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Abstract. The goal of this study is to investigate changes in PCK
(Pedagogical Content Knowledge) of Dutch primary and secondary com-
puter science teachers participating in a MOOC about Scratch pro-
gramming. We captured the teachers’ PCK using identical pre- and
post-questionnaires and conducted a qualitative deductive-inductive con-
tent analysis to identify changes in the PCK of the MOOC attendees. We
relate the observed differences between PCK before and after the MOOC
to Clarke and Hollingsworth’s model of teacher professional growth and
Van Driel and Henze’s model of PCK development. Our analysis gives
rise to four design principles meant to inform the pedagogical design of
such MOOCs and improve their pedagogical affordances with regard to
PCK development of their attendees.
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1 Introduction

An “effective CS teacher” needs to have a knowledge base consisting of both
content knowledge (CK) and pedagogical content knowledge (PCK) [4,16]. PCK
is needed by teachers to plan and deliver instruction and has been advocated
as the unique sort of knowledge held by teachers that distinguishes them from
experts and accounts more precisely for students’ learning [11].

In an American context, it has been claimed that primary and secondary
CS teachers generally have low PCK [22]. Solving this problem asks for proper
professional development programs [22,33]. The Internet serves as a promising
professional development platform for teachers. Teachers’ participation in online
professional development can enhance their self-efficacy and provide the possi-
bility to connect with people sharing similar pedagogical and content problems
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[10,22]. It has been suggested that online and face-to-face professional develop-
ment programs may have similar learning outcomes for teachers [22].

Massive open online courses (MOOCs) represent a fairly new web-based edu-
cation inititive seeking to extend and offer educational services in an unprece-
dented scale [10]. MOOCs have been proposed as a “cost and resource effective
means” for addressing the professional development needs of teachers [7,10,20].
To do so, such MOOCs must provide teachers with “the features, tools, resources,
and interactions that will enable the acquisition of the various elements of good
teaching” (outlined by Burns in [4]) including PCK [10] (p. 3). Thus, given the
prominent role of PCK in teacher professional development, an important and
open question about such MOOCs concerns with their influence on the PCK
development of their attendees.

This study aims to investigate occurred changes in PCK of Dutch primary
and secondary CS teachers attending a MOOC about Scratch programming.
Notably, this MOOC was not initially devoted to supporting PCK development
of attendees. Instead, it was meant to help them learn the content knowledge
about Scratch programming. As such content-directed MOOCs are attended
frequently by teachers with the purpose of supporting classroom practices, it is
justifiable to investigate their influence on the teachers’ practical knowledge, in
particular, their PCK.

One may question the idea of measuring PCK in the context of a course that
is not meant for PCK development. Nevertheless, we support this idea for this
MOOC based on two reasons: first, research has shown that there is a strong link
between content knowledge (CK) and PCK in the context of mathematics and
science education, so that teacher’s CK is necessary for developing PCK, but is
not sufficient on its own [6]. This connection makes it appealing to investigate
what happens with the CS teachers’ PCK when they participate in a content-
focused course. Secondly, as the attendees are CS teachers, it is expected that
they already have PCK of programming. Participation in this MOOC, as an
external source according to [5,29], can contribute to changing their PCK of
Scratch programming.

For the purposes of this study, two open-ended pre- and post-questionnaires,
derived from the PCK model of Magnusson et al. [19] and a combination of CoRe
instrument [18] and retrospective PCK-directed interviews [14], were admin-
istered among the MOOC attendees. Then, following a qualitative deductive-
inductive research, the changes in the PCK of the attendees were identified.
The results then were used to inform a set of pedagogical design guidelines for
improving the effectiveness of such MOOCs concerning PCK development.

2 Background

The PCK concept has been introduced by Shulman as the “missing paradigm”
in the research on teacher knowledge and refers to“the blending of content and
pedagogy into an understanding of how particular topics, problems, or issues
are organized, represented, and adapted to the diverse interests and abilities
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of learners, and presented for instruction” [27] (p. 8). Teachers’ PCK is their
“pedagogical know-how” knowledge that develops during the years of teach-
ing experience and describes the processes that teachers follow and employ in
response to the challenges of teaching a given topic to particular students in
specific settings [3,27].

The most often cited model to describe teachers’” PCK has been proposed
by Magnusson et al. [19]. This model defines five elements for teacher PCK on
a specific topic, of which we use four (hereafter referred to as M1, M2, M3,
M4, respectively): teacher knowledge about the objectives of teaching that topic
(M1), teacher knowledge about the students’ understanding and learning dif-
ficulties with the topic (M2), teacher knowledge about effective instructional
approaches to teach the topic (M3), and teacher knowledge about appropriate
assessment strategies to assess the students’ understanding (M4) [19]. The Con-
tent Representation (CoRe) instrument, [18], captures the collective key ideas
(of a group of teachers) connected to a specific topic, and elicits the teachers’
knowledge about each idea using 8 open questions. These questions cover the
four elements of the PCK model of Magnusson et al. [19].

From a cognitive-constructivist perspective, the development of PCK goes
through a non-linear, iterative and constructive process where new information
is integrated with prior experiences, knowledge and beliefs captured from dif-
ferent domains, practices, and interactions. From a socio-cultural perspective,
teacher PCK shapes and is developed through the transformation of subject-
matter knowledge and communication process between teachers and students
during classroom practices and interactions [13,15], while from a situative
perspective PCK is situated in the everyday practices of teachers and not
only residing in individuals but also is distributed in their surrounding envi-
ronment including books, tools, and their communities [15]. Collegial cooper-
ation and knowledge, experience, and relationship exchanges among teachers
have been proven to be essential for the development of teachers PCK [30]. Such
exchanges might occur during face-to-face interactions happening within “con-
ferences, department meetings, casual hallway conversations” or remote inter-
actions emerging in various online platforms including social networking sites,
MOOC s, blogs, and mailing lists [10,12,30].

Clarke and Hollingsworth’s empirical model for professional growth of teach-
ers [5] and Van Driel and Henze’s theoretical model of PCK construction [29]
(see Fig. 1) seem promising models to explain the professional growth and PCK
development of teachers. Clarke and Hollingsworth’s model states that “external
sources of information or stimulus” can make changes in the teacher’s “personal
domain” by triggering her reflection on personal knowledge, beliefs, and atti-
tude. Furthermore, these external sources might change the teacher’s “domain
of practice” containing her professional experimentation by enacting new prac-
tices, for example, having experience with a new teaching strategy. According
to Clarke and Hollingsworth’s model, the professional growth of teachers results
from enactment and reflection mechanisms among external domain, personal
domain, the domain of practice, and domain of consequence.
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The Change External
Environment Domain
External Source Aspects of PCK (personal) Sources (canonical)
of Information
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= =P Reflection C =
Transformation
Integration
(a) The interconnected model of professional growth of teachers ([5]) (b) Pre-service teachers' initial PCK development ([29])

Fig. 1. Two models for explaining the PCK development process of teachers

As put by Van Driel and Henze, the development of PCK goes through
two processes: a knowledge transformation process which (partly) draws upon
external collective sources including learning theories, models for cognitive and
conceptual development, well-known misconceptions, general psychological the-
ories, methods of instruction, good practices, exemplary assessment tools, and
so on, and a knowledge connection and integration process aiming at the internal
coherence and relationship between the elements of PCK as a crucial factor to
enable effective scaffolding of students’ learning [21,29].

The PCK concept has been mainly investigated in connection with subjects
such as physics, chemistry, and language [3,15]. CS teachers’ PCK is a fairly
new but promising research domain. As yet, there have been few attempts to
elicit CS teachers’ PCK [1,3,16,26,32]. While the majority of the research on
investigating CS teachers’ PCK has been conducted in connection with physical
classrooms, we found only two studies examined the PCK development of CS
teachers in online settings (i.e. [12,22]). In the first study, Go and Dorn investi-
gated the PCK development of high school CS teachers participated in two online
knowledge-sharing communities: one community provided the CS teachers with
highly curated content devoted entirely to CS PCK, while another community
was focused on unstructured content devoted to general CS education matters.
The researchers discussed the strengths and weaknesses of both communities
and speculated on how their benefits might inform an online community meant
to facilitate CS teachers’ PCK development [12]. Another research, conducted
by Qian et al., presents the results of a 2-year study investigating how teach-
ers teaching the CS principles course for the first time used online professional
development (PD) materials. Their results show that novice teachers with a
CS educational background needed and used PD materials for developing their
PCK, while teachers with a Non-CS educational background needed and used
PD materials for gaining content knowledge [22].
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3 The Study Setting

As mentioned earlier, this study investigated the PCK change of a group of Dutch
primary and secondary school teachers participated in a MOOC on Scratch pro-
gramming. The primary aim of the MOOC in question was to help the attendees
learn about Scratch programming (i.e. content knowledge) and become confident
enough to implement it in their classrooms. The MOOC contained a set of videos,
forums, questions, and course materials and was ran for 6 weeks starting from
September 2017. Within the context of this MOOC, the study was directed by
the following research question:

RQ: How can the PCK and the changes in this PCK of the attendees of this
MOOC be characterized?

Data Collection: To answer the research question we constructed a question-
naire consisting of seven open-ended questions as presented in Table 1. The ques-
tions are based on the PCK model of Magnusson et al. [19] and a combination of
the proposed questions by CoRe instrument [14, 18]. Two identical pre- and post-
test online questionnaires as Table 1 were used as our data collection instruments
in this study.

Table 1. The questions of pre- and post-test questionnaires

PCK elements ([19]) Questions about Scratch programming
(adapted from [14,18])

M1. Knowledge of goals and 1. What do you intend students to learn about

objectives Scratch programming?
2. Why is it important for the students to learn
this?

M2. Knowledge of students’ 3. What do you know about students’ thinking

understanding and practices (prior knowledge, learning difficulties) that
influences your teaching of Scratch
programming?

M3. Knowledge about 4. What do you think is a suitable method for

instructional strategies teaching Scratch programming?

5. What are your particular reasons for
choosing this method?

M4. Knowledge about ways to 6. What would be a suitable way of assessing
assess students’ understanding students’ understanding or confusion around
Scratch programming?

7. What are your reasons for choosing this
particular way of assessment?
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Participants: 375 people enrolled at the beginning of the MOOC. We selected
the answers of those attendees who answered both pre- and post-test question-
naires (16 attendees) to do the analysis.

Data Analysis: A mixed deductive-inductive qualitative content analysis proce-
dure [8] was followed. First, the answers in each phase were uploaded into Atlas.ti
software collectively. Four elements (i.e. M1, M2, M3, M4) of Magnusson’s PCK
model [19] were used to group the answers in each phase. Within each group, the
content of the PCK was analyzed inductively through identifying various codes,
re-coding and merging into more general themes describing the variation among
the teachers’ PCK. Possible alternative interpretations of the identified codes were
discussed within the research team until a consensus was reached.

4 Results

We present the results according to the PCK elements. Within each element, we
describe the teachers’ PCK organized by the themes emerging from the inductive
analysis.

Knowledge About Goals and Objectives (M1)
We discerned three categories of objectives for teaching Scratch programming
expressed by the participants in the pre- and post-test questionnaires:

i. Knowledge-oriented objectives: consisting of the following objectives: to
learn about the structure of a program and its concepts, to understand how
computers think and work, and to be prepared for actual programming lan-
guages.

ii. Motivational objectives: consisting of these objectives: to make students
interested in programming through making a game, to prepare them for a
digital society, to motivate them by observing the influence of programming
in their daily life, to provide them opportunity to experience more freely, and
to make them prepared to work with Microbit.

iii. Personal development objectives: consisting of the following objectives per-
taining to improving soft and design competencies of students: enhancing
logical reasoning via drawing plan and decomposing a problem, building trust
and self-confidence in own abilities through discovering and expressing own
ideas, and collaboration.

No significant difference between the patterns of appearing these objectives
in the pre- and post-test questionnaires was identified.

Knowledge About Students’ Understanding and Performance (M2)
The following items present the participants’ knowledge on students’ under-
standing and performance in Scratch programming:

i. Students’ general learning specifications: reflected in statements such as stu-
dents can do more than what they show, students scare to try unknown
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ii.

iii.
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subjects, students have difficulty with independent working, students’ lack
of thinking ahead and solution-oriented approach, students with more ICT
knowledge and experience resist to follow the instruction, and primary stu-
dents have problem with Micro: Bit.

Students’ reaction to Scratch: including statements such as students find
Scratch programming childish, difficult, or interesting and students’ knowl-
edge about Scratch is more than me.

Students cognitive development stages: representing general understanding
and concerns about the level of cognitive capabilities of pupils for program-
ming highlighted by some of the teachers in the post-test questionnaire.

These responses were observed with an almost identical pattern in the pre- and
post-test questionnaires. The only remarkable difference was about the last item
in the above list (i.e. Students cognitive development stages) which was only
observed in the post-test answers.

Knowledge About Instructional Strategies (M3)
The following items present the identified teachers’ knowledge about instruc-
tional strategies associated with Scratch programming:

i.

ii.

iii.

iv.

The generation strategy for programming: referring teachers’ knowledge
about the generation approach to Scratch programming that emphasizes
the generation of new programs by students from beginning. This type of
knowledge was demonstrated in the pretest more than the post-test phase.
The completion strategy for programming: referring to teachers’ knowledge
about the completion approach to Scratch programming that emphasizes
the modification and extension of existing programs by students. This type
of knowledge was demonstrated in the post-test more than the pretest phase.
First giving concrete examples then teaching abstract concepts: denoting
teachers’ knowledge about a specific instructional strategy that asks teach-
ers to first provide and explain concrete examples about a topic in Scratch
programming (e.g. using video clips) and then use these examples to unpack
the abstract concepts related to that topic. It is noteworthy that the appear-
ance of this type of knowledge in the post-test was remarkably more than
the pretest phase.

First teaching abstract concepts then giving concrete erxamples: implying
teachers’ knowledge about the traditional instructional strategy asking them
to first explain the theory and abstract concepts about a topic in Scratch
programming and then provide concrete examples to elaborate those con-
cepts. This type of knowledge was observed in the pretest more than the
post-test phase.

. Pun-driven learning: referring to the teachers’ knowledge about the ways

of making students’ learning more playful via creating fun projects and
connecting Scratch programming to students-favorited contexts such as Lego
Mindstorms. Patterns of this type of knowledge were observed more in the
post-test than the pretest phase.
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vi. Unplugged activities: denoting teachers’ knowledge about unplugged activi-
ties and their benefits for teaching Scratch programming. We observed this
type of knowledge mainly in the post-test phase.

vii. Group-based learning: implying teachers’ knowledge about the group-based
learning strategies and their advantages. We saw no remarkable difference
between the patterns of this type of knowledge in the pretest and post-test
phases.

Knowledge About Ways to Assess Students’ Learning and Perfor-
mance (M4)

The following items describe teachers’ knowledge about ways to assess students’
understanding and performance in Scratch programming:

i. Generation-based assessment: denoting teachers’ knowledge about an assess-
ment strategy that emphasizes the generation of a new program by students
as a means for measuring their understanding and performance in Scratch
programming. This type of knowledge was demonstrated in the pretest more
than the post-test phase.

ii. Completion-based assessment: denoting teachers’ knowledge about an
assessment strategy emphasizing the completion, debugging, explaining and
predicting the results of an existing program by students as means for mea-
suring their understanding and performance in Scratch programming. This
type of knowledge was demonstrated in the post-test more than the pretest
phase.

iii. Unstructured, observation-based assessment: referring to teachers’ knowl-
edge about an open and observation-based assessment strategy that empha-
sizes allowing students’ group working with Scratch and listening to their
conversations to capture their possible understanding and misconceptions of
Scratch topics. This type of knowledge was mainly observed in the pretest
phase.

5 Discussion

The discerned teachers’ knowledge about the objectives of Scratch programming
(M1 element of PCK) in both pre-test and post-test phases depicts a continuum
ranging from more theoretical and knowledge-oriented objectives to more prac-
tical objectives with no significant difference in pre- and posttest phases. These
findings concur with the results reported by [1,23] pertaining CS teachers’ knowl-
edge about the objectives of programming.

The captured teachers’ knowledge on students’ understanding and perfor-
mance in Scratch programming is limited to general learning specifications of
students including knowledge about students general learning problems, their
reactions to Scratch and their cognitive development stages. The latter item
was only observed in the post-test phase which likely resulted from the explicit
emphasis of the MOOC instructor on neo-Piagetian perspectives of cognitive
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development of novice programmers (see [17]). No specific knowledge about stu-
dents’ needs, motivations, misunderstanding and problems with Scratch was
observed. Teachers’ insufficient understanding of their students decreases their
teaching quality [19,24]. As put by Berglund and Lister, “we know very little
about our students’ world and our students’ motivations... We tend to base our
teaching on our own needs, or our assumptions about the students’ needs.” [2]
(p- 42).

Figure2 presents the participants’ evaluation of the MOOC elements. As
shown, the forums were perceived as least useful element of the MOOC.

Participants' evaluation of usefulness of the MOOC elements

assignments

Poor

Forums
Good

- ® Excellent

0% 20% 40% 60% 80% 100%

Learning materials

Fig. 2. The evaluation of the participants about the usefulness of the MOOC elements

There are two interesting observations related to the development of the
participants’ knowledge about instructional strategies (M3): a shift from the
generation to completion instruction for programming (for more information
about these instructional strategies see [31]) and, a shift from First teaching
abstract concepts then giving concrete examples to First giving concrete examples
then teaching abstract concepts strategy. Arguably, these developments can be
attributed to the participants’ exposure to the MOOC and its underpinning
instructional strategy focused on the completion strategy as well as explaining
concrete examples before teaching abstract concepts.

Clarke and Hollingsworth’s model of teacher professional growth [5] along
with Van Driel and Henze’s model of PCK construction [29] (depicted in Fig. 1)
can be used to explain the mentioned PCK developments. Through the lens of
these models the external sources including the participants’ exposure to the
MOOC and its promoted instructional strategies as well as provided videos and
content appeared to have served to initiate a knowledge transformation process
or trigger the participants’ reflection on their personal domain of knowledge,
beliefs, and attitudes. The following quote by one of the participants is one
of the few examples explaining the ways that some of the discussed concepts
in the MOOC such as the Neo-Piagetian perspective of programming served to
trigger the teacher’s reflection on her personal knowledge domain (the knowledge
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transformation process) and connect and integrate her PCK elements (M2 and
M3) (the knowledge connection and integration process):

I found the discussion about the Neo-Piagetian perspective of programming
very interesting. There are teachers with high knowledge and experience in
Scratch. If they want to teach pupils to program in Scratch, their teaching might
be inappropriate to improve the thinking of a pupil who needs to learn some-
thing totally new [M2] ... I think recognizing the difference between teachers’
and pupils’ cognitive level [M2] is very important to teach programming and this
difference asks for a step by step instructional approach [MS3].

As suggested by the results, the observed changes in the participants’ knowl-
edge of instructional strategy seem to be influential in the changes happened to
teachers’ knowledge about assessment (M4 elements). This observation suggests
a knowledge connection and integration process between M2 and M3 elements
of teachers’ PCK.

Although the presented analysis is based on the collective demonstration of
the participants’ PCK in the pre- and post-test phases, the outcomes can be
traced back to the individual level. Table2 in appendix A presents the devel-
opments in the demonstrated instructional knowledge of the participants. The
developments of the instructional knowledge explained earlier can be seen at the
individual level for several participants including teachers 2, 4, 14, 16.

Informed by the above findings and discussions, we formulated the following
design principles to improve the pedagogical affordances of such MOOCs for
enhancing CS teachers’ PCK.

Explaining Well-Known Students’ Misconceptions Related to a Spe-
cific Topic: The results indicated low developments in the participants’ knowl-
edge about students’ understanding and performance in Scratch. Teachers’
knowledge of students’ understanding of a specific topic forms the core part
of their PCK on that topic. According to [29], teachers’ knowledge of strate-
gies to teach a certain topic is related to their knowledge of how students learn
that topic including their misconceptions [29] (p. 1). Thus, explaining the com-
mon misconceptions students experience in learning a topic and exploring their
reasons and solutions can contribute to enhancing teachers’ PCK on that topic.

Encouraging and Facilitating Social Interactions Around the Content:
As depicted by Fig. 2, the quality of social aspects and interactions between the
attendees in this MOOC was low. PCK is to some extent a collective and sharable
knowledge [30]. Collegial cooperation and exchanging knowledge, experience (e.g.
over students’ misconceptions and difficulties), values and relationships among
teachers is essential for the development of their PCK [30]. As asserted by [9],
stimulated reflection, attending PCK courses, and contact with other teachers
are typically part of effective interventions to promote PCK development in
initial teacher education. CS teachers, in particular, may suffer more from this
undermined social interaction given that they are most often the only people in
their schools teaching CS subjects and may lack formal training in CS content
[12,33].
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Recognizing the Diversity of CS Teachers’ Background and Experi-
ence: Diversity in the knowledge, background, and expertise of attendees is com-
mon in MOOCs [25]. As shown by [22], the teaching experience and computing
background of CS teachers have a significant impact on their need for and use of
online professional development materials including MOOC-based education. It
has been observed that novice CS teachers needed and used online professional
development materials for developing their PCK, while Non-CS teachers needed
and used these materials to gain content knowledge. Addressing this diversity
asks for matching professional development to teachers’ background [22].

Facilitating the Interaction Between the PCK Gained from MOOCs
and Teachers’ Educational Practices: As shown, the participants’ expo-
sure to this MOOC appeared to have served to enhance their knowledge about
instructional and assessment strategies. From the perspective of Clark and
Hollingsworth’s model [5] to promote professional growth of teachers this knowl-
edge should inform their “domain of practice” through professional experimen-
tation. On the other hand, through the lens of Van Driel and Henze’s model
of PCK construction [29], teachers’ experimentation in their“domain of prac-
tice” can connect and strengthen their PCK elements through knowledge inte-
gration and knowledge transformation processes. Along similar lines, Van Driel
[28] emphasized the importance of providing opportunities for teachers to exper-
iment in their own practice as a key factor to develop their knowledge including
their PCK. Explicating the pedagogical premises and strategies underpinning
such MOOCs seems useful to ease transferring the gained PCK by participants
to their domain of practice and facilitate the interaction between building PCK
and experimenting in practice.

6 Conclusions

This paper investigates changes in the PCK of the attendees at a Scratch
MOOC. Some remarkable PCK changes were observed mainly in the atten-
dees’ knowledge about instructional strategies and assessment. These changes
likely stem from the attendees’ exposure to the instructional strategies followed
in this MOOC. Four design principles were formulated to inform the pedagog-
ical design of such MOOCs and improve their effectiveness with respect to the
PCK development of their attendees. The formulated design principles emphasize
explaining well-known students’ misconceptions about MOOC topics, facilitating
social interactions within the MOOC, recognizing and capitalizing the diversity
in background and experience of MOOC attendees, and encouraging attendees
to apply their gained PCK in practice. The method and questionnaires used for
capturing participants’ PCK seem promising for supporting other studies about
the PCK development in MOOCs. We propose a follow-up study to embed the
suggested design principles in a similar MOOC and investigate the changes in
the PCK of its attendees.
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Table 2. The demonstrated instructional knowledge of the participants in the pre- and
posttest phases

Teacher|Pretest Posttest

1 - First giving concrete examples then teaching
abstract concepts

2 First teaching abstract concepts then |First giving concrete examples then teaching

giving concrete examples

abstract concepts education, Differentiated
learning, Completion-based instruction

3 First teaching abstract concepts then |-
giving concrete examples, the
generation strategy
4 First teaching abstract concepts then |First giving concrete examples then teaching
giving concrete examples, the abstract concepts, group working, the
generation strategy completion strategy, unplugged activities,
fun-driven learning
Fun-driven learning, First teaching Group working
abstract concepts then giving concrete
examples
Group working -
- First giving concrete examples then teaching
abstract concepts, the completion strategy
9 Conducting short assignments First giving concrete examples then teaching
abstract concepts, the completion strategy,
fun-driven learning
10 Differentiated learning, First teaching |-
abstract concepts then giving concrete
examples
11 Accomplishing focused assignments First teaching abstract concepts then giving
concrete examples, Fun-driven learning
12 Fun-driven learning, group working, |-
the generation strategy, contextualized
learning, video-based teaching
13 the generation strategy, first teaching |-
abstract concepts then giving concrete
examples, fun-driven learning
14 The generation strategy, first teaching |First giving concrete examples then teaching
abstract concepts then giving concrete |abstract concepts, the completion strategy
examples
15 The completion strategy Group working
16 First teaching abstract concepts then |Fun-driven learning, differentiated learning,

giving concrete examples

group working
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