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Preface to the Working Group Reports of the
2015 Innovation & Technology in Computer
Science Education Conference

Each year, the ITiCSE conference Call for Participation (CFP) includes a call for working group
proposals, which are a unique opportunity for computing educators, from different countries, to come
together and collaborate on a topic of common interest.

For ITiCSE 2015, the CFP invited any intending group leader(s) to submit a two-page proposal. Those
proposals were evaluated by the working group coordinators, on the basis of likely interest in the
suggested topic and the qualifications of the intending leaders. The decisions were made jointly with the
conference chair and the working group coordinators. This year, nine applications were received, and
seven of those proposals were accepted.

After the registration for working groups was closed, the working groups coordinators asked the
working groups leaders to start working on their topic well before the conference. The groups arrived the
conference venue couple of days before the conference started and continued working throughout the
ITiCSE conference. Therefore the working groups had five days to work face to face on their projects.
At the end of the conference, each working group was asked to submit a mature report to the
coordinators.

After the conference, the working groups had approximately month and a half to finalize their report. At
the end of August, all the seven working groups submitted reports for peer review. Each of the working
group reports was evaluated by three or four referees. On the basis of this reviewing process, all seven
working group reports were accepted (with revisions) for publication. The finalized reports where
submitted accompanied by a letter that reflected the changes that where done according to the reviewers’
comments, and were reviewed again by the working group coordinators.

As ITiCSE 2015 approached, we had some working group members indicate that they would not be
attending the conference, but they wanted to remain members of their group. As per the philosophy of
the ITiCSE conferences and the direction of SIGCSE we did not agree to those people remaining
members. For the ITiCSE conference when people propose a working group, or apply to join a group, it
must be with the intention of coming to the conference. Intrinsic to any conference is the concept of
meeting face to face.

The concept of an ITiCSE working group has evolved, and there is now a great deal of tacit knowledge
on how these groups are run, managed, and coordinated. We followed previous recommendation that at
least one of the working groups leaders has prior experience as a working group member. Two of the
groups exceeded the number of ten participants (one of 13, and one of 17) that was a fine limit in our
opinion. Those working group leaders insisted on keeping that size and by that to expand the
international knowledge gain. After submitting the final versions, those two working groups' leaders
reported that all the participants contributed to the work, and that it was hard to manage a group of this

size.

In closing, we would like to thank the 2015 Working Group leaders and all participants for their
dedication, commitment and enthusiasm to their research and final reports. We would also like to thank
the ITiCSE 2015 committee for their help in organizing the working groups, especially those committee
members responsible for providing the necessary rooms and facilities at the conference venue.

Noa Ragonis Paivi Kinnunen
Beit Berl College and Technion-ITT, Israel Aalto University, Finland
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ABSTRACT CCS Concepts

In two special issues of the ACM journal “Transactions on
Computing Education” (TOCE), 14 extensive case studies about the
various situations of Computer Science Education (CSE) in K-12
schools in 12 countries (respectively states) were collected. During
the work at the ITiCSE 2015, we have performed a deductive
qualitative text analysis on these case studies in order to extract the 1. INTRODUCTION
most useful information. As a category system, we applied some
selected categories of the Darmstadt Model that was developed by
the working group “Computer Science/Informatics in Secondary
Schools” at the ITiCSE 2011. Based on the coding results, we
summarized information about the different fields of Computing
Education at schools, the intended goals and competencies, the
taught content, the applied programming languages and tools and

« Social and professional topics+Computer science education

Keywords

Computing Education; competencies; teacher education.

While Israel [14] and many eastern-European countries [40], [10]
were offering rigorous CS courses at schools for several decades
already, several other countries have shifted the focus of Computer
Science Education (CSE) in primary and secondary schools (shortly
K-12) from computer and ICT applications towards rigorous
academic computing just recently, see e.g. [4], [7], [20].

the different forms of assessment and teacher education. Despite the Several initiatives and projects were launched to foster this change.
limitations of the analyzed articles, representing just snapshots of For example in the US, the activities of the CSTA yielded quite
complex situations from the specific viewpoint of the respective ambitious standards in 2011 [38] and an interesting comparison of
authors, we were able to collect some interesting results. CSE over the 50 states in 2010 [47]. The 10K Initiative aims at

educating a substantial number of formally educated CS teachers,
[13], while the recent approaches of “Computational Thinking”
[48], “CS Principles” [2] and “Exploring CS” [16] aim at fostering

Permission to make digital or hard copies of all or part of this work for personal or the consolidation of K-12 CSE. Simultaneously, the British Royal
classroom use is granted without fee provided that copies are not made or distributed H H H H « @

for profit or commercial advantage and that copies bear this notice and the full citation SOClety,, has .pUthhe(.i lts revealmg report [43] . Shut(.io.vs{ n . or
on the first page. Copyrights for components of this work owned by others than ACM Restart”, which has 1nsp1red the broad and promising initiative
must be honored. Abstracting with credit is permitted. To copy otherwise, or “Computing at Schools” [7], while in New Zealand brand new
republish, to post on servers or to redistribute to lists, requires prior specific computer science standards for schools were introduced from 2011
permission and/or a fee. Request permissions from Permissions@acm.org. to 2013 [4].
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DOI: hitp://dx.doi.org/10.1145/2858796.2858799 While these numerous and different initiatives produce many

interesting ideas and amazing outcomes, the respective publications,
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distributed over several conference proceedings or journals, are not
easy to compare. Due to the comparably short paper format of most
of the proceedings, the majority of these papers almost provide only
snippets of the respective situation. Therefore, two special issues of
the ACM TOCE journal (“Transactions on Computing Education™)
were dedicated to Computing Education in K-12 schools, aiming to
collect a number of extensive case studies, see [31], [30].
Additionally, a pilot study was published in advance [20]. In
summary, all these case studies cover about 350 pages of text

describing the regarding situation in 12 countries or states all over
the world.

For our work during the ITiCSE 2015 in Vilnius, we intended to
analyze and summarize all this information, considering the “most
important” aspects for CSE in K12 schools. After a close discussion
of potential research questions (see Section 4), we analyzed this text
corpus regarding the fields of Computing Education at schools (e.g.
ICT, IT, CSE), the intended goals and competencies, the taught
content, the applied programming languages and tools, the different
forms of assessment and the different forms of teacher education.
This paper presents the outcomes of this analysis. Our results could
be used, for example, by national stakeholders arguing in favor of a
subject of CS, by curriculum designers who have to decide which
approach a coming national initiative should follow, by researchers
developing a framework for further studies about CSE in primary

and secondary schools, or by teacher educators as a ‘look over the
fence’.

Nevertheless, we are well aware that the results of our analysis are
based on case studies that do not necessarily represent the complex
situation of CSE in these specific countries, particularly in federal
states like US. Furthermore, the case studies represent the specific
views of their authors that don't always represent the real situation.
Additionally, things are rapidly changing in CSE, thus the current
situation may have changed already when this report is published.

2. BACKGROUND

As already mentioned, we have used the 14 case studies of the two
special issues of TOCE on CSE at K-12 schools (and the pilot

level categorization of the Berlin model turned out to be strongly
dependent on the influence range of the relevant persons (e.g. the

authors). Therefore, the WG ISE introduced two additional
dimensions: Berlin  Model Top Category

and Level of
Responsibility/Range of Influence. Further, some relevant and
important categories were missing (e.g. curriculum issues) in the
Berlin Model and thus were added to the new model. This resulted
in a three-dimensional category system, which was named
Darmstadt Model in honor of the location of the ITiCSE conference
2011:

Dimension 1 (Level of Responsibility/Range of Influence)
determines the decision level of the regarded
stakeholders. According to the position of the respective
person in the school-system, the following subcategories

are suggested: Student/Pupil, Classroom, School, Region,
State, Country, and International.

Dimension 2 (Berlin Model Top Category) is formed by

the categories of the first level of the original Berlin
Model: Preconditions,

Decision
Consequences.

Areas and

Dimension 3 (Educational Relevant Areas) describes
issues that are directly relevant for educational activities.
It comprises the remaining subcategories of the original
Berlin Model that have turned out to be relevant in our
context (e.g. Intentions) and additionally several other
categories that had emerged during coding (e.g.

Educational System). In Figure 1 all categories of this
dimension are displayed.

The genesis and structure of the model was described in detail in the
respective working group report of the ITICSE 2011 [22]. After
some slight adoptions, the current version of model was presented
in[21].

Level of Responsibility/
Range of Influence

E
7-International A 6'0
article for these issues [20]) as text corpus for our analysis. In the 6.0 S m
S . - -Country ] 4 Z o
call of the special issues, the authors were asked to write their ] ’S% ‘% S %&
studies according to the categories of the Darmstadt Model (DM), S-State 3 43 s) 3 3 E
which had been developed by a working group Informatics in 4-Region o 5 9 %; ES 2 g 2
Secondary Education (WG ISE) at the ITiCSE 2011 [22]. 3-School T ©£33%233%%33%
Additionally, we used this model to generate the research questions 2-Classroom E >z % % 2 35 $ 3 8 G
. @ o 2 3 & @ 3 3 ¢ § @
for our work (see Section 4). In consequence, the Darmstadt Model 1_Student mzZ3 % %8 3 > >
represents the focal theoretical background for our work. i £ % 2 % > ° | Relevant Areas
Additionally, the WG report on the DM [22] provides a lot of 0-None? i Educationd
references and explanations respecting the categories of the model.
Therefore, if some reader may miss any theoretical background for

our categories, she or he may have a look in the WG report on the
DM [22].

The DM was developed starting from the so-called Berlin Model

[19] (in English see [45]), which intends to describe the process of
lesson planning by the following categories:

1)  Anthropogenic or Socio-cultural Preconditions
2) Decision Areas: Intentions,

Content, Learning and
Teaching Methods, Media and

A Preooﬂd\“oﬂs
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5.0e05" e
S
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1.Figure 1. The Darmstadt Model

3. RELATED WORK
3)  Anthropogenic or Socio-cultural Consequences.

Based on this model, the WG ISE had performed a qualitative text
analysis of five selected case studies about CS in secondary
education. It turned out that this model was not sufficient for the
description in several aspects. The central issue was that the top
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In 2012,

the British Royal Society (BRS) published

its
groundbreaking report Shutdown or Restart [43]. This report raised
important issues on K-12-CSE,

caused significant political

awareness, and most importantly, lead to initiatives of reintroducing
Computing in schools with rigorous contents of Computer Science
(CS).



The Computer Science Teachers Association (CSTA) of the ACM
is one of the most active stakeholders of K-12-CSE. Besides its
curricula, it published two flagship articles about the state of K-12-
CSE in the USA. The report The New Educational Imperative [39]
provides a comprehensive look at high school CSE in the USA and
around the world. The well-known study Running on Empty [47]
summarizes the state of K-12-CSE in USA by examining and
mapping current learning standards in core subject areas. The study
revealed that roughly two-thirds of the states have CSE standards
for secondary education, with few and scattered courses dedicated
to CSE.

A working group at the KOLI conference in November 2011
investigated the international situation of K-12-CSE. The group
conducted a survey among experts that reflected on their national
state of CSE in school and of computer science teacher education
[36].

In 2013, a joint working group from Informatics Europe & ACM
Europe, consisted of experts from academia and industry, published
its report Informatics education: Europe cannot afford to miss the
boat [24]. The report claims to “build on the considerable body of
educational research and experimentation on digital literacy and
informatics education developed over the past decades in Europe,
the US and elsewhere”. It summarizes the situation of K-12-CSE in
several countries and gives some comprehensive recommendations.

In addition, several shorter relevant case studies were published
recently in the proceedings of the ISSEP conferences (“Informatics
in Schools: Situation, Evolution, and Perspectives”), see e.g. [17],
[11], for example about Poland [41], France [44] and Veneczuela
[12]. Some of these were partly based on the DM.

4. RESEARCH QUESTIONS

To systematize the evaluation process, we considered all the
research questions that were raised in the editorial of our second
special issue of the TOCE journal [23]. After a survey among the
participants of the working group about their research intentions, we
decided to focus our evaluation on the questions that seemed to us
particularly interesting and promising respecting the content of the
case studies:

(1) Which terms are used to describe the different fields of
computing education at schools (ICT, CSE, Computing,
etc.)? How are these terms understood in the context of
the different case studies?

@

Which goals and which competencies are intended in
K12-CS Education?

(€)
“

Which learning content is delivered in K12-Education?

Which programming languages and tools are used in K-
12 schools?

®)

Which assessment forms for students are applied in the
different countries or states?

(6) Which level of teacher education is required in K-12
CSE? What types of additional teacher training are

provided in K-12 CSE?

According to our opinion, the answers on these questions could
provide a rather comprehensive overview of the case studies,
because this set of questions covers three of the four Decision Areas
of the Berlin Model (see Section 2): Intentions by question 2, goals
Content by question 3 and Media by question 4. The missing of the
fourth Decision Area (Learning and Teaching Methods) could be
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justified by the argument that this is a more general, not very
subject-specific field.

Please note that Section 8 on the results of our work is structured
according to these 6 questions.

5. THE TEXT CORPUS

As already explained in the introduction, our text corpus consisted
of the 14 articles that had been published in the two special issues
on CSE in schools of the ACM TOCE journal [31], [30] and the
pilot article for these issues [20]. Table 1 displays the resulting list
of papers including the references and their number of pages,
ordered by their length.

Table 1. The case studies of the special issues of TOCE

Code Country/State Reference Pages
BY Germany/ Bavaria [20] 41
SGD USA (SGD) [33] 31
IN India [32] 36
NZ New Zealand [5] 31
NRW Germany/ NRW [27] 22
GEO USA/ Georgia [18] 29
FR France [3] 27
KO Korea [9] 22
SW Sweden [34] 25
UK UK [8] 22
FIN Finland [28] 18
US-IS USA & Israel [15] 18
RUS Russia [26] 10
1T Ttaly [6] 6

In summary, these 14 papers provide rich information about the
situation of CSE in K12 School in 12 countries or states on 338
pages of text. In principle, every paper describes the situation in a
certain country or a state like Bavaria or North Rhine-Westphalia

(NRW) in Germany.

Yet, three papers have a specific focus. The paper GEO [18]
informs about the goals, content and outcomes of a six-year project
named Georgia Computes! aiming to improve computing education
across this US-state. The paper SGD [33] presents the
extracurricular project Scalable Game Design that is based on
specific software systems and has impact in several US-states. The
paper [15] compares the situation in the USA and Israel. In
consequence, we have coded the latter in two different directions,
separating the information about these two countries. Nevertheless,
as the educational systems in the US are very different from state to
state, we refrain from drawing any conclusions about the whole
country from these three papers. Exceptions are several conclusions
about the pure occurrence of an aspect anywhere in these states, e.g.
regarding the use of a specific term in the context of computing at
schools, of a certain programming language or of a certain goal for
computing at schools. Nevertheless, the reader of this report should
keep in mind that the analyzed information about the USA was
restricted to these three very specific papers, and thus is far from
being complete in any sense.

Although UK paper [8] tries to catch situation in the whole country,
where England, Scotland, Wales and Northern Ireland have their
own education systems, the authors refer mainly to England/Wales
(their education systems “are broadly similar” [8, Section 4, p. 6]).

Though most of the analyzed papers have a quite similar conception
as case studies, their scope and direction are quite different. In



Figure 2, the different word clouds of the papers BY [20] and IT [6]
may give an impression of these differences. While the Bavarian
paper is emphasizing concepts, modeling, object-orientation and a
(compulsory) subject of CS, the Italian is focused on Informatics
(understood in the sense of ICT education there) and technology.

according acm acm
article bavarian approach
categories class
computer

computer. concept olrees degree
course . CS .. curriculum di discipline
data . date development H e

education educaHon
following .. general grade H ours ftp

. grammar... hubwieser II’IfOI’matICS information
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learning .. level model nain- masters mathematics s  networks
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students subject technology . tools . .. week
systems table teachers year
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vol - WOrk

Figure 2. Word clouds of papers BY and IT
6. CODING PROCESS

For the qualitative text analysis of the case studies, the methodology
of Mayring [29] was chosen, who had combined several techniques
for systematic text analysis to a very elaborated and systematic
research process.

\—’i Research question, Object I‘—A

Theoretical based definition of the aspects of
analysis, main categories, sub categories 2

|

Theoretical based fnrr‘nulation if definitions,
examples and coding rules for the categories

Collecting them in a coding agenda

¥
Revision of categories and »| Formative check
coding agenda of reliability

¥

Summative check
of reliability

I Final working through the texts l—'

Interpretation of the results, ev. quantitative
steps of analysis (e.g. frequencies)

o

Figure 3. Mayring’s step model of deductive category
application [29].

According to Mayring, the category system can be either derived
deductively from a suitable existing theory or developed inductively
from the text corpus during the analysis. The first strategy
incorporates also the revision of the existing category system, as
displayed in Figure 3. For our purpose, we derived the category
system from our research questions (see Section 4).

For computer support, we chose the coding software MaxQDA
(www.maxqda.com), which provides elaborated features for coding,
integrating results from different coders and analysis of the results.
Figure 4 shows the results of our coding work in the MaxQDA
window. The screenshot gives an impression, how the coding
process was performed from a technical point of view. In particular,
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we used one common MayQDA file, which contained all coding
results of all group members on all documents (see upper left
section of the window). This file was updated after each coding
step. By this way, we could easily provide an overview of all
codings of the same category for all coders (upper right part of the
window)
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Figure 4. Screenshot of the applied coding software MaxQDA.

Regarding the coding strategy, we have started with coding four
papers in pairs. As soon as we realized that everybody was applying
the categories quite similarly, we switched to single-person coding.
At the end of this first coding run, we have coded 2284 relevant text
passages over all categories. Interestingly, all the case studies were
complete in the sense that we coded all categories in every
document.

Table 2 displays the statistics of the codings of the first coding run.
The second column displays the number of coded text segments
over all documents. Obviously, the coding frequency is varying
substantially over the categories. Content produced by far the most
codings (1053). Yet, taking the length of the codings into account, it
turned out that these codings were quite short in average (27
characters), while those of Teacher education were more than 10
times longer (298 characters in average).

This revealed that the different coding frequencies between these
two categories were mainly caused by their granularity. In the first
case mostly words (out of content lists) were coded, while in the
second case mostly sentences or even paragraphs were found.
Assuming that the complexity of the information represented by the
coded segments is growing with their length, this means that the
coded information on Teacher education was far more complex
compared to Content. Out of this reason, we decided to choose
different forms for the presentation of the respective results, see
Section 8.3. and 8.6. If we regard the total sum of coded characters
as a measure for the information richness, Clearly, Teacher
education is the leading category. On the other end, the information
on Programming languages or -tools is the sparest, restricting on the
pure detection the usage of any language or tool in the respective
country or state.



Table 2. Coding results for the analysis of the case studies

Code Number | Average Total
Length* Length**

Teacher education 170 298 49154
Organizational Aspects 247 140 33913
Content/Knowledge 1053 27 28543
Fields of ICT/CSE 174 165 28073
Competencies 308 71 21572
Assessment/ 98 176 16159
Examination
Goals 127 106 13199
Programming 107 15 1582
languages/-tools

* number of coded characters including spaces
** sum of coding length over all codings

To assess intercoder reliability, we chose four papers that seemed to
form the most “representative” subset (FR, IT, KO and NZ,
representing nearly 30% of all papers), to be coded in a second run
by a different researcher. As the working time during the conference
was limited, we had to proceed in the evaluation of the coding
work. Thus we decided that some members of the group should
perform the analysis of the coding results based on the codings of
the first run, while other members should recode the selected
documents. As we intended mainly to detect statements that referred
to our categories in the papers and not to draw any quantitative
conclusions, we regarded this strategy as acceptable. At the end of
the second coding process, we had coded 1224 text snippets of the
four recoded documents.

7. INTERCODER RELIABILITY

Usually, intercoder reliability is assessed by applying a suitable
quantitative measure taken from the literature. In his overview, von
Eye [35] describes three different coefficients. The simplest one just
expresses the raw agreement by the ratio of the agreements relative
to the sample size. The other two coefficients are known as Cohen’s
kappa and the kappa-coefficient of Brennan and Prediger (for
detailed description see [37]). Both coefficients calculate the ratio of
agreement relative to the sample size and adjust the value by a ratio
of agreement by chance. Another coefficient, called Krippendorft’s
alpha was proposed by Krippendorff [25]. It calculates the ratio of
observed disagreement relative to the expected disagreement.

All these coefficients have some assumptions in common. First, the
rated objects (usually documents) have to be independent. Second,
the coders operate independently, and third, they assume the
categories to be independent, mutually exclusive and exhaustive.
The first two assumptions are fulfilled in our case, but our
categories are neither independent, mutually exclusive nor
exhaustive. As a consequence, all these coefficients are not
applicable in our case. Therefore, in the absence of alternatives, we
have to restrict our investigation of intercoder reliability to the pure
percentage of equally coded text elements among all coded
elements.

Principally, these text elements can be represented by documents or
by codings. The former is simple to calculate and unambiguous, but
makes no sense in our case because all our double-coded documents
were assigned to all our categories. In consequence, we have to
calculate agreement percentage among all coded text elements.

Fortunately, our software MaxQDA offers a feature to calculate
intercoder agreement based on the character overlap of text
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segments. Additionally, the overlap percentage of the compared text
segments can be adjusted. To investigate the variation of the
agreement percentage with the overlap, we calculated three
agreement values with overlap percentages of 10%, 50% and 90%.
For instance the overlap 50% means that two coded text segments
are regarded as the agreement, if the two segments have 50% of the
characters of one of both segments in common. Unfortunately, the
software does not contain any documentation about the base value
for this percentage. Yet, the results are quite plausible. As expected,
the agreement percentages decrease with an increase of the overlap.

Table 3. Intercoder agreements according to MaxQDA

10% 50% 90%
Document Overlap Overlap Overlap
FR 38% 30% 26%
IT 66% 50% 42%
KO 51% 44% 38%
NZ 39% 31% 24%

Obviously, our intercoder agreement was not really good. To
explain this, we inspected the different codings in all double coded
documents more closely, which revealed several reasons.

It became evident that the first, introductory pages of the case
studies caused most of the differences. Sometimes, one coder coded
these pages in detail with many different categories, while the
second coder did not code anything there. Maybe this was because
he or she supposed that every information contained in these pages
would appear later in the paper anyway. As an example, Figure 6
shows the “document portraits” of the two coding sessions for the
case study from Korea (KO), as generated by MaxQDA. The small
squares represent coded segments in the text, where each color
stands for a certain category.
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Figure 6: Document portraits of the case study of Korea, first
and second coder

To detect variation among the categories, we calculated the
agreements in the different categories at 50% overlap. It turned out
that the categories Competencies, Programming languages or -tools
and Content/Knowledge were comparatively easy to code, while
Goals, Organizational Aspects and Fields of Computing Education
were much more difficult. This might be caused by the following
reasons.

First, we found a substantial variation in the length of the coded text
segments in several categories (see Table 2), for example, in
Content or Programming languages or -tools, where some codings
comprised only one word like “Algorithms” or “CS”, while others
covered a whole sentence or even paragraph.



Second, there were certain “boring” effects among the coders, such
as in the category Fields of Computing Education (pink squares in
Figure 6). Although we had taken this into account already (by
restricting the coding of sentences containing “ICT” or similar, to
the first few or the major occurrences in a certain document), this
effect contributed to the bad agreement results. The same issue
occurred for Programming languages/-tools (light green in Figure
6), where certain denominators were coded only at their first or
second occurrence. Nevertheless, this category was consistently
coded in comparison to the others, presumably because it didn’t
offer much room for interpretation.

Third, despite our detailed coding rules, some categories still left
room for interpretation. For example regarding Organizational
aspects (olive squares in Figure 6), we agreed to code only
statements that point to the present situation in that country or state.
Yet this was sometimes really hard to tell. Regarding the category
Goals (salmon-colored in Figure 6), the most relevant information
was contained in complex sentences instead of being addressed
explicitly, which might explain the poor agreement percentage.

Despite these differences between the first and second coding run,
we are convinced that we found and coded most of the relevant
information from all these case studies. After all, we intended to get
as much valid information as possible out of the texts, but not
necessarily in all cases together with its precise position.

Nevertheless, to improve the validity of our results, we performed
an additional feedback loop, asking the leading authors of all case
studies to reconfirm our coding results for their country or state
where this seemed feasible during the time we had. At the end we
received feedback on our codings of Content/Knowledge, Teacher
education and Assessment/Examination from 9 of 12 countries or
states: BY, FR, IS, RUS, KO, NZ, SW, UK, and GEO.

8. EVALUATION OF CODING RESULTS

As already explained in the preceding section, the following results
were derived by analyzing the 2284 codings of the first coding run
(See Table 2). The analysis was executed by several teams of group
members in parallel to the second coding run.

8.1 Fields of Computing Education at School

8.1.1 Analysis Procedure

In a first step, the codings of the category Fields of Computing
Education were paraphrased according to the suggestions of
Mayring [29]. Depending on the coded segment, this paraphrasing
included shortening and rephrasing the respective text section. If
codings were too short to make sense on their own (e.g. one-word
codings like ICT), they were recoded by including their context in
the original document. Afterwards, the extended codings were
paraphrased again if necessary. Table 4 shows some examples.

Codings were ignored for the further analysis, if they:
— apparently had no relation to the research questions,

— addressed only details on a lower level, but not the fields of
computing education (e.g. programming knowledge, that
appears almost everywhere in very different forms),

— referenced only general definitions or usage of the terms in
external literature without relating to the addressed country or
state,

— were presented in national

translation,

language without English

—  did not refer to the regarded country or state.
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Table 4. Performed actions during paraphrasing

Coding Paraphrase Performed
Actions
we use the term CS to The term CS isused | Rephrased
denote the German term | to denote the
“Informatik” which German term
refers to the academic “Informatik” which
discipline as well as to refers to the
the subject in schools. academic discipline
as well as to the
subject in schools.
In 1995 a new school ICT is defined with Shortened
curriculum was a broad and literal and
introduced that included | view about rephrased
“technology” as a information and
learning area, and ICT communication
was defined within that
area with a broad and
literal view of it being
about “information” and
“communication,” but
there were concerns that
schools were not
engaging with the topic
the need to go beyond CSE should Clarified the
the dichotomy between integrate ICT and meaning
ICT and CS in the CS and
perspective of an rephrased
informatics education
for all.
Information and ICT should be Recoded by
Communication integrated in all including
Technology (ICT) existing subjects but | original
not as an context and
independent subject | rephrased

After the rephrasing of the codings we categorized the resulting text
snippets according to their type. This resulted in the following nine
categories: usage of terms, focus, synonym, definition, organization,
concerns, goal, educational goal, and misunderstanding. The
codings of the categories goal and educational goal were analyzed
separately (see Section 8.2.4) and thus skipped in this Section.
Table 5 presents the remaining categories, an explanation and an
exemplary coding. Based on these categories, the rephrased text
passages were rewritten to represent the original content in an
abstract way. On the basis of these abstractions, the following
results were derived. In summary, we found 40 different terms for
fields of computing education:

Terms referring to the academic discipline: computer science
(CS), informatics.

Terms referring to processes within the discipline: automatic
data processing, computer programming, computing, computing
and natural science, programming.

Terms referring to the technology aspect: computer and
technology, computer technology, digital technology, information
and communication technology (ICT), information technology (IT),
media technology, multimedia, multimedia (and web) technology,
technology, digital technologies.



Table 5. Categories for the fields

Category Explanation Exemplary Coding
Usage of The terms are described | ICT can be seen as a
terms in detail. In particular, discipline as well as a

there is an explanation tool
for how a specific term
has to be understood.

Focus The focus of a specific CSE is mainly

field is explained. concerned with
algorithmic problem-
solving

Synonym Terms that are used CSisusedasa
synonymously in this synonym for
country/state Informatics.

Definition The document provides CS is the academic
an explicit definition of discipline that
the term encompasses the study

of computers and
algorithmic processes,
including their
principles, their
hardware and software
designs, their
applications, and their
impact on society.

Organi- The terms for the fields CS and Programming

zation are used for were replaced by the
organizational purposes. | subject ICT.

For example, school
subjects are named with
a field term or the fields
are used in curricula.

Concerns In some documents The interchangeable
concerns about the usage | use of the terms CS,
of the terms are Informatics, ICT, and
mentioned digital literacy creates

the illusion that CS is
already being taught
and integrated at the
school level and as a
result, efforts to
improve the situation
for CS education at
school often ends with
giving more
importance to digital
literacy or ICT

Misunder- Misunderstandings of It is important to

standing terms are addressed. differentiate between

ICT and CS

Terms explicitly referring to education: computer application in
education, computer(-related) education, computer studies,
computing education, computer science education (CSE),
information (and communication) technology education,
informatics  education, informatics practices, programming
education, technology education.

Terms referring to educational goals: computational thinking,
computer expertise, computer knowledge, computer literacy,
computing awareness, computing fluency, computing literacy,
digital knowledge, digital literacy, information and communication
technology literacy, information knowledge, information literacy.
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8.1.2 Local Application and Understanding of Terms
The following Table 6 presents all the terms we found in the
codings of the category Fields of Computing Education for each
regarded country or state. Apparently, in some countries or states
many different terms are used, in others only a few.

Table 6. Terms for the Fields by Country/State

Country/
State

Terms found in the codings of the category
“Fields”

Bavaria CS, Informatics

Finland CS, ICT, Programming education

France CS, CSE, ICT

India CS, CSE, Digital literacy, ICT, Informatics,
Informatics practices, IT, Multimedia and web

technology, Multimedia technology

Israel Computing, CS, CSE, Informatics

Ttaly ICT

Korea Computer education, Computer literacy,
Computer-related education, Computing
education, CS, CSE, ICT, ICT education, ICT

literacy, Informatics education, IT education

NRW CS, CSE, Digital literacy, ICT, IT

NZ CS, Digital technologies, ICT

Russia Computer literacy, CS, Informatics

Sweden Automatic data processing, Computer and
technology, Computer application in education,
Computer expertise, Computer knowledge,
Computer programming, Computer technology,
Computing, Computing and natural science,
Computing awareness, Computing fluency,
Computing literacy, CS, CSE, Digital
knowledge, Digital literacy, Digital technology,
ICT, Informatics, Informatics education,
Informatics literacy, Information knowledge,
Information literacy, IT, Media technology,
Multimedia, Technology, Technology education

Computational thinking, Computer studies,
Computing, CS, Digital literacy, ICT, ICT
education, IT, IT education, Programming,
Technology

GEO Computing education, Computer literacy

Additionally to the summarizing results presented above, we found
many very different applications and interpretations of the variety of
terms that describe the fields of computing at school. In the
following, we present a choice of these finding in the context of the
respective country or state.

In the paper about North Rhine Westphalia (State of Germany), the
term CSE is either used to refer to the training of ICT skills as well
as to the application of methods and principles of the academic
discipline CS. The term CS is used to refer to the academic
discipline as well as to the subject in schools. According to the
paper, digital literacy is taught through other subjects with a focus
on software applications, media or even basic concepts of Computer
Science. CSE changed its focus a number of times throughout its
history. While early approaches centered around algorithmic



problem-solving or the usage of standard applications, current
concepts focus on aspects that are believed to contribute to general
education, such as the relation between real-world phenomena to
CS concepts, sociotechnical information systems, and the
comprehension and modelling of IT systems. Some actors in the
field use the term CS as a synonym for digital literacy. This results
in the concern that CSE, which only focuses on ICT skills, leads to
an inaccurate or at least incomplete understanding of CS.

The paper about the situation in France states that CSE should
integrate aspects of ICT and CS. In addition, the authors describe
the need for ICT and CS to agree upon a common set of progressive
goals and activities.

In the Finnish paper the term CS refers to the scientific aspects of
the discipline. The term ICT focuses on the use of computers and
computer applications, the term programming education on
technology aspects. Moreover, the paper refers to the opinion that
ICT should be integrated in all existing subjects and should not be
taught as an independent subject.

In the paper about the situation in Georgia (USA), Computing
education is described to focus on courses in computer literacy and
the use of computers.

According to the Italian paper, vocational education focuses on the
potential of ICT as a means to reorganize companies.

In the paper about the situation in New Zealand, the authors
mention that the term programming was replaced by the term CS to
broaden the view on the discipline. ICT is defined with a broad and
literal view about information and communication. Moreover, it is
stated that ICT can be seen as a discipline as well as a tool. The
term digital technologies refers to standards that allow schools to
address programming and CS aspects.

In the paper about Bavaria (State of Germany), CS is described to
focus on various aspects of automated information processing and
to encompass the study of computers and algorithmic processes,
including their principles, their hardware and software designs, their
applications, and their impact on society. The term Informatics is
used as a synonym for CS.

The description of the situation in Israel informs the reader that the
terms CS, Computing, and Informatics are used synonymously by
some in the context of CSE.

In the Korean paper, the term CSE includes computer literacy, ICT
literacy, and CS. Computer Science was not related to knowledge
about computers and ICT. Some use the term computer education as
a synonym for computer-related education, others use IT education,
ICT education, CSE, and Informatics education as a synonym for
Computer education. There is a subject named “Computer” and
another one named “Information society and computer”, which
focus on ICT literacy, therefore the term “Computer” is used for
computer-related education. The term computing education was
related to ICT literacy, but it is also used to express a focus on CS
principles and concepts.

In the paper about the situation in Russia, the term CS (or
synonymously  Informatics) encompasses fundamental and
technological aspects. The term computer literacy has changed its
meaning over time from programming to operating a computer as a
user due to the spread of personal computers and the development
of application software. In elementary schools, elements of
Informatics are taught within the subjects “Mathematics” and
“Technology”.
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In the paper about the situation in the UK, the term Computer
Studies was used for a school subject which covered CS aspects
including hardware, logic, binary, programming, and various other
aspects of computers. CS required a thorough grounding in logic
and set theory. This subject was replaced by the subject ICT. There
was an ICT syllabus, which predominantly focused on using
computers and technology (without giving insight into how it
works) to foster IT skills and digital literacy, although there was still
a mention of programming. The authors report the
misunderstanding that ICT and CS would label the same subject.
The term digital literacy is also used to encompass computational
thinking, which includes logical reasoning, problem-solving,
debugging strategies, algorithmic thinking, and programming.
Finally, the term computing is used to cover digital literacy,
information technology, and CS. The subject ICT has been renamed
Computing. There is also the position that digital literacy is to be
embedded in every subject.

In the paper describing the situation in Sweden, the concept of
“Computing” is used for the current school setting, replacing
Informatics and CS. The term “Information technology” (former
known as “Information literacy” and “Informatics™) is associated
with technology education. ICT includes the usage of multimedia
and information technology in creative processes and applications,
the “flow of information”, how to use digital technology, and how
to develop critical thinking about the information available on the
internet. IT-related courses in the field of Technology are oriented
towards information and media technology and include computer
communication, programming, digital media, web development,
and computers and ICT. According to the paper, some use
Informatics as a synonym for computing, information technology,
information knowledge, computer knowledge and automatic data
processing as well as for CS. Additionally, some use the terms
computing awareness, computing literacy, information literacy, and
computing fluency and computer expertise as a synonym for
Informatics literacy. In former times, Informatics education
primarily focused on programming knowledge related to automatic
data processing while CSE used to focus on hands-on training.
Additionally, Informatics focused on societal factors and less on
technological aspects of programming. Later, Informatics education
shifted its focus to computer application in education. This was
caused by concerns that Informatics should not be treated as a
cognitive framework in itself. Furthermore Informatics should cover
“Programming” which is not included by standard.

The situation in /ndia as described in the analyzed paper refers to
ICT as six themes: connecting with the world, connecting with each
other, interacting with technology, creating with ICT, possibilities in
education, and reaching out and bridging the divide. Amongst
others, there is a course on foundations of information technology,
which includes knowing the hardware components of a computer
and the different types of software as well as operating systems. The
subject “Informatics Practices” is oriented toward getting
familiarized with computer systems and developing web-based
applications using HTML and Java. According to the paper, some
use CS, Informatics, ICT, and digital literacy as synonyms for each
other. The authors of the paper mention the concern that the
interchangeable use of the terms CS, Informatics, ICT, and digital
literacy creates the illusion that CS is already being taught and
integrated at the school level.

8.1.3 General Results

Apparently, the terms that describe the fields of computing at
schools are interpreted very differently. For example, in some
countries CSE covers ICT and CS (NRW, France, and Korea) or CS



is an academic discipline (NRW, Finland, Bavaria, Russia, UK).
For Computing education there are also varying definitions. In the
US and Korea Computing education includes courses in computer
literacy and the use of computers. Furthermore, in Korea, there is a
focus on CS principles and concepts, while in the UK digital
literacy, information technology, and CS is included. ICT is
understood as the usage of computers and software (Finland, UK) or
as a discipline and tool (NZ). In Sweden ICT includes the usage of
multimedia and information technology in creative processes and
application (Sweden). Digital technologies, as used in NZ, includes
programming and CS aspects, while digital literacy used to
encompass computational thinking, which includes logical
reasoning, problem-solving, debugging strategies, algorithmic
thinking, and programming. Finally, computer literacy sometimes
includes programming and operating a PC as a user as in Russia.

The difficulty to find a common understanding for all these terms is
illustrated by their varying synonymic application. Figure 6 displays
some of the terms as nodes and their synonymic usage in some
countries/states as edges. The edges are labelled with the
country/state where these terms are used synonymously.

Computing

Israel, Sweden

NRW, Bavaria, Russia, Sweden, Israel, India

Figure 6. Synonymously used terms in some countries.

Furtherly, the names that are used to denominate school subjects are
very different: Computer Studies (UK), Computing (UK), ICT
(UK), Informatics (NRW, Bavaria), Computer (Korea), Information
society and computer (Korea), Computing and natural science
(Sweden), Computer Practices (India), Multimedia Technology
(India). Digital literacy (NRW, UK)/ ICT (Finland) with a focus on
using software and technology is taught through other subjects. In
Russia, even elements of Informatics are taught through other
subjects (in elementary school). The focus of education shifted in a
number of countries in history (e.g. NRW, UK, NZ, and Sweden).

Additionally, we found a set of normative postulates: ICT should
not be taught in a separate subject (Finland); Computing should be
taught integrated in the different subjects (Sweden). Finally, ICT-
and CSE have to agree upon a common set of progressive goals and
activities (France), Informatics should not be considered isolated
from other fields and should cover “Programming” (Sweden), and
the interchangeable use of the terms CS, Informatics, ICT, and
digital literacy creates the illusion that CS is already being taught
and integrated at the school level (India).

8.1.4 Discussion

The most interesting result was that there are so many different
terms that all claim to denote Computing (including Computer
Science and ICT) at schools in any way. Apparently, these terms are
applied in a very different way. In addition, sometimes even within
a certain countries or state, two or more different terms are used to
refer to the same field. Conversely, the same term may denote
different fields in different countries or states.

Apparently there is an urgent need for a standardization of all these
terms, otherwise serious misunderstandings among stakeholders of
different countries seem inevitable.
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8.2 Goals and Competencies
8.2.1 Disambiguation

Originally, we had chosen this research question (see Section 4)
with the aim to collect and summarize information about the
different intentions of CSE in schools. The category Goal should
label general, long-term global objectives in the sense of Anderson
& Krathwohl [1]: “Complex, multifaced learning outcomes that
require substantial time and instruction to accomplish”, for example
“creative use of IT” or “problem solving”. On the other hand, we
understood Competencies in the sense of Weinert [46] as “the
cognitive abilities and skills possessed by or able to be learned by
individuals that enable them to solve particular problems, as well as
the motivational, volitional and social readiness and capacity to use
the solutions successfully and responsibly in variable situations.”
Anyway, a competency description should make clear precisely
what the students should be able to do (e.g. “to write a Java program
that implements a certain algorithm™).

8.2.2 Coding Results

As described above, the first coding run had produced 127 codings
in the category Goals and 308 in Competencies. Yet, it turned out
during the coding process that the authors of the case studies often
had very different understanding of these two terms. For example
“understand how CS shapes our world” could have been a goal for
one author, but a competency for another (or for our coders). Our
coders frequently met the dilemma to code a text snippet describing
an intention according to our understanding or as labeled by the
authors. As a consequence, we had a number of inconsistent
codings, mostly goals in our sense that were labeled as
competencies. Thus, during the analysis process, we have shifted
these codings to the category Goals as described in the following
sections.

8.2.3 Analysis of Competencies

First, we exported the 308 codings of the Category Competencies
from MaxQDA into a spreadsheet in order to paraphrase and
normalize them. Next, a pair of researchers normalized the verbs;
put them at the beginning of the statements and positioned objects
and adverbs within the statements correctly in order to classify them
as competencies. Afterwards we split those statements, which
contained ‘and’ respective ‘or’ operators into two separate ones.

In a subsequent step, we identified very general statements, which
might be rather goals or general objectives of CSE than
competencies, e.g. “conduct computational thinking”. By this way,
77 goal descriptions (originating from 62 codings) were moved to
the category Goals and analyzed later (see next Section).

Further, we identified statements, which obviously are neither
competencies nor goals (for example “ability to use ICT is not
sufficient to solve given problems”) and marked them as
‘questionable’

After conducting this process, we received altogether 249
competence statements. As this list is too long to be displayed in
this paper, we have extracted 15 randomly chosen competency
statements to illustrate the results.



Table 7. Randomly chosen competency descriptions (15 of 249)

8.2.4 Analysis of Goals

Up to now, due to limited personal resources, we have recoded
some of these competency definitions automatically using
MaxQDA by searching the knowledge element “algorithm(s)”.
Figure 7 shows the competencies that refer verbatim to this term.

compare the
utility
design

Creating

construct

describe 5 - =

Algorithm(s) Algorithms
errors

explain
Z

Understanding Algorithms
Figure 7. Cognitive processes referring to algorithms

Representing
Algorithms

solve
problems
with

understand
the formal
description o

achieve
abstract
ideas of

As displayed in Figure 7, the coded competency definitions describe
many different cognitive operations on Algorithms that partly can
be grouped into the four super-categories Representing,
Understanding, Creating and Testing Algorithms. Additionally
Evaluating, Comparing and Analyzing seem quite close to each
other, forming a fifth category (to be named). These results suggest
that these five super-categories could represent a competency each
in the sense of Weinert [46]. Furthermore, the more narrow skills
contained in each of these super-categories (e.g. Formulate, Write,
Program, Describe, Express in Representing) could operationalize
these competencies by suggesting respective test items, e.g. about
formulating an Algorithm. In future work to evaluate the list of 249
competencies regarding other knowledge elements by qualitative
data analysis.
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Competency Definition: Similar to the competencies, the evaluation of the goals was started
Nr. the students are able to .. by processing the respective codings according to Mayring [29],
9 understand how CS shapes our world which included the splitting of several codings, if they had
- — - addressed more than one goal. This work was done by two
23 be aware oft}ée persistence of digital information on members of the group. Table 8 shows some examples for this
interconnected spaces processing step.
53 program sequential search, binary search .
93 evaluate an interface in the light of usability heuristics Table 8. Examples for the Paraphrasing of goals
such as those given by Nielsen (useit.com) Coding Paraphrase
114 | evaluate alternative models in order to choose one of them bridging the digital c}ivide bridging digital divide
125 | write an algorithmic solution for the problem across socioeconomie and
: . geographic segments
132 | share information mediate and facilitate the problem solving,
145 | understand and express algorithms app?opria.tion of capabilities and | communication
146 | design and write algorithms habits oflmpgnance for
problem solving and
147 | understand of alignment and sort methods communication
175 | analyze the model and the simulated object (process) )
184 interpret results obtained during simulation of real Table 9: Categories of addressed goals
processes Goal Addressed by
use logical reasoning to explain how some simple o . . FI, USA, BY, KO, RUS,
1991 4 lgorithms work ﬁ;‘i‘;?};‘f?fgo%‘Cludlng use and UK, SW, IN, IT, NRW,
228 | code a solution method in a language & NZ
computational thinking (including FR, FI, USA, IS, RUS,
231 | connect to the Internet algorithmic and logical thinking) UK, KO, SW, IN

NRW, USA, IS, KO,

problem solving RUS. UK. SW. IN

understand basic concepts of CS and NZ, BY, IS, KO, SW,

1T IN, FR, IT

career preparation and choice NRW, SW, BY, IN, FR,
1T, KO

support awareness of social, ethical, NRW, KO, FR, RUS,

legal and privacy issues and impact of | UK, SW, NZ

CS

NRW, BY, KO, SW, IN,
RUS,

general education to participate in
society responsibly

prepare for university NRW, KO, SW, IN

student development FR, IT, RUS, NRW

attract and motivate female and male SW, IS, KO
students

create IT USA, IS, NZ
holistic view RUS, SW, IN
connecting to real world contexts NRW, KO
creative use of IT UK, KO
limits and risks of CS SW, BY
support communication about IT BY, SW
support maths and science IS, SW
apply IT in other subjects BY

deeper knowledge of CS SW

growth of knowledge society IN

modern and relevant curriculum IS

picture of CS and programming in SW

society

representing thinking processes KO

rise and discover talent and attitude KO

towards CS

In a second paraphrasing step, the codings were reduced once more.
As an example, all statements referring to any kind of computer
literacy, ICT literacy or similar were paraphrased as “digital




literacy”. Every item referring to the idea that every student should
learn CS like “IT for all” was paraphrased as “general education”
and everything like “bridging the gap” or “digital divide” to
“participation in society”. Sometimes one text part that was coded
for goals resulted in several single statements for goals, because it
covered different aspects, e.g. “computational thinking” and
“preparing for university”.

This step resulted in 174 goals that stemmed from the original 127
codings of this category. As described above, 77 additional codings,
originally coded as competencies, were moved to this category,
resulting in 203 statements about goals. Finally, the statements
about goals were categorized and unified, as far as this was possible
without loss of information in consideration of their mapping to the
case studies. Afterwards, some categories were deleted after going
back to the original text because the coding resulted in a re-
categorization as a competence or content (e.g. “programming” in
the meaning of knowing or applying programming abilities or
concepts to produce software). This resulted in 24 categories of
goals. Table 9 shows these categories and relates them to the case
studies.

In our eyes, these findings provide detailed information on how
Computing at schools is justified in the regarded countries or states.
Additionally, the information expressed by Table 9 could be used
by stakeholders that look for arguments in favor of CSE in schools.
Finally, the number of case studies that address a certain goal can be
taken as a measure for the consensus among countries or states
regarding this goal.

8.3 Content/Knowledge

Originally 1053 text snippets were coded in the category Content
(see Table 2). After some syntactical normalization and removal of
doublets, 816 codings remained. These were recoded inductively,
which produced 19 content categories (see Table 10).

These categories were constructed according to the following rules:
1) If a coding didn’t fit to any category then
—  anew content category was created or

— one of the categories was extended (to comprise more
codings) and accordingly renamed.

2) If a coding could be assigned to more than one category, these
categories were joined into one category.

3) If less than 3 coded elements remained in a category, this
category was deleted and their elements were moved to another
related category that was (if needed) suitably renamed.

At the end each category had at least three elements and each
element of coding was assigned to one of these 19 categories.

During this process, we detected and deleted 54 codings that didn’t
describe any learning content or knowledge. All the remaining 762
codings could be assigned to one of the newly defined categories
that are displayed in the first column of Table 10.

Finally, the content categories were mapped back to the documents,
where the original content codings had been found. Yet, due to the
complicated procedure that was applied to derive these categories,
we didn’t consider that the results were sufficiently valid. To ensure
this validity, we sent the resulting table to the original authors of the
coded case studies and asked them to cross-check the corresponding
entries in the respecting column. Unfortunately, only 8 authors of
relevant papers responded. Table 10 shows the results for the
corresponding 8 countries or states. Yet, despite this validation
process, the reader should be aware that this Table represents only a
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snapshot in time. Some of the respective curricula might have
changed already at the time when this paper appears.

In our opinion, the content landscape displayed in Table 10
represents the core information of our “global snaphot”. Despite its
limitations, it shows which learning content is addressed by the 8
countries or states that had responded to our confirmation request.

Table 10. Content/Knowledge categories covered by the
curricula of some countries/states

Content BY | FR | IS | KO | NZ | RUS | SW | UK
Category

Algorithmic x| x| x| x| x X X | x
concepts

Application X x| x| x X X | x
systems

Anlﬁc1al X | x

intelligence

Computer and
Communitation X | X | X | X | X X X | X
device

Computer human
interaction

>~
>

Computer
Networks

Data protection

Data security

Data structures

R Rl B

Database systems

Digital media

Ethical issues

Information and
digitalization

T R I el e Pl e e

Mathematical
aspects of CS

Modeling

T BT B R Bl Bl Bl Bl Bl Bl B
T BT B I B Bl B Bl

E T I i B

Object-oriented
concepts

Operating
systems

>
>
>
>

Problem solving

Programming

Issues

Additionally, despite the limitations of this result, the 19 content
categories might eventually represent a complete overlap of what
CS content is taught in schools currently.

8.4 Programming languages and tools

As described in Section 6, we have found 107 text snippets that
provided information about the applied programming languages or
tools (see Table 2). In a first step, we listed and separated these
findings in four sub-categories:

— A) Hardware based systems, e.g. LEGO Mindstorms or
Raspberry Pi,

— BI1) Educational programming environments with own
language, e.g. Alice or Scratch




—  B2) Educational programming environments based on
other languages, e.g. BlueJ or Java’s Cool.

— () Professionally used programming languages, e.g. C#
or Java.

Table 11. Educational programming environments with own
language (B1)

Environment Used in K12-Schools of
Scratch USA, NZ, Korea, UK, NRW
Kodu USA, Korea
LOGO Korea, UK
AgentCube USA
AgentSheet USA
Alice USA
Blockly USA
Game Maker USA
Micro Worlds NRW
Robot Karol Bavaria
Squeak Etoys Korea

Table 12. Educational programming environments based on

other languages (B2)
Environment Used in K12-Schools of
Bluel Bavaria
Greenfoot USA
Java’s Cool France
Jeroo USA
Table 13. Professionally used programming languages (C)
Language Used in K12-Schools of
Java France, Finland, USA, NZ, Israel, Sweden,
India, Bavaria, Korea
C++ USA, Israel, Sweden, India, Korea
Python France, NZ, Korea, India
Applnventor USA,NZ
BASIC Finland, Sweden
C Israel, Korea
C# USA,NZ
HTML France, India
JavaScript USA,NZ
Pascal Finland, Israel
VisualBasic USA,NZ
ALGOL Sweden*
COBOL Sweden*
FORTRAN Sweden*
Logic Programming Israel
PHP Nz
VB script India
XML India

*Due to the historical parts of the case study about Sweden

Regarding hardware-based systems of category A our case studies
told us that educational robots are used in Korea and Raspberry-Pi
in UK classrooms.

The Tables 11-13 display the application of languages or tools in
the different countries according to the information in our text
corpus.
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Besides the systems listed above, some environments were created
locally that provided self-paced guided learning to students for
various programming languages. These learning environments
allow students to work on a set of small problems using instructions
at each step, run the source code and answer question to present
next set of instructions. Some schools in Korea are using code.org
(www.code.org) and the “cyber home learning system”
(www.virtualschoolsandcolleges.eu) in their K-12 computer science
curriculum, while some schools in NZ are using “code avengers”or
“Interactive python” (codeavengers.com, interactivepython.org)

8.5 Assessment/Examination of Students

The 98 codings of the category Assessment/Examination were
analyzed by one member of the team (See Table 2). Afterwards the
results were reviewed and discussed by the whole working group.
The analyzer read all the coded text snippets and sub-categorized all
relevant information. By the end of this process the following five
sub-categories emerged: Level (of education where the assessment
takes place), Topics, Certification, Count for admission, Application
(universal or not). In addition, we introduced one more category
Additional information.

Afterwards a second round of analyzing was conducted, applying
these sub-categories to describe the assessment used in each
regarded country or state. To validate our results, we have asked the
authors of the case studies for feedback and accordingly double
checked most of the case studies. Unfortunately, the Indian case
remained unchecked. To compensate this, it was controlled by the
Indian member of our working group. Table Al in the appendix
displays the results of this categorization over all countries or states.
In addition, the following text explains the local assessment or
examination practices in more detail.

In the final graduation from German grammar schools (called
Abitur), there are formally decided standards for all subjects, called
Einheitliche Priifungsanforderungen in der Abiturpriifung (EPA).
In Bavaria, CS can be chosen for written as well as for oral
examination. But only a small number of students enroll in CS
courses, and even fewer students take one of their final
examinations in CS. Topics to be covered by higher secondary
education final CS exams are object-oriented modeling (including
programming), entity relationship modeling, automata, algorithmic
modeling, functional modeling (optional), rule-based modeling
(optional), formal languages, computer-human interaction, privacy,
security, computer architecture, computability, (practical)
efficiency, and societal issues.

In France, Informatics and Internet Certificate (Brevet Informatique
et Internet - B2i) is a novel object in the educational system. It
doesn’t represent an official examination, but a certification of
competences. Another certificate of competences named C2i,
assesses students’ competences in ICT at the bachelor’s degree
level. Tt certifies a basic set of rather technical competences
organized in five domains. Some of these skills are specific for
organizing student assessment to IT project development: “Describe
and explain a situation, system or program”; “Design and
implement an IT solution in response to a problem”. Others are
more general: “Collaborate effectively within a team in a project”
and “Communicate in writing and orally”. One of the main big
challenges in CSE is assessing students’ learning outcomes, French
ISN syllabus includes information about skills, which is quite
informative about what is expected from students.

In New Zealand the National Certificate in Educational
Achievement (NCEA) is the main school-leaving assessment;
NCEA is of particular importance since it provides assessment that



could count towards academically oriented qualifications.
Assessment standards include a set of generic technology standards,
but has specific standards in four areas of technology: Construction
and Mechanical Technologies (focuses on making and knowing
how to make products and devices), Design and Visual
Communication (focuses on where visual literacy and creative
thinking is developed, using visual communication techniques),
Digital Technologies (focuses on applying and knowing about
computer science, electronic and digital applications), and
Processing Technologies (focuses on formulating and knowing how
to formulate processed products) Student work is assessed by a
government agency (NZQA), which tracks student performance and
makes general statistics publicly. The programming standards are
all “internal” which means that they are assessed by the teacher,
with external auditing (moderation) to ensure consistency. The
internal assessment of programming means that the teacher can
observe the process that a student uses to program, including how
independently a student is working once they have learned to
program. The computer science standards are all “external” which
means that they are assessed by an anonymous appointed marker (or
group of markers), organized by NZQA. Due to various resource
constraints and timetabling issues, assessment for the external
computer science standards could not be done by standardized tests
or exams, and so they are assessed by submitting written reports or
projects.

In Israel the three years of high school culminate in a set of
matriculation exams. The matriculation exams are crucial for
admission to most Israeli universities. Alternatively, unique and
innovative students’ assessment techniques are applied.

In Korea, the evaluation for each subject (including CS) consists of
two parts: a paper-based assessment and a performance evaluation.
The written test examines students’ knowledge and understanding
of the subject and the performance evaluation assesses students’
ability to perform specific tasks. In the CS subject, the paper-based
assessment mainly includes understanding of CS knowledge and the
performance evaluation assesses students’ problem-solving ability,
coding skills, and other abilities. Students get their grade each
semester, which combines the results of the two evaluation
methods. Each teacher adjusts the ratio of the two evaluation
methods, actual performance is generally regarded as more
important in the informatics subject. In addition to the school
evaluation, there is another important test for further study, the
College Scholastic Ability Test (CSAT). In CSAT only the career
exploration course has computer-related contents and it is just for
vocational high school students. Subjects within the curriculum or
obtained a certificate related to the computer, which was reflected
on the school record, could use it for a university entrance
examination in addition an information literacy license was issued
to students, and the fact was recorded in their record of school life.
The certification is issued to:

—  those who completed a course of an informatics-related
subject

—  those who completed informatics-related education using
extracurricular time

—  those who passed the information literacy test
—  those who got computer-related certificates.

Many universities utilized this license as a means for admission.
Another evaluation system is the so called Test of Practical
Competency on IT (TOPCIT). It aims to assess the competency of
IT human resources. This system can provide detailed achievement
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goals to the students, and also can be a measure of students’
competency.

In Georgia (USA), CS is available as an Advanced Placement (AP)
course.

In Russia, the Unified National Examination (UNE) in Informatics
is not compulsory for all school graduates. It is necessary, for
admission to Informatics-related study programs. The exam tasks
are grouped into 3 blocks: “Mathematical foundations of
Informatics”,  “Algorithmization and programming”, and
“Information and computer technology.” The examination covers
the key topics from the Informatics school syllabus. The tasks
include analysis of algorithms, developing computer programs, etc.
The evaluation is conducted by the experts of regional examination
boards based on standard assessment criteria.

In the UK (England), alongside the developments within the
National Curriculum, and encouraged by the Computing at Schools
(CAS), the awarding bodies (who establish school qualifications
across the country), have developed General Certificate of
Secondary Education (GCSE) qualifications (taken at age 16) in CS
(also called Computing), to augment the existing suite of
qualifications which include GCSEs in ICT and more vocational
coursework-based qualifications in ICT. To date, there are four
GCSE programs in Computing/Computer Science available to
schools.

In India, questions in the exam test the depth of understanding of
the constructs of a programming language. In particular, students
are expected to write one full program in Python, 5 SQL queries,
present previously done project work, and document all the
exercises done so far. As per the blueprints of the various CS-
related subjects, 20% of marks are allotted to test the “Knowledge”
instructional objective, 30% is allotted for testing the
“Understanding” objective, and 50% is allotted to testing the
“Application” objective. Hence, the exams allot 70% marks to
theory and 30% to the practical.

8.6 Teacher education

The K-12 Educational Task Force of the Association for Computing
Machinery (ACM) advocates for CS teacher training programs that
prepare the CS teachers with the necessary pedagogical skills to
convey the information to the students at the appropriate level [38].
Along the same lines, the US Computer Science Teachers
Association (CSTA) report on CS teacher certification, advocate for
the establishment of a Computer Science Praxis exam that will
assess teachers” knowledge of CS concepts and the teachers’
knowledge of pedagogy [42]. Common concern in many countries
is the difficulty of ensuring that teachers have the technical, content,
and pedagogical knowledge needed to teach CS; and this
knowledge is continually refreshed and upgraded [15].

Regarding teacher education, we coded 170 text snippets in our text
corpus (see Table 2). One researcher inspected all these and sub-
coded relevant information. By the end of this procedure, the
following sub-categories had emerged: Required degrees, Training,
Examination/Certification —and  Informal teacher education
activities. Afterwards a second round of reading was conducted,
applying these categories to summarize the teacher education
information of each case study.

Similarly to the categories Content (see Section 8.3) and
Assessment/Examination (of students, see Section 8.5), we were
aware that the quite complicated evaluation procedure of the case
studies might produce invalid results. Therefore, we have asked the
authors of the case studies for feedback again and adopted our



results accordingly (except Finland, India, Italy). At least the results
for India were checked by the Indian member of our working group.

Table A2 in the appendix displays the results of the evaluation of
teacher education issues over all countries or states. In the following
text, additional information about details of the local situations is
provided.

In NRW (Germany), the first phase of teacher education is followed
by 18-month of in-service training. During this phase, prospective
teachers observe interns in a school and attend seminars in a teacher
training college. The in-service training concludes with an
examination 1) on the practical and theoretical knowledge of the
prospective teachers by carrying out a lesson in each of the two
subjects and 2) on the basic knowledge of public schooling, as well
as basic subject-specific didactic elements by an oral exam. There is
also a tradition of statewide in-service training events for CS
teachers. These events are offered both by in-service teachers and
academics, and cover topics ranging from pedagogical content
knowledge and regulation issues for centralized examinations to
best-practice reports.

In France the duration of the (CS) teachers’ training (on campus,
distance, or mix) ranges from 0 to 120 hours per year. Some
districts offer a 2-year training course, which brings the total
duration to 240 hours, personal additional work not included. CS
graduates or those with teaching experience in high-level CSE may
be allowed to teach without this additional training. The main
certification is based on a set of rather technical competences
organized in five domains. Level 2 certification (C2i) aiming at
certifying professional competences for a series of professions: law,
health professions, engineers, etc. and also teachers. The Ministry of
Education announced that this certificate would be compulsory for
teachers to receive tenure.

Teachers in Finland are required to have a master’s degree (5 years,
a total of 300 ECTS). Primary education teachers (grades 1-6) have
a master’s degree in general classroom teaching, whereas teachers
for grades 7-9 and grades 10-12 have a master’s degree with a
major in the subject. In addition to the major, teachers are required
to complete a minor both in school pedagogy (60 ECTS including
training in an actual school) and in a second school subject to be
taught (60 ECTS). Since there is no national CS curriculum, teacher
training for CS is not well defined.

The key requirement for teaching in /talian secondary schools is a
master’s degree. Technology subjects can be taught by instructors
with a master’s degree in Architecture, Urban Planning, Industrial
Chemistry, Engineering and other technology oriented degrees (but
not Informatics!). CS subjects can be taught by instructors with a
master’s degree in Informatics, Physics, Mathematics and some
Engineering degrees, like information, industrial,
telecommunication, electronics and aerospace. It is often required
CS teachers to receive their primary teacher certification in some
discipline other than CS and then meet additional requirements to
receive a supplemental CS endorsement — although there are no
consolidated practices for Informatics education.

Teachers in NZ can teach CS subjects by holding a post-graduate
education course that is available for teachers to learn by distance,
and obtain a formal qualification in teaching computer science.
There is an informal training and advising network; this network is
consisted of university contacts, one academic at each of the
country’s eight universities was nominated as a local contact who
could provide advice to local teachers, including finding senior
students who could speak to classes.
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In general, teacher students in Bavaria are educated and examined
for one specific school type only (e.g., Gymnasium). For all types of
schools, the teacher students have to pass two centralized
examinations. The first one qualifies for the subjects to be taught,
the second one on pedagogy and psychology. There are certain
restrictions for the number, extent, and combination of the subjects
that depend from the school type. Concerning Gymnasium, the
students have to choose two subjects that are implemented on an
equal level in their course of study. CS can be combined with
mathematics, physics, English, or Economics and Law.

In Israel an undergraduate degree in CS is a mandatory
requirement, as is formal teacher training and a formal requirement
for a mandatory CS teacher certification. In addition there are
mandatory in-service courses for teachers. CS teachers’ preparation
study program includes workshops, and new guidelines all intended
to assist teachers in addressing the content and pedagogical
challenges they face. There is a dedicated center which has the
responsibility and funding to provide in-service workshops to assist
the teachers to cope with these curriculum changes. A center for
teachers is also responsible for ongoing improvements through pre-
service and in-service workshops and annual conferences, and with
building a strong community of practice.

In Korea teachers graduate from the universities of education or
teachers’ colleges, after that they have to go through evaluation for
teacher qualification and are provided with a teacher certificate for
each level of school. Only those who have a corresponding
teacher’s license may become teachers in elementary and secondary
schools. Universities of education teach all the subjects that students
in elementary schools learn, including CS. When prospective
teachers complete the educational course of the department of
computer education at the teacher’s colleges, they can obtain a
certificate for the secondary “informatics—computer” subject; only
those are qualified for the informatics teacher recruitment exam.
This is an annual national-level teacher recruitment examination,
which includes a written test about the knowledge of the subject,
pedagogical knowledge, essay, interview, and a demonstrative
lesson. In order to maintain teachers’ knowledge and skills, there is
a 60 hours of training program running each year during holidays.

In Georgia (USA) the teachers who are allowed to teach computer
science are mostly business teachers. They typically do not have
much experience in advanced mathematics, science, or computer
science. Within the GeorgiaComputes initiative, the professional
development for in-service teachers was made through the Institute
for Computing Education (ICE).

In Russia there is a requirement for basic degree in the subject, a
Bachelor program with a single specialization in Informatics lasts
four years, alternatively CS teachers can have a Bachelor program
with a dual specialization, for example, “Mathematics and
Informatics, which lasts 5 years. On any case there is an additional
teaching practicum. Many teachers with other specializations come
to Informatics after having taken professional courses offered by a
variety of teacher-training institutions. Several programs have been
developed to support in-service teachers training. For instance,
pedagogical institutes, universities, and special institutes of
professional training for teachers offer courses where innovative
methods of Informatics teaching are instructed. Informal training is
also supported from different societies of Informatics operate in
various cities and regions.

In the UK, there are a variety of different ways in which to train as a
teacher. The UK paper [8] discusses primarily England from this
point of view. The most common is holding a postgraduate
certificate in either primary or secondary education which lasts for



one year, has a large component of actually teaching in the
classroom and requires an undergraduate degree (for secondary
education, usually in the subject in which one wants to teach).
Alternatively, some undergraduate degrees in education are
available which also give students qualified teacher status. Another
option for prospective teachers is in-school training. Further, there
is a very well organized network for supporting CS teaching. The
CAS/BCS Network of Computer Science Teaching Excellence was
started to address challenges and develop a network, building on the
successful Computing At School regional network, that aims to
support a thousand secondary schools in three years (a third of the
total number of state-maintained secondary schools in England);
with the appropriate regional coverage and support, the aim is for
this network is to become self-sustaining at the end of the three
years. With support from the Department for Education, BCS, The
Chartered Institute for IT, Microsoft, Google, CPHC, OCR and
AQA the Network was launched. At the heart of the Network of
Teaching Excellence in Computer Science are a number of
principles:

—  face-to-face delivery,
—  local delivery,
— teachers teaching teachers

Teacher training in Sweden does not offer courses in computing
wherefore it is unusual to find teachers offering the content in
school.

In India there is a focus on in-service training of teachers for the use
of IT/ICT in education. The availability of trained and qualified
personnel to teach CS subjects has also been a challenge, since in
India there are few and scattered CS teachers. In particular, STEM
teachers have always been assigned priority, followed by other
teachers having some knowledge of computers. Moreover, there is a
clear absence of formal training and certification programs for CS
teachers in both the preservice and in-service phases. Schools in
India require a minimum qualification of a 3-year Bachelor’s degree
and a 1-year Bachelor’s in Education (B.Ed.) degree to teach grades
9 and 10 (low secondary). There is an additional requirement of a
Master’s degree in a related subject to teach grades XI and XII (high
secondary). Empowering teachers with ICT training and tools,
Intel’s Teach India initiative kick-started in Mumbai, Bangalore,
and Delhi through its Intel Teach program aimed at preservice and
in-service teacher training,

9. DISCUSSION AND CONCLUSION

Originally, this work was intended to contribute to the discussion of
the importance of rigorous CSE in K-12 schools. We wanted to
distill this contribution from the 14 case studies on CSE in K12
schools that were published in the two special issues of the ACM
TOCE journal on CSE in K12 schools. Our intention was to collect
and classify different design decisions under different contexts of
CSE in K-12 schools.

As we identified from the analysis of the case studies, there are very
different ways to implement CSE in K-12 and many design
decisions to be considered by different actors. In particular, we
looked at the 14 case studies through the lens of the intended goals
and competencies, content areas, programming languages and tools,
forms of assessment as well as means and standards for training,
certifying and keeping updated CS teachers. As expected, the
analysis showed that the 14 approaches differ substantially in many
respects. Thus, an important outcome of our work might be the
detailed description of the communalities and differences of the
investigated approaches regarding these fields.
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Although our findings might provide meaningful outcomes for
design decisions and their consequences, this study has certain
limitations. As in all qualitative studies, the source of data has
contingent effect on the results; this limits the extent of the
generalization of findings to other states or countries. However, our
intention was not to provide a complete and fully generalized model
but to offer a snapshot of diverse CSE in K-12 case studies which
might provide insights to different actors (e.g., stakeholders,
curriculum designers, or teachers) and allow them to take informed
decisions. A second limitation is caused by the lack of information
that was sufficiently specific, e.g. regarding learning content.
Aiming to reduce this limitation as far as possible, we
communicated with the authors of the case studies and asked them
to provide with certain missing information or to check some of our
results. As we received this feedback from the majority of the case
studies, this limitation was reduced as much as possible. The third
limitation of this study comes from the fact that the analyzed case
studies are based on the respective situation in 2013. For example,
in Korea a new specification is being announced that will include
computing as a subject in all primary schools from 2018.

Nevertheless, in our opinion the outcomes of our study could serve
as useful guidance in the design process of CSE in K-12 schools.
Additionally, we have worked out several overviews that might be
helpful for stakeholders that aim to introduce or improve CSE in
schools.

First, we have identified, described and compared 40 different terms
that are applied to describe the fields of or around CSE. Also, we
have investigated and compared the application and understanding
of these terms in the respective countries (except USA) or states.
This work might be used in the future to improve the understanding
between stakeholders of different countries or states or even to
sharpen the definition of CSE in a certain context.

Second, we have identified and normalized a list of goals and
another list of competencies that are nominated in the case studies
to describe the aims of CSE in schools, which could be used to
inspire colleagues that are looking for arguments in favor of CSE in
schools. The latter might be also applied to support the definition of
future competency models.

Third, we have collected a large list of content elements, which we
categorized in 19 content categories. This might be taken as a
checklist for future curriculum development, or as a tool for the
comparison or curricula.

Fourth, we have identified several programming languages and
environments that are (or have been) used in the different countries
or states.

Fifth, we have identified, described and compared several different
examination forms that are applied in CSE. This could be used by
the stakeholders to compare their approach with others or to
introduce new examination forms in their country.

Finally, and also very importantly, we have compared the education
policies for CS teachers over these countries (except USA) or states.
By this, the stakeholders might get an impression of their
educational level of the teachers in their respective countries or take
some ideas to improve this level.

At the end of this work, we are confident that rigorous CSE will
make its way as a regular subject into the curricula of all countries
in the world. We hope that we were able to support this in some
way or another.
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APPENDIX

Table Al. Assessment-Examination in CSE in K-12 Schools

Case Level (e.g., upper Topics Certification Count for Application (e.g., Additional
study secondary education) Admission universal, selected Information
schools, counties)

Nz Last three years of Wide Coverage | Yes: National | Yes Universal Work is assessed by a

secondary Certificate of government agency
Educational (NZQA)
Achievement

Bavaria Upper and lower Wide Coverage | Yes (Abitur) | YES Universal 1000 students per year

secondary

Israel Junior High Scratch, Still Piloting Part of the matriculation

Robotics, exams
Cyber
Sweden Upper secondary Programming, Universal
education Webserver
programming,
Web-
technology
England/ GCSE (General Computer Yes May be used | Theoretically all School qualification
Wales (UK | Certificate of Science to judge entry | schools could offer | bodies have developed
Secondary Education): to sixth form | it, but in practice it | General Certificate of
optional, taken at age (age 16-18) will only be a small | SE
14-16 proportion
A-Level (Advanced Computing Yes Yes, counts Theoretically all Has existed for a long
Level): optional, taken for admission | schools could offer | time, but currently
atage 16-18 to university it, but in practice it | being revamped to align
degree (age will only be a small | better with the recently
18-21) proportion — a added GCSEs
smaller proportion
than GCSE above
France** Independent (any level | ICT related Yes Universal A new national
of Education) (competency- curriculum is being
based) implemented. It
announces the provision
of elements linked with
CS starting from
kindergarten. At junior
high school level, new
courses should also be
launched, by teachers
both from mathematics
and technology.

Korea Wide coverage | Yes Yes Universal In addition to the school
evaluation there is a test
called CSAT

Russia Compulsory for Lower | Wide coverage | Yes (National | Yes (for CS Universal for LSE | In addition to the school

secondary education Exams) related School selection evaluation there is a test
Non comp for upper studies) for HSE called CSAT

India* Upper secondary Wide coverage | Yes Non Universal 20% Knowledge

education 30% Understanding

50% Application

* Unchecked by the authors, yet controlled by an Indian member of the working group
** Partly unchecked by the authors (“hard to say”)
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Table A2. Required Teacher Education

Case Degrees Training Examination/ Informal teacher
Study Certification education
B.Sc.in | Other Bachelor M.Ed./M.S Pre-service In-service
CS c. training training

New X (in teaching) X (post- X (local-national meetings,

Zealand graduation CS4HS workshops, other

course) teacher support agencies)

Bavaria X (related to the X X X X (one in subject | X (e.g., conferences

certain type of and one on
school) Ed/Psychol)
Israel X X X X (mandatory) X (training-workshops by a
(mandatory, (workshops dedicated center)
CS teachers’ by teachers’
preparation center)
study
program)
Sweden X Swedish Informatics
Teachers’ Network
(SITSNET)

UK Not Required in Not The PGCE is | Decided by | Qualified CAS has many local
require, | normal state required, but | generally individual Teacher Status volunteer-run hubs which
but schools (usually in | would be trained for schools depends on the offer informal training and
would the subject you advantageou | overa 1-2 PGCE (but is not | meetup sessions. They also
be teach), along with | s. year period. required in all have a network of “master
advanta | PGCE schools) teachers” who offer training
geous (Postgraduate locally.

Certificate of
Education), but in
special
“Academy” state
schools, nothing is
required

France X (not X X (for all
all) teachers)

Korea X (B.Ed.) X X X (all teachers, X (training programs on
plus a second every vacations)
certification for
CS)

Russia X (B.Ed with X (teaching X (seminars | X (special final X (e.g., conferences,

profile practicum) and exams devoted to | societies)
Informatics) refresher pedagogy and
course) informatics)
Finland* X (minor in X (Majorin | X (included
school-pedagogy subject) in minor
and a second pedagogy)
school subject)
India** X(1YB.Ed)+ X (To be X X (companies’ guided
X (STEM degrees | able to teach teachers training)
are prioritized) grades XI
and XII)
Italy* X (in X (face to face workshops)
STEM)

* Unchecked by the authors
** Unchecked by the authors, yet controlled by an Indian member of the working group
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