected answers dropped (see Fig-
ure 7.10). The biggest positive change can be observed in students with an initially
high number of missing answers. However, these students also had the most poten-
tial to increase their competence. In case of seven students, the number of missing or
unconnected answers increase. This could have several reasons: the students did not
concentrate or did not take the assessment seriously. Another eight students in the Post
stud ended up with the same number of missing or unconnected answers than in the
Main study.

25
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Number of missing answers
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Figure 7.10.: Analysis of the development of individual students with respect to miss-

ing and unconnected answers (n = 38). (blue: increase, orange: decrease, gray:
constant)

Figure 7.11 depicting the student population also shows a positive development re-
garding the number of missing or unconnected answers. The maximum number of
missing answers per students decreased from 13 to 6 answers. The majority of students
ranges from 0 to 4 missing or unconnected answers in the Post study.
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Figure 7.11.: Analysis of the development of the student population with respect to
missing and unconnected answers (n = 38).

In summary, a small but significant improvement in the competence of abstract think-
ing can be observed after one semester. The number of answers that indicate a suffi-
ciently high level of abstraction increased from 60.42% to 68.42%. Additionally, the
number of missing or unconnected answers decreased significantly by 7%.

Summary of findings in Chapter 7

The initial analysis of student data did not reveal any groups among the stu-
dents regarding their performance. The commonly used categories good, bad,
and murky middle go down in the high heterogeneity of the student population.
Classes in the object-oriented paradigm reflect the static and dynamic characteris-
tics of a set of entities. Nevertheless, the analysis showed that students intuitively
use attributes and components when describing the common aspects of given en-
tities. Only a few students named characteristics describing the dynamic aspect
of the entities, which are implemented as methods in an object-oriented program-
ming language. And after one semester, students developed from a low level of ab-
straction to a sufficiently high level of abstraction significantly, but only to a small
extent. In contrast, the correctness of their abstractions did not improve signifi-
cantly. This results in a non-significant development of students” professionality.
The insights gained by the student analysis will enable lecturers to specifically tai-
lor lectures and materials to the different needs of first-year students in computer
science or related topics.
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8. Verification of Hypotheses

Researchers like Kramer [53] assume that good computer science students benefit from
their “ability to perform abstract thinking and to exhibit abstraction skills.” Moreover,
computer science educators agree that the competence of abstract thinking is essen-
tial for learning computer science and programming in particular [9]. Nevertheless,
Thurner et al. [93] report a deficit in abstract thinking competence among their first-
year students in computer science or related topics. Experiences I made during the
coding process suggest that there exists a relation between the level of abstraction and
the correctness of a solution. Using the data collected in the Main study these hypothe-
ses are examined in this chapter.

8.1. Relation between Correctness and Abstract Thinking
Competence

Experiences in the coding process suggest that there is a relation between correctness
and level of abstraction, although both have been assessed independently. In order to
describe commonalities, differences and relationships of a large number of artefacts,
a high degree of accuracy on a concrete level is necessary, which students often did
not show. The higher the level of abstraction, the more general is a description and the
higher the chance that the description fits all artefacts. Thus, I expect a relation between
the correctness of a solution and its level of abstraction.

Figure 8.1 shows a bubble plot of all 134 students participating in the Main study. On
the x-axis the points achieved on scale Correctness (reduced to 24 items where the level
of abstraction can be measured) are depicted. The number of points achieved on scale
Abstract Thinking Competence is shown on the y-axis.

The plot indicates a relation between Abstract Thinking Competence and Correctness.
Pearson’s correlation coefficient of 0.74 indicates a strong correlation. The p-value,
which is < 2.2e — 16 defines the relation as statistically significant. Thus, students
who achieve a higher number of points for their correctness are more likely to describe
the abstractions they built on a sufficiently high level of abstraction.

After the correlation has been proven, a detailed analysis of the distribution of correct
and false on the different levels of abstraction is performed. Figure 8.2 depicts the
results of all students and all items in a stacked bar plot. The four levels of the scale
Level of Abstraction are depicted on the x-axis. On the y-axis, the percentage of answers
is depicted, which is split according to the number of correct and false answers one this
level.
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Figure 8.1.: Relation of Correctness and Abstract Thinking Competence. The number of
students with the same values is indicated by the diameter (n = 134).
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Figure 8.2.: Distribution of correct and false answers on each level of abstraction (n =
134).
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It is not surprising that empty or unconnected answers are always false, as this in-
terdependency was specified in the scoring scheme. The relation between level of ab-
straction and correctness becomes clear again in this plot. On level concrete only a few
answers are correct. Specific answers are divided almost fifty-fifty with respect to cor-
rectness, whereas level generic shows a large number of correct answers (see Figure 8.2).

From observations during the coding phase, an explanation for the distribution could
be derived. Describing a collection of objects or processes concretely requires a high
level of accuracy, as there may be hundreds or thousands of special cases. In terms of
the ATA as a performance test, there would not be enough time for such an approach.
On the other hand, students sometimes fail to build a correct abstraction on a high level
of abstraction, as they often use wrong parametrisation or miss to increase a counter.
Other students use a wrong level of abstraction and thus include objects or processes
they should explicitly exclude.

These approaches and their interdependencies are summarised and generalised in
Table 8.1. The accompanying analysis of the distribution of correct and false answers
indicating a sufficiently high level of abstraction is presented in Figure 8.3.

Abstract Thinking Competence
Low level Sulfficiently high level
orre Complete and accurate description of all Precise summary using appropriate
individual entities parameters to represent a set of entities
Incomplete or inaccurate attempt to Imprecise abstraction not representing the
describe all individual entities whole set of entities

Table 8.1.: Characteristics of the results of an abstract thinking process.
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Figure 8.3.: Distribution of correct and false answers related to the scale Abstract Think-
ing Competence (n = 134).
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8.2. Students’ Deficits in the Competence of Abstract Thinking

Thurner et al. [93] report a deficit in the competence of abstract thinking among the
first-year students in computer science or related topics. So far, no tool existed to collect
data and to verify this hypothesis. With help of the newly developed ATA and the data
collected, the hypothesis can now be verified.

The previous descriptive presentation of the results revealed items students often
struggle with and indicate typical cognitive processes students do not manage. In this
section students’ results are analysed to confirm or to reject the hypothesis of a deficit
among first-year students regarding the competence of abstract thinking.

Before starting to explore whether students have a deficit in the competence of ab-
stract thinking or not, a basis for grading and a threshold need to be defined. There exist
absolute and relative grading. When using absolute grading, the grading is defined by
a point system. If the grades are determined based on relative grading, the students are
usually ranked in order of their performance and a predefined percentage of students
receive a certain grade [35]. As stated by Gronlund & Waugh [35] the choice between
absolute grading and relative grading should be done in alignment to the institutions
grading policies. In my case I will use absolute grading, as this is most common at the
Munich University of Applied Sciences.

The next step is to define a threshold students need to pass in order to fulfil lectur-
ers expectations. So far, there exists no common agreement on the number of points
students need to achieve in order to pass an assessment, only suggestions. Gronlund
& Waugh [35] make suggestions in the form of three grading schemes: first the assess-
ment is failed when less than 60% of the points are achieved, second the assessment
is failed below 65% of the points and third the assessment is failed below 75% of the
points [35]. Bohn et al. [11] compare worldwide grading systems. When taking the
lowest threshold in the international comparison, students should pass an assessment,
when achieving equal or more than 50% of the points. This corresponds to the common
practices at the Munich University of Applied Sciences or Technical University of Mu-
nich. Lecturers usually choose a 50% threshold in their exams. Thus, this threshold is
used to evaluate students’ results.

Figure 8.4 depicts an exploratory analysis of students” answers assessed on scale Ab-
stract Thinking Competence using a heat map. The x-axis represents the percentage of
answers that need to show a sufficiently high level of abstraction (threshold). For each
student it is evaluated, whether he or she passed the threshold. Every entry in the heat
map shows the percentage of students who exceeded the threshold. The figure reveals
that 73% of the students achieve equal or more than 50% of the points and thus exceed
the threshold. This indicates a rather small deficit among the cohort. However, this
analysis solely focusses on a sufficient level of abstraction and not on the correctness
of the abstraction build. By including this facet, the scale Professional has been derived.
When analysing the thresholds of professional answers from 0% to 100% fulfilment, the
picture is a different one.
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Figure 8.4.: Exploratory analysis of students” answers showing a sufficiently high level
of abstraction. Every entry in heat map shows the percentage of students
fulfilling the expectations indicated on the x-axis (n = 134).

Figure 8.5 depicts an exploratory analysis for scale Professionality. When again using
the 50% threshold, only 30% of the students are able to fulfil this expectation and build a
correct abstraction. This analysis reveals a major deficit in students’ initial competence.
It is shown that a majority of students does not meet the expected prerequisites. This
might be one explanation for the failure rate in the end-of-term exam, which could lead
to the high drop out most computer science programs are facing. In order to examine
the hypothesis of a positive effect of abstract thinking competence on the success in
programming, the impact of a sufficiently high level of abstraction and the correctness
of an abstraction on the grade in the module Software Development I is investigated in
the following section.

>0 >10 >20 >30 >40 >50 >60 >70 >80 >90 =100

Figure 8.5.: Exploratory analysis of students” professional answers. Every entry in heat
map shows the percentage of students fulfilling the expectations indicated
on the x-axis (n = 134).

The data reveal that students in computer science are not well prepared regarding
their competence of abstract thinking. Building a correct abstraction on a sufficiently
high level of abstraction seems to be challenging for them. However, correct abstrac-
tions form the basis for any concept in software development.

Several lecturers have been involved in the design of the ATA. The threshold has been
agreed with them, too. Thus, the analysis reflects lecturers” expectations at the begin-
ning of the first semester. If there exists such a significant gap between students’ initial
competence and lecturers’ expectations, teaching does not pick students up where they
are. Consequently, students might have problems to follow the lecture.
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8.3. Impact of Abstract Thinking Competence on Grades

Key competences, such as abstract thinking, are said to be the basic prerequisite for
acquiring programming skills. There exist several publications on the investigation of
predictors for the success in programming, like [55, 75, 94]. To my knowledge, there
exists only one publication analysing the impact of abstract thinking and success in
programming.

Bennedsen & Caspersen [9] investigated the correlation between abstract thinking
competence and programming ability. The programming ability is indicated by the
final grade in the CS1 course. In order to measure the competence of abstract thinking,
the authors used the “pendulum test” initially developed by Inhelder & Piaget [49].
This operationalisation is (even mentioned by its authors) not ideal. The pendulum
test measures the cognitive stage of participants, while they demonstrate their ability
to control independent variables in a reasoning task.

The authors examined the correlation between cognitive development and program-
ming ability by conducting an empirical study. They only found a weak correlation
between both, which is an unexpected result, as most experts state that the competence
of abstract thinking is the key in programming. It could be the case that the compe-
tences necessary to complete this task are different or not exclusively the competence
of abstract thinking. Thus, the authors requested further research.

As the ATA is an improved operationalisation of the abstract thinking competence, I
investigate the relation between the results of the Main study of the ATA and the pro-
gramming ability shown in the final exam of the first-semester module Software De-
velopment I. By performing this analysis, the initial research question Does the initial
level of the abstract thinking competence have an impact on the final exam in software develop-
ment? is answered. It has to be added that the analysis is based on the data of only the
33 students I taught myself in winter semester 2017/18. All other students had other
lecturers, so their grades were not available to me, due to data protection directives.

The majority of questions in the end-of-term exam on Software Development I re-
quires writing Java code to solve given problems. Moreover, students are asked to
compare two solutions and give advise regarding the selection of a concept or a so-
lution with respect to given context. Thus, the exam specifically addresses the higher
levels of Bloom's taxonomy (analyse, evaluate, create). In addition, some few questions
solely require the lower three levels remember, understand and apply.

For those students who participated in the end-of-term exam, the following three
diagrams (Figures 8.6, 8.7, and 8.8) show the relation of the grade they received and
the points they achieved in the Main study according to the three dichotomous scales
Correctness, Abstract Thinking Competence and Professionality. Visualising the students’
data provides interesting insights.
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Figure 8.6.: Relation between number of correct answers and the grade achieved in the
end-of-term exam (n = 33).
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Figure 8.7.: Relation between number of answers indicating a sufficiently high level of
abstraction and the grade achieved in the end-of-term exam (n = 33).
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Figure 8.8.: Relation between number of professional answers and the grade achieved
in the end-of-term exam (n = 33).

There are no students who scored low in the ATA (independent of the scale), but still
achieved a good grade in the exam, as highlighted by the gray triangle in the lower left
area of the plots. The correlation becomes most clear in Figure 8.7 showing the relation
between the grade and the scale Abstract Thinking Competence.

Pearson’s correlation coefficient cor, measuring the strength of a linear relationship
between two variables, leads to the results depicted in Table 8.2. As expected and indi-
cated by the plots, the correlation between students’ grades and the scales Correctness as
well as Abstract Thinking Competence is moderate, but statistically significant. Scale Pro-
fessionality correlates only with weak evidence with students’ grades in the end-of-term
exam.

Scale used to correlate grades with | Correlation Significance
Correctness cor = —0.46 moderate relationship  p = 0.004 significant
Abstract Thinking Competence cor = —0.46 moderate relationship ~ p = 0.004 significant
Professionality cor = —0.37 weak relationship p = 0.024 not significant

Table 8.2.: Overview of strength, direction and significance of the correlations (n = 33).

These results clearly indicate that a sufficiently high level of abstraction is neces-
sary for acquiring software development skills, but not sufficient. That the competence
alone is not enough is not surprising due to the numerous key competences, which are
said to be perquisites for acquiring software development knowledge and skills. Thus,
the well-known hypothesis that the key competence of abstract thinking influences the
acquisition of programming skills is confirmed.
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Summary of findings in Chapter 8

There exists a relationship between Correctness and Abstract Thinking Competence.
Statistical analysis shows that the relationship is strong and statistically significant.
Thus, a sufficiently high level of abstraction helps to build correct abstractions. Stu-
dents demonstrate only a small lack when building abstractions on a sufficiently
high level. However, investigations revealed a deficit in students’ Professionality,
so in the combination of Correctness and Abstract thinking Competence. Further anal-
yses have shown that a sufficiently high level of abstraction is necessary to acquire
computer science specific knowledge and skills, but is not sufficient.
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Training

The analysis of the results of the ATA has shown that the competence of abstract think-
ing is an essential prerequisite for the acquisition of professional software development
skills. Moreover, a deficit in abstract thinking competence of first-year students is in-
dicated by the data. Thus, teaching professional software development skills should
additionally address the competence of abstract thinking explicitly. Hence, the last part
of this work is to propose a concept to promote the students” competence of abstract
thinking integrated into a class on software development.

Software development consists of two tasks: modelling and implementation. While
modelling, the competence of abstract thinking is highly relevant. During the process,
common features are identified and differences are determined. In addition, relation-
ships are created between objects or processes so that they can then be implemented
in software. In particular, modelling tasks requires higher levels (analyse, evaluate,
create) of Bloom’s learning taxonomy [5] to a large extent. In contrast, implementing
an existing model is largely limited to competences at the lower three levels (remem-
ber, understand, apply). Publications, such as Nguyen and Wong [66] or Or-Bach and
Lavy [68] demand to put more emphasis on modelling in teaching. Additionally, Bucci
et al. [15] as well as Hazzan and Kramer [43] state to do so right from the beginning.

From all these findings, I conclude that teaching software development needs to put
more emphasis on modelling and the contained abstract thinking competence right
from the beginning. Moreover, it could be helpful to clearly separate modelling and
implementation.

Literature suggests numerous concepts for teaching the competence of abstract think-
ing. Several of them are integrated into the context of software development. Concepts
and approaches from literature are discussed in Chapter 9.

One of the first lectures in which students come into contact with software devel-
opment and abstract thinking competence is the module Software Development I in
the first semester. Thus, Chapter 10 presents the revision of the teaching concept of
this module with regard to the competence of abstract thinking. On the one hand side,
the redesign deals with the preparation of the teaching units, the material used and
how they have been put into practice (see Section 10.1). This process considers findings
from the competence model (see Chapter 2), the analysis (see Part III) and the litera-
ture review (see Section 10.2). On the other hand, the teaching style has been changed
from a traditional approach to pair-teaching (see Chapter 10.2). In the end, the teaching
concept is evaluated in Section 4.4.
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9. Literature Review: Lecture Design and
Teaching Approaches

Current teaching practice in introductory courses on software development primarily
focusses on concrete programming issues [78]. A reason for this could be that many lec-
turers assume students will grasp the essence of concepts such as abstraction through
the lecture implicitly [43].

This, in turn, might be affected by the fact that competences like abstract thinking
competence are never applied out of context. When teaching them, another topic is ad-
dressed at the same time [43]. In the context of abstract thinking competence, Hazzan
and Kramer suggest to integrate the competence into several courses and to mention
it on different occasions, rather than to create a dedicated course on abstract think-
ing [43]. For the realisation of such courses, there exist recommendations on the overall
design of lectures, as well as suggestions for specific approaches to promote students’
competence of abstract thinking.

A general decision in lecture design is the choice of examples. Lecturers should put
more emphasis on this. Examples are a critical point, as good examples can facili-
tate students” understanding of concepts by sharpening the meaning and its applica-
tion [68].

Regarding the overall structure, there exist recommendations to combine design and
implementation tasks in one lecture, as there exists a strong relationship between de-
sign and implementation [68]. Since the abstract thinking processes mainly occur dur-
ing modelling, this approach is promising and in my opinion necessary to promote
students” abstract thinking competence.

Moreover, there exist two different concepts in literature that have a strong focus on
modelling: One concept introduces mathematical modelling right from the beginning.
According to the authors, mathematical models allow precise specifications indepen-
dent of implementation details [15, 23]. Another concept solely focusses on modelling
and postpones implementation details and topics like formal loop semantics, data col-
lections or complexity analysis to some later point in the curriculum. The approach
focusses on abstractly decomposing problems and expressing ideas while using design
patterns throughout the lecture. Thus, the authors call this realisation an “objects-first-
with-design-patterns” approach. They see patterns as a very tangible instance of good
abstractions and as a “meta-level between concrete objects and difficult abstract con-
cepts”. Additionally, design patterns provide a standard vocabulary to discuss abstrac-
tions [66].
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More specific approaches suggest that students should learn to identify categories
and their characteristics, which are relevant to a problem, right from the beginning [84].
This approach is aligned with the competence model of abstract thinking and becomes
highly relevant during the object-oriented design process.

Furthermore, existing abstractions should be presented to the students, before they
have to design their own abstractions [68]. A more concrete realisation of this approach
is to use component libraries in the course, as those are abstractions by definition [63,
84].

Another approach proposes to work out the differences between novices” and ex-
perts’ solution processes and to explicitly address them in the lecture. While doing so,
lecturers can focus on the solution process itself or on the resulting abstraction [68].
Both approaches can be used to motivate the necessity of abstractions in the context
of computer science. Moreover, they help to make the relevant thinking processes and
decisions transparent for the students.

Some modelling decisions are related to the purpose of the abstraction. Consequently,
there exist recommendations to consider the purpose of an abstraction directly and ex-
plicitly in class. Furthermore, lecturers and students should discuss whether an abstrac-
tion fits a purpose when evaluating solutions of activities like modelling or problem
solving [44]. Meyer [63] suggests that students are encouraged to adapt components,
such as classes, to new purposes.

At the end of a module that promotes the competence of abstract thinking, students
should, for example, be able to identify abstractions as a central concept [43]. And as
professionals, students should be able to switch between abstraction levels easily [41].

In summary, there exist several ideas on how to promote students’ competence of ab-
stract thinking in literature. However, most approaches have never been put into prac-
tice. Thus, practical experiences, students” feedback or empirical data is often missing.
Hence, teaching abstract thinking remains an issue in educational research.

Table 9.1 shows a summary of the teaching concepts and approaches proposed, in-
cluding a rating, whether they are assessed positively or negatively concerning the
requirements of the module Software Development I (Module aligned), as well as if
they have been put into practice (Realisation) and evaluated (Evaluation). For exam-
ple, objects-first-with-design-patterns is an interesting concept, but does not match the
module description of the intended course, whereas presentation of existing abstraction
sounds promising and fits the module description.

All approaches that are in line with the module description of Software Develop-
ment I are considered for the teaching concept developed in Chapter 10, despite the
fact that these approaches have not been put into practice so far.
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Approach Module Realisation Evaluation Reference
aligned

#1: OO wih patterns - + - [66]

objects-first-with-design-patterns

#2: Mathematical models - + + [15, 23]

usage of mathematical modelling

#3: Examples + - - [68]

choice of examples

#4: Design and implementation + - - [68]

combination of design and implementation

#5: Novice and expert + - - [68]

comparison of novice and expert solution

processes and their results

#6: Existing abstractions + - - [63, 68, 84]

presentation of existing abstractions and us-

ing them, like libraries

#7: Identifying enities + - - [84]

identification of categories and their charac-

teristics

#8: Purpose + - - [44, 63]

focus on the purpose of an abstraction

Table 9.1.: Summary of recommendations and teaching approaches and their evalua-
tion.
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10. Concept for the Module Software
Development I

The teaching concept presented in this part has been developed for a first-semester
class in the bachelor’s programme in computer science. More specifically, the concept
is integrated into the 8 ECTS module Software Development I'. The course consists of
four hours of lecture and two hours of lab session attendance time per week. During
the lab sessions, students have to solve programming problems. Additionally, lecturers
of this module expect students to work around 8 hours per week at home. This module
is similar to the well-known course CS1 [91] and addresses central concepts of object-
orientation as well as topics such as control structures and arrays. In the end, students
are able to implement simple algorithmic solutions using an object-oriented program-
ming language. Moreover, students can analyse a problem statement and identify the
steps necessary to solve the problem. Furthermore, they are able to choose an appro-
priate concept and implement this in a syntactically and semantically correct way:.

First-semester students at the Munich University of Applied Sciences are usually split
into three study groups. And each of this groups can have a different lecturer in the
different modules. This was also the case in winter semester 2017 /18 were the concept
has been put into practice. Consequently, the scope of possible changes is limited. The
topics taught in the module are specified by the module description and agreements
between lecturers of one specific module.

In recent years, an objects-first-test-second [92] approach has been introduced in this
module. Due to the positive experience gained when using this approach, and to
achieve comparability of different years with regard to the lecture evaluation, the es-
tablished approach is retained in the new teaching concept.

Hazzan and Kramer [43] suggested to teach the competence of abstract thinking inte-
grated into a lecture, as the competence is not exclusively connected to a specific topic
and is never applied out of context. Thus, topics in the module Software Develop-
ment I that require the competence have been worked out. Whenever abstract thinking
competence has been identified, it has been explicitly picked out as a central topic and
presented as learning content. Consequently, the new concept additional addresses the
following learning outcomes:

— Students differentiate between abstractions and entities.

'Further details can be found in https://w3-mediapool.hm.edu/mediapool/media/£fk07/
fk07_lokal/studienangebot_3/studiengaenge_neu/docs/ifb/module_pdf_IF_2018_
WS.pdf.
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— Students build abstractions and identify their characteristics based on a set of
specific entities.

— Students choose characteristics with respect to the purpose of the abstraction.

— Students differentiate between modelling and implementation.

— Students recognise, where and when an abstraction is required.

— Students decide upon one of several given abstractions with respect to the given
problem and purpose of the abstraction.

In order to make abstract thinking transparent in teaching, implicit expert thinking
processes have been analysed while designing the teaching concept. For this purpose
techniques such as think-aloud [71] and decoding [69] have been used. Due to the pos-
itive experiences, the processes revealed have not only influenced the design of several
teaching units, they were also prepared to be presented to the students explicitly.

During the design of the concept, several aspects that make learning how to code
difficult, have been identified. A detailed and thorough description of how they have
been deduced is beyond the scope of this work. However, the difficulties identified are
listed, as they also guided the design of the concept.

— The content in software development is exclusively abstract.

— Novice programmers need to adapt to an unfamiliar way of thinking right from
the beginning.
— Concepts in software development are highly complex and highly interconnected.

— Software development requires a high degree of accuracy, but at the same time
offers many degrees of freedom.

— Novice programmers face ‘Magic’ very often, for example in the signature of the
Java main-method. Students need to use it to get their code running, but initially
do not understand all concepts involved, like access modifiers.

All these information influenced the concept taught in winter semester 2017/18. I de-
signed and taught the lecture on Software Development I together with Prof. Dr. Axel
Bottcher for one study group of three. The lecture took place Tuesdays and Thursdays.
An overview of the topics covered in winter semester 2017/18 and their sequence is
depicted in Table 10.1. The design process of four teaching units focussing on the com-
petence of abstract thinking is described in Section 10.1. The units discussed in detail
are highlighted in Table 10.1. Please note that this is just an extract. There exist further
topics, such as control structures, that require the competence of abstract thinking to a
high extent and that we revised in the course of this work.
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Week | Lecture Tuesdays Lecture Thursdays Lab
1 — Organisational issues — Instances using new Introduction to the IDE
— Modelling classes: - main-Method
Attributes — Modelling classes:
— Classes in Java Methods
2 — Constructor — Wrap-Up — Introduction to Scratch-
- this — IT of Abstraction pad
— Whereis the mental per- — Ogre-Lesson
formance?
— Misconceptions identi-
fied
— Associations
3 Unit-Testing Expressions and Instructions =~ Ogre-Head as component
4 Holiday If-else statement Testing Ogre-Challenge
5 Wrap-Up: Expressions and Reflection: What makes soft- Implementation Ogre-
instructions, strings ware development so diffi- Challenge
cult?
6 — Loops — Algorithms Rectangles — Intersecting or
— Testing loops — Helper-Methods not?
7 — Implementation of con- Information Hiding Castle-Builder: drawing
crete algorithms brick by brick
— static
8 Implementation of concrete Linked-Lists Creating a maze using the
algorithms (Theory, not Java API Class)  hunt and kill algorithm
(Modelling)
9 Exam preparation Interfaces Creating a maze using the
hunt and kill algorithm
(Implementation)
10 Inheritance — State, equals(), copy Represent trains by imple-
— abstract classes menting a linked list from
scratch
11 Experts decision between in-  Christmas Lecture Calculating the change of a
heritance, interface and ab- ticket machine
stract class
12 Holidays Holidays Calculating the change of a
ticket machine
13 Holidays Holidays Calculating the change of a
ticket machine
14 Exceptions - Varargs Creatures
— Immutables
15 Exam preparation Exam preparation Creatures

Table 10.1.: Overview of the topics taught in the course and their sequence. The teach-
ing units focussing on the competence of abstract thinking that are pre-
sented in Section 10.1 are highlighted.
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10.1. Teaching Units

The literature review regarding lecture design and teaching approaches revealed sev-
eral ideas that seem promising to promote abstract thinking competence in the module
Software Development I. The content of the module is given by the module description.
Moreover, the overall structure is defined by the well-established concept of objects-first-
test-second. Thus, only the way the programming concepts are taught is changed. The
development of four teaching units is exemplarily presented in this section.

Each unit considers theory presented in Chapter 9 and findings of this work. Ad-
ditionally, they are aligned with the intended learning outcomes. The fundamental
considerations that influenced the design of each unit are presented in the following
subsections. I refer to approaches described in Chapter 9 by using approach #. After
the theoretical basis has been described, I depict how each teaching unit has been put
into practice. This description contains main decisions, actions in the classroom or in-
structions in the lab. Concrete actions and instructions are highlighted by a vertical blue
line at the left margin. Thus, the hurried lecturer can just read through the highlighted
parts to get all necessary information to use the teaching unit.

10.1.1. Modelling Classes: Attributes

Introducing the concept of classes in the context of object-oriented design and imple-
mentation offers numerous opportunities for the application of the findings from my
research and recommendations from literature. Prior to the in-depth design of the lec-
ture, my colleague and I spent a lot of time on choosing an appropriate example (ap-
proach #1: Examples). For this selection, we defined the following requirements: The
example ...

— can be used at several points in the lecture.
works without control structures.

has visualisable entities.

uses only simple mathematical basics.

— fits into students’ daily life.

— is not contrary to current research.

Fractions are a commonly used example in textbooks and lecture material. However,
our experience and previous research [104] has shown that students lack in the mathe-
matical skills necessary to deal with this example. As a consequence, this example was
excluded from further considerations.

Persons are another example frequently used for introducing the concept of classes.
However, using real persons to introduce classes is not the best choice, as this encour-
ages the development of the misconception described by Sorva [83]. Persons always
have names and concrete objects are stored in variables, which also have names, this
can lead to great confusion. The attribute called name representing the name of a per-
son and the name of the reference variable a specific instance is assigned to, is difficult
to distinguish for novice programmers.
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Other inspiring examples are heroes, cameras and books, which can be found in
Schrodinger programmiert Java: das etwas andere Fachbuch by Ackermann and Leowald [1].
Cameras seemed to be a good example for the lecture, but all methods described require
control structures. This also applies to heroes and books. As we adopt the concept of
objects-first-test-second, students do not know any concepts of procedural programming,
when we introduce the concept of classes. Thus, methods must not require control
structures such as if-statements or loops. In a reasonable time frame, we were not able
to find adequate methods for a class representing cameras that do not require control
structures. Thus, heroes, cameras and books do not fulfil all requirements.

Consequently, we needed to come up with another example fulfilling all our require-
ments. After long discussions and studying textbooks, the idea of flats appeared. First-
year students often just looked for a flat, and thus, know the characteristics very well.
As the example originates from students’ daily life they can identify with the example.
Moreover, flats can be easily visualised in different ways to make the entities tangible.
And the biggest advantage is that methods like the calculation of the rental price based
on the apartment size and the price per square metre just require simple mathematical
operations and do not require control structures. Additionally, we did not find any ob-
jections from literature concerning flats as an example. Furthermore, experiences have
shown that the idea of flats supports several further topics, like testing, associations
and even lambdas.

An overview of examples, their sources and objections are shown in Table 10.2. We
are aware that there exist many more examples and several of them also fulfil the re-
quirements. However, we stopped our investigations when we found an appropriate
example.

Example ‘ Source Objection(s)
Fractions | Lecture material Requires more than mathematical basics,
objection from literature exist in Zehetmeier et al. [104]
Persons Lecture material Objection from literature exist in Sorva [83]
Heroes Ackermann and Leowald [1] Requires control structures
Cameras | Ackermann and Leowald [1] Requires control structures
Books Ackermann and Leowald [1] Requires control structures
Flats Discussion and considerations

Table 10.2.: Overview of the examples investigated, their sources and their objections.

We chose flats as a sound example for introducing the concept of classes.

The basis for each abstraction process are entities, often also referred to as "objects of
the real world’. In order to establish this basis, several entities have to be collected.
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Students had to describe their favourite flat. We collected the entities and their de-
tails on the blackboard.

From the analysis of the items VEHICLES and LEGO BRICKS? of the ATA one can see that
students most frequently use components and attributes to characterise objects. This
observation is again confirmed by the collection of characteristics during the lecture.

Students named components like bathroom or garage, as well as attributes such as
accessibility to public transport or size of 90m?. Furthermore, students mentioned
vague and non-quantifiable characteristics, like ‘cheap” or “good” location.

Having created the basis, the first abstraction process can be performed together with
the students. In this case, the focus is on processes of the competence models” subcom-
ponent Commonalities and Differences. This procedure is supported by approach #2: Iden-
tifying enities.

Students had to identify and summarise common characteristics of the flats and to
choose an appropriate name for the resulting attributes.

Several additional aspects relevant to the abstract thinking process have been re-
vealed during the derivation of the competence model (see Section 1.2). I agree with
approach #3: Purpose that the purpose is highly relevant and thus, should be addressed
in teaching. Especially those processes of the subcomponent Hide & Keep are influenced
by the purpose. So far, this aspect was not explicitly addressed in the module Soft-
ware Development I. Consequently, this facet has been integrated into the design of the
module right from the beginning.

Two situations are presented to the students: calculation of a flat’s rental price is
something students are aware of. But the calculation of the property tax is unusual
for them, although it is of practical relevance. They had to choose the important at-
tributes for both purposes. We discussed the selection process, to make the decision
process transparent.

The resulting picture on the blackboard illustrates two abstractions (approach #4: Ex-
amples) that differ because of their purpose (approach #5: Purpose). This way of teach-
ing was repeated several times during different lectures. In the lab exercises, students
were always reminded to think of the purpose of the current problem.

?Example item is shown in Figure 4.5 and the results of the analysis are presented in Figure 7.5.
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10.1.2. The II of Abstraction

By now, students had a lecture on modelling characteristics and behaviour, read about
primitive data types and are able to implement simple Java-classes. Thus, approach #6: De-
sign and implementation has been implemented. Moreover, we present an existing
abstraction in the form of a Java-class to the students (approach #7: Examples).

During the lecture, we introduced all necessary concepts regarding Java-classes,
attributes and methods and developed a proper Java-class representing a flat, based
on the abstraction flat defined so far.

In order to make the development process described previously more comprehensi-
ble and tangible for the students, we illustrated a conceptional model of the process.
The result is the "II of Abstraction” depicted in Figure 10.1. It is called II as the three ar-
rows form the shape of a I1. The depiction clearly shows that the competence of abstract
thinking is especially important while modelling.

MOdelling Digitalisation

Implementation

Category

Characteristic Attribute
Behaviour Method

Purpose

Abstract Thinking

Concretisation at Runtime

Value Value
Activity

Figure 10.1.: II of Abstraction for object-oriented design. The three arrows forming the
shape of a II gave it its name.

The left part of Figure 10.1 shows that observable entities of the real world are sum-
marised and normalized, in order to build an abstraction, we call category, representing
all underlying entities. During this process, abstract thinking competence is highly im-
portant. The purpose of the abstraction plays a significant role, too. This process can be
carried out without any software specific knowledge.

In the next step, the category is translated into source code of a specific programming
language (arrow digitalisation). And at runtime, objects representing concrete entities
are generated.
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The II of Abstraction (see Figure 10.1) reveals an interesting relation. Entities are ob-
servable while modelling, but their equivalent in software, namely objects, are invis-
ible as they are created at runtime. The same effect applies to categories and classes.
Whereas classes can be observed in the code, categories built based on the entities are
invisible mental models.

Explicitly, presenting this process to the students and splitting modelling and im-
plementation, was designed to promote students abstract thinking competence. This
should also help to make the single steps more transparent to the students. Moreover,
the II of Abstraction can serve as a tool students can use to reflect and communicate at
which point in the development process they are facing problems.

In the Wrap-Up of the thematic block on Java-classes, we presented the II of Ab-
straction to the students in order to summarise the content learned so far.

A next step could be to introduce a common language to describe categories in a
systematic way. Visual representations could help students to make abstractions more
tangible. This could be done by using Unified Modelling Language (UML) or any other
(semi)-standardised language that is suitable to describe abstractions. This approach
would be similar to approach #8: OO wih patterns, but less drastic.

10.1.3. Ogre-Lesson

In several teaching units, students were guided along the process described in the II
of Abstraction (see Figure 10.1). The first lab-assignment realising this approach was
the Ogre-Lesson implemented using Moodle-Lesson. The detailed description of the
development of this teaching unit serves as an example of the implementation of this
approach.

At first, we decided to use graphical representations of objects instead of generating
an output on the command line using System. out .println (). The reason for this is
that students then tend to mix up the concept of return values and information printed.
Thus, we provide two classes Colour and E11ipse to the students. With the help of
these classes, it is possible to draw ellipses on a canvas. In order to familiarise students
with their usage as well as the methods provided, we gave a short introduction to the
so-called Scratchpad before starting the Ogre-Lesson.

The goal of this teaching unit is that students write a proper Java-class represent-
ing Ogres (for an example see figure below) in varying colours at different x- and
y-coordinates using the classes Colour and E1lipse.
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0,0

v

Scratchpad

Following the II of Abstraction, the first step is to collect or construct similar entities.

Students draw a single ogre within the main-Method using hard-coded coordinates
and sizes to describe the ogres” components.

Component ‘ x-coordinate ‘ y-coordinate ‘ width ‘ height ‘ color ‘

body 200 300 150 180 green
head 225 210 100 120 green
left iris 245 245 20 20 black
left pupil 250 245 8 8 white
right iris 285 240 20 20 black
right pupil 290 245 8 8 white
left ear 210 240 25 25 green
right ear 315 240 25 25 green
left nostril 260 270 10 10 black
right nostril | 280 270 10 10 black

One entity is not enough to point out the necessity of building an abstraction. Thus,
students construct at least one more entity by changing the characteristics.

Students draw a second ogre in a different colour and at another position within the
main-method.

In order to motivate the abstraction process even more students are asked whether
they want to repeat this process of copy, paste and adjust more than 50 times.

Would you like to draw this meadow full of ogres using the process you have per-
formed so far?
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At this point, the advantage of Moodle-Lessons comes to the fore. This activity al-
lows asking questions and controlling students” way through the lecture individually.
Lecturers can, for example, predefine whether the student is permitted to continue, has
to read (additional) material or has to repeat the task. At this point in this unit, stu-
dents should realise that building an abstraction representing more than one entity is a
profitable solution. If not, they are guided to a task to rethink their decision.

Generating entities within the main-method by copying and adjusting the relevant
details is a procedure we often observe in novice solutions. Using abstract thinking
and building an abstraction that summarises similar entities, parametrises their differ-
ences and allows to create new entities is how experts in software development solve
the task. Thus, students are guided from a single entity created on purpose, over sev-
eral entities created by copying and adjusting representing a common novice solution,
to the experts’ solution actually an abstraction. This procedure is a realisation of ap-
proach #9: Novice and expert.

YES: Re-think your answer

— How much time do you need to create 50 ogres or even more?
— Would you really like to do this until next week?

NO: Good decision! In computer science, we use abstractions to represent several
similar entities. Go ahead.

The next step is to perform the abstraction step and to build a category representing
all entities. Additionally, important characteristics all entities share are collected. When
considering the purpose of the abstraction, the relevant characteristics can be selected.

Collect characteristics all ogres share and select those necessary to draw them. Build
a category based on your collection. Determine if the characteristics have an equiv-
alent value for all ogres or if the values change from one ogre to the other.

After the category is completely specified, students can perform the digitalisation
step and translate their model into a proper Java-class. This process is again supported
by several guiding questions. For every part of the model (category, characteristic and
behaviour) students were asked to choose the appropriate programming concept. If
they gave a wrong answer, the relevant information from the lecture was shown. After
studying those, students were able to repeat the task.
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10.1.4. Maze Task

Up to now, the teaching units mainly dealt with the static aspects of the entities and
their translation into code. Now, the dynamic aspect is in focus. The teaching unit was
designed as a lab assignment and took place in the sixth week of the first semester.

Students have a good basis in object-oriented design and gained first theoretical and
practical experiences in using concepts of procedural programming. In the next step,
we wanted students to model and implement a non-trivial algorithm. As our overall
goal was to put more emphasis on the modelling phase right from the first semester,
we designed this unit where students build a model of all necessary parts first (ap-
proach #10: Design and implementation).

As building the data model and specifying the behavioural aspects of the algorithm
is the first complex modelling task for the students, we wanted to make the experts’
thinking processes as transparent as possible. For this purpose we used guiding ques-
tions [103] at decision points of experts’ thinking and provided intermediate results, to
get students back into the experts thinking process whenever necessary. This should
help students to develop their idea of the concept.

Students had to document and turn in their answers to the guiding questions. Only
then, they receive our ideas to compare their results with. The uploaded documents
provided insights into the students’ thinking processes and revealed their mental pic-
tures. Furthermore, we were able to derive results regarding the students’ level of
abstraction. A detailed evaluation of four tasks of this unit using the rating scheme
proposed in this work can be found in [101].

There are many challenges in the design of such a unit. A major one is to find a
reasonably complex algorithm to make the advantages of modelling before implementing
visible. Moreover, think-aloud sessions need to be conducted to define the experts’
solution process presented to the students. The interviews conducted to design this
teaching unit revealed several correct but different approaches to solve the problem.
Thus, it is important not to over-restrict the process presented to the students, as there
exists more than one successful solution process.

After extensive research and discussing several algorithms, we decided to base the
unit on the implementation of a maze-generating software using the hunt-and-kill- al-
gorithm described in [16]. The maze-generator “moves” on a grid of cells. Each cell
has a right and a bottom wall (cf. Figure 10.2). A maze is generated by erasing walls
according to given rules.

1]
1]
i

Figure 10.2.: Field of cells.
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Jamis Buck describes the algorithm as follows:
1. Choose a starting location.

2. Perform a random walk, carving passages to unvisited neighbours until the cur-
rent cell has no unvisited neighbours.

3. Enter “hunt” mode, where you scan the grid looking for an unvisited cell that is
adjacent to a visited cell. If found, carve a passage between the two and let the
formerly unvisited cell be the new starting location.

4. Repeat steps 2 and 3 until the hunt mode scans the entire grid and finds no un-
visited cells.

A real benefit of this algorithm is that it does not require the concept of backtracking,
like many others. This algorithm can be implemented based on two-dimensional arrays
and is reasonably complex — which made it an ideal candidate for the point of time
in that course. Jamis Buck [16] describes this algorithm based on some subtle design
details.

The first task should help students to get familiar with the process of the algorithm
by applying it using pen and paper.

Erase walls according to the algorithm, in order to build four mazes. Use the given
drawings.

While utilising this experience, students can name components and characteristics,
which build the foundation for the abstraction.

— Which characteristics does every maze have?

— Which are the components every maze consists of?
And which characteristics do they have?

— What can you say about the arrangement of the components?

Based on these considerations and the description of the algorithm provided, stu-
dents then deduce a data model.
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With the help of the preliminary considerations, you should now have identified all
entities, their relevant characteristics and their associations. On this basis, you can

now draw the corresponding UML class diagram of all classes involved, as well as
their attributes and associations.
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Data model presented to the students as an intermediate result.

__

After presenting the data model to the students, they worked on the algorithm. Step

by step they were guided from an high-level perspective describing the interaction of
the major steps towards the algorithmic details.

Identify the essential steps of the Hunt and Kill algorithm and depict their sequence
by using the following structogram:

The algorithm contains steps that occur repeatedly. Moreover, those steps contain

most of the algorithm’s logic. Thus, we guided students, to work these steps and their
internal functionality out.

Which actions occur repeatedly?

After another intermediate result, which represents our experts” solution, students
are asked to visualise several states of the data model.

Mark adjacent cells of a given cell S in a grid.
(The expected solution is shown in gray)

N
N S N
N
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10. Concept for the Module Software Development I

Furthermore, they are asked to visualize possible corner cases.

Which special cases can you identify for other starting cells S? Please draw them.
(The expected solution is shown in gray)

S

wn

These visualizations should help students to deal with the following two open format
questions, regarding the algorithmic details.

How can you identify adjacent cells on the grid?

Given two adjacent cells A and B. How do you know which wall is to be removed?

B
A A B

The model derived in this unit should guide students through the subsequent imple-
mentation unit.

This was only an extract from the concept we realised in the winter semester 2017 /18.
Just to mention a few more examples: We additionally introduced associations in the
second week of the semester, which is much earlier than usual. This decision was based
on the insights gained by the analysis of the data collected using ATA. Moreover, during
the Ogre-Challenge, students used a library again, to learn how to work with existing
abstractions. Thus, students were also provided with a good example of an abstraction
(both approach #11: Existing abstractions).
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10.2. Teaching Style

10.2. Teaching Style

So far, teaching material, classroom actions and lab instructions have been in focus of
the concept. In addition to this, my colleague and I also changed the teaching style
from a traditional one to pair teaching.

The presentation and discussion of topics by two people is common practice in sev-
eral fields, like educational TV-shows, debates, or in interviews. Moreover, working
in pairs has become a traditional approach in the field of software engineering and is
called pair programming. As these practices have proven highly efficient, we wanted
to transfer these approaches into our teaching practice.

During the cooperative teaching of our class on Software Development I we exper-
imented with various roles and their pairing. Pair teaching can occur in several con-
stellations, as the lecturers can take different roles. From our perspective, each forma-
tion has its own intended use, strategies and thus advantages and disadvantages. It is
important that each role is personalized by a lecturer [6]. We also found a couple of
anti-patterns that should be avoided. From our point of view, the fundamental success
factors that must be given are that both persons involved see each other as peers and
both must be committed to the success of the module. Additionally, they should have
similar didactical knowledge and teaching experience.

As computer science is built on a solid theoretical basis like many other disciplines,
it is necessary to show novice programmers the differences between the scientific con-
cepts and the concrete implementation (approach #12: Design and implementation), as
they need to master both later on.

Theorist vs. practitioner according to [14]. This is the role distribution for the classi-
cal situation where students learn the theory and apply it later. In this case, one lecturer
takes the role of the practitioner and the other acts as a theorist. The practitioner works
on a real problem that is adjusted to the students” level of knowledge. The theorist
teaches the theory and points to the theory students learned during the lecture/mod-
ule.

When considering computational thinking [99] and cognitive apprenticeship [22], we
came up with two more pairs, which are focusing on education in computer science but
might be transferable to other disciplines.

Real world vs. software orientation. In their later profession, students need to deal
with non-computer scientists as domain experts in order to collect requirements and
transfer them into software. In this constellation, the process of translation from real-
world abstractions to programming concepts is accompanied by one person focusing
on the real-world domain and one focusing on the software-based representation of
that domain. Equivalent to the case above there exists the role of a practitioner which
is in our case a software engineer. The pair is completed by a person that concentrates
on the concrete real-world entities the software is intended to represent later.

Computational thinking vs. implementation. Another important aspect of teaching
computer science is to focus on processes represented in computational thinking and to
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10. Concept for the Module Software Development I

consider it independent of a concrete implementation. In this case, both roles need to
have a background in software development. One focuses on identifying general con-
cepts like categorization, repetition, or discrimination of different cases in order to solve
a real-world problem. During this process, he or she demonstrates the application of
key competences like logical or abstract thinking and highlights evaluation criteria. The
other transfers the abstract concepts into appropriate constructs of a specific program-
ming language. For both roles, it is important that they make their thinking tangible
and highlight decision-points as expressed in the framework of cognitive apprentice-
ship.

While teaching, it is not always necessary to take contrary or complementary posi-
tions. Pair thinking also happens if both peers act on the same level. This could help to
identify misconceptions, interpretation of students” questions as they are not also clear.
Another advantage is that the students have access to two perspectives and explana-
tions. After the lecture, both can reflect on the lecture in order to improve it for the
upcoming semester, to identify content that needs to be repeated or to plan the next
steps.

Anti-Patterns. Especially during the teaching phase, the pair needs to beware of
typical anti-patterns. Often one does not intend to make this happen, but they might
occur. A typical example is that one takes the role of a professor or lecturer and the
other one acts as a student or even worse an airhead. This intellectual hierarchy lets
the second person appear non-professional. Another anti-pattern might arise from the
job hierarchy. The supervisor or professor should not act with her or his employee e.g.
Ph.D. candidate as they are not on the same level. However, from personal experience,
we immediately recognized this pattern and planned the lectures in a way that this
would not show up.

10.3. Evaluation

The concept has been evaluated at two points of the semester: a reflection lecture took
place six weeks after the semester started and the university-wide course evaluation
was conducted at the end of the semester.

During the reflection unit, we guided students to think about the course, its content
and their difficulties. Students were asked to think of obstacles that currently reduce
their speed of learning and reflect on characteristics why software development is diffi-
cult for novices. About one third of the students named difficulties concerning the typi-
cal thinking processes in computer science, accuracy and complexity. Students reported
that they are aware of thinking processes, like abstract thinking and the translation of
real-world problems into the software context. Sample statement from our students
are: “I have not internalized that way of thinking yet” or “I still have trouble translating text
into code”.

Thus, focussing on modelling and implementation has at least established the aware-
ness that typical ways of thinking exist in computer science and that the translation of
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10.3. Evaluation

concepts into source code is a process separate from finding the right concept. Al-
though they were able to communicate the necessary processes they need to perform
as professionals, they also stated that they are no professionals yet.

At the end of each semester there is a university-wide lecture evaluation, which is a
solid data basis we can use to evaluate our teaching. The questionnaire consists mainly
of items whose answer format are Likert scales with values ranging from 1 (fully dis-
agree) to 5 (fully agree). We have data from a previous course taught in winter semester
2014/15. These can be compared with data collected with the help of the same ques-
tionnaire in winter semester 2017/18, where we applied the teaching concept.

The evaluation results we obtained for this make us feel optimistic. A statistically
significant improvement can be seen in the questions listed in Table 10.3. We think
that these are related to those goals which we expected to influence, such as making
experts’ thinking processes tangible, choosing better examples and promoting students’
competence of abstract thinking.

Question Average 2014 | Average 2017 | p-Value
The content structure of the course is comprehensible. 3.1 4.2 <0.001
The learning outcomes of the course are clear. 3.4 4.1 < 0.001
The two parts of the course complement each other well. 3.2 4.0 < 0.001
The applicability of the course content is clear. 3.5 4.2 0.002
The practical exercises are well adapted to the subject mat- 3.2 3.9 0.002
ter.

The content of the course is complemented and illustrated 3.6 4.2 0.004
by comprehensible examples.

The level of knowledge of the students is taken into ac- 3.3 3.8 0.048
count by the lecturer.

Complicated issues were explained in a comprehensible 3.5 3.9 0.05
manner.

My previous knowledge is sufficient to follow the course. 3.0 3.6 0.051

Table 10.3.: Results of an unpaired t-test, showing the significance level for improve-
ment between lectures in the years 2014 /15 (n = 40) and 2017/18 (n = 29).

Even though the ATA has been conducted in all study groups at the beginning and
the end of the first semester, I decided not to use the data to evaluate the effectiveness
of the lecture. One reason is that splitting the students data (n = 40) according to
their three study groups leads to very small sample sizes (between 5 and 20 students).
Moreover, I do not have biographical and performance data of the two study groups.
Thus, I am not able to investigate the representativeness of these groups. Furthermore,
I cannot make a statement about the comparability of the three groups for example
regarding the distribution of grades. Consequently, the validity of all findings derived
from the data could not be guaranteed.
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10. Concept for the Module Software Development I

From our lecturers’ perspective, the pair teaching approach is great. During the lec-
ture, we experienced pair thinking and relaying for example when dealing with stu-
dents” questions. Often students cannot formulate their questions precisely and have
underlying misconceptions. We were much more effective in identifying the bottom
line and correcting them immediately.

When reviewing the semester, the question was raised, whether one can take the
different roles on his or her own when disciplined enough. In our opinion it could be
possible, but it is necessary to be aware of all the different roles and to take them one
by one. Furthermore, we think it is necessary to concern and embed the roles already
in the design. Nevertheless, some constellations of roles just occurred during teaching
and we did not plan them ahead. Thus, the approach added value to our teaching.
Furthermore, effects like pair pressure, relaying and thinking can just occur in pairs.
Hence, we recommend to try this approach and experience the great improvement if
possible.
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Conclusion and Future Work

The competence of abstract thinking is one of the key competences in computer sci-
ence. However, there was a notable research gap. The current research was missing
a consistent and complete definition of the competence, as well as an assessment tool.
Consequently, hypotheses and teaching concepts could not be validated. This thesis
narrows this gap. The approach described consists of four major steps: defining a com-
petence, deriving an assessment, conducting studies and adapting the teaching based
on the findings. This can not be applied only to the competence of abstract thinking.
Thus, this dissertation serves as a sample for the investigation of further key compe-
tences in computer science, such as logical and analytical thinking.

A typical sequence of steps to investigate a competence is as follows: If there does
not exist a competence model, one can be derived from a thorough literature review
and should be completed by discussions with experts. During this step, cognitive pro-
cesses that are involved in solving representative problems are collected. Afterwards,
similar processes are summarised into competence components, which together form
the competence model. Subsequently, the competence model can be used to develop an
assessment. It is important to consider the intended setting, such as the time frame and
the target group, to tailor the assessment accordingly. In addition, the research ques-
tions should be taken into account as these also influence the design of the assessment.
The assessment can then be used to conduct studies in order to answer the research
questions. Moreover, the data collected allows evaluating the quality of a new assess-
ment, what I really recommend. All these steps provide important information that
influences the development of future teaching practice.

This approach has particular significance since the analyses in this dissertation have
shown that the competence of abstract thinking is necessary, but not sufficient to ac-
quire computer science specific skills. Thus, more key competences in computer sci-
ence should be defined, assessed and analysed to complete the picture and to provide
insights that are relevant for teaching.

Conclusion

How can the competence of abstract thinking be defined in the context of computer science based
on current literature? is the first research question stated in this dissertation. In order
to answer the question, a literature review studying dictionaries, encyclopaedias and
scientific publications has been conducted. The selection of scientific publications in-
cludes the domains psychology, educational research, mathematics, engineering and
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computer science. All statements collected were analysed and clustered. In the end,
I came up with three clusters of cognitive processes, which build the three subcom-
ponents of my final competence model namely Communalities and Differences, Hide and
Keep; and Expand.

According to my knowledge, this is the first attempt to build a competence model for
the competence of abstract thinking. Consequently, this thesis is a contribution to nar-
row the research gap regarding the competence. It establishes the basis for measuring
and teaching the competence.

The development of an assessment for the competence of abstract thinking is the
second goal of this dissertation which is derived from the research question How can
the competence of abstract thinking be measured in the context of computer science? Based
on the competence model it has been possible to develop an assessment called Abstract
Thinking Assessment (ATA) to measure the abstract thinking competence of first-year
students in computer science.

In order to judge students” answers objectively, a comprehensive and generic rating
rationale has been developed. This serves as a blueprint to interpret answers to open-
ended questions focussing on abstract thinking competence. For the ATA a detailed
coding manual has been described to evaluate all items using a shared standard. Thus,
the ATA creates the opportunity to assess students’ level of competence in a standard-
ised way. In addition, it is now possible to evaluate teaching concepts and methods in
terms of effectiveness.

However, before the ATA allowed to make statements about students” competence,
the quality had to be evaluated. The quality analysis shows that the ATA is objective,
reliable and valid. Moreover, it allows differentiating students on all levels of profi-
ciency. Hence, the ATA is another contribution of this dissertation to close the research
gap regarding the competence of abstract thinking.

The ATA has successfully been used to collect data of 134 students, in order to an-
swer two more research questions of this dissertation. The first is: Is there a deficit in
first-year students’ initial competence of abstract thinking? Analyses of the item difficulty
have shown that items requiring to recognise abstractions seem to be rather easy for the
students, whereas they struggle when building their own abstractions. Further analy-
ses have shown that 73% of the students fulfil the lecturers” expectations on scale Ab-
stract Thinking Competence by showing a sufficiently high level of abstraction. However,
in my opinion, a high level of abstraction belongs to the competence of abstract think-
ing just like the accuracy and completeness of an abstraction. When combining both
aspects the picture of students” competence is different. It is almost shocking that only
30% of the students achieve the expected number of answers that are correct and on a
sufficiently high level of abstraction at the same time. In my opinion, this result shows
that first-year students have a serious deficit in the competence of abstract thinking at
the beginning of their studies.

Additionally, I investigated the impact of the initial abstract thinking competence on
the acquisition of programming skills. The analysis shows a significant relation. The
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competence of abstract thinking is necessary for being successful in the end-of-term
exam of the module Software Development I, but not sufficient. Thus, the research
question Is there a relation between the competence of abstract thinking and the acquisition of
professional software development skills? can be answered with a yes.

Since the deficits are severe, but the competence is needed to acquire professional
software development skills, I see only two approaches to deal with this situation: Po-
tential students can be tested and possibly rejected before starting their studies or the
development of the competence is integrated into teaching at universities. As the first
option is no longer allowed in Germany and as our research team believes that some
students have the potential to succeed if they are supported enough.

This leads to the last research question of this dissertation: How can students’ com-
petence of abstract thinking be promoted in a class on software development? The result is a
teaching concept, which consists of two parts: first is a description of specific teach-
ing units and their development, second is the description of the teaching style pair
teaching.

The teaching units follow recommendations for teaching the competence of abstract
thinking and consider findings from the analyses conducted as part of this thesis. A
major approach to design the teaching units were think-aloud sessions. These helped
to make the implicit thought processes of experts visible. Consequently, the processes
can be made transparent for the students. I recommend treating none of the processes
as trivial or obvious, as none of them is for novices. Students rarely complain about
taking too small steps, but they do if steps are too big.

A reflection activity six weeks after the beginning of the semester has shown that
the awareness of implicit thinking processes raised among the students. They can now
articulate whether they fail during the modelling or the implementation, which makes
it easier for lecturers to assist students during teaching units. Additionally, this en-
ables students to identify, categorize and reflect their sources of trouble on their own
properly. Compared to previous years, the course evaluation shows a significant im-
provement regarding the comprehensibility of the lecture and the alignment of lecture
and lab.

From our lecturers’ perspective, pair-teaching is a great approach. During the lecture,
we experienced pair thinking and relaying for example when dealing with students’
questions. We were much more effective in correcting students misconceptions imme-
diately. My colleague and I strongly recommend to try this approach and experience
great improvement.

In conclusion, this dissertation narrows the research gap regarding the competence
of abstract thinking and gives an example of how to define, measure and teach compe-
tences in general.
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Future Work

Although this dissertation made good progress regarding the competence of abstract
thinking, and narrowed the research gap, it opened up opportunities for further re-
search.

In future research, typical techniques and heuristic approaches could be investigated
and designed for each competence component. One example is already depicted in this
dissertation for the component Commonalities and Differences. Parametrisation is a tech-
nique to normalise differences. I think, especially for the component Expand techniques
and heuristic approaches can be useful for novices in software development, as these
processes seem to be the most difficult ones for them. Teaching heuristic approaches are
already common practice in related subjects, like mathematics, which is a good source
to start from.

The ATA has been designed for assessing first-year students’ competence of abstract
thinking. However, there exist additional scenarios the ATA can be used for, like com-
municating typical tasks to facilitate the decision of prospective students, or to support
the decision of admitting students to a program or not. Furthermore, the assessment
tool can be used to measure the effectiveness of teaching practices focussing on abstract
thinking competence or to evaluate students” progress in a specific module. Neverthe-
less, the field of application is limited, because the items reflect the level of knowledge
of first-year students. In case of for example monitoring students” progress through
their studies, further items need to be developed reflecting an appropriate level of dif-
ficulty.

For most future scenarios it is necessary to diminish the evaluation time or to auto-
mate the assessment. As long as the evaluation requires human rating the scenarios
for application are limited. Through further analyses and research, it might be possible
to develop new item formats that are less time intensive in the evaluation. The use of
modern techniques, such as text mining, would also facilitate additional use cases.

The analysis has revealed that students show any constellation when combining the
scales Correctness and Abstract Thinking Competence. Several students develop concrete,
but incorrect abstractions, others build concrete and correct abstractions, and still other
abstractions are abstract, but incorrect. Only some students provide abstract and cor-
rect abstractions. The last profile is the goal of teaching abstract thinking competence,
but to my knowledge, no research exists on activities necessary to evolve a students
profile into another. This dissertation laid the foundation for regularly monitoring stu-
dents” development, but methods must be designed in a next step to promote students’
competence.

It follows from all these findings that students require the competence of abstract
thinking to become IT-professionals, but they do no have an appropriate level of the
competence yet. This consequently requires a new teaching concept to additionally
address abstract thinking competence right from the beginning. However, the data
revealed that there is no clear division of students into groups with a comparable level
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of proficiency. From this I conclude that the cohort is highly heterogeneous. Thus,
further research needs to be conducted to work out typical student profiles that can
be addressed in teaching. This might also require to think of additional distinctive
features, such as other key competences.

When further competences are evaluated at the same time, it would be advantageous
to shorten the time frame of the ATA. In this case, I would recommend to only keep
the 24 items where students need to build abstractions, as correctness and the level
of abstract can be evaluated. For the combination of the two perspectives students’
data have shown a serious deficit and recognising abstractions seems to be easy for
the students. However, this would require to re-examine the quality of the resulting
assessment.

For the design of the lecture, I conducted think-aloud session to make experts’ think-
ing processes transparent. The insights gained into the unconscious processes were
used to revise the lecture and accompanying material. These sessions additionally
revealed that different experts follow different processes. Through modern technol-
ogy, it is possible to take many more processes into account during lab-sessions or
self-studying phases. However, more cognitive processes need to be investigated in
order to get a complete picture. The results would provide an important contribution
to dealing with the high heterogeneity lecturers are facing in first-semester classes.

In summary, this dissertation creates the basis for the ongoing debate surrounding
abstract thinking competence in the context of computer science.
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Fragebogen zum abstrakten Denken

Ihre Daten

Name

Vorname

Matrikelnummer

Studiengruppe

Bewertung

Erreichte Punkte







Gegeben sind im Folgenden je drei Abbildungen (Bild oder Text). Diese lassen sich jeweils
in eine bestimmte Reihenfolge von 1: konkret bis 3: abstrakt bringen.

Beispiel
* X
. ﬁ' + Farbe ol *
Abbildung * *x
Reihenfolge 2 1 3
Ordnen Rank,
analyse

Bringen Sie nun alle weiteren Dreiergruppen in eine Reihenfolge, die dem obigen Muster and

entspricht. Nummerieren Sie dazu die Abbildungen von 1: konkret bis 3: abstrakt. reason
Abbildung “ O
Reihenfolge Rank Apple
Abbildung 1: https://pixabay.com/images/id-307761/
' + @ \? + @) ’v ‘T;P ;E[;:;\ i / SECRCT
Abbildung =
Reihenfolge Rank Seal
Stempel: https://pixabay.com/images/id-2054429/, Abdruck: https://pixabay.com/images/id-2054429/
Abbildung 1x driicken — 1 Eis n Aktionen n mal driicken
2x driicken — 2 Eis — n Reaktionen — n Eis
3x driicken — 3 Eis
. Rank
Reihenfolge Vending
Machine
Abbildung x mal ein Zeichen | a n? mal a schreiben
schreiben, Zeilenum- | 353343 Zeilenumbruch n um
bruc?h einfligen.  An- | j 52333234 eins erhchen von vorne
schlieBend x  nach beginnen
vorgegebener Regel
erhthen und wieder
von vorne mit dem
Schreiben beginnen.
Reihenfolge Rank Typing
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Analysieren

Beschreiben Sie, wie Sie auf die Losung der obigen Aufgaben gekommen sind. Welche
Uberlegungen haben Sie angestellt, bevor Sie die Losung wussten. Stellen Sie Ihre Uber-
legungen kurz dar.

Gehen Sie hier nicht auf die Regel zur Anordnung der Abbildungen ein.

Reflect upon
Ranking

Beschreiben Sie nun kurz, was die Reihenfolgen aller vier vorherigen Beispiele aus-

macht.
Nicht ausreichend sind Aussagen, wie z.B: Die Abbildungen sind immer von konkret nach abstrakt
geordnet.

Generalise

Rankings
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Ordnen und begriinden

Bringen Sie die unten stehenden Abbildungen (Bild oder Text) in eine aufsteigende Reihen-
folge.

Nummerieren Sie dazu die Abbildungen entsprechend von 1: konkret bis 3 bzw. 4: ab-
strakt.

Schreiben Sie zu jeder Teilaufgabe einen kurzen Satz, warum Sie sich fiir diese Reihenfolge
entschieden haben.

Abbildung Mona  steckt | Geld in den Peter wirft
zwei 5€-Schei- | Fahrkartenau- remmme | ]0€ 0 in den
ne in den | tomat einwer- J =i “ | Automaten.
Automaten fen und Fahr- i_) Er erhilt seine
und erhilt: | karte sowie woorned | Fahrkarte und
1x2 €, 1x1 €, | Wechselgeld === 1 3,40€ Wechsel-
2x20 ct sowie | entnehmen. geld.

eine Fahrkarte.

Rank Ticket

Reihenfolge

Begriindung

Justify Ticket

Fisch Tiger Lebewesen
schwimmen brullen fressen

Abbildung

Rank Species

Reihenfolge

Begriindung

Justify Species
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summarise 7y sammenfassen

1. Finden Sie fiir alle Objekte einer Teilaufgabe einen gemeinsamen und bezeichnenden
Namen (Oberbegriff).

2. Nennen Sie 4 Merkmale, die alle Objekte gemeinsam haben.

Sources: https://pixabay.com/images/id-306867/, https://pixabay.com/images/id-309527/, https://pixabay.com/images/id-309527/,
https://pixabay.com/images/id-307709/, https://pixabay.com/images/1d-2492912/, https://pixabay.com/images/id-3591510/

Name Vehicle Name allel‘ Objekte

Merkmal

Characterise
Vehicle (1)

Characterise
Vehicle (2)

Characterise
Vehicle (3)

Characterise
Vehicle (4)

1. Finden Sie fiir alle Objekte einer Teilaufgabe einen gemeinsamen und bezeichnenden
Namen (Oberbegriff).

2. Nennen Sie 4 Merkmale, die alle Objekte gemeinsam haben.

3. Kreuzen Sie an, ob die Werte/Auspriagungen der Merkmale fiir alle Objekte gleich
oder unterschiedlich sind.

SHSN

Source: https://www.die-welt-der-kleinen.de/lego-einzelelemente-einzelteile-ersatzteile-de/LEGO-Grundsteine-de/

A Name aller Objekte

fiir alle Objekte

Merkmal gleich unterschiedlich

Characterise and
Evaluate Brick (1) I:‘ D

Characterise and
Evaluate Brick (2)

Characterise and
Evaluate Brick (3)

Characterise and
Evaluate Brick (4)

Oojo|g
ojo|g
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Die Anzahl der Haltestellen auf beiden Plinen ist als identisch zu betrachten! Network

Londoner U-Bahn-Plan aus dem Jahr 1928.
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Londoner U-Bahn-Plan aus dem Jahr 1931.
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Zwischen den Jahren 1928 und 1931 wurde der Londoner U-Bahn-Fahrplan aktualisiert. In
der unten stehenden Tabelle finden Sie eine Liste von Merkmalen die der Fahrplan von 1928
aufweist.

Kreuzen Sie an, welche Merkmale bei der flberarbeitung unverindert blieben, und welche
verandert wurden.

Merkmale unverandert ‘ verandert ‘
sations | Haltestellen O O
mersections | Kreuzungspunkte der Bahnen (Umsteigemoglichkeit)

Location of Lage der Ha]testellen

stations

pistances | Distanzen zwischen den Haltestellen

Representation | Darstellung der Umgebung
couse | Verlauf der Bahnstrecken

oogio|o
oog|io|o

Betrachten Sie nun Ihr Ergebnis.
Mit welcher Begriindung konnen alle Verinderungen erkldrt werden?

Justify Tube Map

©Daniela Zehetmeier 7



Liickenhafte Codes ?.f‘i?emary

Im Folgenden wurden vier Nachrichten codiert. Unten abgebildet sehen Sie die originale
Nachricht und den Code. Doch die Codierungen weisen Liicken auf (leere Zellen). Vervoll-
standigen Sie die Liicken im Code.

+ + - - — o 0 p p
- - + + — ) Easy Code
+ - - + — o o
# # + + + — | z#d+
+ $ $ $ — | z+d$
$ + # # N Medium Code
# - - - + — |e#d-e+

— | bxcobx
— | axeoax
— Biber Code
— | axaoaxaiaxaoax
— | bxcobx

Nun hat sich der Aufbau etwas gedndert. Ein Zeichen wird durch eine Spalte codiert.

——
_—H

) ) ) ) ) ) ) ) )

Vervollstandigen Sie den Code! (Es kommen nur die Buchstaben O, S und K vor.)

S O S K O O Music Code

8 ©Daniela Zehetmeier



gﬂg Fehlerhafte Codes

Aus verschiedenen Nachrichten wurden verschliisselte Codes erstellt (Codierung). Jedoch
hat sich dabei jeweils ein Fehler eingeschlichen. Markieren und korrigieren Sie diesen
Fehler im Code.

Die grau hinterlegte Nachricht ist als korrekt zu betrachten.

Mark and Correct .
Binary to Alpha NaChrICht

Markieren und korrigieren Sie den einen Fehler im Code. Beschreiben Sie fiir die folgenden
Beispiele zusitzlich kurz die Regel, die der Codierung zugrunde liegt.

Mark and Correct .
Counting Code Nachricht

75164

Rule for Counting
Code

QEXLI
MRJSVQEWMO

WXYHMYQ

Rule for Caesar
Code

©Daniela Zehetmeier 9



Profistufe!

Mark and Correct
Digital Code
Nachricht
Code
Regel
Rule for Digital
Code

10 ©Daniela Zehetmeier



Machines \fagschinen

Eine Maschine erhilt eine Zeile des Inputs und generiert daraus den Output in derselben

Zeile. Beschreiben Sie kurz die generelle Funktion der untenstehenden Maschinen.

Beispiel
z w w w y y | — | zZIw3y2
a a y — | a2ylnlx2
b d b k m m | — | b2d1klm2

Funktion: Die Maschine gibt einen Buchstaben aus, gefolgt von der Anzahl der Vorkommen in der
gesamten Zeile. Ist ein Buchstabe bereits beriicksichtigt worden, so wird er nicht mehr ausgegeben.

z b g e X u

beguxz

a k d S f

adfhks

Funktion

Function Sorting

g I g k — | gkm

m 0 d d — | mod

m m 0 d 0 e — | mode
Funktion

Function Set

©Daniela Zehetmeier

11



Im Raster On the Grid

Finden und formulieren Sie eine Regel die beschreibt, wann im folgenden Zellen-Raster ein
'x" gesetzt wird. Jede Zelle wird durch eine Zeilen- und eine Spaltennummer eindeutig
gekennzeichnet. Die gefundene Regel sollte so allgemein sein wie moglich.

Beispiel

X Ein 'x” wird gesetzt,
wenn die Zeilen-Nummer gleich der Spalten-Nummer ist.

Q1 = W N =
X

Tipp: Denken Sie an mathematische Operatoren wie z.B. +, — und <. Oder auch an Gleichheit,
Ungleichheit oder beispielsweise Teilbarkeit.

X Ein 'x" wird gesetzt,

Grid Moved
Diagonal

1
2
3 X
4
5

Grid Triangle

,_.
g = W N =
X
X
X

12 ©Daniela Zehetmeier



Grid Chess

Profistufe!

Grid Tree

©Daniela Zehetmeier 13



Pass phrase

Passwort-Sicherheitsstatus ok
ecurity

Auf vielen Internet-Seiten wird Thnen angezeigt, ob ein Passwort schwach, mittel oder stark Status
ist. Sie wollen herausfinden, welche Kriterien dem Vorgang einer bestimmten Homepage
zugrunde liegen. Dazu geben Sie verschiedene Passworter ein und notieren sich den ange-
zeigten Status. Das Ergebnis dieser Recherche finden Sie in der folgenden Tabelle.

Passwort Status ‘
Servus schwach
Baum36 schwach
T?08 schwach
$5&-1? schwach
SteffisPassworT mittel
Informatik mittel
urlaubindien2013 mittel
studium mittel
20!7-10 mittel
B3!$p!31 stark
§Passworté& stark
TH30OPW! stark
§4%68?9!a stark
6PassWort stark

Aus welchen Bestandteilen setzen sich die verschiedenen Passworter zusammen?

Pass phrase
Components

In welchen Bestandteilen und anderen Merkmalen unterscheiden sich die Passworter
von schwach und mittel?

Differences weak —
medium

In welchen Bestandteilen und anderen Merkmalen unterscheiden sich die Passworter
von stark und mittel?

Differences
medium — strong

14 ©Daniela Zehetmeier



Regeln

Wie lautet die vollstandige Regel zur Bestimmung des Sicherheitsstatus?

Status Regel
fuleweak | schwach Ein Passwort wird als schwach eingestuft, wenn ....
fulemediom | mijttel Ein Passwort wird als mittel eingestuft, wenn ...
Rulestrons | sark Ein Passwort wird als stark eingestuft, wenn ...

Weitere Passworter

Konstruieren Sie aus jeder Threr Regeln ein weiteres Beispiel-Passwort.

Status ‘ Passwort

schwach

mittel

stark

©Daniela Zehetmeier



Zaubertrinke

Miraculix hat vergessen, wie der Zaubertrank, der die
Gallier so stark macht, gebraut wird. Er versucht, sich zu
erinnern und braut verschiedene Zaubertrdnke. Einige

zeigen erstaunliche Wirkungen.

Miraculix notiert sich, welcher Zaubertrank welche
Fiir jeden Zaubertrank benutzt er
eine Kombination aus den Buchstaben X, O und I. Mit
Hilfe dieser Schreibweise kann auch spéater nachvollzogen

Wirkung hervorruft.

werden, welche Wirkung der Trank hat.

Zaubertranke Wirkung

XIXXX0X

https://www.comedix.de/
handzumgrus.php

" i

lexikon/db/

XXITIXXX

OXIXXXX

ITOXOITI

lasst leuchten

IOITIIOI

lasst leuchten

OXXXXXO

lasst leuchten

O00IOOO

macht schwerelos

lasst leuchten

OXOIXXO

macht schwerelos

O00IXXO

macht kariert

macht schwerelos

OXXIXXO

macht kariert

macht schwerelos

lasst leuchten

XXXO0XXX

macht kariert

lasst leuchten

XXXIXXX

macht kariert

lasst leuchten

OXXO0XXO

macht kariert

lasst leuchten

XXO0001II

macht kariert

XXXIX00

macht kariert

OXXXXXX

macht kariert

16
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Was haben alle Zaubertrianke, die kariert machen, gemeinsam?

Potion chequered
commonalities

Ist dieses Kriterium ausreichend, um die Zaubertranke die kariert machen, von allen Zau-
bertrinken, die nicht kariert machen, zu unterscheiden?
OJa O Nein

Was haben alle Zaubertrianke, die schwerelos machen, gemeinsam?

Potion weightless
commonalities

Ist dieses Kriterium ausreichend, um die Zaubertrinke, die schwerelos machen, von allen

Zaubertrinken, die nicht schwerelos machen, zu unterscheiden?
OJa O Nein

Was unterscheidet Zaubertrinke, die leuchten lassen von solchen, die das nicht bewirken?

Potion luminous
differences

Ist dieses Kriterium ausreichend, um alle Zaubertrinke, die leuchten lassen, zu identifizieren?
OJa [ Nein

©Daniela Zehetmeier
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Automation

Automatisierung

Der folgende Ablauf ist ein Ausschnitt aus einem Computerprogramm. Dessen Ziel ist es,
das Wort INFORMATIK systematisch auf eine bestimmte Eigenschaft hin zu analysieren.

(1) Vergleiche I mit K (6) Vergleiche M mit R
(2) vergleiche N mit T (7) vergleiche A mit O
(3) Vergleiche F mit T (8) Vergleiche T mit F
(4) Vergleiche O mit A (9) Vergleiche I mit N
(5) Vergleiche R mit M (10) vergleiche K mit I

Formulieren Sie den obigen Ablauf so, dass er fiir beliebige Worter der Linge 10 anwend-
bar ist.

Palindrome
constant length

Lasst sich der obige Analyse-Prozess verkiirzen? Begriinden Sie Ihre Antwort.
OJa [ONein

Wie miisste der Ablauf aussehen, um fiir beliebige Worter mit gerader Anzahl an Buch-
staben anwendbar zu sein? Formulieren Sie diesen Ablauf.

Palindrome
various length

18 ©Daniela Zehetmeier



smartphone. Gmartphone

Beschreiben Sie Ihr Smartphone auf drei verschiedenen Ebenen der Abstraktion. Nutzen Sie
dazu lediglich Text. Nennen Sie zu jeder Ebene den Abstraktionsgrad: niedrig, mittel, hoch.

Smartphone -3
absraction levels

Beschreibung

Abstraktionsgrad

Smartphone -3
absraction levels
(continued)

Beschreibung

Abstraktionsgrad

Smartphone -3
absraction levels
(continued)

Beschreibung

Abstraktionsgrad

Begriinden Sie nun, warum Ihre gewidhlten Beschreibungen drei unterschiedliche Ebe-
nen der Abstraktion darstellen.

Justify Smartphone
Levels

Vielen Dank fiir Thre Teilnahme!

©Daniela Zehetmeier 19



Part VII.

Coding Manual

The sloppiness of students’ answers is transferred to the sample answers.
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Ordnen, Analysieren und Begriinden
(Rank, analyse and reason)

ab Seite 2

Ordnen
Apfel 1 — 1_rank_correct
1,2,3 1
andere 0
Stempel 1 —2_rank_correct
2,31 1
andere 0
Automat 1 — 3_rank_correct
1,3,2 1
andere 0
Zeichen 1 —4_rank_correct
3,1,2 1
andere 0
Apfel 1 — 1_rank_perm
Stempel 1 —2_rank_perm
Automat 1 — 3_rank_perm
Zeichen 1 —4_rank_perm
Leer 999
Mehrfachnennung eines Rangs 0
1,2,3 1
1,3,2 2
2,1,3 3
2,3,1 4
3,2,1 5
3,1,2 6
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Analysieren (Analyse)
Seite 3

Aufgabe: Uberlegungen zum Losungsprozess Code

Korrektheit 1 — 5_reflect_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Beschreibungen, die sich auf die Anordnung der Abbildungen beziehen und 0

nicht auf den Losungsprozess bevor eine Anordnung tiberhaupt klar ist.
— Erst geschaut, welches der 3 Bilder das Ergebnis ist. Dann geschaut wie
man es erstellt und daraufhin die allgemeine Beschreibung gewdhlt.

Richtig Beschreibungen, die Uberlegungen zu einer Herleitung des Sortierkriteriums 1
enthalten. Oder Antworten, die das Finden der zugrundeliegenden Struktur
beschreiben.

Abstraktionsniveau 1 — 5_reflect_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Beschreibungen, die sich auf konkrete Abbildungen beziehen oder jede Rei- 0

henfolge einzeln beschreiben.

Spezifisch Beschreibungen, die sich auf drei Abbildungen beziehen. 1
— Erst geschaut, welches der 3 Bilder das Ergebnis ist. Dann geschaut wie
man es erstellt und daraufhin die allgemeine Beschreibung gewahlt.
- Abbildung mit der gréfiten Feature-Dichte identifiziert und als erstes
Element gesetzt. Abbildung mit der geringsten Feature-Dichte identifi-
ziert und als drittes Element gesetzt, ...

Generisch Beschreibung ist unabhingig von der Anzahl der Bilder und deren spezifi- 2
schen Eigenschaften, wie z.B. Objekt oder Prozess.

— Erst habe ich mir angeschaut, welche Merkmale die einzelnen Abbil-
dungen aufweisen. Danach habe ich die Abbildungen nach der Anzahl
der spezifischen Merkmale absteigend sortiert oder nach Generalitit
der Aussagen aufsteigend.
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Aufgabe: Verallgemeinerung der Reihenfolgen Code

Korrektheit 1 — 6_analyse_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv, identische Struktur, alles mégliche Beispiele der An-

wendung des abstrakten Gegenstandes

Falsch Die Begriindung ... 0
... ist nicht fiir alle Abbildungen anwendbar.
. wechselt das Sortierkriterium.
. ist nicht vollstandig.
— Von konkreten Features, wie Farbe, Anzahl, nach abstrakter Darstellung
eines Algorithmus sortiert.

Richtig Konsistente und vollstindige Begriindung, sowie einheitlich genutztes Krite- 1
rium zur Sortierung (kein Wechsel der Regel zwischen den Elementen). Kann
auch jeden Rang separat begriinden.

— Erst sah man ein anschauliches Bild oder einen anschaulichen Vorgang
(1). Dieses Bild oder dieser Vorgang wurde dann verallgemeinert aus-
gedriickt (2) und dann zu einer Regel geformt (3).

— 1 = war eigentlich das Ergebnis
2 = Beschreibung, wie das Ergebnis entstanden ist
3 = Verallgemeinerung

Abstraktionsniveau 1 — 6_analyse_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv, identische Struktur, alles mégliche Beispiele der An-
wendung des abstrakten Gegenstandes

Konkret Beschreibung der einzelnen Abbildungen ohne Zusammenhang. 1 = war ei- 0
gentlich das Ergebnis

2 = Beschreibung, wie das Ergebnis entstanden ist
3 = Verallgemeinerung

Spezifisch Beschreibungen, die sich auf drei Abbildungen beziehen. Erst sah man ein an- 1
schauliches Bild oder einen anschaulichen Vorgang (1). Dieses Bild oder dieser
Vorgang wurde dann verallgemeinert ausgedrtickt (2) und dann zu einer Regel
geformt (3).

Generisch Beschreibung ist unabhéingig von der Anzahl der Bilder und deren spezifi- 2
schen Eigenschaften, wie z.B. Objekt oder Prozess. Von konkreten Features,
wie Farbe, Anzahl, nach abstrakter Darstellung eines Algorithmus sortiert.
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Ordnen und begriinden (Rank and reason)

Seite 4

Fahrkartenautomat
Korrektheit 1 —7_rank_correct
1,342 1
andere 0
Permutation 1 — 7_rank_perm
Leer 999
Mehrfachnennung eines Rangs 0
1,23,4 1
1,2,4,3 2
1,3,2,4 3
1,3,4,2 4
1,4,23 5
1,4,3,2 6
2,1,3,4 7
2,1,4,3 8
2,3,1,4 9
2,3,4,1 10
2,4,1,3 11
2,4,3,1 12
3,1,2,4 13
3,1,4,2 14
3,2,1,4 15
3,2,4,1 16
3,4,1,2 17
3,4,2,1 18
4,1,2,3 19
4,1,3,2 20
4,2,1,3 21
4,2,3,1 22
4,3,1,2 23
4,3,2,1 24

168



Fahrkartenautomat - Begriindung Code

Korrektheit 1 — 7_reason_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Die Begriindung ... 0

. ist nicht fiir alle Abbildungen anwendbar.
. wechselt das Sortierkriterium.
. ist nicht vollstandig.

... definiert 2 Abbildungen als dquivalent.

Richtig Konsistente und vollstindige Begriindung, sowie einheitlich genutztes Krite- 1
rium zur Sortierung (kein Wechsel der Regel zwischen den Elementen). Kann
auch jeden Rang separat begriinden.

Abstraktionsniveau 1 — 7_reason_level

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Beschreibung der einzelnen Abbildungen ohne Zusammenhang. 0

- 1. Komplizierter Vorgang
2. Gleicher Vorgang vereinfacht
3. Vorgang verallgemeinert & reduziert
4. Abstrakte Beschreibung auf ein Bild reduziert

Spezifisch Beschreibungen, die sich auf drei Abbildungen beziehen. 1
- Der grofite Informationsgehalt steckt in (1), dann (2) — Bei (2) weifs man
nicht genau, wie das Wechselgeld aufgeteilt ist. (3) ist nur eine Beschrei-

bung der Tétigkeit und (4) eine grafische Darstellung ohne Details.

- 1. wird genau beschrieben, wer wieviel in den Automaten wirft => dies
wird immer weiter abstrahiert bis Nr. 4, wo man nicht erkennt, was das
zu bedeuten hat, da das Bild auch etwas anderes bedeuten kénnte als
ein Ticket zu kaufen.

Generisch Beschreibung ist unabhingig von der Anzahl der Bilder und deren spezifi- 2
schen Eigenschaften.
— Der Vorgang des Ticketkaufs wird mit immer weniger Details beschrie-
ben. Die Detailgenauigkeit bildet das Sortierkriterium. Je weniger De-
tails, desto abstrakter.
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Lebewesen

Klassen von Lebewesen - Reihenfolge Code

Korrektheit 1 — 8_rank_correct
2,1,3

andere 0

Permutation 1 — 8_rank_perm
Leer 999
Mehrfachnennung eines Rangs
1,23
1,3,2
2,1,3
2,31
3,2,1
3,1,2

N[ |WIN[—R|O

Klassen von Lebewesen - Begriindung Code

Korrektheit 1 — 8_reason_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Falsch Unklare, unprézise oder fachliche falsche Antworten, wie z.B. Beschreibung 0
der Begriffe.

— Tiger ist ein ganz bestimmtes Tier und Lebewesen ist die Obergruppe
von Tiger und Fisch.

— Tiger ist ein ganz bestimmtes Tier, briillen eine mogliche Handlung ei-
nes Tigers.

Richtig Die Argumentation in konsistent und die Regel zur Begriindung der Reihen- 1
folge wird nicht gewechselt.
— Lebewesen beinhaltet beides, Tiger und Fische. Fisch ist eine Klasse
(mehrere Arten moglich). Tiger ist eine Art der Klasse Sdugetier.
— Die Abbildungen sind anhand ihres biologischen Hierarchielevels von
einer konkreten Art zur Oberklasse aufsteigend sortiert.
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Abstraktionsniveau 1 — 8_reason_level

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv, Hierarchie

99

Konkret

Beschreibung der einzelnen Abbildungen ohne Zusammenhang.

— Tiger ist ein ganz bestimmtes Tier, briillen eine mégliche Handlung ei-
nes Tigers.

— Tiger ist ein ganz bestimmtes Tier und Lebewesen ist die Obergruppe
von Tiger und Fisch.

— Lebewesen beinhaltet beides, Tiger und Fische. Fisch ist eine Klasse
(mehrere Arten moglich). Tiger ist eine Art der Klasse Sdugetier.

- 1. vor 2. da die Aktion des briillenden Tigers seltener ist, als das
Schwimmen eines Fisches (das tut der immer) 3. generelle Formulie-
rung fiir die Gruppe deren Vatergruppen Fische und Tiger angehéren.

Spezifisch

Beschreibungen, die sich auf drei Abbildungen beziehen.
— Vom Tier tiber die Tierart hin zum Uberbegriff aller Tiere.

Generisch

Beschreibung ist unabhéangig von der Anzahl der Bilder und deren spezifi-
schen Eigenschaften.
— Die Abbildungen sind anhand ihres biologischen Hierarchielevels (von
einer konkreten Art zur Oberklasse) aufsteigend sortiert.
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Zusammenfassen (Summarise)
Seite 5

Fahrzeuge

Name Code

Korrektheit 2 — 1_summarise_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif3 ich nicht, Intuitiv

Falsch Namen werden als falsch bewertet, wenn sie nicht alle Beispiele umfassen oder 0

auf einer zu hohen Abstraktionsebene sind. Ding

Richtig So genau wie moglich, so abstrakt wie notig. 1
Fahrzeug(e), motorisiertes Vehikel, Verkehrsmittel

Merkmale Code

Fiir jedes Merkmal separat zu kodieren. Wird das gleiche Merkmal mehrmals genannt, so wird es
einmal kodiert und alle weiteren Vorkommen mit leer kodiert.

Korrektheit 2 — 1_component_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Merkmale werden als falsch bewertet, wenn sie nicht alle Beispiele umfassen. 0
Richtig Ein Merkmal wird als richtig kodiert, wenn es in jedem der Bilder vorkommt,

oder fiir in der westlichen Hemisphére sozialisierte Personen sinnvoll hinein
interpretierbar ist. Zéhlende Merkmale wie Rédder werden auch als korrekt be-
wertet, wenn die Anzahl bei einzelnen Gruppen 0 ist.

Réder, Gaspedal, Fenster, Farbe, PS, Marke/Hersteller, Fahrzeugtyp, Anzahl
Rénder, Anzahl Sitze, Beférderung von Personen
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Merkmale Code

Fiir jedes Merkmal separat zu kodieren. Wird das gleiche Merkmal mehrmals genannt, so wird es
einmal kodiert und alle weiteren Vorkommen mit leer kodiert.

Art des Merkmals 2 — 1_component_type

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Komponente Réder, Gaspedal, Fenster, Sitze, Motor, Dach 1
Beschreibung Farbe, PS, Marke/Hersteller, Benutzungsort, Spafsfaktor, Gewicht 2
Verb fahren, Kraftstoff wird verbraucht 3
Zihlend Anzahl Rédnder, Anzahl Sitze, Rdder pro Achse, Personenanzahl 4
Kategorie Fahrzeugtyp 5
Zweck Beférderung von Personen 6
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Legosteine

Name

Code

Korrektheit 2 — 2_summarise_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Falsch Namen werden als falsch bewertet, wenn sie nicht alle Beispiele umfassen oder 0
auf einer zu hohen Abstraktionsebene sind. Ding

Richtig So genau wie moglich, so abstrakt wie notig. 1

(gelbe) Lego-Steine, Spielsteine, Bauklotzchen

Merkmale

Code

Fiir jedes Merkmal separat zu kodieren. Wird das gleiche Merkmal mehrmals genannt, so wird es
einmal kodiert und alle weiteren Vorkommen mit leer kodiert.

Korrektheit 2 — 2_component_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Merkmale werden als falsch bewertet, wenn sie nicht alle Beispiele umfassen. 0
Richtig Ein Merkmal wird als richtig kodiert, wenn es in jedem der Bilder vorkommt, 1

oder fiir in der westlichen Hemisphére sozialisierte Personen sinnvoll hinein
interpretierbar ist. Zdhlenden Merkmalen werden auch als korrekt bewertet,
wenn die Anzahl bei einzelnen Gruppen 0 ist.

Kanten, Ecken, “Noppen”, rechteckig, gelb, Anzahl Verbindungsstellen
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Merkmale Code

Fiir jedes Merkmal separat zu kodieren. Wird das gleiche Merkmal mehrmals genannt, so wird es
einmal kodiert und alle weiteren Vorkommen mit leer kodiert.

Art des Merkmals 2 — 2_component_type

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Komponente Verbindungsstellen, Kanten, Ecken, “Noppen” 1
Beschreibung rechteckig, gelb, kompatibel, Material, Hohe, Breite, Zustand 2
Verb 3
Zihlend Anzahl “Noppen” 4
Kategorie 5
Zweck 6

Bewertung der Gleichheit Code

Fiir jedes Merkmal separat zu kodieren. Wird das gleiche Merkmal mehrmals genannt, so wird es
einmal kodiert und alle weiteren Vorkommen mit leer kodiert.

Korrektheit 2 — 2_commOrDif f_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Falsch Bewertung abhingig vom genannten Merkmal entscheiden. Ist die Bewertung 0
des Merkmals in Bezug auf die gegebenen Beispiele falsch, entscheidet der
Kodierer.

Richtig Bewertung abhingig vom genannten Merkmal entscheiden. Ist die Bewertung 1
des Merkmals in Bezug auf die gegebenen Beispiele korrekt, entscheidet der
Kodierer.




Londoner U-Bahn-Netz (Tube Map)

Seite 6 -7

Evaluation der Uberarbeitung

Merkmale unverdndert verdndert
Haltestellen X U
Kreuzungspunkte der Bahnen (Umsteigemoglichkeit)

Lage der Haltestellen

Distanzen zwischen den Haltestellen

Darstellung der Umgebung

O XOOK
RO XK O

Verlauf der Bahnstrecken

Haltestelle 3 —1—1_change_correct
unverdndert 1
veriandert 0
Kreuzungspunkte 3 — 1 — 2_change_correct
unverdndert 1
verdndert 0
Lage 3 — 1 — 3_change_correct
verdandert 1
unverdndert 0
Distanz 3 — 1 —4_change_correct
veriandert 1
unveriandert 0
Darstellung 3 — 1 — 5_change_correct
unverdndert 1
verdndert 0
Verlauf 3 — 1 — 6_change_correct
veridndert 1
unveridndert 0
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Begriindung der Verinderungen

Begriindung - Zweck Code

Korrektheit 3 — 2_reason_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

— Ubersichtlichkeit

— Durch eine bessere Technik bzw. Kartografie hat sich der Kartenaufbau
komplett verdndert. Somit ist es fast selbstverstdndlich, dass die Karten
von Grund auf verschieden sind. Stichwort: Fortschritt.

— Das Netz hat sich nicht gedndert nur die Darstellung.

— Der alte Fahrplan wurde komplett neu dargestellt, hierbei sind die Ver-
dnderungen zuriick zu fithren auf eine andere Skalierung und man
wollte versuchen den Stil von Karte zu Plan zu wechseln, was mit den
geraden Strichen (keine wilden Kurven) gelungen ist.

— Neue Haltestellen entstehen, aufgrund Zuwachs von Einwohnern in ei-
ner bestimmten Gegend und somit muss der Verlauf entsprechend um-
gebaut werden bzw. hinzugefiigt werden.

Falsch Antworten sind falsch, wenn einer der folgenden Aspekte fehlt: 0
* Zweck: Ubersichtlichkeit erh6hen, o.4.
* Prozess: Weglassen oder Hervorheben von Informationen o.4.

— Durch die angestrebte bessere Benutzerfreundlichkeit, beispielsweise
durch die bessere Ubersicht und die bessere Lesbarkeit.

- Alle Anderungen haben zu mehr Ubersichtlichkeit beigetragen.

- Die abstrakte moderne Darstellung erlaubt den gewiinschten Bahnhof
oder die geplante Strecke schneller optisch zu erfassen.

- Die Ubersichtlichkeit wurde deutlich verbessert. Es ist leichter den Weg
von A nach B zu finden.

Richtig Antworten sind richtig, wenn Ziel, Prozess und Zweck erkennbar sind. 1
— Es ist nur notwendig zu wissen, wo man abfihrt und ankommt und
die ungefdhre Lage zu wissen, da der Plan so einerseits tibersichtlicher
gestaltet werden kann somit schneller verstanden und gelesen werden
kann ohne relevante Informationen auszulassen.

— Da man sich wihrend dem U-Bahnfahren der genauen Umgebung und
der Distanz zwischen den Haltestellen nicht bewusst sein muss, ist eine
vereinfachte Darstellung vorzuziehen, die die wichtigen Informationen
(Haltestellen und Verbindungen) schneller erkennen ldsst.
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Liickenhafte Codes (Fragmentary Codes)

Seite 8

Easy Code

Code vervollstindigen Code

Korrektheit 4 — 1_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif3 ich nicht, Intuitiv

Falsch alle anderen 0
Richtig poopp

Descriptive 4 — 1_relation_answer

Antwort erfassen
Code fortlaufend und ohne Leerzeichen erfassen. Fehlende Stellen werden mit — gekennzeichnet.

Medium Code

Code vervollstindigen Code

Korrektheit 4 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch alle anderen 0
Richtig eSz+z#

Descriptive 4 — 2_relation_answer

Antwort erfassen

Code fortlaufend und ohne Leerzeichen erfassen.
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Biber Code

Code vervollstindigen Code

Korrektheit 4 — 3_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch alle anderen 0
Richtig bodiao

Descriptive 4 — 3_relation_Answer

Antwort erfassen

Code fortlaufend und ohne Leerzeichen erfassen.

Music Code

Code vervollstindigen Code

Korrektheit 4 — 4 _relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch alle anderen 0
Richtig KSK

Descriptive 4 — 4_relation_Answer

Antwort erfassen
Code fortlaufend und ohne Leerzeichen erfassen. Fehlende Stellen werden mit — gekennzeichnet.
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Fehlerhafte Codes (Faulty Codes)

Seite 9

Bindr nach Buchstaben - Alphabet Code

Code

Markieren und korrigieren

Korrektheit 5 — 1_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif3 ich nicht, Intuitiv

Falsch alles andere 0
Richtig Cin Zeile 3 - Spalte 3 markieren 1

und durch ein D korrigieren.
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Counting Code

Markieren und korrigieren Code

Korrektheit 5 — 2 — 1_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Falsch alle anderen 0

Richtig Die letzte Ziffer des Codes (4) markieren 1
und durch eine 5 korrigieren.

Regel Code

Korrektheit 5 — 2 — 2_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Regel, die kein Regelsystem beschreiben, sondern nur die korrekte Losung 0
nennen.
Am Ende stehen 5 Einser.
Regel, die nicht die Anzahl und den Wechsel von 1 auf 0 und umgekehrt bein-
haltet.
24 ist nicht durch 5 teilbar => Es ist eine Zahl zu viel.

Richtig Die Regel wird explizit beschrieben, nicht nur angedeutet. 1
Auch korrekt, wenn die Regel bei Code beginnend mit 0 eine nicht eindeutige
Losung liefert.
— Die Ziffern beschreiben abwechselnd das auftauchen einer Ziffer 1 oder
0.
— In der Nachricht wechseln immer 1 und 0 - die Anzahl der 1 und 0
ergibt den Code.
— Anzahl der 1 am Anfang erste Zahl, Anzahl der 0 danach 2. Zahl usw.




Regel

Code

Abstraktionsniveau 5 — 2 — 2_level

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv, Anzahl Oer und ler

99

Konkret

Regelbeschreibung argumentiert mit konkreten Text/Codeworten, ohne expli-
zite Formulierung einer Regel. Regel dhnelt einer Handlungsanweisung.

— 4 miisste 5 sein, da 5x1

- 7x"17,5x “07, ...

Spezifisch

Regelbeschreibung stellt Regel auf, argumentiert aber mit konkreten Anzah-
len, z.B. 5 fiir die letzte Folge von Einsen. Es kommen spezifische Formulie-
rungen neben generischen Formulierungen vor.

— Es werden die 1 nacheinander gezéhlt, falls die Reihe durch eine 0 un-
terbrochen wird zdhlt man die 0-Reihe bis die wieder durch eine 1 un-
terbrochen wird. Dies wiederholt sich bis zum Ende.

— Anzahl der 1 am Anfang erste Zahl, Anzahl der 0 danach 2. Zahl usw.

Generisch

Regelbeschreibung bezieht sich allgemein auf die Anzahl der Oer und ler und
ist unabhéngig z.B. vom Beginn der Nachricht.
— Die Ziffern beschreiben abwechselnd das Auftauchen einer Ziffer 1 oder

0.

— In der Nachricht wechseln immer 1 und 0 - die Anzahl der 1 und 0
ergibt den Code.

— Die Zahl im Code beschreibt, wieviele boolesche Werte ununterbrochen
aufeinander folgen.
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Caesar Code

Markieren und korregieren

Code

Korrektheit 5 — 3 — 1_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch alle anderen 0
Richtig Das W im Code zu Informatik markieren 1

und durch ein X korrigieren.

Code

Regel

Korrektheit 5 — 3 — 2_correct

Leer

Leeres Antwortfeld oder Antwort vollstandig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort

Weifs ich nicht, Intuitiv,

Jeder Buchstabe der Nachricht bekommt einen Buchstaben den Allerbesten
neu zugeordnet.

Falsch

Regel, die kein Regelsystem beschreiben, sondern nur die korrekte Losung
nennen.
— Das T ist bei Studium und Mathe ein X — kann kein W sein da nur ein
Fehler.
— Zwischen T und W stehen nicht drei Buchstaben.
— R = entweder U oder V

Richtig

Regelbeschreibung nutzt Mehrheitsentscheid oder bezieht sich auf eine Erset-
zung der Zeichen durch im Alphabet folgende Buchstaben.

— Bei der Ubersetzung von links nach rechts muss jeder Buchstabe mit
dem Buchstaben ersetzt werden, der im Alphabet 3 Buchstaben danach
kommt.

- M=QA=E, ..

— T wird in MATHE und STUDIUM durch X ersetzt. Muss also auch in
“INFORMATIK” auf X gemappt werden.




Regel

Code

Abstraktionsniveau 5 — 3 — 2_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Konkret Regel, die kein Regelsystem beschreiben, sondern nur einzelne konkrete Vor- 0
schriften nennen.
- M=Q A=E,..
— Zwischen T und W stehen nicht drei Buchstaben.
— R = entweder U oder V
— Das W miisste ein X sein, da bei Mathe & Studium statt T ein X steht.
— Das T ist bei Studium und Mathe ein X — kann kein W sein da nur ein
Fehler.
Spezifisch Antworten die zeigen, dass eine Abbildungsvorschrift existiert, aber explizit 1
keine oder eine spezielle Ersetzungstabelle beschreiben.
— Ein Buchstabe reprasentiert immer einen anderen Buchstaben. T wird
als X dargestellt, nicht als W.
— Der Code ist so aufgebaut, dass der Buchstabe der Nachricht fiir einen
entsprechenden Buchstaben im Code steht. So ist der Buchstabe “A” im
Code ein “E”. Dies wird dann einfach runtergezéhlt, sodass bei “B” im
Code dann ein “F” steht.
— Jedem Buchstaben wird ein anderer zugeordnet.
— Ein Buchstabe entspricht einem anderen Buchstaben, z.B. T 2 X
Generisch Antworten die eine Abbildungsvorschrift nennen und alle nétigen Kriterien 2

beschreiben.

- Bei der Ubersetzung von links nach rechts muss jeder Buchstabe mit
dem Buchstaben ersetzt werden, der im Alphabet 3 Buchstaben danach
kommt.

— Buchstaben shift von 4
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Digital Code

Markieren und korregieren

Code

Korrektheit 5 — 4 — 1_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Falsch alle anderen 0
L 5‘

o ] Code

Al
Richtig v 1

Regel

Code

Korrektheit 5 — 4 — 2_correct

Leer

Leeres Antwortfeld oder Antwort vollstaindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort

Weifs ich nicht, Intuitiv

Bei eine 1 ist die Linie oben (Zustand ist ein) bei einer Null (Zustand ist aus)
ist sie unten. Ist die Zahl zweimal die selbe dndert sich der Zustand nicht.

Falsch

Regel, die kein Regelsystem beschreibt, sondern nur die korrekte Losung
nennt.
Antworten, die undefinierte Begriffe nutzen, wie z.B. Schritte.

— Beim Phasenwechsel zwischen 0 und 1 wird die Spannung gehalten. Bei
aufeinanderfolgenden gleichen Zahlen wechselt die Spannung in jedem
Schritt.

— Der Code legt beide Graphen ineinander. 1: Der obere Graph dominiert
den unteren in der Nachricht und I6scht den unteren. 0: Fiir 0 setzt

Richtig

Regel, die ein vollstdndiges Regelsystem beschreibt, dass fiir das Beispiel gilt.
Gleiche Signale in der Nachricht werden auf 0 abgebildet und unterschiedliche
auf 1. Entspricht XOR oder dualer Addition.
— Legt man beide Muster iibereinander, so werden im Code doppelte Stri-
che als Strich unten abgebildet und einfache Striche als Strich oben.

- 0&0=>0,0&1=>1;1&0=>1;1&1=>0

— Eine 1 entspricht _|; eine 0 entspricht |_

— Steht eine 1 unten, so wird das Muster in der Zeile oben umgedreht: aus
|_ wird _| steht eine 0 unten, so bleibt das Muster gleich.

— Vermutlich eine Kombination aus den unteren “Wellen” und den obe-
ren, die 1 und 0 geben den “Verlauf” der unteren Welle an. Die Bil-
dungsregel der neuen Welle erfolgt nach XOR (0+0=0, 0+1=1, 1+0=0,
1+1=0

— Zwei Hochstellen erzeugen eine Tiefstelle. Zwei Tiefstellen erzeugen ei-
ne Tiefstelle. Ist nur eine Stelle eine Hochstelle, erzeugt das eine Hoch-
stelle.




Regel

Code

Abstraktionsniveau 5 — 4 — 2_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug In der Antwort wird nicht auf den Zusammenhang zwischen Nachricht und
Code eingegangen, sondern nur die Nachricht beschrieben.
— Bei eine 1 ist die Linie oben (Zustand ist ein) bei einer Null (Zustand ist
aus) ist sie unten. Ist die Zahl zweimal die selbe dndert sich der Zustand
nicht.
— Der Code legt beide Graphen ineinander. 1: Der obere Graph dominiert
den unteren in der Nachricht und Iéscht den unteren. 0: Fiir 0 setzt
Konkret Nennung aller einzelnen Abbildungsvorschriften. 0
- 0&0=>00&1=>1,1&0=>1;1&1=>0
— Zwei Hochstellen erzeugen eine Tiefstelle. Zwei Tiefstellen erzeugen ei-
ne Tiefstelle. Ist nur eine Stelle eine Hochstelle, erzeugt das eine Hoch-
stelle.
Spezifisch Regel beinhaltet spezielle Charakteristika, wie z.B. die Reprasentation der 1
Nachricht und des Codes.
— Legt man beide Muster tibereinander, so werden im Code doppelte Stri-
che als Strich unten abgebildet und einfache Striche als Strich oben.
— eine 1 entspricht _|; eine 0 entspricht |_
— Steht eine 1 unten, so wird das Muster in der Zeile oben umgedreht: aus
|_ wird _| steht eine 0 unten, so bleibt das Muster gleich.
— Beim Phasenwechsel zwischen 0 und 1 wird die Spannung gehalten. Bei
aufeinanderfolgenden gleichen Zahlen wechselt die Spannung in jedem
Schritt.
Generisch Antwort ist unabhingig von der Représentation oder dem Tragersignal. 2

— Gleiche Signale in der Nachricht werden auf 0 abgebildet und unter-
schiedliche auf 1.

— Aus der Nachricht wird mittels dualer Addition der Code erzeugt.

— Vermutlich eine Kombination aus den unteren “Wellen” und den obe-
ren, die 1 und 0 geben den “Verlauf” der unteren Welle an. Die Bil-
dungsregel der neuen Welle erfolgt nach XOR (0+0=0, 0+1=1, 1+0=0,
1+1=0
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Maschinen (Machines)
Seite 11

Sortieren

Regel Code

Korrektheit 6 — 1_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Falsch Unklare, unpréazise oder fachliche falsche Antworten, wie z.B. fehlendes oder 0
unvollstdndiges Sortierkriterium oder fehlende Nennung der zu sortierenden
Elemente.

— Die Maschine fingt bei den ersten beiden Buchstaben an, wahlt eins
von beiden aus, danach nimmt er jeden zweiten Buchstaben, falls die
Zeile zu Ende geht, nimmt er die restlichen Buchstaben von links nach

rechts.
— Gebe Buchstaben in zufélliger neuer Reihenfolge aus.
— Sortiert nach Alphabet.
— Die Maschine gibt die Buchstaben nach ihrer Stelle im Alphabet aus.

Richtig Elemente die sortiert werden und Aussage tiber das Sortierkriterium. 1
Die Maschine sortiert die Buchstaben in (aufsteigender) alphabetischer Rei-
henfolge.

Abstraktionsniveau 6 — 1_relation_level

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weif3 ich nicht, Intuitiv

Konkret Handlungsbeschreibung in einer Schritt-fiir-Schritt-Anleitung. 0

Die Maschine fangt bei den ersten beiden Buchstaben an, wéhlt eins von bei-
den aus, danach nimmt er jeden zweiten Buchstaben, falls die Zeile zu Ende
geht, nimmt er die restlichen Buchstaben von links nach rechts.

Spezifisch Regelbeschreibung, die sich auf Buchstaben stiitzt und fiir alle Beispiele giiltig 1

ist.
— Die Maschine sortiert die Buchstaben in (aufsteigender) alphabetischer
Reihenfolge.
— Gebe Buchstaben in zufélliger neuer Reihenfolge aus.
— Die Maschine gibt die Buchstaben nach ihrer Stelle im Alphabet aus.
Generisch Regelbeschreibung, die auch fiir andere zu sortierende Elemente, wie z.B. Wor- 2

te angewendet werden kann.
— Die Maschine sortiert den Input alphabetisch.
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Set

Regel Code

Korrektheit 6 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Unklare, unprizise oder fachliche falsche Antworten, wie z.B. fehlende Aus- 0

sage {liber die Reihenfolge im Output oder das Duplikate entfernt werden.

— Die Maschine gibt die Buchstaben aus, welche bei der Eingabe benutzt
wurden. Es wird die Reihenfolge beachtet, in welcher die Maschine auf
einen neuen unbekannten Buchstaben trifft.

— Die Maschine gibt die Buchstaben aus, die im Input vorkommen. Die
Reihenfolge ist dabei die Leserichtung.

— Die Funktion gibt beim Output jeden enthaltenen Buchstaben aus. Die
Reihenfolge wird durch das erstmalige Auftreten eines Buchstaben be-
stimmt.

- Es wird nur berticksichtigt, ob ein Buchstabe vorkommt, nicht wie oft.
Danach werden sie in der Reihenfolge ihres Erst-Auftretens geordnet.

— Die Maschine gibt nur Buchstaben aus, die nicht bereits ausgegeben
wurden.

— Doppelte Buchstaben werden geloscht.

— Die Maschine liest Buchstaben von links nach rechts ein und ignoriert
dabei Buchstaben, die schon einmal eingelesen worden sind.

— Die Maschine gibt die verschiedenen Zeichen des Inputs an.

Richtig Antworten die zeigen, dass die Reihenfolge erhalten bleibt und Duplikate ent- 1
fernt werden.
— Die Maschine gibt jeden Buchstaben nur einmal aus. Wenn ein doppel-
ter Buchstabe erkannt wird, wird dieser tibersprungen und der nédchste
neue Buchstabe wird ausgegeben.

Abstraktionsniveau 6 — 2_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif ich nicht, Intuitiv

Konkret Handlungsbeschreibung in einer Schritt-fiir-Schritt-Anleitung. 0

Die Maschine liefst Buchstaben von links nach rechts ein und ignoriert dabei
Buchstaben, die schon einmal eingelesen worden sind.

Spezifisch Regelbeschreibung, die sich auf Buchstaben stiitzt und fiir alle Beispiele giiltig 1
ist.
— Die Maschine gibt nur Buchstaben aus, die nicht bereits ausgegeben
wurden.
— Die Maschine gibt jeden Buchstaben nur einmal aus. Wenn ein doppel-
ter Buchstabe erkannt wird, wird dieser tibersprungen und der ndchste
neue Buchstabe wird ausgegeben.

Generisch Regelbeschreibung, die auch fiir andere zu sortierende Elemente, wie z.B. Wor- 2
te angewendet werden kann.
— Die Maschine gibt die verschiedenen Zeichen des Inputs an.
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Raster (On the Grid)

Seite 12 -13

Verschobene Diagonale

Regel

Code

Korrektheit 7 — 1_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif3 ich nicht, Intuitiv
Falsch Unklare, unprézise oder fachliche falsche Antworten. 0

— wenn die Spalten-Nr. > der Zeilen-Nr. ist.

- wenn die Zeilen-Nr. um 1 grofSer ist als die Spalten-Nr.

— fangt bei 2 an, und wird +1 nach rechts verschoben, sowie +1 nach un-

ten.
Richtig Spaltennummer - 1 == Zeilennummer 1
Spaltennummer == Zeilennummer + 1

- ... wenn die Spaltennummer eins héher ist als die Zeilennummer.

— ... wenn die Spaltennummer + 1 gleich der Zeilennummer ist.

- ... wenn die Zeilennummer eins kleiner als die Spaltennummer ist.

— ... wenn die Zeilennummer - 1 gleich der Spaltennummer ist.

— Es wird ein x auf der um 1 nach oben verschobenen Nebendiagonale

gesetzt.
Abstraktionsniveau 7 — 1_relation_level
Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Konkret Handlungsbeschreibung 0
fangt bei 2 an, und wird +1 nach rechts verschoben, sowie +1 nach unten.

Spezifisch Einschrankung auf Beispiele, wie z.B. Grofe des Rasters. 1
Generisch Allgemeine Regelbeschreibung oder Nutzung von Formeln / Ausdriicken. 2

— (Start mit Zeile und Spalte = 1) wenn die Zeilen-Nummer gleich der
Spaltennummer weniger 1 ist.

— ... wenn die Zeilennummer eins kleiner als die Spaltennummer ist.

— Es wird ein x auf der um 1 nach oben verschobenen Nebendiagonale
gesetzt.
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Dreieck

Regel Code

Korrektheit 7 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv, Dreieck

Falsch Unklare, unprézise oder fachliche falsche Antworten. 0

* Zeilen-Nr. <= Spalten-Nr.

* Spalten-Nr. - Zeilen-Nr. >=0

— Die Zeilennummer zeigt in wie vielen Spalten ein x gesetzt wird.

— Ein 'x’ wird gesetzt, wenn die Zahl bei den Zeilennummern, die Anzahl
der Spalte entsprechen.

— Die gesamte Spalte wird mit "x’ gefiillt, sobald Spaltennr. = Zeilennr.

Richtig Angabe einer fachlich korrekten Regel. 1

* Zeilen-Nr. > Spalten-Nr.

* Spalten-Nr. < Zeilen-Nr.

— Nummer der Zeile >= Nummer der Spalte

— Ein x wird in die Zeilen gesetzt, bis hin zu der Zelle, deren Spalte die
selbe Nummer wie die Zeile hat.

— Ein x wird gesetzt, wenn die Spaltennummer in die Zeilennummer
passt.

— x fiillt alle Eintrdge in der unteren 5x5 Dreiecksmatrix aus.

- Ein x wird gesetzt, bis Zeile == Spalte

Abstraktionsniveau 7 — 2_relation_level

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv, Dreieck

Konkret Handlungsbeschreibung 0

— Ein x wird in die Zeilen gesetzt, bis hin zu der Zelle, deren Spalte die
selbe Nummer wie die Zeile hat.

— x wird gesetzt, wenn die Zeilen-Nr. gleich der Spaltennummer ist zu-
sdtzlich werden alle leeren Spalten links des x mit einem x gesetzt.

— Eine Spalte wird mit so vielen 'x” aufgefiillt, wie die Zeilennummern
vorweg angibt.

Spezifisch Einschrankung auf Beispiele, wie z.B. GrofSe des Rasters. 1
— x fiillt alle Eintrdge in der unteren 5x5 Dreiecksmatrix aus.

Generisch Allgemeine Regelbeschreibung oder Nutzung von Formeln / Ausdriicken. 2
— Nummer der Zeile >= Nummer der Spalte
— Die Zeilennummer zeigt in wie vielen Spalten ein x gesetzt wird.
— Ein x wird gesetzt, bis Zeile == Spalte
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Schachbrett

Regel

Code

Korrektheit 7 — 3_relation_correct

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv, Schachbrettmuster

99

Falsch

Unklare, unprézise oder fachliche falsche Antworten.

x wird gesetzt, bei ungerader Zeilenzahl, bei Zahlen die nur durch sich
selbst teilbar sind. Bei gerader Zeilenzahl wird x gesetzt bei Zahlen, die
durch 2 teilbar sind.

Ein x wird gesetzt, wenn das Ergebnis aus Spalten- und Zeilennummer
gerade ist.

Ein x in jede Zelle, deren Spaltennummer gleich der Zeilennummer ist
und in jede Zelle einer Zeile, deren Spaltennummer um 2 kleiner oder
groBer ist als deren Zeilennummer.

Wenn die Zahlennr. gerade ist, bestehen Spaltennr. nur aus geraden
Zahlen und umgekehrt.

Ein ’x” wird dann gesetzt, wenn die Zeile % 2 = 0 ist.

Ist die Spalten-Nummer gerade, so werden alle Spalten-Nummern so-
wie Zeilennummern, die nicht tiber die Start-Nummer hinausgehen ge-
setzt.

Wenn die Spalte ungerade ist, sind die Zeichen der Zeile ungerade. Sel-
bes fiir gerade Zahlen.

Richtig

Spalten- und Zeilennummer gleichzeitig gerade oder ungerade.
Ergebnis von Spaltennummer + Zeilennummer ist gerade.

Ein x wird gesetzt wenn Spaltennummer + Zeilennummer eine gerade
Zahl ergeben.

Ein x wird gesetzt, wenn Zeilen-Nr. ungerade und Spalten-Nr. auch un-
gerade. Zeilen-Nr. gerade und Spalten-Nr. auch gerade.

Ein x wird gesetzt, wenn in Spalte und Zeile ein ungerades oder gerades
Zahlenpaar entsteht.

Ein ’x” wird dann gesetzt, wenn die Zeile % 2 = Spalte % 2 ist.

Ein ’x” wird dann gesetzt, wenn Zeilennummer + Spaltennummer eine
gerade Zahl ergibt.

x werden im Schachbrettmuster gesetzt, beginnend bei der linken obe-
ren Ecke.
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Regel Code

Abstraktionsniveau 7 — 3_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weils ich nicht, Intuitiv, Schachbrett(muster)

Konkret Handlungsbeschreibung oder nur teilweise Verallgemeinerung kombiniert 0

mit konkreten Werten.

— Bei allen geraden Zeilennummern wird ein 'x” bei der Spalte 2 und 4
gesetzt. Bei allen ungeraden Zeilennummern wird ein 'x” bei 1, 3, 5 ge-
setzt.

- x werden im Schachbrettmuster gesetzt, beginnend bei der linken obe-
ren Ecke.

Spezifisch Einschrankung auf Beispiele, wie z.B. Grofie des Rasters. 1
Ein x in jede Zelle, deren Spaltennummer gleich der Zeilennummer ist und in
jede Zelle einer Zeile, deren Spaltennummer um 2 kleiner oder grofSer ist als
deren Zeilennummer.

Generisch Allgemeine Regelbeschreibung oder Nutzung von Formeln / Ausdriicken. 2

— Ein x wird gesetzt, wenn Zeilen-Nr. ungerade und Spalten-Nr. auch un-
gerade. Zeilen-Nr. gerade und Spalten-Nr. auch gerade.

— Ein x wird gesetzt wenn Spaltennummer + Zeilennummer eine gerade
Zahl ergeben.

— Ein ’x” wird dann gesetzt, wenn die Zeile % 2 = 0 ist.

— Falls Zeilenindex gerade — Bei allen ein Kreuz in der Zeile setzt wo
Spaltenindex gerade.

— Wenn die Spalte ungerade ist, sind die Zeichen der Zeile ungerade. Sel-
bes fiir gerade Zahlen.
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Baum

Regel

Code

Korrektheit 7 — 4_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort
Bezug Weifs ich nicht, Intuitiv

99

Falsch Unklare, unprézise oder fachliche falsche Antworten.

— #Zeile = Interval(6 - #Zeile, 6 + #Zeile)

— Ein x wird gesetzt, wenn die Summe der Zeilenzahl und die Spaltenzahl
eine Zahl ergibt, die gleich oder grofSer 6 ist.

— Je Zeile wird von 5 addiert und subtrahiert in Zeile 1 um 0, Zeile 2 um
1, usw.
5
4-1+116
[...]
Das Ergebnis der vorherigen Zeile bleibt im Term der nédchsten Berech-
nung.

Richtig Fachlich korrekte Antworten beinhalten
* Zusammenhang zwischen Spalten- und Zeilenzahl
* Bedingung gibt ein Intervall an

— Sei i die Zeilennummer und j die Spaltennummer. Das Muster ist mog-
lich fiir k Zeilen und 2k — 1 Spalten. (Spalte k ist in der Mitte, hier k=5)
Ein x wird in Zeile i und Spalte j gesetzt, wennk —i+1 < j < k+i—1.

— In Zeile i die Spalte aus Intervall [k-i+1, k+i-1], bei Mittelpunkt k.

Abstraktionsniveau 7 — 4_relation_level

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort
Bezug Weifs ich nicht, Intuitiv

99

Konkret Handlungsbeschreibung

— Je Zeile wird von 5 addiert und subtrahiert in Zeile 1 um 0, Zeile 2 um
1, usw.
5
4-1+116
[.]
Das Ergebnis der vorherigen Zeile bleibt im Term der nidchsten Berech-
nung.

Spezifisch Einschrankung auf Beispiele, wie z.B. GrofSe des Rasters oder konkreten Mit-
telpunkt.
- Ein x wird gesetzt, wenn die Summe der Zeilenzahl und die Spaltenzahl
eine Zahl ergibt, die gleich oder grofser 6 ist.

Generisch Allgemeine Regelbeschreibung oder Nutzung von Formeln / Ausdriicken.
- Sei i die Zeilennummer und j die Spaltennummer. Das Muster ist mog-
lich fiir k Zeilen und 2k — 1 Spalten. (Spalte k ist in der Mitte, hier k=5)
Ein x wird in Zeile i und Spalte j gesetzt, wennk —i+1 < j < k+1i—1.
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Passwort-Sicherheitsstatus
(Pass phrase security status)

Seite 14 -15
Passwort Status ‘l Capital Small Char Digit Length
letter letter
Servus weak X X 6
Baum36 weak X X 6
T?08 weak X X X 4
$5&-1? weak X 6
SteffisPassworT medium X X 15
Informatik medium X X 10
urlaubindien2013 medium X 16
studium medium X 7
20!7-10 medium X 7
B3!$p!3l strong X X 8
§Passworté& strong X X X 10
TH30PW! strong X X 7
§4%68?9'a strong X X 9
6PassWort strong X X 9
Passwort Status ‘ Length Abstract Number of Number of
Components Changes
Servus schwach <=6 2 1
Baum36 schwach <=6 3 2
T?08 schwach <=6 4 3
$5&-1? schwach =6 2 4
SteffisPassworT mittel >6 2 4
Informatik mittel >6 2 1
urlaubindien2013 mittel >6 2 1
studium mittel >6 1 0
20!7-10 mittel >6 2 4
B3!$p!3l stark >6 4 6
§Passwort& stark >6 3 3
TH3O0SPW! stark >6 3 3
§4%68?9'a stark >6 3 7
6PassWort stark >6 3 4
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Bestandteile identifizieren

Bestandteile

Code

Korrektheit 8 — 1_component_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Falsch Unklare, unprézise oder fachliche falsche Antworten, sowie Antworten die 0
— ... die Lange nennen.
— ... weniger als 4 Bestandteile nennen.
Richtig Muss folgende Bestandteile enthalten 1
— Grofsbuchstabe
— Kleinbuchstabe
— Ziffern | Zahlen
— Sonderzeichen | Satz- und Sonderzeichen
und die Lange darf nicht genannt werden.
Abstraktionsniveau 8 — 1_component_level
Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Konkret Nennung aller einzelnen Zeichen aus den Beispielen ohne Oberbegriffe zu fin- 0
den oder Oberbegriffe, wie z.B. Worte verwendet.
Spezifisch Nennung des Oberbegriffes und anschliefende Einschrankung auf Zeichen 1
die in den Beispielen vorkommen.
— Aus Grofs- und Kleinbuchstaben, Ziffern und Sonderzeichen in unse-
rem Fall 1,? &,§,%
Generisch Die einzelnen Bestandteile sind als solche abstrahiert und in der Sprache ver- 2

wendet.
— Buchstaben, Ziffern, Sonderzeichen
— Aus Gro83- und Kleinbuchstaben, Ziffern und Sonderzeichen
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Unterschiede erkennen und beschreiben

Unterschied schwach und mittel

Code

Korrektheit 8 — 2 — 1_relation_correct

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv

99

Falsch

Unklare, unprézise oder fachliche falsche Antworten, wie z.B. Beschreibung
einer einzelnen Passwort-Gruppe.
— Mittel hat mindestens 7 Stellen.
- Lénge, Sonderzeichen
- Wiillkiirliche Grofs-/Kleinschreibung und Sonderzeichen als Ersatz fiir
Buchstaben und Zahlen genutzt.

Richtig

Antworten, die die Lange als Unterscheidungsmerkmal nennen. Schlagwérter
werden akzeptiert.
— Es werden mehr Zeichen verwendet.
— (Passwort)Linge
- Die Lédnge des PW.
— Entscheidend ist hier die Ldnge der Passworter. Wenn sie 7 oder mehr
Zeichen haben werden sie als mittel eingestuft.

Abstraktionsniveau 8 — 2 — 1_relation_level

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv, Linge

99

Konkret

Charakterisierung einzelner Beispielpassworter oder Passwort-Gruppen
durch Nutzung mehrerer Fallunterscheidungen.
— Mittel hat mindestens entweder zwei Grofsbuchstaben, nur Kleinbuch-
staben oder mehr als eine Zahl, bei Passwoértern ohne Buchstaben.
- Im Mittel sind sie meist linger und haben mehrsilbige Wérter mit Grofs-
und Kleinbuchstaben bunt gemixt oder mal eine Zahl oder ein Satz-
zeichen statt Buchstaben.

Spezifisch

Beschreibung der beiden Passwort-Gruppen separat.
— Mittel hat mindestens 7 Stellen
— Die schwachen sind maximal 6 Charakter lang, die mittleren minde-
stens 7

Generisch

Benennung der Eigenschaft als solche.
— Alle Passworter von Mittel sind ldnger.
— Entscheidend ist hier die Lidnge der Passworter. Wenn sie 7 oder mehr
Zeichen haben, werden sie als mittel eingestuft.
- Die Linge des PW
- Léinge
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Unterschied stark und mittel Code

Korrektheit 8 — 2 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv, Zeichen

Falsch Unklare, unprézise oder fachliche falsche Antworten, wie z.B. Beschreibung 0

einer einzelnen Passwort-Gruppe.

— Zahlen als Buchstaben verwendet, Sonderzeichen gemischt mit diesen
“Wortern”.

— Ein starkes Passwort muss 7 oder mehr Zeichen haben, wovon ein Zei-
chen ein Sonderzeichen sein muss, eins eine Zahl und ein anderes ein
Buchstabe.

— Mindestens 1 Zahl oder 1 Sonderzeichen bei stark. 8 Stellen

— 3 der oben genannten Bestandteile miissen fiir stark gewdhlt sein, bei
Mittel ist das egal.

— Stark: besteht aus mindestens 3 verschiedenen Bestandteilen, schwach:
besteht aus hochstens 2 verschiedenen Bestandteilen.

— Sie unterscheiden sich an der Anzahl der Zeichen und Zahlen und der
Abwechslung von Buchstaben, Zahlen und Zeichen.

- Grofs/Kleinschreibung, Anzahl Zeichen und Kombination von Zeichen
und Buchstaben.

Richtig Bei starken Passwortern werden mindestens 3 Bestandteile verwendet, bei 1
mittleren maximal 2.
Es werden mehr Bestandteile verwendet.

Abstraktionsniveau 8 — 2 — 2_relation_level

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Charakterisierung einzelner Beispielpassworter oder Passwort-Gruppen 0

durch Nutzung mehrerer Fallunterscheidungen.

— Gleiche Bestandteile. Starke Passworter wechseln ofter zwischen den
Bestandteilen hin und her. Alle mittleren Passworter benutzen Worter
die eine feste definierte Bedeutung haben. Starke Passworter sind frei
erfundene sinnfreie Aneinanderreihungen von Buchstaben, Sonderzei-
chen und Zahlen.

— Zahlen als Buchstaben verwendet, Sonderzeichen gemischt mit diesen
“Wortern”.

— Ein starkes Passwort muss 7 oder mehr Zeichen haben, wovon ein Zei-
chen ein Sonderzeichen sein muss, eins eine Zahl und ein anderes ein

Buchstabe.
Spezifisch Beschreibung der beiden Passwort-Gruppen separat. 1
— 3/4 Bestandteilbenutzung bei stark, 2/4 bei mittel
Generisch Benennung der Eigenschaft als solche. 2

— Es werden mehr Bestandteile verwendet
— Anzahl der verwendeten Zeichentypen
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Regeln ableiten

Code

Regel schwache Passworter

Korrektheit 8 — 3 — 1_relation_correct

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv

99

Falsch

Ungenau, fehlerhaft, unprézise, mehrere nicht notwendige oder nicht alle not-
wendigen Regeln genannt.
Ein Passwor wird als schwach eingestuft, wenn ...
— ... es 6 Zeichen lang ist oder kiirzer, ganze, von der Grofs- und Klein-
schreibung richtig geschriebene Worter beinhaltet.
— ... es 6 Zeichen oder weniger hat und bei tiber/gleich 5 Zeichen keine
Abwechslung im Zeichentyp liefert.
— ... es kurz, leicht zu erraten und zu wenig komplex ist.
— ...eszu kurz ist.
— ... es kurz ist und keine oder kaum Variation an Bestandteilen aufweist.
— ... deutsches Wort korrekt geschrieben (evtl. hinten mit Zahl).
— ... die Zeichen oder die Buchstaben oder die Zahlen nur einmal vorkom-
men.

Richtig

Hinreichend: weniger als 7 Zeichen | Linge < 6
keine weiteren Regeln notwendig.

Ein Passwor wird als schwach eingestuft, wenn ... ... es unter 7 Zeichen besitzt.

Abstraktionsniveau 8 — 3 — 1_relation_level

Leer

Leeres Antwortfeld oder Antwort vollstindig durchgestrichen

999

Ohne
Bezug

Antwort ohne Bezug zur Frage oder Schlagwort
Weifs ich nicht, Intuitiv

99

Konkret

Eigenschaften wie Lange nicht genau spezifiziert oder bekannte Konzepte wie
"Worter” zu Erklarung herangezogen.
Ein Passwor wird als schwach eingestuft, wenn ...

— es 6 Zeichen lang ist oder kiirzer, ganze, von der Grofs- und Kleinschrei-

bung richtig geschriebene Woérter beinhaltet.

— ... es kurz, leicht zu erraten und zu wenig komplex ist.

— ... es zu kurz ist.

— ... aus einem Wort besteht.

Spezifisch

Zusitzliche Regeln eingefiihrt, um die gegebenen Beispiele spezifischer zu be-
schreiben.
Ein Passwor wird als schwach eingestuft, wenn ...

— ... weniger als 7 Zeichen benutzt worden sind, nur ein Grofsbuchstabe
vorkommt, das Passwort mit einem GrofSbuchstaben anfingt, weniger
als 2 Zahlen verwendet werden.

— ... die Zeichen oder die Buchstaben oder die Zahlen nur einmal vorkom-
men.

Generisch

Regelbeschreibung, die alle gegebenen Beispiele klassifiziert ohne zusétzliche
spezifische Einschrankungen zu beschreiben.
Ein Passwor wird als schwach eingestuft, wenn ...

— es unter 7 Zeichen besitzt.
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Regel mittlere Passworter Code

Korrektheit 8 — 3 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Ungenau, fehlerhaft, unprézise, mehrere nicht notwendige oder nicht alle not- 0

wendigen Regeln genannt..
Ein Passwor wird als mittel eingestuft, wenn ...

— ... es mindestens 7 Zeichen hat

— ... mehrere Woérter aneinander gereiht werden; Sonderzeichen als Buch-
staben bzw. Ziffernersatz benutzt werden.

— ...mehr als 7 Zeichen benutzt worden sind, zwischen Grofs- und Klein-
schreibung gewechselt wird, einzelne Buchstaben eines Wortes mit kla-
rer Definition durch Sonderzeichen ausgetauscht wurden.

— ... es ldnger ist und eine hohere Komplexitit aufweist.

Richtig Lange > 6 UND maximal 2 verschiedene Bestandteile 1

Ein Passwor wird als mittel eingestuft, wenn ...
— ... es mindestens 7 Zeichen hat und 2 der 4 Bestandteile nutzt.

Abstraktionsniveau 8 — 3 — 2_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Beschreibung der Worter, aber keine Regel. 0

Ein Passwor wird als mittel eingestuft, wenn ...

— ... mehr als 7 Zeichen benutzt worden sind, zwischen Grofs- und Klein-
schreibung gewechselt wird, einzelne Buchstaben eines Wortes mit kla-
rer Definition durch Sonderzeichen ausgetauscht wurden.

— ... mehrere Woérter aneinander gereiht werden; Sonderzeichen als Buch-
staben bzw. Ziffernersatz benutzt werden.

— ... es lang genug ist, aber keine Spezialzeichen vorhanden sind.

— ... es nur mindestens 7 Zeichen hat oder nur mind 7 Zeichen und Grofs-
Kleinschreibung hat oder nur 1 Sonderzeichen, Rest Kleinschreibung
und mindestens 7 Zeichen hat.

Spezifisch Zusitzliche Regeln eingefiihrt, um die gegebenen Beispiele spezifischer zu be- 1
schreiben.
Ein Passwor wird als mittel eingestuft, wenn ...
— ... mehr als 7 Zeichen, unregelmifsige Grofs- und Kleinschreibung.
— ... es 7 Zeichen oder mehr hat, aber keine Ziffer und/oder keinen Grofs-
buchstaben besitzt.

Generisch Regelbeschreibung, die alle gegebenen Beispiele klassifiziert ohne zusétzliche 2
spezifische Einschrankungen zu beschreiben.
Ein Passwor wird als mittel eingestuft, wenn ...
— ... es mindestens 7 Zeichen hat und 2 der 4 Bestandteile nutzt.
— ... esmehr als 6 Zeichen betrigt, aber nur aus Zeichen von bis zu 2 ver-
schiedenen Zeichengruppen besteht.
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Code

Regel starke Passworter

Korrektheit 8 — 3 — 3_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen

999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort
Bezug Weifs ich nicht, Intuitiv

99

Falsch Ungenau, fehlerhaft, unprézise, mehrere nicht notwendige oder nicht alle not-
wendigen Regeln genannt.
Ein Passwor wird als stark eingestuft, wenn ...

... es kein Wort ergibt.

... hohe Anzahl aller 4 Bestandteile hat.

.. mehr als zwei unterschiedliche Arten von verwendbaren Zeichen
verwendet wurden.

... es 7 Zeichen oder mehr hat und mindestens eine Ziffer und minde-
stens einen Grofsbuchstaben besitzt.

... Anzahl der verschiedenen Zeichentypen > 3 und Liange > 8

... es sehr komplex ist, nicht zu erraten ist und eine optische Logik auf-
weist, die durch einen Computer nicht erkennbar ist.

... alle Kriterien fiir ‘mittel” kombiniert werden.

... es aus allen méglichen Bestandteilen und mindestens 8 Buchstaben
besteht.

.. viele unterschiedliche Zeichen vorkommen, keine Wdh. vorhanden
sind.

... es ldnger als 6 Zeichen ist und je mindestens 3x den Zeichentyp wech-
selt.

... es mehr als 6 Charaktere hat und 3 Bestandteilswechsel.

... es mindestens 7 Zeichen hat und 3 der 4 Bestandteile nutzt.

... es linger als 6 Zeichen ist und je mindestens 3x den Zeichentyp wech-
selt.

... es mehr als 6 Charaktere hat und 3 Bestandteilswechsel.

... es mindestens 7 Zeichen hat und 3 der 4 Bestandteile nutzt.

Richtig Mindestens 3 verschiedene Bestandteile und Linge > 6
Ein Passwor wird als stark eingestuft, wenn ...

... es ein mittleres Passwort ist und mindestens 3 der Bestandteile bein-
haltet.
... es mehr als 6 Zeichen und mindestens 3/4 Bestandteile hat.
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Regel starke Passworter Code

Abstraktionsniveau 8 — 3 — 3_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Eigenschaften wie Lange nicht genau spezifiziert oder bekannte Konzepte zur 0

Erklarung herangezogen.
Ein Passwor wird als stark eingestuft, wenn ...
— ... es kein Wort ergibt.
— ... hohe Anzahl aller 4 Bestandteile hat.
— ... Sonderzeichen, Grofsbuchstaben, Kleinbuchstaben, Zahl <— 3 davon
— ... es sehr komplex ist, nicht zu erraten ist und eine optische Logik auf-
weist, die durch einen Computer nicht erkennbar ist.
- ..> 7 Zeichen; alle/fast alle méglichen Bestandteile enthalten; Worte
nur in Kombination mit Zeichen / Grofsbuchstaben.
— ... viele unterschiedliche Zeichen vorkommen, keine Wdh. vorhanden
sind.

Spezifisch Zusitzliche Regeln eingefiihrt, um die gegebenen Beispiele spezifischer zu be- 1
schreiben.
Oder die Bestandteile einzeln genannt statt den tibergeordneten Begriff ‘Be-
standteile’ zu verwenden.
Ein Passwor wird als stark eingestuft, wenn ...
— ... es 7 oder mehr Zeichen hat, wobei ein Sonderzeichen, ein Buchstabe
und eine Zahl vorhanden sein muss.
- ... es mindestens 2 Sonderzeichen und Grofs-/Kleinschreibung enthalt
oder Zahl und Grofs-/Kleinschreibung.

Generisch Regelbeschreibung, die alle gegebenen Beispiele klassifiziert ohne zusétzliche 2
spezifische Einschrankungen zu beschreiben.
Die einzelnen Bestandteile sind als solche abstrahiert und in der Sprache ver-
wendet.
Ein Passwor wird als stark eingestuft, wenn ...
— ... es mehr als 6 Charaktere hat und (mindestens) 3 Bestandteile hat.
— ... es ein mittleres Passwort ist und mindestens 3 der Bestandteile bein-
haltet.
... es ldnger als 6 Zeichen ist und je mindestens 3x den Zeichentyp wech-
selt.
... es mehr als 6 Charaktere hat und 3 Bestandteilswechsel.
... es mindestens 7 Zeichen hat und 3 der 4 Bestandteile nutzt.
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Zaubertranke (Potions)

Seite 16 — 17
Hinweis: Hier werden die Regeln und die Bewertung als Einheit betrachtet.

Kariert —- Gemeinsamkeit

kariert — gemeinsam

Code

Korrektheit 9 — 1_relation_correct
Die MC-Frage, ob das Kriterium genau klassifiziert, muss auch korrekt beantwortet werden.

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Falsch Kombination aus Regel und Bewertung ist falsch. 0
— 2. und 5. Stelle ein X | NEIN
— Gerade Anzahl von X
OOOIXXO macht kariert
— mindestens 2 X und 1 O
XXXIXXX macht kariert
Es lassen sich Gegenbeispiele fiir die Aussage finden.
Richtig Eines dieser 1

— Bestehen aus O, X und/oder I | NEIN

- Max. 21| NEIN

— Gerade Anzahl von X | NEIN

- Anzahl X > 2, < 7| NEIN

— Mindestens ein X | NEIN

— Mehrere aufeinanderfolgende X | NEIN
— Mindestens 2 X nebeneinander | NEIN
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kariert — gemeinsam Code

Abstraktionsniveau 9 — 1_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Nutzung der gegebenen Zaubertranke oder Regelbeschreibung mit 3 oder 0

mehr Fallunterscheidungen (grenzt an Aufzihlung).
— Mindestens 2 X und 11 oder 4 X (fiktives Beispiel)

Spezifisch Arbeit mit konkreten Positionen und spezifischen Anzahlen, anstelle von Klas- 1
sifizierungen.

— EinIan der 5. Stelle

— 2. und 5. Stelle ein X

Generisch Nutzung allgemeiner Formulierungen wie z.B. Mitte unabhéngig von der Lan- 2
ge des Wortes oder gerade Anzahl.
— Ein I in der Mitte
— Gerade Anzahl von X
— Mindestens 2 Xund 1 O
— Anzahl X>2,<7
— Mindestens ein X
— Mehrere aufeinanderfolgende X
— Mindestens 2 X nebeneinander
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Schwerelos — Gemeinsamkeit

schwerelos — gemeinsam

Code

Korrektheit 9 — 2_relation_correct

Die MC-Frage, ob das Kriterium genau klassifiziert, muss auch korrekt beantwortet werden.

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Falsch Kombination aus Regel und Bewertung ist falsch. 0
— Iin der Mitte, O an beiden Enden | NEIN
Richtig Eines dieser 1
— Iin der Mitte, O an beiden Enden | JA
— Ian Position 4, O an Position 1 und 7| JA
— Ian Position 4 | NEIN
— Iin der Mitte | NEIN
— O an beiden Enden | NEIN
— Mindestens 2 O, ein I an Stelle 4 | NEIN
— Mindestens ein I, ein O am Anfang und Ende | JA
Abstraktionsniveau 9 — 2_relation_level
Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Konkret Nutzung der gegebenen Zaubertranke oder Regelbeschreibung mit 3 oder 0
mehr Fallunterscheidungen (grenzt an Aufzidhlung).
Spezifisch Arbeit mit konkreten Positionen und spezifischen Anzahlen, anstelle von Klas- 1
sifizierungen.
— I an Position 4, O an Position 1 und 7
— I'an Position 4
— Mindestens 2 O, ein I an Stelle 4
Generisch Allgemeine Formulierung wie z.B. Mitte unabhingig von der Lange des Wor- 2

tes.

1in der Mitte, O an beiden Enden

Iin der Mitte

— O an beiden Enden

Mindestens ein I, ein O am Anfang und Ende
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Leuchten — Unterschied

leuchten — unterscheiden Code

Korrektheit 9 — 3_relation_correct

Die MC-Frage, ob das Kriterium genau klassifiziert, muss mit JA beantwortet werden.

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Falsch Nutzung eines falschen Begriffs oder Beschreibung von Zaubertrdanken, die 0
gar keine Wirkung haben.
Wurde NEIN angekreuzt, ist die Antwort immer als falsch zu bewerten.
— Anagramm

— Ein Buchstabe kommt mindestens 4x vor | NEIN

— An erster und letzter Stelle entweder ein O oder ein I | NEIN

— Entweder nur ein Buchstabe eines Wertes oder keiner. 2 Buchstaben be-
liebig oft, einer 1 oder kein Mal.

Richtig Antworten die JA angekreuzt haben und eine der folgenden Eigenschaften als 1
Unterscheidungsmerkmal nennen: symmetrisch, gespiegelt, von rechts und
links gelesen das gleiche Wort, Palindrom.

— An mittlerer Position gespiegelt.

— Von vorne oder hinten gelesen identisch.

— Aufbau von Buchstaben symmetrisch.

— Buchstabenfolge symmetrisch

— Symmetrische Anordnung

— Palindrom

— Kann von vorne und hinten gelesen werden ohne dass sich etwas dn-
dert.

— Gespiegelt an der 4. Stelle als Spiegelachse.

208



leuchten — unterscheiden

Code

Abstraktionsniveau 9 — 3_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Konkret Nutzung der gegebenen Zaubertranke oder Regelbeschreibung mit 3 oder 0
mehr Fallunterscheidungen. (grenzt an Aufzahlung)
— Entweder nur ein Buchstabe eines Wertes oder keiner. 2 Buchstaben be-
liebig oft, einer 1 oder kein Mal.
Spezifisch Arbeit mit konkreten Positionen (z.B. 4 als Mittelpunkt) und spezifischen An- 1
zahlen, anstelle von Klassifizierungen.
— Gespiegelt an der 4. Stelle als Spiegelachse.
Generisch Allgemeine Formulierung, ohne Bezug auf konkrete Beispiele oder Nutzung 2

von Begriffen.
— Aufbau von Buchstaben symmetrisch.
— Buchstabenfolge symmetrisch
- Symmetrische Anordnung
— Palindrom
- Anagramm
— Kann von vorne und hinten gelesen werden ohne dass sich etwas 4n-
dert.
— Ein Buchstabe kommt mindestens 4x vor.
— An erster und letzter Stelle entweder ein O oder ein L
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Automatisierung (Automation)

Seite 18

Konstante Linge

Worter der Linge 10

Code

Korrektheit 10 — 1_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstindig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weif3 ich nicht, Intuitiv
Falsch Unvollstdndige Beschreibungen oder nicht korrekte Parametrisierung. 0
- n=0; Vergleich Buchstabe (n+1) mit Buchstabe (10-n). Danach n um 1
hochzéhlen, solange n=10.
Start bei 0, Ende bei 10 — 11 Vergleich statt 10.
Richtig Vollstandige und korrekte Handlungsbeschreibung. 1

Alle Schritte miissen genannt werden!!
— Vergleiche Buchstabe 1 mit Buchstabe 10
Vergleiche Buchstabe 2 mit Buchstabe 9
— Vergleiche den ersten mit dem letzten Buchstaben, den zweiten
mit dem vorletzten Buchstaben, ...

Korrekte Handlungsbeschreibung mit Definition und korrekter Wahl
der Parameter (Start, Ende, Position der Buchstaben, Inkrement).

Startn | Ende | Erster Buchstabe | Letzter Buchstabe

n=0 n=9 n+l 10-n ODER linge—-n

n=0 n=9 n 9-n ODER 1&dnge-n-1
n=1 n=10 | n 10-n+1 ODER ldnge-n+1
n=1 n=10 | n-1 10-n ODER linge—n

— n=1; Vergleiche n mit 10-n+1; erh6he n um 1 und beginne wieder
mit dem Vergleich, solange bis n=10
- n=0; Vergleiche Buchstabe n+1 mit Buchstabe Linge-n; erh6he n
um 1; vergleiche erneut, solange bis n=9
- for(int i=0; i<wort.length; i++) {
Vergleiche wort(i) mit wort(length-1-i)
/
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Worter der Linge 10 Code

Abstraktionsniveau 10 — 1_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Vollstandige Handlungsbeschreibung mit konkreten Pldtzen der Buchstaben. 0

— Vergleiche Buchstabe 1 mit Buchstabe 10.
Vergleiche Buchstabe 2 mit Buchstabe 9, ...
(Vollstindige Liste bis mindestens Schritt 5.)

— Vergleiche den ersten mit dem letzten Buchstaben, den zweiten mit dem
vorletzten Buchstaben, ... (Vollstindige Liste bis mindestens Schritt 5.)

Spezifisch Handlungsbeschreibung, welche die Lange konstant hat, aber die Pldtze nicht 1
mehr explizit nennt.
- n=1; Vergleiche n mit 10-n+1; erh6he n um 1 und beginne wieder mit
dem Vergleich

Generisch Handlungsbeschreibung, welche Parameter fiir die Position sowie die Lange 2
einfiihrt.
— Vergleiche Buchstabe n+1 mit Buchstabe Linge-n;
erhohe n um 1; vergleiche erneut, solange bis n den Wert Lange/2 hat
— for(int i=0; i<wort.length; i++) {
Vergleiche wort(i) mit wort(length-1-i)

/

Darstellungsform 10 — 1_relation_type
Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv
Text Vergleiche Buchstabe n+1 mit Buchstabe Linge-n; 0

erhohe n um 1; vergleiche erneut, solange bis n den Wert Lange/2 hat
Diagramm
Programm- for(int i=0; i<wort.length; i++) { 2
Code Vergleiche wort(i) mit wort(length-1-i)

/
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Variable Length

Worter gerader Linge Code

Korrektheit 10 — 2_relation_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Nicht korrekte oder fehlende Parametrisierung. 0

— n=0; Vergleich Buchstabe (n+1) mit Buchstabe (Ldnge-n). Danach n um
1 hochzéihlen, solange bis n=Lénge.
Start bei 0, Ende bei Liange — Liinge+1 Vergleich statt Linge.

— n=0; Vergleich Buchstabe (n+1) mit Buchstabe (Ldnge-n). Danach n um
1 hochzéihlen, solange bis n=9.

— Vergleiche Buchstabe 1 mit Buchstabe 10
Vergleiche Buchstabe 2 mit Buchstabe 9

— Vergleiche den ersten mit dem letzten Buchstaben, den zweiten mit dem
vorletzten Buchstaben, ... (Vollstindige Liste bis mindestens Schritt 5.)

Richtig Korrekte und parametrisierte Handlungsbeschreibung mit Definition der Pa- 1
rameter (Start, Ende, Buchstaben, Erhchung).

n=1; Vergleiche n mit Liange-n+1; erhéhe n um 1 und beginne wieder
mit dem Vergleich, solange bis n=Ldnge

— n=0; Vergleiche Buchstabe n+1 mit Buchstabe Ldnge-n; erhéhe n um 1,
vergleiche erneut, solange bis n=Ldnge-1

— for(int i=0; i<wort.length; i++) {

Vergleiche wort(i) mit wort(length-1-i)

/

— Das Wort wird halbiert. Die zweite Hélfte wird umgedreht. Nun kann
Stelle 1 bis 5 der jeweiligen Hilften verglichen werden.
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Worter gerader Lange Code

Abstraktionsniveau 10 — 2_relation_level

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Konkret Versuch eine vollstandige Liste von Handlungsschritten aufzuschreiben. Feh- 0

lendes Konzept um mit variabler Linge umzugehen.
— Vergleiche Buchstabe 1 mit Buchstabe n
Vergleiche Buchstabe 2 mit Buchstabe n-1
— Das Wort wird halbiert. Die zweite Halfte wird umgedreht. Nun kann
Stelle 1 bis 5 der jeweiligen Hilften verglichen werden.

Spezifisch Unvollstandige Parametrisierung 1
Zuriickgreifen auf konkrete Zahlen.
n=0; Vergleiche n+1 mit 10-n; erh6he n um 1 und beginne wieder mit dem
Vergleich, solange bis n=Ldnge/2

Generisch Handlungsbeschreibung, welche Parameter fiir die Position sowie die Lange 2
einfiihrt.

— n=1; Vergleiche n mit Linge-n+1; erhéhe n um 1 und beginne wieder
mit dem Vergleich, solange bis n=Ladnge

— n=0; Vergleiche Buchstabe n+1 mit Buchstabe Ldnge-n; erhéhe n um 1;
vergleiche erneut, solange bis n=Ldnge-1

— for(int i=0; i<wort.length; i++)

Vergleiche wort(i) mit wort(length-1-i)

— n=1; Vergleiche n mit Linge-n+1; erhéhe n um 1 und beginne wieder

mit dem Vergleich, solange bis n=Lédnge/2 (abgerundet)

Darstellungsform 10 — 2_relation_type

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999

Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99

Bezug Weifs ich nicht, Intuitiv

Text Vergleiche Buchstabe n+1 mit Buchstabe Linge-n; 0
erhohe n um 1; vergleiche erneut, solange bis n den Wert Lange/2 hat

Diagramm

Programm- for(int i=0; i<wort.length; i++) 2

Code Vergleiche wort(i) mit wort(length-1-i)
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Smartphone (Smartphone)

Seite 19

Hinweis: Um eine Antwort einzuschétzen, hilft die Uberlegung einer Vererbungs-
hierarchie.
Ein (1) ist ein (2) und das ist ein (3)

Beispiel von Abstraktionsgrad niedrig — hoch sortiert.

Smartphone auf 3 Ebenen Code

Korrektheit 11 — 1 _correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

Falsch Eine Antwort ist falsch, wenn 0

* sich der beschriebene Prozess oder das beschriebene Objekt d&ndert oder
wenn eine Ereignisfolge beschrieben wurde.

* nicht das Smartphone selbst abstrahiert wird, sondern z.B. das Besitz-
verhdltnis oder eine seiner Funktionen.

* die angegebene Reihenfolge fachlich falsch ist.

— Mensch tippt auf App Button — Software arbeitet im Hintergrund —
Kondensatoren, speichern, I6schen usw.

— Samsung Model xx mit LED (oder so) Bildschirm. — Ein Android-
Smartphone mit einem xx-Zoll Display. — Ein Smartphone mit grofsem
Bildschirm.

— Mein Smartphone ist ein schwarzes Samsung Galaxy S5 mit einer FMA
Plastikhiille — Mein Smartphone ist ein Samsung Galaxy S5. — Mein
Smartphone ist rechteckig und hat einen Touch-Screen.

— Mein Smartphone ist das Modell Huawei P8 lite und ich besitze es seit
einem Jahr und 10 Monaten. — Mein Smartphone ist von der Marke
Huawei und ich besitze es seit ungefdhr 2 Jahren. — Ich besitze mein
Smartphone schon recht lange.

— Senden von Text, Bild, Video und anderem — Senden von Nachrichten
— Ubertragung von Binarcodes

— Gutes Design — Gute Hardware — Schnelle Software

- Ein Foto von Freunden machen — Mit Freunden telefonieren — Auf
Google Play eine App herunterladen

— Ein mobiles Gerdt welches mit bildlicher Darstellung und dem reagie-
ren auf Driicken funktioniert und zum Telefonieren sowie verschicken
von Nachrichten verwendet werden kann. — Durch Driicken auf Bild-
schirm werden Reaktionen hervorgerufen und bildlich dargestellt. —
Aktion auf Flache -> visuelle Reaktion
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Smartphone auf 3 Ebenen Code

Richtig Eine Antwort ist richtig, wenn der beschriebene Prozess oder das Objekt das- 1
selbe bleibt. Die Nutzung des Wortes Smartphone in der Antwort ist zuldssig.

— iPhone 6 Plus mit 64 GB Speicher in Space Grau — iPhone mit mehr als
32GB Speicher — Irgendein Smartphone

— Smartphone der Marke Samsung. Teil der S-Reihe in der 7. Generati-
on. Neuere Edge-Ausfiihrung mit xGB RAM und 16GB Speicherplatz.
Mit hochauflésender Kamera. — Samsung S7 Edge mit hochaufl6sen-
der Kamera und 16 GB Speicherplatz. — Samsung S7 Edge.

— schwarzes rechteckiges Objekt, welches mittels Tasten ein- und ausge-
schaltet werden kann, mittels Touch bedient und Téne abspielen kann
[...] = schwarzes rechteckiges Objekt mit Tasten und Oberfldchen, wel-
che bestimmte Funktionen haben. — schwarzes rechteckiges Objekt

— Multi-Mediales mobiles Kommunikationsgerit — Taschencomputer —
Rechenmaschine - Verarbeitung von 0 und 1

— iPhone — Multifunktionsgerdt zum Telefonieren — Telefon

— iPhone 10 — Smartphone — Elektronisches Gerét

— Ein Gerit, dass mit Touch-Eingabe bedient wird und auf denen sog.
Apps installiert werden, um verschiedene Funktionen auszufiihren. —
Elektronisches Gerit, dass so aufgebaut ist, dass sie verschiedenste
Operationen ausfiihren, Eingaben verstehen und Lésungen ausgeben
kénnen. — Mikrocontroller, der seinen Input verarbeitet und per Inter-
face sein Output tibermittelt.
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Begriindung Code

Korrektheit 11 — 2_correct

Leer Leeres Antwortfeld oder Antwort vollstandig durchgestrichen 999
Ohne Antwort ohne Bezug zur Frage oder Schlagwort 99
Bezug Weifs ich nicht, Intuitiv

— Weil sie das halt macht.

— weils mir so am besten eingefallen ist und fiir einen Nutzer ist die Funk-
tionsweise abstrakter als das Driicken eines App-Buttons.

Falsch Unvollsténdig oder keine tibergeordnete Beschreibung der Reihenfolge, Wie- 0
dergabe der Beispiele.

— Weil mit Mobiltelefon bsp. jedes Tasten- oder Touchscreen gemeint sein
kann.

— Der Touchscreen ist leicht zu benutzen, die Kamera auch aber ist kom-
pliziert in normaler Einstellungen. Das Smartphone ist schwer zu be-
nutzen.

— Einmal die konkrete Darstellung meines Handys. Einmal das Runter-
brechen des Handys auf Grundelemente. Zuletzt das Grundlegende
Konzept von Handy ohne das sofort erkennbar ist um was es sich han-
delt.

Richtig Nachvollziehbare Begriindung, warum die Beschreibungen 3 verschiedene 1
Abstraktionsstufen darstellen.

— Da es unterschiedlich konkret beschrieben wurde und somit verschie-
den viel Interpretationsraum lasst.

— Es wird immer allgemeiner beschrieben und somit schwerer genauer
zu identifizieren.

— Beschreibung wird immer genauer und zutreffender [...]

— Ich habe immer weniger Details tiber mein Smartphone aufgeschrieben.

— Die erste Beschreibung legt dar, was man mit dem Gerét genau machen
kann, die zweite fasst die meisten Funktionen zusammen, die dritte ist
lediglich der allgemein gebrduchliche Name fiir alle Geriéte dieser Art.
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