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> Context - The main context of this study is the shift of programming education from professional development to
general education. > Problem - The article deals with methods, environments and approaches to teaching program-
mingto everyone. >Method - Conceiving programming education as concept building by creating pupils’mental mod-
els in selected didactical environments that are constructed to allow pupils to focus on the given problem and, at the
same time, to have the structure of a set of similar short tasks of increasing difficulty with the same underlying concept.
Design-based research on the evaluation of curricular materials created according to this method. > Results - Specified
principles of creation of appropriate materials for teaching programming, intervention conducted with these materi-
als and experience from a pilot research study of teaching that contains signals of how difficult it would be to change
teachers’ minds to make them willing to accept and implement this approach in their teaching. > Implications - The
article focuses on applying the theory from mathematics education to a different field. The results could be beneficial
for programming curricula education creators; a qualitatively new generation of textbooks on programming educa-
tion for pupils from an early age could be created using this approach. Future research could focus on teachers’ beliefs
and the changes to these beliefs when teaching programming in this way. > Constructivist content - The theory used
has its origin in mathematical constructivism and is based on the work of Papert and Hejny. It could bring experience
in applying a proven theory originally used in another discipline. > Key words - Computer science, programming edu-
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Introduction

«1» If informatics is, in accordance
with Walter Gander (2014: 7), regarded as
a part of general education, computational
thinking as the new literacy of the 21st cen-
tury (Wing 2011) becomes a substantial
new skill. Many education authorities be-
lieve that it can help children develop their
competencies in their early years (Kalas
2010: 9). This is in line with Jerome Brun-
er’s proposition that the foundations of any
subject may be taught to anybody at any
age in some form (Bruner 1960: 12).

«2» If informatics becomes a compo-
nent of the compulsory curriculum, pro-
gramming, perceived as a “playground”
where various components of computa-
tional thinking such as abstraction, algo-
rithmization, decomposition, evaluation,
or generalization (Selby & Woollard 2013)
and other cognitive functions can be devel-
oped, grows in importance. Consequently,
we have to ask what approaches and meth-
ods to use when teaching programming
with respect to the above-stated goals.
When looking for teaching methods, we
also have to keep in mind the decreasing
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cation, junior high school, concept building, Scratch.

age at which the teaching of informatics
starts.

«3» Rather than focusing separately
on educating and training professional IT
specialists, it may be more practical to focus
on how teachers can learn by doing: how
learning and teaching of programming can
develop teachers’ computational thinking as
well as that of the pupils. Many approaches
to teaching programming favor pupils’ ac-
tivity, active learning, learning by doing, and
the construction of knowledge as a result of
active creative work, all this with respect to
the view that knowledge and knowing are
not transmittable. According to Jean Piaget,
knowledge is actively constructed by the
learner in interaction with the world, so as
Edith Ackermann (2010: 2) suggests, it is
worth offering opportunities for children to
engage in hands-on explorations that fuel
the constructive process. This approach is in
line with Piaget’s view that “children inter-
pret what they hear in the light of their own
knowledge and experience,” and Seymour
Papert’s opinion that “knowledge is formed
and transformed within specific contexts,
shaped and expressed through different me-
dia” (Ackermann 2001: 3, 8).

«4» Some might expect that this ap-
proach within the popular Scratch program-
ming environment (Resnick et al. 2009: 60)
can guarantee that a pupil will learn to pro-
gram in an innovative way. There are reasons
to assume that this is not sufficient. A very
important factor in the education process is
the quality of the teachers, their experience
and prior training and education. Also cru-
cial are their willingness and ability to move
from a more traditional model of teaching
(which emphasizes reproducing and imitat-
ing) to an approach that gives pupils more
opportunity for creative activities.

«5» This article presents the theoreti-
cal basis of a concept-building approach
and a framework of curricular materials
(textbook) for teaching programming at
junior-high-school level by teachers who are
not very experienced. In the next part I will
present research set within the specific con-
text of the Czech educational system and its
recent development.! These materials were
designed and tested with the main goal of
preparing teaching materials that meet the

1| http://www.msmt.cz/uploads/DigiStrat-
egie.pdf
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requirements of the newly revised national
computing curriculum (NUV 2018). This
curriculum is expected to come into effect
in 2021 and contains programming as a
compulsory part of educational outcomes at
elementary and high-school levels.

Background

«6» It is a challenge to implement a
constructivist theoretical basis into teach-
ing programming. One possible new way
of doing this is to use the framework “5E”
(Explore, Explain, Envisage, Exchange,
bridgE) used in the ScratchMaths project for
elementary programming education in Eng-
land (Benton et al. 2016: 29). There is also
other introductory programming research
that includes “targeted tasks” (Grover et al.
2015; Hansen et al. 2016; Meerbaum-Salant
etal. 2013).

«7» When looking for ways to con-
ceive teaching materials for programming
at junior-high-school level it is possible to
turn our attention to theories of mathemat-
ics. These theories have been considering
how concepts are built for several decades.
School mathematics has been seeking new
ways of teaching since the 1960s. Accord-
ing to criticism by Morris Kline (1973), the
experience from the so-called “New Math”
made mathematics educators aware that an
understanding of mathematics is not only
achieved through the content of the teach-
ing, but also by the method of teaching (He-
jny 2012: 43).

« 8 » Several theories deal with concept,
which is the key term in the procept theory?
(Gray & Tall 1994: 117) and in scheme-ori-
ented education theory (Hejny, Slezdkova &
Jirotkova 2013: 995). David Tall and Shlomo
Vinner introduced the term “concept im-
age,” which includes all mental pictures and
associated properties and processes (Tall &
Vinner 1981: 152). The APOS theory (Ac-
tion-Process-Object-Schema) explains how
an individual grasps (mathematical) con-
cepts by constructing mental actions, pro-

2| A procept is an amalgam of three com-
ponents: a process, object and symbol. A process
produces a mathematical object and a symbol is
used to represent either process or object.

cesses, and objects and organizing them into
schemas (Dubinsky & Mcdonald 2001: 2).

«9» The theory of generic mental
models (Hejny 1987: 58, 2012: 44) works
with the mechanism of cognitive process
and helps to analyze pupils’ thinking pro-
cesses and detect sources of pupils’ mistakes.
The aim of the approach is to decrease the
emphasis on mechanically accumulating
knowledge without a deeper understand-
ing. According to this theory, the process
of constructing a piece of knowledge starts
from initial motivation, moves to the con-
struction of isolated models and results in
a creation of the so-called “generic models,”
which Milan Hejny calls “building blocks of
learning with understanding” (Hejny 2012:
44). Having been motivated, a person first
observes phenomena in which the new con-
cept is present and creates isolated models
(Hejny 1987: 59) that are tested in new situ-
ations. With enough time and opportunity
to get a sufficient number of isolated models
in different situations, the person is able to
build a generic model that is universal and
should work in all known situations because
“it is an example or representative of all its
isolated models” (Hejny 2012: 45).

«10» A concept is not a data point, a
single piece of information. It is an abstrac-
tion. To grasp a concept, a pupil needs to
create as many isolated mental models of
this concept as possible, so that she gets
experience with specific cases in which the
concept is at play. Isolated models allow pu-
pils to make connections in their minds, i.e.,
they can look for relationships, structure the
information, and construct a generic model
of the intended concept. This implies a pupil
must go through a number of situations in
which the concept appears through various
prisms and from different points of view. In
these situations, the pupil creates a number
of models, including what seem like models
but are partial and/or incomplete, and mod-
els that are surprising (Hejny 2004: 28). The
pupil must come across situations in which
the concept behaves in a strange, specific,
unexpected way in order to see it plastically.

«1» Let me illustrate the importance
of understanding concepts with several ex-
amples. If we want pupils to understand
programming in order to build concepts
correctly, it is not enough that they be able
to develop a program, create an algorithm,

or propose a solution to the problem. They
must be able to look at the problem from a
distance; they need the practical program-
ming skills that they will then apply when
solving the situation. So-called “beaver tasks”
from the Bebras challenge contest (Dagiené
2017: 23) are situational informatics tasks
that simulate everyday life situations and
their informatic dimension. In such tasks,
pupils plunge into a described situation that
they must grasp, they must come to under-
stand the concepts and terms that are used,
find an informatics principle that the task is
based on, and solve the problem using cogni-
tive and thinking skills. Part of these tasks is
algorithmic or programming: tasks that are
hard to solve without an understanding of
the concepts related to programming.

«12» Hejny claims that understand-
ing is more important than skill. A well-
constructed mental model helps one grasp
a concept correctly and find relationships
between this concept and others. An ex-
ample of diametrically different behavior
of various commands in Scratch is the “pen
state” or “sprite® visibility,” which preserves
the given state and is valid until the state is
changed. This is in contrast to the execu-
tive commands of stamp or change costume.
Pupils have problems with understanding
these differences. Another example comes
from programming robots. It may happen
that the “program is standing and the ro-
bot is moving,” e.g., having carried out the
command that makes the engine work, the
program waits for the fulfillment of the con-
dition at the input from sensors before car-
rying out the command to stop the engine.
Children presume that when the program is
stopping, the robot should not move. These
situations are difficult for pupils if they do
not understand the mechanism of the given
concept well.

«13» We can find some similarities to
the approach of concept-building theory in
the ideas presented by Piaget (1951, 1952) in
terms of accommodation and assimilation.
The cognitive progress through an isolated
to a generic mental model could be seen
as similar to SOLO (structure of observed
learning outcome) Taxonomy, in moving

3| Sprites are pictures on a Scratch computer
program screen, objects to be programmed using
scripts (instructions) that control them.
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Figure 1« Comparison of an étude and a project from the point of view of the relationship between the concept taught and the task used.

from unistructural to an extended abstract
with particular focus on the relational phase
(Biggs & Collis 1982).

Building concepts in études and

projects

«14 » Observations of in-service teach-
ers (who have a lot of teaching experience,
but no training in informatics) as well as
pre-service teachers (who have an informat-
ics background but no teaching experience)
are a rich source of information for how such
teachers approach their teaching. I com-
pared approaches to teaching programming
used in Czech and other textbooks, and also
methodological manuals for the teaching of
programming available on the internet. Pre-
dominant in these textbooks and manuals
are two basic types of programming tasks.

«15» One uses a series of several-min-
ute-long programming “études,”* always tar-
geting the acquisition of one specific skill or
focused on one specific item of knowledge
or concept. Pupils can easily check their re-
sults and it is easy to organize such lessons,
especially for less experienced teachers. But
motivation in these activities is weaker than
in larger projects.

«16 » Teaching through larger pro-
gramming units — the so-called “projects”
(as in The LEAD Project 2014), e.g., creating
games or stories — often takes the form of a
sequence of activities organized as a tutorial
or a problem task. It is hard to combine the

4| http://www.ucl.ac.uk/ioe/research/proj-
ects/scratchmaths/curriculum-materials
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goal of teaching a specific concept, proce-
dure or method with open-ended activities.
These activities cannot target the develop-
ment of one concept. Programming projects
can result in the creation of long multiline
codes in which it is harder for the pupil to
orient and for the teacher to find the pupil’s
mistake.

«17» In the two ways of selecting types
of problems, two different approaches to
teaching goals can be observed (see Fig-
ure 1): in the case of shorter programming
études, the approach is intensive, focused on
competencies in the area of concepts, while
the other is holistic, more open, emphasiz-
ing creativity and focusing on the product
(Vanicek 2015: 85).

«18 » From this point of view, I ana-
lyzed learning materials created by the
Scratch development team as parts of offi-
cial Scratch distribution: Tips in Scratch 2.0°
and Ideas in Scratch 3.0.°According to this
classification, we can say that these materi-
als are projects. The structure and approach
are carried out in tutorials that lead the in-
dividual learner step by step. These tutorials
tell them exactly what they have to do for
the next step in order to finally create some
kind of story, tool or game. Each of the pre-
sented activities requires them to use doz-
ens of different skills at the same time, and
a lot of different knowledge (which is very
hard to attain for beginners). This gives the
final effect of a finished project, and for the

5| https://scratch.mit.edu/download/scratch2
6| https://scratch.mit.edu/ideas

authors of these materials, the introduction
of the features of the environment is more
important than pupils’ understanding of the
programming concepts used in the project.

Didactical environments for

programming

«19» One of the disadvantages of
block-oriented programming environments
is that users can see all (or most of) the
blocks of the language. However, pupils can-
not master all of these commands, especially
if they are to understand them in depth.
Then it becomes difficult to give pupils a
problem because if they do not immediately
know how to solve the task they may, in-
stead of thinking, waste time by looking for
an appropriate tool or command to solve the
problem. A tutorial is not a solution because
following fully-specified procedures does
not help a pupil learn to generalize.

«20 » Particularly in introductory ac-
tivities for teaching programming, I find it
most efficient to create didactical environ-
ments. A substantial mathematics environ-
ment (Wittmann 2001: 2) is a set of linked
situations that provide problems that allow
a pupil to discover important ideas. Hejny
added three more conditions to this con-
cept: the motivating power, long-term com-
mitment, and flexibility in the level of dif-
ficulty. (Hejny, Slezékova & Jirotkova 2013:
998).

«21» Mathematics educators use ways
of creating learning environments based on
one task. Bernd Wollring mentions that task
is a subset of task format, and task format
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is a subset of learning environment.” In his
scheme-oriented approach to mathematics
education, Hejny uses learning environ-
ments that are close to children’s everyday
experience e.g., Spider web, Snakes, Step-
ping, Seat in the bus (Hejny, Slezdkovd &
Jirotkova 2013), Father Woodman, Stair-
cases, (Hejny 2012) to create learning envi-
ronments; these are microworlds in which
it is possible to grasp the rules quickly and
to solve a given set of similar or progressive
tasks. Similar environments have been used
in programming education for years (e.g.,
turtle graphics, Karel the robot). Scratch en-
ables one to create didactically strong learn-
ing environments viable as Scratch proj-
ects that a pupil opens and works in. Such
environments, in which sprites and their
costumes are prepared and positioned, the
backdrop of a stage is set, and blocks nec-
essary for solving the task are earmarked,
serve as task settings in which pupils can
concentrate their focus on “putting blocks
together” This saves time and could help
pupils to avoid errors that are not related to
programming, but a lack of understanding
of the environment of Scratch (e.g., when a
sprite moves in one direction when it looks
like it is directed to another, or which part
of a sprite body draws a line when using a
pen tool).

«22» To paraphrase Hejny’s charac-
teristics of effective mathematics teaching
(Hejny 2012: 44), effective teaching of pro-
gramming is characterized by three cogni-
tive goals:

= pupils understand programming, their
knowledge is not mechanical;

= pupils are intrinsically motivated to
work, they are not frustrated by pro-
gramming;

= pupils develop intellectually, which pri-
marily means the development of the
ability to: 1. communicate both orally
and in writing, 2. cooperate in a group
or even lead a group to solve problems,

3. analyze a problem situation, 4. effec-

tively solve problems, 5. correct one’s

own mistakes.

7| “Zur Kennzeichnung von Lernumgebun-
gen fiir den Mathematikunterricht in der Grund-
schule,” University of Bayreuth, 2007. http://www.
sinus-transfer.de/fileadmin/Materialien]PN/Ler-
numgebungen_Wo_f_Erkner_070621.pdf

Research questions

«23» The approach to mathematics
teaching that is oriented towards pupil ac-
tivity by the stimulation of the creation of
mental models of mathematics concepts has
led us to the question of whether we can use
this approach and apply it to programming
education from an early age. More specific
questions arise:

= Is it possible to create a curriculum for
programming teaching that is primarily
oriented towards concepts building?

= How can we implement didactical envi-
ronments so that they take into account
the requirements of the method and
character of programming software?

= Which types of activities support this
approach?

= Which problems arise through the im-
plementation of this approach by expe-
rienced teachers and novice teachers in
programming teaching?

= Which part of the implementation of
this approach creates more obstacles for
teachers?

Aims and contribution

«24 » The question is how to put into
action practical curricula of programming
based on a methodology taken from the
didactics of mathematics. Although these
school subjects are close to each other, the
character of teaching them is different. I
decided to implement the main change of
using études and also creating didactical
environments. As basic building blocks of
curricula, études allow us to take advantage
of the programming language Scratch, so
that they meet Papert’s requirement called
“low floor” (get started easily). Didactical
environments, with their variety of carefully
prepared activities, could take advantage
of Scratch software in another way: “wide
walls, which support many different types of
projects so that people with many different
interests and learning styles can become en-
gaged” (Resnick 2009: 63, 2017).

«25» In this part, I define the prop-
erties of a curriculum based on building
concepts and illustrate them in several par-
ticular tasks in a didactical environment.
I describe building a curriculum of learn-

ing programming with the aim of making
universal mental models of programming
concepts carefully ordered according to
their complexity. I also describe several
types of children’s activities used in this ap-
proach.

Properties of curriculum based
on huilding concepts
«26» The theoretical background de-
scribed above allows us to state principles
for creating a concept-building program-
ming education curriculum.
= It is made up of a lot of very short ac-
tivities that are related to the same con-
cept. The aim is for pupils to get an idea
of the behavior of the given concept in
various situations. These short activities
help the teacher; unlike in broader ac-
tivities in which a teacher can get lost,
the teacher is able to find a pupil’s mis-
take in a script, and there is less chance
that the pupil will program a situation in
which the teacher is not able to test, fails
to correct, or cannot guide the pupil to
discovery.
= Several didactical environments must
be used for teaching one concept. These
environments must be based on differ-
ent activities of sprites, e.g., drawing
lines, stamping shapes, moving on the
stage and changing costumes. In these
environments, the intended concept is
shown in various situations, allowing
the pupil to use abstraction in order to
avoid incidental or irrelevant proper-
ties and attach properties to the concept
that are substantial and independent of
a particular environment. The pieces of
knowledge gained by the pupil do not
remain isolated.
= Mistakes are not unwelcome; on the con-
trary they are one of the main sources of
knowledge. A pupil must be presented
with various possible mistakes that can
be the result of misunderstanding and
that can help the pupil grasp the concept
more deeply. Pupils find it motivating
if such activities are worded as if some-
body has made a mistake in their pro-
gram and is facing a situation in which
they desperately need help. The pupil’s
task is to figure out what situations ex-
pose the mistake, what it is caused by, if
it generally is a mistake (some solutions

http://constructivist.info/14/3/360.vanicek
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Let’s practice a block

Figure 2 « Set of études of an increasing complexity of the used structure of blocks
(original material is in Czech language).

LCJ Rocket Track

1. The rocket moves towards
the mouse pointer and
when [T] is pressed,
it stamps a picture of itself.
Create the script.

2. Tom created this script:
When launched, the rocket

Can you find the reason why?

did not ever stamp a picture of itself.

; ) 7
g 4
F -~
“‘/ -
P

Figure 3 ¢ Discussion leading to finding a mistake in the program.

may be erroneous only from certain
points of view) and whether the mis-
take is covert (e.g., the solution is not
general enough or the mistake appears
only after a change of input parameters
or when run again).
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= Activities should aim at various pro-

gramming competencies. Pupils are
asked not only to create and run a script
but also to read it, interpret it, predict
the output, test its correctness, set the
situation in a way that would make the

mistake manifest, or adapt a working
script to solve a similar problem. In this
way the pupil’s pieces of knowledge do
not remain isolated.

The curriculum should be built on con-
cepts in order of increasing difficulty.
According to my long-term experience
and after studying other textbooks, I
set the order command (block), pro-
gram (script), sequence (arrangement
of blocks), repetition, procedure (new
block), event, object (sprite), message,
condition, decision-making, arrange-
ment and embedding of structures, pa-
rameter, variable (the words in brack-
ets adhere to the terminology used in
Scratch).

When creating a script, either individual
work or group work alone is not enough.
Activities should be varied with respect
to the form of pupils’ work. Pupils also
need to experiment with various blocks,
changes of order or different arrange-
ment of blocks, and different inputs.
Some other good activities are individu-
al creation, discussion with justification
and reasoning, commenting on other
people’s work, or unplugged activity in
which the pupil in the role of a sprite
acts out the demands of the script.

The curriculum should be graded from
basic to more difficult tasks (and to
challenging ones for more advanced or
faster pupils). The curriculum should
have a spiral structure. The mastered
concepts re-appear in tasks in later
chapters, this time in new relationships
to other concepts and in new environ-
ments. Therefore, pupils learn by revis-
iting.

Each activity, however short, must have
some effect, and must provide a new
experience to the learner. The pupil be-
comes used to receiving feedback from
the computer and not from the teacher.
She anticipates the reaction of the com-
puter. The curriculum respects that the
goal of programming from the pupil’s
point of view is to create something that
works with “one click,” whether this be a
story, game, drawing or piece of music.
Pupils’ interest and success results in the
teachers’ revision of beliefs and a new-
found willingness to invest in changes in
their teaching style.
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lllustrations

«27» Let me illustrate the previously
defined principles in several particular tasks
in a didactical environment that was used
when creating curricular materials for basic
programming for 12-year-old pupils.

«28» The didactical
“Train” uses Logo-like turtle graphics; each
block draws one carriage. Figure 2 shows a
set of études for beginners to help them un-
derstand how to insert blocks into a loop.
Solutions require an increasingly complex
structure of blocks in a loop. Tasks con-
structed in this manner give pupils more
points of view of the given concept and
provide experience allowing them to build
a generic model of the concept of repeti-
tion.

«29 » Figure 3 shows a task in which
pupils are asked to find a mistake in the
script. Pupils know that the pen down com-
mand sets the sprite’s state to draw a trace
until it receives the command pen up. For
pupils who imagine that the stamp com-
mand behaves in the same way (makes the
sprite continue stamping through subse-
quent moves), the sprite behaves contrary
to their expectations. Pupils are expected to
reason and test hypotheses. If more tasks of
this type (different kinds of mistakes with
different sources) are used, pupils are guided
to a deeper understanding of the given con-
cept.

«30 » Figure 4 shows the didactical en-
vironment “Coordinates,” the goal of which
is to help pupils understand conditions,
conditional clauses and coordinates. A ran-
domly jumping sprite makes points on the
stage. Their color depends on whether the
given condition is fulfilled. The task objec-
tive is to create a condition in which the
stage will be colored correctly when using
the condition in the script. In the bottom
part, conditions of a growing complexity are
presented (showing the result for the first
and the last conditions). By experimenting
through changing conditions in the script, a
pupil may get to understand coordinates in
more depth.

«31» Figure 5 shows the didactical en-
vironment “Words and Letters,” in which
pupils have to create words by “stamping”
letters. Letters are “stamped” when the
sprite switches its shape into a picture of
the required letter, stamps itself to the back-

environment
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Figure 4 « Experiment with conditions and coordinates.
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define print

move @ steps

switch costume to
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, stamp

Figure 5 ¢ Procedures with a text parameter.

ground and then moves to the right. In this
advanced task, pupils create a procedure
(called print) with a text parameter. This is a
step forward compared to the previous level,
where parameters were not used and it was
necessary to create a specific procedure for
each printed letter.

«32 » Figure 6 shows the activity “Dice
game,” with random numbers, decision-

making and variables for remembering
values. Two sprites show a random number
and the third sprite in the center decides
on the winner. If used repeatedly, wins can
be counted and the activity can grow into a
simple statistical experiment using the com-
puter as a tool for automatic enumeration
(figure on the right).
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Figure 6 « Dice game.

@ Brennan, Hawson & Chung
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Figure 7 » Order of concepts used in online textbooks for programming in Scratch (see Appendix). Missing concept of procedures

in these curricula could be explained by the absence of this tool in the previous version of Scratch 1.4.

Building a curriculum of learning

programming using concepts

«33» When creating curricular docu-
ments for younger classes at high schools
based on programming in Scratch, several
textbooks and online materials for teaching
programming using Scratch were analyzed
first (Krejsa 2012: 28). Jan Krejsa and I (as
his supervisor) looked for the programming
concepts used and the order in which they
are taught. The results are shown in Figure 7.
Concepts included in national curricular
documents for the given age group (NUV
2018: 12) were also taken into consideration.

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

We follow the line from easy-to-understand
concepts to more complex ones. Finally, the
chosen order of concepts was most simi-
lar to Karen Brennan’s materials;® we only
added procedures and parameters and did
not set out a special chapter for concept of
object.

«34 » The constructed curriculum is di-
vided into chapters, each of them related to
one of the following concepts:

8| http://scratched.gse.harvard.edu/resourc-
es/scratch-curriculum-guide

AN U1 W

O oo

. Script (program as a sequence

of commands)

. Cycle (loop with known number

of reps)

. Procedures (subroutines)

. Conditions (while loop)

. Events (parallel threads)

. Objects and communication (sending

messages, broadcasting)

. Branching (if-then command)
. Coordinates

. Procedures with parameters

. Variables
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«35» My own experience and the study
of curricular materials for programming
led me to arrange the concepts in order of
increasing difficulty and complexity, while
making sure that the subsequent concept
was not too distant from the prerequisite
knowledge. That was why, for example,
procedures presented in the form of named
sequences of commands were included at
a relatively early stage. This allowed us’ to
avoid long confusing scripts that pupils
would have difficulties reading. Also, we
wanted to make sure that pupils would have
enough opportunities to become familiar
with procedures by using this concept many
times before proceeding to parameters,
which is a significant abstract shift.

«36 » Similarly, the concept of condi-
tion is introduced separately to the concept
of branching a program. Branching as a
concept is only introduced after pupils have
mastered the concept of condition they first
came across in a while loop. This situation
is more favorable for the introduction of
the concept of repetition with a condition,
because pupils have already grasped the
concept of repetition. If we introduced con-
ditions using the command if-then, the situ-
ation would be more complicated for pupils
because they would have to grasp another
concept of branching at the same time as
the concept of condition. Both of these con-
cepts are difficult to understand; with their
simultaneous introduction there would be a
risk that pupils of the particular age group
would fail.

«37» Bach of the concepts is intro-
duced with one basic idea that it should
evoke in the pupil. This idea allows the pupil
to set it into an everyday context, into their
concept map, e.g.:

= script as a set of commands carried out
by one click;

conditions (inside while loop) such as
testing when some activity ends;

events such as testing when some activ-
ity begins;

9| By using the plural pronoun I wish to
emphasize that while the conception, main edu-
cational ideas and most of the content is my work,
my colleagues Ingrid Nagyova and Monika Tomc-
sanyiova collaborated with me creating the educa-
tional material and carrying out the pilot study.

= communication as a way of addressing
commands to various addressees;

= parameters as a way of creating a solu-
tion for various tasks without modifying
the program;

= variables as a way that the computer re-
members something.

«38» The idea of the introduced con-
cept should be individually built by each
pupil. They should discover it in activities,
the goals of which are controlled exploration
of the given concept, individual creation and
discussion.

«39» Pilot testing showed that it was
difficult for pupils to build a generic model
within the frame of the chapter that intro-
duces the concept. Apart from duration
(pupils need enough time to get some ex-
perience with the behavior of the concept
in various situations), the main reason was
that in order to show a particular concept
in a specific, more complex situation, pupils
first had to be introduced to a concept that
was presented later in the curriculum. This
meant that even in later chapters it was nec-
essary to go back to some previous concepts
and use tasks that were primarily targeting
some of the concepts introduced earlier,
rather than the main concepts of the par-
ticular chapter.

How to make a universal model

« 40 » In this subsection, I want to dem-
onstrate how the curriculum was construct-
ed and I use the concept of repetition as an
example. The building of a generic model re-
quires solutions to tasks that show how the
concept behaves in isolated situations on a
number of isolated models. If a pupil is not
able to solve a task based on the behavior of
a given concept in a new, dissimilar situa-
tion, they have not built the generic model
yet. When a generic model is created, the
pupil is able to predict the behavior of the
concept in a new situation. The strength of
the new concept can be tested in more ex-
treme or complex situations that can change
the pupil’s mental model if it is not yet suf-
ficiently strong.

«41» We tried to follow the following
procedure of presenting tasks related to a
given concept to the learner. However, it was
not always possible to reach the final two
stages of this procedure:

= introducing the pupils to the concept in
a situation when the concept is isolated;

= setting the concept into a new, related
situation;

= behavior of the context in several situa-
tions in which it behaves similarly;

= behavior of the concept in absolutely
different but simple situations;

= setting the concept into a complex situ-
ation;

= analysis of the given situation with the
aim of differentiating the concept from
other known, similar concepts;

= thinking about the concept without a
specific situation with the aim of ab-
stracting its properties.

« 42 » Ifthis approach is used, the teach-
er can regulate pupils’ learning by choosing
suitable activities. If the teacher has a set of
activities of increasing difficulty focusing on
a given concept available, then if a pupil fails
to understand, the teacher may use several
variants of the same problem that reinforce
the pupil's understanding of the concept
before moving on to a more complex task.
Thus, the sequence of activities building a
generic model is maintained.

« 43 » To finish building a generic mod-
el, more complex situations are required. Af-
ter pupils achieve some level of understand-
ing of the concept (and begin to be more
independent), it is possible to replace single
études with something like projects, “such
as” sets of follow-up études that lead to one
target, e.g., the creation of a story, animation
or simple game.

« 44 » When creating individual activi-
ties targeted at building a generic model, we
always constructed a detailed set of skills
that the sequence of activities gradually de-
veloped. This allowed us to construct the
subsequent steps of selection and arrange-
ment of activities. Let me illustrate this with
the concept of repetition:

= First, the presentation of a situation in
which repetition occurs and where the
use of the Repeat command is appropri-
ate;

= introduction of the Repeat command
(technique of its creation);

= creation of scripts with repetition of one
command (the pupil determines the
number of repetitions);

= adding other commands into the script
(the pupil decides which commands are
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/| Let's shorten scripts

freight carriage

Shorten these scripts. Write them on paper.
Then check them on a computer.

Figure 8 « Optimization of a code as a task that develops thinking about a concept without
a specific situation.

Figure g « Discussion activity in the didactical environment “Digital Letters”:
Which of these scripts can paint the letter U on the stage?

before, after or inside the loop - see Fig-
ure 2, tasks a, d);

= repetition of more commands in a loop
(the pupil creates the right order of Re-
peat commands - see Figure 2, tasks b, e);

= using scenarios with several subsequent
loops (see Figure 2, task c);

= reading of a script with repetition (the
pupil says what the script carries out);

= another didactical environment, some
other activity is carried out (stamping
pictures, changing costumes, drawing
shapes from lines) with a similar use of
the Repeat command in the script;

= problem task with experimenting, a
more complex task (the pupil recognizes
what may be repeated);

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

= suggesting solutions without testing
them on the computer;

= modifying a script to solve a related
task;

= correcting a wrong script to make it
correspond to the described situation;

= script-writing optimization (the pupil
shortens the script of the same activity

- see Figure 8);

= distinguishing between commands that
must be executed only once (e.g., pen
down) and commands that must be re-
peated (move forward).

«45» If possible, the first activities
introducing a given concept were set in
didactical environments that were already
familiar to the pupils. For example, chap-

ter 3 — Procedures uses the environment
“Train” from the introduction chapter on
how to create a script. The same environ-
ment is also used in the penultimate chap-
ter 9 — Procedures and parameters. Thus,
pupils did not have to get to know a new
environment and could focus fully on the
newly introduced concept.

« 46 » Having solved a set of tasks up to
a certain level of difficulty, the didactical en-
vironment changed. The sprites in Scratch
carried out a different activity and the level
of difficulty of the tasks decreased again.
The intention was to show the general na-
ture of the use of the given concept and also
to allow weaker pupils to think about tasks
at a level that was more acceptable for them.
For example, in the chapter on Objects and
Communication (broadcasting messages),
tasks of the same difficulty are progressively
set in environments in which sprites change
costumes while dancing or making magic,
or move or “talk” to one another. Each of
the environments allowed for a creation of
problems that showed the concept in a more
complex situation, from a different point of
view or in another activity.

«47» While preparing the curricula, I
identified several types of pupils’ activities.
These were then reduced to the following
four major types of pupils’ activities and
then used in methodological materials for
teachers:

Discovery — collective activity. Pupils first
try something on the computer, experi-
ment, observe, inquire, and then, guided
by the teacher report, talk to the others.
An example of this type of activity in
the didactical environment “Train” (Fig-
ure 2) could be: Try to add a block [pen
up] to a script drawing a train. Say what
you see after the script is executed. Run
this script once more — what has hap-
pened? Explain.

Individual work - the pupils’ task is to create
some script; they work in pairs or indi-
vidually at their own pace. Often, they
work on a set of tasks that may follow on
from one another. These activities may
contain creative tasks or short projects.
The teacher’s role is to visit pupils or
groups individually, to monitor, check,
consult, encourage, advise, and assign
the next task.
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Discussion - collective activity, pupils think
over a given situation or problem and
try to interpret it. In some tasks they
may look for a mistake in the script.
The teacher plays the role of moderator,
not the decisive authority. The goal is,
among others, the development of pu-
pils’ ability to present arguments (Fig-
ure 9).

Reading the program - individual activity.
Pupils read the script and without using
a computer they say, draw or write what
the script will carry out. If pupils do not
reach a consensus when checking it to-
gether, the script can be re-written into
a computer, which then becomes the
decisive authority.

« 48 » These four major pupil activities
are not related one-to-one to the stages of
development pupils’ responses to open-
ended questions as in SOLO Taxonomy
(Biggs & Collis 1982). In each type of ac-
tivity, we can find activities related to more
stages of SOLO, which, for example, require
following, describing, comparing, explain-
ing and analyzing. The types of activities
used were related more to the knowledge
and skills required by the curricula materi-
als (NUV 2018), e.g., to create a program to
solve a problem, to read the code and ex-
plain what will happen, to find and correct
a mistake in a program, to change the code
so that it will solve a similar problem. For
example, the Discussion activity is quite ap-
propriate for fulfilling the response of read-
ing and explaining the code, and in this type
of activity you can find tasks requiring skills
from both lower and higher stages of SOLO
or Bloom’s taxonomy.

Pilot evaluation study

«49» When creating materials based
on the approach and principles described
above, we came across questions of rel-
evancy, consistency, practicality and effec-
tiveness (Nieveen & Folmer 2013). One of
the questions was whether teachers would
be willing and able to accept this method,
another was whether it would help pupils
to achieve the goals. Where are the weak-
nesses? Where are the activities that devi-
ate from the direction of building the given
concept? Where is there an insufficient

number of activities for practice or to sup-
port understanding? In this pilot study, we
decided to use a heuristic approach.

« 50 » Piloting was conducted through
design research that looked to develop an
evidence-based curriculum intervention
with three stages of piloting at schools. All
the piloting was conducted within regular
lessons. The method of participant non-
structured observation according to Roman
Svatitek and Kléra Sedové (2007) was used.
Each stage was followed by the rework-
ing or adjustment of educational materials
based on analysis of the piloting. The frame
(prepared in advance) was enriched by ac-
tivities for 30 hours of teaching. A manual
for teachers was also developed, in which
the goal, main concept and methodological
recommendations of each activity were de-
scribed. Tips on how to conduct the lesson,
correct solutions and troubleshooting were
also included.

«51» The assumption was that teachers
would not be familiar with the constructiv-
ist approach to education. Thus, the manual
for teachers focused on how to give the
lesson. Instructive teaching was not rec-
ommended, teachers were dissuaded from
demonstrating to their pupils how to work
in the environment or how to drag blocks.
The materials emphasized the importance
of supporting pupils in looking for solu-
tions on their own, relying on their own
activity, exploration and manipulation. We
thought that inexperienced teachers needed
the greatest support, so each activity was
supplemented by an overview of possible
mistakes and procedures for how to react
to these mistakes quickly. For example, the
disappearance of the sprite from the stage
might be caused by several mistakes (hid-
ing the sprite using a command, covering
the sprite with another one, or because
the sprite “runs away from the stage”). For
an inexperienced teacher it is difficult to
consider all of the possible causes quickly
enough to deal with the situation.

«52» In the first stage, the new mate-
rials were piloted in lessons taught by ex-
perienced teachers in three ordinary class-
rooms. Each group consisted of 13 pupils
aged 12-13, on average. One of the authors
was present in each of the lessons and each
lesson was followed by a period of analysis
with the teacher. This way of creating and

piloting enabled us to respond to pedagogi-
cal situations and problems that arose in the
lessons and to modify the development of
the subsequent chapters. It also allowed us
to choose a more appropriate model of giv-
ing feedback in the next phase, in which we
described hard situations in the classroom
from the educational point of view, like “it
works incorrectly and nobody knows why,’
and pupils’ most frequent mistakes. At the
end of this piloting, some activities were
added and some were left out or reorga-
nized. The manual for teachers was modi-
fied to ensure it was useful for teachers with
no prior experience.

«53» Seven ordinary classrooms from
seven different schools with pupils of the
same age, both girls and boys, entered
the second stage of piloting. The teachers
involved in this stage of piloting had no
knowledge of programming and no prior
experience of teaching it. This lack of ex-
perience was partially compensated for by
these teachers’ not having developed any
habits through teaching programming with
traditional methods and thus being able to
follow this innovative approach more natu-
rally and easily. The teachers did not attend
any training. This was because we wanted
to verify that the developed curriculum was
comprehensible for teachers in everyday
school practice (where teachers are unlikely
to get any special training and will have to
rely on the activities and manuals only). We
wanted to see if the materials could be used
for teaching and what limitations were con-
nected with them. There was one webinar
giving instructions on how to orient oneself
in the materials, how to use the teachers’
manual and how to organize lessons.

«54» The teachers wrote about their
experience after each lesson in the form of
a blog: to what extent they had managed
to follow the methodological instruction,
what their pupils coped with, what the ob-
stacles were, and what recommendations
they would give. They could add a file with
pupils’ work or mistakes in order to better
describe the situation. Some of the teach-
ers occasionally used this tool to pres-
ent some of the pupils’ excellent work of
which they were proud. The teachers were
supervised by methodologists from five
participating faculties of education, who
visited them now and then and could help
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Figure 10 < A creative 12-year-old pupil’s work; programming of his own train carriages
as new procedures. Photographed by a teacher.

them. They also had the chance to contact
the authors by email when some obstacles
occurred, and authors responded to the
reports if necessary. The analysis of teach-
ers’ logs was made in the team of authors
by way of a collective case-study approach.
The aim was primarily to find areas in the
curricula that could be improved, typically
when more respondents demonstrated too
large a knowledge gap between consecutive
tasks — thus revealing a lack of appropriate
tasks for creating enough isolated models.
This stage was concluded by further modifi-
cation of the materials and the creation of a
second version.

«55» The third stage of piloting, much
like the second stage (with new inexperi-
enced teachers, some of whom will take
part in the newly created course of in-ser-
vice teacher training), will be conducted
this year. The curricular materials are ex-
pected to be finalized based on experience
from the third piloting (Figure 10).

Findings and discussion

«56 » I am aware of the limitations of
the chosen research method; the observa-
tions of teachers offered authentic but sub-
jective findings and were triangulated by
authors’ observations. However, I can pres-

CONSTRUCTIVIST FOUNDATIONS VOL. 14, N°3

ent some of the findings from the piloting
(which included both experienced teach-
ers and teachers who lacked education in
informatics and had no prior experience in
teaching programming). I will discuss them
shortly. So far, the piloting has shown that:
= Pupils needed more than 10 lessons, i.e.,
more than two months, to get to under-
stand the way of working in a program-
ming environment well enough to be
able to work systematically and to look
for their mistakes using an intentional
procedure. Until then they were able
to carry out individual tasks but often
departed from the already mastered
procedures of creating a script. This
took the form of, for example, deleting
all badly done script and starting again
from the very beginning, or by random
exchanging of individual blocks in the
script by the trial-and-error method
(without any system that would aim to
make the script functional). Even if pu-
pils mastered a more sophisticated uni-
versal procedure of correcting the code,
they often dropped it as if they did not
believe in it or had forgotten it.
= The development of general skills such
as creating a script or reading and cor-
recting it was not linear, but happened
in waves. Sometimes, having met a new
didactical environment, pupils returned

to lower levels of understanding. It can
be said that the creation of a generic
model of how to edit script took longer
than, for example, grasping the concept
of repetition.

Topics where mathematics and particu-
larly geometrical knowledge was used
or required (non-right-angle rotation,
counting to a whole or straight angle,
coordinates) were perceived by pupils
as very difficult.

Even experienced teachers found it dif-
ficult to adapt to a style of teaching in
which they were not expected to talk
too much to their pupils but let them
work independently.

Teachers needed several lessons, often
for more than a month, to find a way
of organizing their teaching and of ap-
plying the methodological recommen-
dations for pupils’ active involvement.
Meanwhile, some of them perceived
their lessons as disorganized. After
managing the teaching style and get-
ting familiar with the approach, they
showed more self-efficacy and focused
more on the pupils, their progress, dif-
ficulties and mistakes.

Teachers found it difficult to discover
the sources of mistakes in their pupils’
scripts. They had no experience with
this and thus did not feel confident
enough.

Some teachers skipped those tasks that
they found too similar to previous tasks
because they did not see that these
tasks allowed the pupils to build other
isolated mental models of the learned
concept.

Teachers tended to evaluate each pu-
pil's answer and state whether it was
right or wrong, instead of allowing the
computer to provide the feedback on
whether the pupil’s idea was correct or
not. Teachers have to learn to say “let’s
try it in Scratch,” which means “create a
script for your idea, launch it and look”
If pupils asked for help when they made
a mistake, teachers immediately showed
them the mistake instead of giving en-
couragement or advice on how to look
for the mistake.

But teachers found pupils’ attitudes to
programming positive, which was mo-
tivating for them as teachers.
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«57» We can distinguish two main
groups of obstacles mentioned by teachers
and observers. On the one hand, obstacles
that arose from the organization of lessons
and using new methods of work with pupils,
and, on the other hand, obstacles caused
by insufficient programming knowledge
and experience of the teachers. Most of the
teachers were affected by the first type of dif-
ficulties, and this was visible even in teach-
ers who had taught programming before
and already had a particular teaching style.
The second type of obstacles, for example
problems with finding mistakes or under-
standing more complex tasks, occurred in
teachers with a low level of programming
knowledge.

«58» I consider the first, pedagogical
type of obstacles, as more difficult to solve
because teachers could have a tendency to
not follow the required approach and to
return to the previous way of teaching. It is
a premise that if these teachers teach once
more and obtain some experience, difficul-
ties of the second, more expert approach,
will recede. They probably would choose the
tasks they understand better and also could
gain some self-confidence.

« 59 » The pilot study could not answer
the question of whether the described ap-
proach to teaching programing is more
effective or whether pupils gain better out-
comes. We could begin to answer those ques-
tions by the mass expansion of the method
and with experienced teachers. There will
always be a problem with finding a control
research group taught traditionally, because
programming, for this age group of pupils,
has not yet been taught on a large scale.
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Conclusion

«60» In the article, the principles of
creating early programming curricula based
on concept building have been presented.
The theory taken from didactics of math-
ematics was applied to programming edu-
cation by reworking the learning aims, us-
ing didactical programming environments,
using sequences of short tasks targeted at
one chosen concept, and using teaching
methods that supported pupils’ activity.
Based on these principles, educational ma-
terials were developed (Vani¢ek, Nagyova
& Tomcsanyiova 2019). Then the research
design of evaluating these materials, which
is conducted in three stages, was described
and findings were presented that are helpful
for the adaptation of these materials to en-
sure that teachers with a lack of experience
and programming skills will be comfortable
using them.

«61» Learning programming as a play-
ing field for the development of computa-
tional thinking can contribute significantly
to the development of each pupil. To achieve
this goal, it is important that pupils do not
simply adopt ready-made knowledge but
learn to argue, discuss and evaluate. Critical
thinking, as a way to work out what is disin-
formation, is an important skill for citizens
of a democratic society to learn. In our geo-
graphical area, in particular, school should
put an emphasis on educating pupils in not
allowing anybody to manipulate them. This
will lead to the fulfillment of the thesis of
the well-known educator Comenius, who
believed education would help to solve the
problems of the whole world.

Appendix

Online textbooks for programming in
Scratch referred to in Figure 7.
= Brennan K., Hawson J. & Chung M.
(2012) Scratch curriculum guide. http://
scratched.gse.harvard.edu/resources/
scratch-curriculum-guide
= Chiang J. (2012) Scratch lessons: Shall
we learn scratch programming for
http://scratched.gse.harvard.
edu/resources/scratch-lessons-shall-we-
learn-scratch-programming-tweens
= Hawk D. (2012) Learn Scratch. https://
mywebspace.wisc.edu/dhawk/scratch/
= Novakova V. (2013) Moznosti vyuziti
jazyka Scratch na ZS [Potentials and
ways how to use Scratch at basic school
education] Bachelor thesis, Faculty of
Education, University of Karlova, Czech
Republic.  https://is.cuni.cz/webapps/
zzp/detail/75553/?lang=en
= Wilson A. (2012) Introduction to Pro-
gramming. http://scratched. media.mit.
edu/resources/introduction-program-
ming

tweens.
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> Abstract - vanicek’s  target article
presents a pilot study of an introductory
course of programming. In my commen-
tary | argue that teachers will be a key
factor of success if the pilot program is
implemented in a top-down way. Other
important issue are the differentiation
between children with different abilities
while they go through the tasks, and the
continuation of learning programming
after the entry-level course.

Familiarization with computational
thinking is the first step in learning
programming
«1» In 2013, the report “Informatics
education: Europe cannot afford to miss
the boat” of the joint Informatics Europe
& ACM Europe Working Group on Infor-
matics Education chaired by Walter Gander
suggested: “Digital literacy should indeed be
a required part of the education of all Eu-
ropeans”” It claimed that digital literacy was
not enough, and that informatics and pro-
gramming should be learned by all children
by the age of 12 at the latest. To satisfy the
formulated recommendations, there are two
possible solutions:
= Bottom-up: In the UK, IT profession-
als and teachers joined together and
founded the organization “Computing
in schools” They organized themselves

into networks, supported and taught

one another, bringing IT education into

schools at all levels.
= Top-down: As reported by Maciej Systo
and Anna Beata Kwiatkowska (2015), in

Poland a new curriculum for teaching

computational thinking and program-

ming was prepared by experts. The min-
istry of education made this curriculum
obligatory in all schools.

«2» Jeanette Wing (2011) argued that
computational thinking should be taught
to all children in the 21st century. An in-
creasingly widespread model for concept-
based learning of computational thinking
is the Bebras model. It is a very successful
model to “wrap up serious scientific prob-
lems of informatics and the basic concepts
into playful tasks, inventive questions thus
attracting students’ attention” (Dagiené &
Stupuriené 2016: 26).

«3» In his target article, Jifi Vanicek de-
scribes a pilot study on how a concept-based
learning model can be used in teaching pro-
gramming to children at the age of 12. It
seems that all participants in the pilot study
have already met computational thinking
basics at Bebras competitions. The described
learning model is planned to be introduced
in schools as part of the compulsory curricu-
lum, in a top-down way, in 2021. The way de-
veloped in the pilot study seems to be a good
initiative to implement the above recom-
mendations for all students at once, through
a well-designed, tried and tested system. The
reason for this is that it relies on a concept-
based learning model and a problem-type-
oriented method, as well as incorporating
basic computer science concepts in a logical
order as it written in §34.

Problem type-oriented method

of teaching programming

«4» According to Péter Szlavi and
Léaszl6 Zsakd (2003), the most effective
method of teaching programming to a wide
variety of students — especially in primary
and secondary education - is the problem-
type-oriented method. “The basic idea of
this method is to explain new programming
terms and methods through expanding the
programming problems” (Bernath & Zsaké
2017: 41). And the “effectiveness of the [...]
method depends largely on the tasks we
choose and the strategies we apply [...]
(ibid).

«5» In Vani¢eKs article a problem-type-
oriented method is used to teach the basic
elements of programming from the task-ori-
ented point of view, on the base of concepts.
The described tasks are built on top of one
another, new terms are introduced in a task
and the new knowledge is used immediately
in the next task(s). The series of tasks take
advantage of applying the new knowledge,
because using something builds and tests a
higher level of understanding.

« 6 » Vanicek follows the construction-
ist approach by involving the teacher as a
mentor in the whole process and by leaving
the children to learn at their own pace and
according to their own understanding.

»

The importance of teachers

«7» Iagree with the author in §4 about
the importance of the experience and train-
ing of the teacher, and their ability and will-
ingness to try a teaching model involving
more creative activities.

« 8 » However, this raises several ques-
tions: Will teachers agree to teach program-
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ming in mathematics classes? How will they
manage to become familiar with their new
role in this teaching method? Will they
cope well with stepping outside their com-
fort zones both didactically and profession-
ally? So, I wonder how future research into
changing teachers™ attitude could find an-
swers to these questions. (Q1)

Scratch! What is next?

«g» There are opposing opinions
about whether text-based or block-based
programming is better to begin with. David
Weintrop and Uri Wilensky (2015) wrote
that block-based programming is easier to
get started with, and it is more engaging
for the learners at first. But Colleen Lewis
reported that she “[...] found that students
that learned Logo had on average higher
confidence in their ability to program”
Lewis (2010: 346).

«10» Over the last few years, I have
researched how to teach children program-
ming. In my PhD thesis (Erddsné 2019), I
describe a system from upper-primary to
the end of secondary school, from teaching
LOGO at first for all, through the problem-
type-oriented way, to becoming proficient.
I found that a long-term engagement in
programming requires entry-level courses
to be followed by further courses. In the
short pilot program described in the target
article, children learn the basic concepts
of programming through interesting tasks
in a concept-based way. While getting this
course included in the curriculum in a top-
down way is a step forward, it would be in-
teresting to see plans for the continuation of
the course for children who want to know
more and who might even want to become
computer scientists.

«11» Given these still unsolved con-
troversies, why was Scratch the chosen
language in the pilot study reported in the
target article, and which languages will be
taught after the entry-level course? (Q2)

Talented students and those making

slower progress

«12» In the pilot study, there were only
small groups. In these groups the children
could and wanted to proceed together, as
they had reasonably similar abilities. In
order to scale up this method - to a whole
educational system with huge differences in
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ability among children in larger groups and
in different schools - it would be crucial to
include tasks for the children outside the
mainstream: specifically, more complicated
tasks for the talented and practice tasks for
those falling behind.

«13» So, it could prove useful to extend
the task repository with new ideas and to
give some tasks outside the main focus for
faster students, to let them spend their time
creatively and usefully while waiting for the
slower ones to understand the concept being
practised. For example, Paula Bonta, Arte-
mis Papert and Brian Silverman (2010) offer
a good idea, which is to have faster students
draw TurtleArt pictures within the Scratch
environment.
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> Abstract - | put the proposed approach
to learning programming against the
place of programming in the curriculum
of computer science, e.g., as introduced
in Poland. Then | comment on some
drawbacks of focusing mainly on pro-
gramming when developing concepts
that belong to much wider areas.

«1» The commentary is heavily based
on my experience in developing compu-
ter science (CS) education in Poland over
the last 30 years. In the new CS curriculum
(Systo & Kwiatkowska 2015), five knowledge
areas in the form of general requirements (as
“Unified aims”), are the same for all school
levels. The content of each aim (called “At-
tainment targets”) is defined adequately ac-
cording to the school level. The benefits of
such a spiral curriculum are presented by
Mary Webb et al. (2017: Section 5). The most
important aims, from a CS-education point
of view are the first two aims and their or-
der in the curricula: (a) Understanding and
analysis of problems based on logical and
abstract thinking, algorithmic thinking, and
information representations, and then (b)
Programming and problem solving by using
computers and other digital devices — design-
ing algorithms and programs, organizing,
searching and sharing information, using
computer applications. Consequently, pro-
gramming is a tool in the process of com-
prehending and developing CS concepts and
computational thinking when solving prob-
lems in various areas and school subjects.
Our team’s motto is: “First think computa-
tionally then program?”

«2» Theapproach to teaching and learn-
ing CS proposed by Jifi Vanicek in his target
article is just the opposite. The concepts listed
in Figure 7 refer to programming and the
curricular materials illustrated in Figures 2-5
are also mainly used to develop the under-
standing of concepts within a programming
environment. However, a programming lan-

guage is only a tool used in the final stage of
the process of solving a problem. Students
may also learn CS concepts in an unplugged
approach or using ready-to-go programming
environments such as The Hour of Code
(http://hourofcode.com and http://code.org).
The main goal of teaching CS is to equip stu-
dents with problem-solving skills, but this is
not restricted to CS only. Therefore, students
start by analysing a given problem situation
that uses meaningful objects, discovering
concepts and heuristic methods for solving
the problem. Then they think computation-
ally about the objects and concepts, they
discover algorithms and come up with a so-
lution. Finally, they may program, test, and
debug the solution in a visual/block- or text-
based programming environment.

«3» Programming is a tool in the proc-
ess of developing concepts and computation-
al thinking when approaching and solving
problems in various areas and school sub-
jects. The purpose of programming is perform-
ing abstraction not writing programs since
every program is an effect of mainly abstract
thinking on a problem situation to be solved.

«4» CS is much more than program-
ming. You are going to propose “practical
curricula of programming” (§24) and write
textbooks for the school subject “program-
ming.” Is this school subject to be independ-
ent in the curriculum or to be a part of the CS
curriculum? (Q1) In my opinion, as justified
in §§1-3 above, the former choice is not the
right direction for teaching programming.

«5» I do not agree with VaniceK’s state-
ment that “[beaver tasks] are hard to solve
without an understanding of the concepts
related to programming” (§11). While the
results have not been published yet, from the
data we have been collecting so far it is clear
that, while most of our Polish participants
in the Bebras contest are not familiar with
programming, some of them get the highest
possible score.

«6» In the sense described above in
§§1-3, learning programming concepts
should be independent of a programming
language and its environment. A program-
ming language should be used mainly for
communication with computers about al-
gorithms using programming constructions
that are similar in various programming
languages. So, regarding the textbooks men-
tioned in $14, in particular Vani¢ek, Nagyo-

va & Tomcsanyiova (2019), I would suggest
an approach that can be described by the la-
bel “Programming and Scratch” rather than
“Programming in Scratch.”

«7» In §19 Vanicek states that one of
the disadvantages of block-oriented pro-
gramming environments like Scratch is that
students can see most of the blocks of the
language while they do not master all of the
commands yet. To remedy this problem, I
can only suggest using the environments of
The Hour of Code and code.org. They con-
tain courses of progressive and spiral learn-
ing that successively add blocks with in-
creasingly advanced commands. These two
environments may play a preliminary role
in learning how to program before going to
environments of programming languages
where students have to build their programs
from scratch. Let me add that these two envi-
ronments are very popular in Poland. Recent
statistics from the organizers of these initia-
tives show that, in this regard, students and
teachers from Polish schools are among the
five top countries in the world.

«8» Tam surprised by §53: “The teach-
ers involved in this stage of piloting had no
knowledge of programming and no prior ex-
perience of teaching it” I cannot even imag-
ine how one can convince a teacher to teach
an unknown subject! From the pedagogical
point of view, learning how to program (for
a teacher) is not the same as learning how to
teach programming to students. Moreover,
programming is a skill that demands prac-
tice, similarly to using any natural language.

« 9 » Finally, although the approach pre-
sented in the target article is based on “char-
acteristics of effective mathematics teaching”
(§22) one has to take into consideration that
the two subjects, mathematics and CS (espe-
cially programming), differ substantially on
several issues. The most important issues are:

= Mathematics as it is taught in schools is

a “theoretical” subject in the sense that

applications do not drive its teaching,

whereas CS in many respects is an ex-
perimental and widely applicable sub-
ject, even in schools;

= Teachers of mathematics are usually
graduates in mathematics from universi-
ties, whereas, apart from a small percent-
age of CS teachers, most come to teach

CS as a second subject with no solid

prior knowledge of CS.
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«10» There are many ways to apply a
constructivist approach to CS education,
especially in teaching how to program.
However, programming is only a tool and
to propose a right place for it is crucial for
the success of CS education. Although it is
based on some constructivist ideas, the pro-
posal of teaching programming presented in
the target article does not appear to be the
right choice.
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> Abstract - Vanicek proposes a devel-
oped curriculum of basic programming
informed by sound constructivist-based
principles. Two questions for reflection
are brought forth, one concerning the ex-
pected constructivist approach to teach-
ing and one about the development of
pupils’ computational perspectives.

«1» AsTam not a scholar of construc-
tivism, I hesitated to agree to writing an
open peer commentary on Jifi Vanic¢ek’s tar-
get article. But as I read through the article,
I came across the following excerpt: “The
question is how to put into action practi-
cal curricula of programming based on a
methodology taken from the didactics of
mathematics” (§24). Since I have taught an
introductory programming-based univer-
sity course for mathematics investigations
and applications offered at my institution
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for over 15 years, and have examined that
kind of teaching and learning for a decade
(e.g., see the target article by Buteau, Sacris-
tan & Muller 2019, this issue), it is from the
perspective of a constructivist practitioner
of teaching programming for mathematics
that I provide two questions in what follows
in the hope of bringing some interesting
points to reflect upon for both Vanicek and
the reader.

Intended “constructivist teaching”

... butis it necessary?

«2» In §51 Vani¢ek highlights a posi-
tion taken when developing a curriculum,
and related materials, of programming for
junior-high school: it was assumed that
teachers would not have been familiar with
the constructivist approach to education,
and that as such, teacher manuals explicitly
addressed how to give the lessons.

«3» It made me wonder what argu-
ments were brought up in the manuals to
convince teachers to adhere to this differ-
ent teaching approach. After all, they would
receive all material and, unless convinced
otherwise, could easily decide to use the ma-
terial with their usual teaching approach. I
reflected back on my own experience. When
I first taught the introductory program-
ming-based course for mathematics men-
tioned earlier in §1, I was provided with all

the material. I was also provided with signif-
icant guidance from one of my colleagues,
as I taught my course section alongside him,
using (what I now know to describe as) a
constructivist approach.

«4» And now, I could hardly imagine
teaching the course with this same mate-
rial yet using a more traditional approach.
As such, I initially took for granted what
seems to be Vani¢eK’s position. But it is not
very clear, is it? All teachers involved in the
first two stages of Vani¢eK’s piloting were
observed in the classroom, and as such,
we could assume, might have been more
inclined to closely follow the teacher man-
ual in which the constructivist approach to
teaching is strongly recommended. It seems
natural to suspect that some teachers, when
not observed in their classrooms, may de-
cide to continue with their usual approach
to teaching. My practical question is: When
using the curricular material developed
based on constructivist principles, to what
extent is a constructivist approach to teach-
ing necessary for a “successful” learning of
programming by pupils? Or put differently:
could this material be such that it would en-
rich pupils’ learning of programming even
when taught with a more traditional ap-
proach? And how relevant is this question,
or should it be, for the curriculum develop-

ers? (Q1)
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«5» In the future, it would be interest-
ing to know whether some of the teachers
“became more constructivist” in their teach-
ing of other areas as they gained experience
teaching the material developed for pro-
gramming with a constructivist approach.
This seems to be anticipated by Vanicek (see
“Implications” in his abstract).

Teaching to develop pupils’
computational perspectives?
Relevant?

«6» Overall, it is with great interest
that I read Vanicek’s target article. It appears
to be a sound approach to developing cur-
ricular material that will soon be needed
in schools in his country as a response to a
newly revised computing curriculum. The
material developed does not, interestingly,
assume any programming knowledge by
teachers. In §33 the author illustrates how
their approach led to a sequence of con-
cept development similar, to some extent,
to other approaches. As I was reading, in
§26, about the principles grounding the ap-
proach taken I could not help but reflect on
the three-dimensional framework of com-
putational thinking development proposed
by Karen Brennan and Mitchel Resnick
(2012) that is summarized as follows:
¢ computational concepts (the concepts design-
ers engage with as they program, such as itera-
tion, parallelism, etc.), computational practices
(the practices designers develop as they engage
with the concepts, such as debugging projects or

remixing others’ work), and computational per-

Learning Enviro Michael Weigend

spectives (the perspectives designers form about
the world around them and about themselves).”’

(Brennan & Resnick 2012: 1)

«7» I could see, for example, that the
principle mentioned in the 4th bullet point
in §26 was associated with the computation-
al-practice dimension. Earlier on, in §11,
the author, crediting the work of Valentina
Dagiené and colleagues (2017), acknowledg-
es that the Bebras challenge contest involves
“situational informatics tasks that simulate
everyday life situations and their informatic
dimension” (§11), which immediately made
me think of the computational-perspective
dimension. But, based on the description
and examples provided in the target article,
these kinds of tasks do not seem to have been
integrated into the developed curriculum
and material - or was it? I am left wonder-
ing about the author’s position on the im-
portance of exploiting the latter dimension
in a curriculum of basic programming, even
so since, as I reflected on my own practice
as a teacher of the course mentioned ear-
lier in §1, this dimension is unquestionably
part of my teaching. My second question is:
Which of the principles listed in §26 inform
or could inform the development of tasks or
sequences of tasks aiming at contributing to
pupils’ development of the perspective di-
mension of their computational thinking?
Are there any specific aspects of a construc-
tivist approach to teaching that could be key
to this development? And to what extent is
this question relevant to a curriculum devel-
oper? (Q2)
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> Abstract - The Scratch environment
can be used to professionally design
tasks for computer science education in
schools.Working on tasks touching differ-
ent facets of one and the same program-
ming concept can help pupils to build up

universal mental models. A problem is
how to make this type of learning experi-
ence relevant for young people.

Curriculum design and relevance

«1» In§1and §2 Jif{ Vani¢ek points out
the educational value of programming and
computational thinking. However, comput-
er-science topics listed in curricula repre-
sent the teachers’ perspective: “To be well-
educated citizens in a computing-intensive
world and to be prepared for careers in the
21st century, our students must have a clear
understanding of the principles and practic-
es of computer science” (CSTA). But these

“principles and practices” - as such - are
not necessarily interesting for high-school
students. The challenge for curriculum de-
signers, teachers and textbook authors is to
connect useful computer-science concepts
with topics that are relevant for the younger
generation.

Mental models and intuitions

«2» Vanicek suggests looking at the
rich experience of maths education in order
to get ideas for teaching programming. In §9
and §10, he presents Milan Hejny’s theory of
“generic models” According to this, students
build up (mathematical) knowledge by con-
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structing isolated models for given contexts
first, which they use and test in different situ-
ations, thus developing more universal (de-
contextualized) “generic models” Vanicek
advocates adopting this for informatics edu-
cation. Additional to the theories mentioned
in the article, one might consider “concep-
tual metaphors” that are used as “learning
vehicles” in mathematics education (Lakoff
& Nunez 1997). A conceptual metaphor is
the transfer of (intuitive) knowledge from
a well-known domain to a (still) unfamiliar
domain. For example, the (familiar) concept
of “motion along a line” is commonly de-
ployed for understanding (unfamiliar) arith-
metic. The addition of a (positive) number
is represented by moving to the right for a
certain number of steps while subtraction is
moving to the left. Metaphors are used in in-
formatics too. For example, terms like “loop”
and “branch” are metaphors mapping physi-
cal motion to program execution.

Practicing versus discovering

«3» The constructionist approach is
task-oriented: Create a relevant artefact and
learn programming concepts and (accident-
ly) discover “big ideas” on the way (Papert
2000). However, it is not easy to create a
meaningful digital artefact from scratch. In
§16 it is pointed out that teaching through
larger projects like games or stories often
requires organizing the process in detail
(“step by step”) through a tutorial. Indeed,
the Scratch website offers some multimedia
tutorials for animations and games. In the
opinion of the author, following a tutorial is
not the best way to gain deep knowledge of
programming concepts, since this “does not
help a pupil learn to generalize” (§19).

«4» Vanicek outlines a curriculum
for an introductory informatics class that
leads up to computational thinking. Its main
characteristics (§26): There are many differ-
ent short tasks focusing on one and the same
concept (“etudes”). The students can check
their result by themselves. The activities aim
at various programming competencies (cre-
ating, reading, debugging, etc.). It embraces
making mistakes and learning from them.
In contrast to a project-oriented approach
(with tutorials) the concept-oriented ap-
proach of the suggested curriculum could be
called “bottom-up,” since the students prac-
tice individual programming techniques
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and underlying concepts first, then use the
acquired competence to create their own
projects.

The educational power of Scratch

«5» The Scratch programming envi-
ronment supports the constructionist idea.
It has been designed with the intention “to
nurture the development of a new genera-
tion of creative, systematic thinkers who are
comfortable using programming to express
their idea” (Resnick et al. 2009: 60). Again:
It is not just about programming, it is about
creating ideas on relevant topics, imple-
menting and sharing them. Motivation is
essential. The relevance of artefacts can be
increased by embedding them in a social
context: The young authors can publish their
artefacts on the Scratch website in studios,
they can allow commenting, observe the
numbers of watches and “likes,” etc.

«6» One way to learn programming
- supported by the Scratch online platform
- is to import a project and remix it to cre-
ate something new. A basic problem of this
approach is that it is often difficult to under-
stand a Scratch program, which has been
created by someone else. As Yasmin Kafai
and colleagues (2009) observe, the techni-
cal quality of most programs made by young
people in computer club houses in their lei-
sure time is rather low.

«7» The article describes how to use
the Scratch technology to design concept-
oriented tasks (“etudes”). Vanicek gives ex-
amples of classroom activities (individual
tasks, classroom discussions, etc.) based
on Scratch-based “learning environments”
that have been designed by teachers. Such
a learning environment might consist of a
series of tasks with increasing difficulty and
a Scratch project with additional blocks (us-
ing “Make a Block”) that can be used to solve
these tasks. The additional blocks - if clev-
erly designed — make it possible to create ex-
tra short tasks that are easy to comprehend.
Another type of learning environment con-
sists of a runnable Scratch project that the
students are asked to change until it shows a
certain behavior. This type of task encourages
students to test hypotheses about the effects
of certain commands and to identify (and
fix) misconceptions. Taking the concept of
repetitions as an example, Jifi Vanicek illus-
trates how the curriculum was constructed.

The goal of each unit is to generate a “generic
model,” a mental model that is decontextual-
ized and so well understood that students are
able to use it in new situations.

Learning and empowerment

«8» There seems to be a contrast be-
tween the constructionist idea of learning by
creating personally relevant artefacts and a
concept-oriented curriculum basically con-
sisting of teacher-designed “etudes” How-
ever, even a mini-task that can be solved in
minutes can be relevant. The context (the
“story”) is essential, because it can give an
idea that the practiced concept might be
useful to create something relevant. Not all
examples presented in the article can offer a
meaningful context. For example, the exer-
cise “Let’s shorten scripts” (Figure 8) is mere-
ly “technical” On the other hand, “Rocket
track” — focusing on control structures — has
the potential of creating a “feeling of empow-
erment”: “If I understand this technique, I
might be able to create a cool project” This
is basically the idea of “skill cards” for game
design. One side of a skill card shows an in-
teresting feature of a game, and on the other
side the programming is explained.

«9» Etudes are developed by profes-
sional educators, because the design re-
quires specific expertise:

= Each task must be related to a relevant
programming concept.

= There must be a reasonable order of
etudes, starting with basic concepts and
later covering more sophisticated con-
cepts.

= The Scratch implementation requires
rather advanced techniques (“Make a
block”).

= Crucial for motivation is an appropriate
level of difficulty. A task must be stimu-
lating but not too difficult.

«10» In what way can students be in-
volved in the task design? One of the main
challenges for designers is to keep the tasks
interesting. Children might be involved not
only by creating sounds and images, but by
finding exciting contexts for tasks: stories
that are highly relevant for them and that
are reasons to learn programming. So let
me conclude my commentary with a ques-
tion for the target author: Are there ways to
challenge pupils’ creativity in the context of
concept-oriented tasks design? (Q1)
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Author’s Response
Programming as a
Playground for Computational
Thinking Development

Jiri Vanicek
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> Abstract - Programming is more a tool
for pupil development than an educa-
tional goal. A description of the context
of the creation of the textbook for pro-
gramming could help to answer some
questions leading us too far astray from
the theory of concept-building program-
ming education described in my article.

«1» Inthe commentaries on my target
article (for which I thank the commenta-
tors), I found two basic sets of questions.
The first one touches upon the methodology
of programming education using concept
building itself. The second one deals with
the educational materials, the curricula cre-
ated using the approach described in the
target article and its implementation. These
questions would be easier to answer if the
context were known in which these mate-
rials were created. The target article had a
methodological orientation and hence did
not describe in detail some aspects of the
project “PRIM” (Support for Development
of Computational Thinking) within which
framework these educational materials were
developed. So, I think that describing the
context of the recent changes in informatics

education in the Czech Republic could help
to better understand my answers.

A textbook of programming

as a small piece of a hig change

«2» The PRIM project has been crucial
in the transformation of information and
communications technology (ICT) educa-
tion in the Czech Republic. The main goal
was to change from a purely user-oriented
approach to include the basics of computer
science, and the PRIM project has to prepare
the conditions for these changes in the field
of computer science. Among other things,
the PRIM project has to create educational
materials that cover the new computer sci-
ence curriculum for all school levels; from
kindergarten to upper high school.

«3» Eleven new textbooks with an aver-
age size of 20 lessons have been created in the
frame of the PRIM project. One of them is
the textbook for programming in Scratch (for
pupils of about 12 years of age) described in
the target article. The authors endeavored to
create this textbook in way that followed on
from the textbook for primary programming
(which, in turn, was inspired by the textbook
created in the Scratchmaths project, UCL
2016). Their goal was to make it suitable even
for absolute beginners without any previous
programming experience. This textbook is
followed by the textbook for more advanced
pupils, containing suggestions and teaching
support for larger programming projects.

« 4 » Along with the textbooks on algo-
rithmization and programming, “unplugged
computer science” textbooks were also cre-
ated in which pupils are introduced to top-
ics such as modeling, coding, information

systems, and working with the data by tak-
ing part in unplugged activities and solving
Bebras challenge contest tasks. Another area
covered by these textbooks is the basics of
robotics, in which the youngest play with
the robotic Bee-bot toys, and the older pu-
pils with robotic building sets (Lego, WeDo,
Mindstorms) or with embedded systems
such as Micro:bit or Arduino.

«5» Now let me turn to Agnes Erddsné
Németh’s Q1. Scratch has been chosen as
the programming environment for its qual-
ity, availability and versatile connectiv-
ity. Scratch, with its “wide walls” (Resnick
2009), allows plenty of varied activities of
sprites that can be programmed, e.g., draw-
ing simple pictures and more complex orna-
ments, writing words by stamping letters,
animations and movement of sprites, in-
terviews of sprites and storytelling, simu-
lations, composing music, preparing quiz
tasks and the creation of simple computer
games. Scratch is available online for free
- which makes it additionally attractive for
chronically underfinanced Czech schools.
Scratch has also many extensions to control
robotic and embedded systems like Lego
WeDo, Mindstorms, and Micro:bit. So, the
same environment can be used for working
with different robotic systems without it be-
ing necessary to learn a new environment.

«6» The Czech national curriculum
does not dictate which programming lan-
guages to teach. Rather, it is up to the teacher
to choose the appropriate environment, lan-
guage and curriculum for pupils to attain the
required competencies and develop computa-
tional thinking (Erddsné Q2). The teacher can
also use some materials outside of the proj-
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ect, a self-made curriculum, or decide when
not to push forward with the curriculum and
when to stop. At the time of writing, we still
lack compulsory computer science education
for primary and lower-secondary schools.
Its introduction is expected in the next three
years, so I can only write about what has been
prepared in the context of the PRIM project.
After this course, pupils can create complex
programming projects in Scratch using the
more advanced programming textbook, or
move onto Python language with the use of
the textbook “Programming in Python” for
upper-high schools, and then onto program-
ming Micro:bit using Python according to
another prepared textbook.

«7» Erdosné is interested in tasks for chil-
dren outside the mainstream, for those who
are gifted and those who are falling behind
(§13). Some of the activities used, such as
discussion or inquiry, require pupils to work
together, but some of the activities require a
more individual tempo, so some individual-
ization is necessary. This individualization is
achieved by providing a textbook with both
a basic and expanding curriculum organized
in the shape of a “tree,” where the basic cur-
riculum is placed within the tree trunk. More
advanced pupils turn their attention from the
trunk to the branches, where they can work
on more complex explorative or problem-
solving tasks without it being necessary to use
new concepts. Meanwhile, the other pupils
move along the trunk, and the teacher can
easily return those pupils working on tasks
in the branches to the mainstream so that all
the pupils can then move onto the next edu-
cational concept together.

«8» As I wrote above, textbooks for the
basics of CS that include topics such as mod-
eling, coding, or information systems, cre-
ated in the PRIM project, systematically use
Bebras challenge tasks (http://www.ibobr.cz).
However, we cannot use “beaver tasks” in the
textbook for programming in Scratch in their
current form, because such tasks require plat-
form independence and thus are not put into
a specific programming environment. None-
theless, themes and ideas from “beaver tasks”
were used in the discussion tasks.

«g» Maciej Systo disagrees with the sug-
gestion that hard “beaver tasks” are difficult
to solve without an understanding of the con-
cepts related to programming. He argues that
some of the contest participants are success-
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ful without programming knowledge (§5).
However, “beaver tasks” are concept-based
tasks (Dagiené, Sentence & Stupuriené 2017:
24) and one of the criteria for a good “beaver
task” is that it is independent of the school
curriculum (Dagiené 2011: 64), so tasks have
to avoid possible pre-knowledge of contest
participants. Contest organizers suppose that
some participants will be successful without
having been taught the necessary concepts
for solving these tasks. In the Czech Repub-
lic we have the same experience as Poland,
where there are participants with the highest
possible score who had no programming ed-
ucation at school. However, we do not know
whether they are genuinely unfamiliar with
programming (because they could program
outside of school) or whether these winners
are simply geniuses, because the ratio of such
excellent participants is very small (in recent
years less than 0.1% in upper-high-school
categories in our country).

«10» To respond to Syslo’s reaction to
the requirements of piloting teachers in §53,
we are aware of the risks of teaching pro-
gramming without previous practice. One of
the main goals of the PRIM project is to pre-
pare and pilot a system of intensive in-service
education for primary and lower-secondary
teachers so that they will be able to pro-
gram at the basic level and teach the basics
of programming in Scratch using textbooks
created in the project. We have to prepare
textbooks, though, that are suitable even for
teachers who have to teach this topic without
attending these courses or without any previ-
ous knowledge; thus they will be completely
dependent on the information and instruc-
tions in the textbook. The second reason for
choosing teachers without knowledge of pro-
gramming for piloting was to easily spot the
weak areas in the textbook and to focus our
attention on these parts when preparing the
module of educational courses for teachers. I
would also add that the first piloting was car-
ried out using very experienced teachers.

Programming as a tool

«1» As the title of my response em-
phasizes, we do not consider programming
skills to be the final goal of education; we do
not want to produce programmers. We see
programming as an excellent playground in
which children can develop their computa-
tional thinking (with an emphasis on think-

ing) and learn to understand how a computer
works by solving algorithmic and program-
ming tasks. So, the answer to Systo’s Q1 is that
we do not prepare textbooks and curricula
for the teaching subject of “programming,’
but for programming and algorithmization
as a topic of the compulsory CS curriculum.

«12 » Systo’s motto is “First think com-
putationally then program” (§1), which he
perceives to be the opposite of my approach
described in the target article. The difference
is that his motto describes the situation when
solving a problem, whilst I am describing
the process of learning. In a way, our motto
could be “First play and then think about it”
Our approach is first to learn the language
and then to use it for solving problems. Even
in algorithmic environments for small chil-
dren like Scratch Jr (https://www.scratchjr.
org), Emil (https://www.robotemil.com) or
Thomas The Clown (http://www.skolkah-
rou.sk/vylety-sasa-tomasa), once one leaves
direct manipulation mode there is simple
language that must be grasped first to begin
to solve tasks.

«13» Chantal Buteau is interested in
which arguments to use in order to per-
suade teachers to change their educational
style (§3). I can answer that in this way: The
best form of persuasion to emerge from the
pilot is personal experience: when a teacher
tries to teach according to our textbook and
recognizes that it works, that pupils can
learn programming when he follows this
approach. One advantage is that program-
ming is a new topic for most of the teach-
ers who have not taught it before, so they do
not have any ingrained habits regarding how
to teach this topic in a different and more
“traditional” way. They could take this ap-
proach of “active play” as specific to the field
of programming. The quality of the educa-
tional materials will persuade teachers to
follow this approach. Thus, the first chapters
of our textbook were created in a way that
does not provide any support for the tradi-
tional approach of reading, issuing instruc-
tions, showing presentations, giving out
answers and drilling pupils. Discussing and
discovering a task is hard to omit because
the tasks follow one another. Teachers are
repeatedly instructed in the methodological
materials not to assess pupils’ answers dur-
ing discussions. Instead they should moder-
ate the discussion and allow the computer
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to decide what is correct in cases where
there is no consensus in the classroom. The
implementation of this approach during in-
service teachers’ preparation could serve as
a good argument for accepting it. Also, we
should not forget that when starting to learn
programming a teacher’s self-confidence is
rather low, so if she sees that she can learn
to program in this way there is a chance that
she will use this approach when teaching.

«14» Buteau (Q1) brings up the practi-
cal question of whether teaching materials
prepared in a constructivist way could en-
rich pupils’ learning of programming even
if it is taught in a traditional way. This ques-
tion gives rise to another question: whether
teachers who do not know how to teach in a
constructivist way can apply this approach
by following methodological instructions in
the textbook alone. This is hard to answer
without further research. In our particular
situation, we do not have many teachers
teaching programming to this age group
of pupils so we cannot generalize. During
piloting we observed that teachers some-
times tended to depart from the required
approach, e.g., they offered up the final
knowledge first instead of allowing the chil-
dren to discover it. One teacher who fought
with this tension for months became sud-
denly aware that it was more comfortable to
change the climate in the classroom to what
he described as “children’s club”

«15» My answer to Buteau’s Q2 on my
position regarding the importance of ex-
ploiting other dimensions of pupils’ compu-
tational thinking is as follows: The principles
described in $26 are primarily connected to
the first dimension of computational con-
cepts. But focusing on concepts does not
exclude the application of other principles
in the creation of a textbook. Considering
that (in the special case of our project) our
textbook is dedicated to teachers without
programming practice — giving them very
little experience to develop computational
perspectives of children - the activities have
to contain such a dimension. The activities
have to show children (and we tried to ful-
fill this) what else it is possible to program,
and also that they can express themselves
by creating their own or modified stories or
graphics.

«16 » When applying the computation-
al thinking perspectives of Karen Brennan

and Mitchell Resnick (2012: 10), it is neces-
sary to keep in mind the different organi-
zation of “programming education” in the
classroom and in the Scratch community.
For example, the perspective of “connecting”
happens more naturally in the classroom,
where pupils can work in pairs and discuss
things in direct communication rather than
via the online communication tools Scratch
offers. In accordance with Systo, who wrote
in §6 that learning programming concepts
should be independent of the environment,
we use the Scratch environment as little as
possible. Thus, we do not use online com-
ments and other community tools. For the
same reason, we have prepared didactical
environments to avoid wasting time in non-
productive activities such as checking cos-
tumes of sprites, background or sound gal-
leries. We need to spend the given amount
of time on programming and we know that
non-programming activities, like choosing,
importing and graphically editing appropri-
ate costumes for sprites or the background
of the stage, are included in the textbook for
creating advanced programming projects,
which gives enough scope for this.

«17» I share Systo’s opinion about the
Hour of Code activities (§7). We use them,
but mostly for the purpose of motivation.
We cannot use them for teaching algorith-
mization because they sometimes contain
pedagogical mistakes such as big gaps be-
tween two consecutive tasks. For example,
the activity “Coding with Anna and Elsa’
(https://studio.code.org/s/frozen) uses re-
peat block for the first time in task #4, but the
very next task, #5, requires the use of nested
repeat blocks without providing any clue
about how to use them. We observed that
children who could not pass this task gave
up on the whole activity. In this particular
case, the role of the teacher as a helper is not
an easy one. She can show the correct place
to put the block, but the child has no oppor-
tunity to understand why.

«18 » Michael Weigend draws attention
to the risk of pupils becoming bored when
they program in Scratch. We are aware of this
risk, and motivation for such difficult work
is very important. As I describe in part §26
of my article, each activity, however short,
must have some effect. So, we tried to pre-
pare a lot of varied activities: in one lesson
children prepare a short comic story, in the

next they go through a maze, then they fly by
a rocket, next they simulate the movement of
a fly in a bottle, and so on. Skilled pupils can
continue to solve advanced tasks or to create
more complex solutions (e.g., to draw more
complex or colorful ornaments, try another
way of controlling the rocket movement, to
enrich the interactivity of a created game).
The Scratch environment turned out to be
very helpful because it offers many powerful
commands for different types of activities.

«19 » Not all activities in the textbook
are creative or exploratory. If we have to
teach children to read and understand the
program code, sometimes it is useful to give
them “technical” tasks such as “Let’s shorten
scripts” (Figure 8 in the article). These tasks
have no big connection with programming
itself, but they allow children to play the role
of experts; they can guess, explain, and ar-
gue. Children enjoy communication - and
unfortunately this is rare in Czech schools.
We hope that these activities can help to in-
troduce a new approach in terms of how to
teach in our schools.

References

Benton L., Hoyles C., Noss R. & Kalas I. (2016)
Building mathematical knowledge with pro-
gramming: Insights from the ScratchMaths
project. In: Proceedings of Construction-
ism 2016. Suksapattana Foundation: Thung
Khru, Thailand: 25-32.

Brennan K. & Resnick M. (2012) New
frameworks for studying and assessing the
development of computational thinking. In:
Proceedings of the 2012 annual meeting of
the American Educational Research Associa-
tion. Volume 1. AREA, Washington DC: 25.
http://web.media.mit.edu/~kbrennan/files/
Brennan_Resnick_ AERA2012_CT.pdf

Dagiené V. (2011) What kinds of tasks are good
for contests? In: Proceedings of the 6th
international conference on creativity in
mathematics education and the education of
gifted students, Riga, Latvia: 62-65.

Dagiené V., Sentance S. & Stupuriené G. (2017)
Developing a two-dimensional categoriza-
tion system for educational tasks in infor-
matics. Informatica 28(1): 23-44.

RECEIVED: 28 JUNE 2019
ACCEPTED: 1 JULY 2019

http://constructivist.info/14/3/360.vanicek

381


http://constructivist.info
http://constructivist.info
https://studio.code.org/s/frozen
http://web.media.mit.edu/~kbrennan/files/

	Early Programming Education
Based on Concept Building
	Introduction
	Background
	Research questions
	Aims and contribution
	Pilot evaluation study
	Findings and discussion
	Conclusion
	Appendix
	Acknowledgements
	References
	Open Peer Commentaries
	Teaching Basic Concepts of Programming to All Children
	Programming or Problem Solving with Computers?
	Expected Constructivist Teaching of Programming: Necessity and Computational Perspective
	Learning Environments with Scratch
	Author’s Response
Programming as a Playground for Computational Thinking Development

