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Abstract: It is the intention of the current study to suggest a trajectory for the advancement
of prospective mathematics teachers” use of meta-cognitive skills in solving mathematics-based
programming problems with Scratch. Scratch is a code-based program that can be utilized in teaching
various disciplines, especially geometry and its rich range of subjects such as the topic of symmetry.
The present study suggests that advancing prospective teachers’ meta-cognitive skills in the Scratch
environment could be done through problem solving and negotiations. The present paper analyzed
the implementation of the trajectory by two pedagogic supervisors who attempted, in the frame of
one-year preparation (2018-2019), to educate 18 prospective teachers to use meta-cognitive skills in
mathematics-based programming activities, where this attempt was based on problem solving and
negotiation processes. Data were collected through videoing and recording the learning sessions of the
prospective teachers and was analyzed using deductive and inductive constant comparison methods.
The deductive analysis utilized theoretical models of meta-cognitive processes and negotiation
processes. The research results indicated that the negotiation processes supported the development
of the prospective teachers’ meta-cognitive processes in solving mathematics-based programming
problems with Scratch.
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1. Introduction

Tools and strategies are suggested as means that empower students in their mathematics problem
solving activity. Two such tools and strategies are technology (e.g., [1,2]), especially programming
(e.g., [3]), and meta-cognition (e.g., [4-6]). For tools and strategies to be effective in processes of
teaching and learning, an expert teacher is needed, which indicates the need for prospective teachers’
preparation in the utilization of tools and strategies in the classroom processes. This is especially true
for a programming environment that is considered a fruitful environment for students’ learning [3].
The previous argument is supported by researchers’ call for new approaches in integrating technology
in education during the teacher education programs, which would result in digitally competent
teachers [7].

Scratch utilization in mathematics has been considered a factor that assists students’ and
prospective teachers’ learning of mathematical concepts and relations, specifically on the topic
of symmetry (e.g., [8]). This is especially important as symmetry is one of the main concepts in
mathematics. Yanofsky and Zelcer [9] argue that considering mathematics on the basis of symmetry can
help in answering important questions as to what mathematics is, why we are certain of mathematics,
and why we see the semantics of mathematics in line with the semantics of scientific discourse (p. 495).
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In light of the above, Scratch is a functional tool in mathematics, especially for the learning of
symmetry concepts and relations, as symmetry concepts and coding enrich each other [10]. Here,
we are interested in other transformation concepts such as rotation. Scratch helps mathematical
concepts emerge as meaningful concepts, where meta-cognition supports this emergence as it entails
monitoring and regulating processes that are done through evaluating questions [11]. In the social
environment of the mathematic class, negotiations and problem solving are two important aspects
of mathematics, wherein they monitor the work of students in a technological environment [12],
in this case a programming one. The current research verifies how problem solving and negotiation
processes, during practical training, support prospective teachers in developing their knowledge of
meta-cognitive skills in solving mathematics-based programming problems.

2. Literature Review

Education systems show interest in introducing programming to schools in many countries
around the world, both through the school curriculum and through after-school activities [13].
This programming is suggested as part of the technology curriculum in schools or as an environment
for teaching other subjects such as mathematics. Programming provides an environment to write
clear, accurate, executable, and verifiable forms for solving problems. Therefore, learning how to
program has the potential for enhancing higher order thinking skills [14] and logical reasoning [15].
This programming is not new, especially in mathematics education, as programming, such as Logo,
was suggested for the learning of mathematical ideas since the emergence of computers (e.g., [16,17]).
Mathematics education researchers (e.g., [3]) emphasized that the Logo environment facilitates
children’s manipulation of objects that represent mathematical ideas, which helps the connection
between concrete Logo experiences and the associated mathematical ideas. Programming in Logo
also has a positive effect on problem-solving, spatial reasoning ability [18], divergent thinking,
and meta-cognition [19]. Scratch, which is related to Logo language [20], is at least expected to be
similar to Logo in making the connection between the visual and symbolic objects in Scratch and the
mathematical ideas.

2.1. Scratch in Problem Solving

Researchers define Scratch as a block-based visual programming language that users program by
using code blocks that they sequence to create a program. This block-based programming requires
an efficient pedagogy to make it an effective tool for the consideration of mathematics in Scratch
programming activities [21,22].

Taylor et al. [12] found that Scratch could encourage students to study cooperatively and to use
problem-solving processes such as goal setting and generating and testing of ideas when learning
mathematics. Rodriguez-Martinez et al. [23] found that Scratch can be used to develop both sixth-grade
students’ mathematical ideas and computational thinking. Calder [24] examined how mathematical
thinking emerges among children who work with Scratch. The research results indicated that Scratch
positively affected the children’s affective aspects of learning. These aspects included their engagement
in mathematical learning and their motivation to explore mathematical concepts.

Little research has been done on meta-cognition in the Scratch environment. One attempt to do
so was by Cho et al. [25], who reported that using a game developing programming with Scratch
significantly improved the meta-cognition of middle school students in a programming class. Here,
we attempt to verify how prospective teachers would develop their meta-cognitive processes in
mathematics-based programming problems in the Scratch environment.

2.2. Meta-Cognition in Problem Solving

Meta-cognition is considered as a cognition about cognition or knowledge about knowledge.
The study in [26] used the term “metacognition” to refer to the individual’s awareness, consideration,
and control of her/his own cognitive processes/strategies. Since then, a variety of definitions has been
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given to “metacognition”. The authors in [27] argues that the given definitions of meta-cognitive
processes emphasize the monitoring and regulation of cognitive processes. Moreover, the study
in [5] argued that meta-cognitive processes promote effective understanding through fine-tuning the
cognitive processes used in the activity. Furthermore, the authors in [28] stated that meta-cognitive
processes affect cognitive processes through coordinating them, which affects students” academic
success. Schoenfeld [29] emphasizes the dynamic interaction between the mathematical concepts and
processes, such as the meta-cognitive ones that are utilized to solve mathematical problems. Saying
that, he argues that the meta-cognitive processes develop simultaneously with the mathematical
insight related to the mathematical concepts. Thus, meta-cognition could be related to sense-making in
mathematical learning, as it develops students” mathematical insight. Thus, using meta-cognition in
the mathematics classroom meets the emphasis of educational institutions about the need to teach
mathematics using methods that emphasize sense-making (e.g., [30]).

Researchers argued that meta-cognition is composed of two different components connected
to each other: meta-cognitive knowledge and meta-cognitive skills [31]. A different categorization
of meta-cognition is that of the author of [32], who defined meta-cognition as related to person,
the task, and the strategy. At the same time, meta-cognitive skills involve planning, monitoring,
evaluating, and regulating the processes leading to attaining objective. The authors of [33] described
a theoretical framework that includes the following meta-cognitive skills: encoding, representation,
decomposition, planning, selecting strategy, monitoring, evaluating, and suggesting other strategies.
In the present study, we focused primarily on meta-cognitive skills, utilizing the previous framework to
introduce meta-cognition to prospective mathematics teachers. To do so, we utilized problem solving
and negotiations as tools for developing the intended learning and teaching strategies among the
participating prospective teachers.

Utilizing the previous framework, we operationalized the previous processes in the following way:
encoding (writing the main words in the problem and appropriate symbols for them); representation of
the givens (representing the givens algebraically or visually as using a graph); problem decomposition
(writing equations for each given); planning (writing a sequence of steps for the solution); selecting and
implementing strategies to reach the goal (considering all the strategies that could solve the problem or
a sequence of strategies); monitoring of the plan (assessing the advancement of the solution process in
terms of reaching the goal); evaluating the solutions (evaluating the correctness of each step); searching
for other solutions (assessing whether other solutions exist); evaluating the strategies used (assessing
whether the chosen strategies helped in arriving at goals); and searching for other strategies (looking
for other strategies that could improve and make the solution process more effective).

2.3. Problem Solving and Negotiations as Tools for Educating Learners and Teachers

Problem solving is suggested as a learning and teaching method in programming and mathematics
classrooms. Researchers connected between programming and problem solving (e.g., [34,35]), while
others found that programming does not significantly enhance students” problem solving (e.g., [35,36]).

Lambdin [37] says that problem solving assists the student in understanding mathematical ideas
and relations. Stein et al. [38] argued that problem solving assists the teacher in supporting students
in their learning of mathematics. In addition, they state that conversations among teachers who are
working to implement problem solving approaches provide the teachers with opportunities to advance
their implementation. Negotiations through conversations are also vital when teachers, prospective
teachers in our case, intend to develop their implementation of meta-cognitive processes in the solving
of mathematics-based programming problems.

Problem solving and negotiations are also suggested for teacher education. Blanco [39] suggests
problem solving as reference for teacher education, especially for prospective teachers, in order to create
learning environments, referred to as “learning to teach mathematics” (p. 31). One study [4] describes
the use of problem solving as a tool to educate prospective teachers in using meta-cognitive processes to
solve mathematical problems with mobile tools. In addition, researchers point at negotiations as part of
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the learning in the community of inquiry. Jaworski [40] describes negotiations between teachers as part
of an inquiry community. Here, the emphasis is on using problem solving and negotiations to assist
the development of prospective teachers’ meta-cognitive processes in carrying out mathematics-based
programming activities.

Models were suggested for negotiation and problem solving. One model of negotiation was
developed by Baker [41], who considers negotiation as having learning and interaction goals, problems
to be solved, answers to them, topics to be addressed, and explanations, etc. The negotiation, according
to Baker [41], has the following components: initial state, negotiation process, final state. The initial
state contains the common goal of interacting with the expectation that some learning will take place.
The final state includes an agreement with respect of part or all of the initial state. The negotiation
processes include examinations of the initial state where different points of views interact.

Montague and Applegate [42] suggested that the framework of problem solving should include
the following processes: reading, paraphrasing, visualizing, hypothesizing, estimating, computing,
and checking. Montague et al. [43] gave the following descriptions: reading (reading the entire or
part of the problems and using key words as clues), paraphrasing (restating the problem), visualizing
(referring to drawing, a picture, or a diagram, or making a mental image), hypothesizing (conjecturing a
solution for a problem), estimating (predicting an answer or making an “educated” guess), computing
(verbalizing computations as they are performed), and checking (checking answers).

3. Research Rationale, Goals, and Questions

3.1. Research Rationale and Goals

Researchers point out that the introduction of programming, such as the Scratch environment,
into the school needs to be studied in order to shed light on the several aspects of the introduction
such as the cognitive aspects. Specifically, Benton [44] states that research is needed to investigate
programming’s effect on learning other subjects such as mathematics. The previous note points out
that researchers consider programming a candidate for enriching the curriculum, which points at the
need to take care of this tool in teachers’ preparation.

In addition to the above, Benton [44] argues that primary teacherslack the appropriate skills to
teach programming, as they are typically generalists. They conclude that this situation points to the
need for professional development to support primary teachers in gaining the necessary experience,
skills, and confidence in order to teach programming curriculum successfully. We argue that there
is also a need for computer and mathematics prospective teachers to participate in training that
focuses on mathematics-based programming problems. This need is especially functional as the
prospective teachers develop their meta-cognitive skills in solving mathematics-based programming
problems. In previous research, we studied the development of prospective teachers’ skills in using
meta-cognition, such as in the case of learners and teachers of mathematics in the technological
environment (e.g., [4,45]). In the current research, we focus on the development of prospective teachers’
meta-cognitive skills in solving mathematics-based programming problems. This study is especially
needed, as little research has been done on the development of meta-cognitive skills in relation to
solving programming problems that utilize mathematical thinking.

3.2. Research Question

How would prospective teachers develop their meta-cognitive skills in solving mathematics-based
Scratch programming problems as a result of engaging in problem solving and negotiations?
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4. Materials and Methods

4.1. Research Context and Participants

The professional development (PD) program was held for a full academic year (2018-2019).
Eighteen prospective teachers aged 20-30, with mean age = 22.07 and SD = 2.37, participated in
the PD program. A total of 16 of the participants were female, while 2 were male. They were
in their third academic year majoring in teaching mathematics and computer science in middle
school. Two of the authors were the pedagogical supervisors (PSs) of the participating prospective
teachers (PTs). They accompanied the prospective teachers in their practical training in 2 middle
schools. The education of the pre-service teachers in meta-cognitive skills was based on the work of
Davidson and Sternberg, [33] (see above), with special emphasis on using the Scratch environment for
programming as a means for drawing geometric shapes or developing knowledge of other mathematics
fields such as algebra. In addition, special attention was given to using meta-cognitive skills in the
Scratch programming processes.

The PD program sessions related to utilizing meta-cognitive processes in solving mathematics-
based programming problems are described in Table 1. Sessions that are not mentioned did not relate

to the research topic.

Table 1. The professional development (PD) program sessions.

Session Topic

Goals

Pedagogic supervisor-based activity—Setting the stage
for educating the prospective teachers to use Scratch
programming. The participating prospective teachers

To introduce the students to Scratch

1 . . : .
3 drew a specific canonic-square shape using Scratch programming.
programming, in addition to writing the steps of this
Scratch programming.
Pedagogic supervisor-based activity—Setting the stage
for educating the prospective teachers to use
meta-cognitive processes in Scratch programming. The
parhgpatmg prospec.tlve teachers prese.nted their To introduce the students to
4,5 solution of the canonic-square shape with Scratch o
. . . . . meta-cognitive processes.
programming. Durmg this presentation, the prospective
teachers negotiated their solutions with the pedagogic
supervisors, wherein this negotiation involved
metacognitive skills.
Pedagogic supervisor-based activity—The prospective ~ The prospective teachers used advanced
teachers, individually and through interaction with the  Scratch programming and were in
69 pedagogic supervisors, solved a specific problem of control of this programming, in addition
drawing a tangent for two circles. The class had a rich to discussing meta-cognitive processes
discussion related to the solution. for problem solution.
. - . Ad ing the knowledge of
Prospective teachers-based activity—The prospective vancimg the tnow’ecse o
. . prospective teachers in using
teachers solved, in groups, mathematics-based .. .
10,12 . R . . meta-cognitive skills to solve
programming problems. The interaction with the . .
. . mathematics-based programming
supervisor came through the solution process. )
problems with Scratch.
Prospective teachers-based activity—The prospective Advancing the knowledge of
teachers solved, independently, mathematics-based prospective teachers in using
13,16  programming problems. They worked in groups, and meta-cognitive skills to solve,

the interaction with the supervisor came after the
solution process.

independently, mathematics-based
programming problems with Scratch.
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4.2. Data Collection and Analysis

4.2.1. Data Collection Tools

The data were collected through 2 forms of tools: video recording of some preparation workshops
held each day after the actual practical training in the schools, and the prospective teachers’ texts for
the solutions of the problems that the PSs requested them to solve in the Scratch environment using
meta-cognitive skills individually or in small groups. Below, we elaborate on each collection tool.

Video Recording

While the prospective teachers solved the mathematics-based programming problems with
Scratch, we video-recorded them and their computer screens. The video recording was done with a
computer program that captured the footage in two different windows, one for the computer screen
and one for the student. The video recording included negotiations between the PSs and the whole
class, as well as negotiations among the prospective teachers when they worked in small groups.

The Prospective Teachers’” Solution Texts

While the prospective teachers solved the mathematics-based programming problems with
Scratch, they described their solution processes in terms of use of the meta-cognitive processes, in terms
of problem-solving processes, and in terms of programming processes. We requested the students to
deliver to us their solution texts, and all of them agreed to do so.

4.2.2. Data Analysis Tools

To analyze the data, we used inductive qualitative content analysis. Inductive qualitative
content analysis is a process designed to condense raw data into categories or themes on the basis
of valid inference and interpretation that use inductive reasoning. Deductive reasoning can also be
used with the goal of generating concepts, categories, themes, or variables from theory [46]. Using
deductive reasoning, we looked for themes related to meta-cognitive processes such as in Davidson
and Sternberg [33]. In addition, for negotiation processes, we looked at processes as described in
Baker [41], where these processes included initial situation, contribution from the participants in the
dialogue regarding this initial state, and refinement of the initial state of affairs.

Using the inductive reasoning, we tried to find out if additional themes related to meta-cognitive
skills, problem solving and negotiations, and those not given in the literature were present in the
data. In the inductive reasoning, we followed our previous utilization of these methods (e.g., [47,48]).
To elaborate more, the inductive reasoning consisted of looking for sentences that symbolize a phase of
development regarding the use of meta-cognitive processes or the knowledge of Scratch programming.
For example, sentences that included “At the beginning I thought how to arrive at the lengths of the
sides” indicated a phase in which the prospective teacher uses the “planning” meta-cognitive skill.

To elaborate on the deductive analysis, when we came upon a sentence that includes an
interaction between the instructor and a prospective teacher or two prospective teachers, where
this interaction included one of the processes mentioned by Baker [41], we considered the sentence as
indicating negotiation. To consider a sentence as indicating meta-cognitive process, we looked for
occurrences of one of the following processes: encoding, representation, decomposition, planning,
selecting strategy, monitoring, evaluating, and suggesting other strategies. To consider a sentence as
indicating a problem-solving process, we looked for occurrences of one of the processes mentioned
by Montague et al. [42,43]: reading, paraphrasing, visualizing, hypothesizing, estimating, computing,
and checking.

Table 2 describes the words used when deciding upon a sentence as including a theme related to
the meta-cognitive process, negotiation process, or problem-solving process. In addition, examples of
a sentence are given for the occurrence of these words.
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Table 2. Occurrences of themes related to the research variables.

Variable Word/Term Examples
Encoding, representation, “Let us plan our solution”, “let us choose an
Meta-cognitive decomposition, planning, selecting appropriate strategy”, “is our use of this
process strategy, monitoring, evaluating, and sequence of Scratch command draws the
suggesting other strategies requested shape?”
Initial situation, contribution from the “I think there is a problem with your
L articipants in the dialogue regarding suggestion”; “I think your suggestion can
Negotiat partop: : s .
CEOHAON PTOCESS  ihis initial state, and refinement of the be improved”; “this result is acceptable, but
initial state of affairs we can make it better”

“We need first to read the problem”, “let us
paraphrase the problem in terms of Scratch

commands”, “we need first to compute this
operation and decide its fitness”

Reading, paraphrasing, visualizing,
hypothesizing, estimating, computing,
and checking

Problem solving
process

4.2.3. Validity and Reliability of the Analysis

The validity of the research analyzing processes is a consequence of the analysis method that
ensured the theoretical saturation. This theoretical saturation is a result of the existence of themes
and categories, which ensures that no new category type will emerge. Describing the categories
also ensures that they are well developed in terms of their properties and dimensions’ variation
([49], p. 212). Lincoln and Guba [50] state that no validity ensures reliability, and thus satisfying
validity also ensures reliability. This means that theoretical saturation keeps not only the validity
of the research procedure but its reliability as well. Further, two experienced coders (two of the
authors) coded the resulting themes and categories, searching for occurrences of development phases
in using meta-cognitive processes for solving mathematics-based programming problems in the Scratch
environment. The agreement between the coders (Cohen’s Kappa coefficient), when satisfied, ensures
the reliability of the qualitative coding. The computation of Cohen’s Kappa coefficient resulted in 0.87
to 0.93 for the various categories related to the development phases and their characteristics. These
values are accepted for the agreement between coders.

5. Results

The present research intended to examine the processes of prospective mathematics and
computer teachers in developing their meta-cognitive processes in solving mathematics-based Scratch
programming problems as a result of engaging in problem solving and negotiations. The research results
indicated that the following trajectory of development processes assisted the prospective teachers’
development in using meta-cognitive skills in their solving of mathematics-based programming
problems: (1) negotiating the skills needed for solving the programming problems: programming skills
and meta-cognitive skills; (2) problem solving for developing the prospective teachers” knowledge
of Scratch programming; (3) negotiating the meta-cognitive processes with Scratch programming
when the prospective teachers solve programming problems individually; (4) negotiating, in groups,
the meta-cognitive skills with Scratch; and (5) negotiating, independently, the use of meta-cognitive
skills in programming with Scratch. Below, we describe each of the trajectory processes, but first
we describe the initial awareness of the prospective teachers regarding using meta-cognitive skills
in programming.

5.1. Problem Solving for Setting the Educating Stage: Assessing the Meta-Cognitive Skills of the Prospective
Teachers in Solving Mathematical-Based Programming Problems Using Scratch

Setting the stage for educating the prospective teachers to use meta-cognitive processes in Scratch
programming was performed through assessing the prospective teachers’” meta-cognitive processes for
solving programming problems. This setting of the stage was performed in the context of drawing
a geometric figure through programming in Scratch. The participating prospective teachers were
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requested to draw a canonic-square shape using Scratch programming in addition to writing the steps
of this Scratch programming.

Figure 1 shows the text of the problem given to the prospective teachers. The following shape
includes a canonic-square shape: “You are requested to draw these squares with Scratch. Doing so,
you need to write the steps of your drawing, how you planned this drawing, and how you proceeded
in this drawing.”

Figure 1. The first problem given to the prospective teachers.

The participants at this stage worked individually, each trying to recognize the potentialities
of Scratch that would help draw the sequence of squares imbedded through rotation in each other.
The following is part of a prospective teachers’ solution in the frame of this assessment:

“First, we ask about the square side length and set it as a variable, say “side length”. We need
a loop of repetition in which, we draw a square of length (side length), then we need to reach the
midpoint of the square side. After that, we rotate with 45 degrees to the right and then switch the
square length and set it as “((side length)/2) * V2

The previous solution of Salam, a prospective teacher, was suggested at the beginning, intuitively,
before the prospective teachers were prepared or exposed to any meta-cognitive skills. At that stage,
only Salam succeeded in solving the given problem using her intuitive meta-cognitive skills and
mathematics knowledge, while the other prospective teachers used trial and error programming
without performing meta-cognitive processes, and they failed to complete the programming of the
required shape properly.

5.2. A Trajectory of Problem Solving and Negotiation Processes as Means for Prospective Teachers’ Education

Below, we describe the trajectory of problem solving and negotiation processes in which the
prospective teachers were engaged in order to advance their knowledge and experience in utilizing
meta-cognitive skills in solving mathematics-based programming problems.

5.2.1. Negotiating the Skills Needed for Solving the Programming Problems: Programming Skills and
Meta-Cognitive Skills

Two issues were discussed at the beginning: the potentialities of programming geometric shapes in
Scratch and the awareness for using meta-cognitive skills in this programming. Excerpts 1 and 2 are two
examples on the discussions between the two PSs and the prospective teachers (PTs) regarding the two
issues. In excerpt 1, the discussion is about the potentialities of Scratch for drawing geometric shapes.

PT: Iwrite N but nothing happens in the program.
PS1: You need to go to DATA and drag the variable N, not writing it.

Excerpt 1: Potentialities of Scratch for drawing.
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Excerpt 1 shows an initial situation in which the prospective teacher was still struggling technically
to program in Scratch. The prospective teacher and the pedagogic supervisor contributed to the
conversation, where the initial situation was refined to become a situation in which the prospective
teacher was more knowledgeable regarding programming in Scratch.

In Excerpt 2, the discussion is about meta-cognitive processes in solving a programming problem
with Scratch.

PS2:  Salam, could you describe what you did in order to draw the shape?
Salam: At the beginning, I draw the whole shape on a paper and wrote its mathematical properties on
the drawing, so that I can begin to think about drawing it in Scratch.

2 A

PS2:  How did you program the drawing of the second square?

Salam: Depending on the first.

PS2:  O.K. Can you tell us what you thought when you first saw the problem?

Salam: At the beginning I thought how to arrive at the lengths of the sides and the measure of the
angles of the second square in order to draw it.

PS2:  Have not you done anything before?

Salam: No.

PS2:  Have not you written first the lengths of the first square.

Salam: Yes, I did.

PS2:  We need to be aware of each step in our solution process.

Salam: You are right. This awareness will help us keep track of our solution process.

Excerpt 2: Cognitive and meta-cognitive processes in solving a programming problem with Scratch.

Excerpt 2 shows an initial situation in which the PT does not describe the meta-cognitive processes
she may have used (R50-R53), which makes the PS assume that the PT is not aware of the meta-cognitive
activity. This led the PS to attract the attention of the PT to meta-cognitive issues: decompositions
(R54) and planning the solution (R56, R60). This dialogue refined the initial situation into a situation in
which the PT was aware of the meta-cognitive processes (R61).

5.2.2. Negotiating a Model of Meta-Cognitive Skills:

The negotiation related to meta-cognitive skills in solving programming problems continued
between the PSs and the prospective teachers, where the PSs described a model of meta-cognitive
skills by [24] that described a theoretical framework that included the following meta-cognitive
skills: encoding, representation, decomposition, planning, selecting strategy, monitoring, evaluating,
and suggesting other strategies.
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Excerpt 3 shows a discussion between one of the PSs and a PT in front of the whole class, where the
PS tried to lead the PT into acknowledging one meta-cognitive skill, namely, the representation skill.

PS1:

Huda:

PS1:

Huda:

PS1:

Huda:

PS1:

Huda:

PS1:

Huda:

PS1:

Huda:

PS1:

Huda:

PS:

Huda, could you describe what you did in order to solve the problem?

/

Computations.

Computations! O.K. What were the givens in the problem?

A square.

The drawing is part of the givens. We need to consider the unknowns.

The length of the square.

[The PS wrote on the board “Unknowns: length of the square = 2a”]. What else?

The angle of rotation.

[PS1 wrote on the board in the Unknowns item: “angle of rotation = 3”’]. What else?

The number of squares.

No. This number could be endless. [5] We can say “the side length of the next square” [PS1
adds the new variable to the unknowns item]. We need to take account of these variables. To
solve the problem, what did you do Huda? [3]. You drew on paper. Right?

Right.

You drew a square, and then drew the next square. [The PS drew the shapes on the board].
Huda, come and tell us the rest.

[She went to the board] I named this “a” and this “a” [The PT pointed at the appropriate line
segments]. What is the problem here? To know the angle of rotation = 3, and to know the side
length of the next square

[The PS put “?” beside the side of the next square]. We name this the representation of
the problem.

o O

Excerpt 3: Acknowledging one meta-cognitive skill—the representation skill.



Symmetry 2020, 12, 1627 11 of 19

Excerpt 3 shows an initial situation in which the PTs were ignorant of meta-cognitive models that
could direct the meta-cognitive activity of the learner. This initial situation led the PS to negotiate the
meta-cognitive model with the prospective teachers.

This was done by the PS when he led the PT into “considering the unknowns of the problem”
(R105), which is the first meta-cognitive skill in the model in [24]. The contribution of the PS and the
PT through their interaction (especially R105-R115) refined the initial situation into one in which the
PTs became aware of the representation skill in the model of [24].

5.2.3. Problem Solving for Developing the Prospective Teachers’ Knowledge of Scratch Programming

The PSs, besides introducing the meta-cognitive model to the prospective teachers, wanted to
make sure that the participants were in control of programming with Scratch. They did this through
problem solving related to requesting the prospective teachers to draw geometric shapes in Scratch,
and afterwards discussing their programming. Excerpt 4 shows a related discussion between the PSs
and the prospective teachers.

PS1: O.K. Let us look at the solution of Salam to assess its accuracy. [The PS started to read every block
of the Scratch program and discus its accuracy]. “ask what’s the length? and wait”. This block is to
input the length of the square “2a”. O.K. seems good. “Set side length to answer”. The answer
means the length of the side of the square. O.K. seems good. Afterwards “Repeat 10”. What
is this?

PTs: The number of squares.

PS1: The number of squares. O.K. Afterwards “Repeat 4”. Each loop of the first repeat involves a
repeat of 4 times doing some drawing. O.K. “move side length steps” and “turn 90 degrees”. What
did we do here?

PTs: This is to draw a square.

PS1: O.K. what did we do after drawing a square?

PTs: These blocks prepare the drawing of the next square starting at the midpoint on the side of the
current square, and do rotation of 45 degrees. Then set the side length of the next square as the
side length of the current square multiplied by V2/2. When performing the next loop in the first
repeat, the next square will be drawn.

Excerpt 4: Scratch programming.

Excerpt 4 shows an initial situation in which the PTs started to work in the Scratch environment.
The PS intended to advance the PTs” knowledge of mathematics-based programming in the Scratch
environment through drawing a geometric shape that was suggested by one of the PTs. Doing so, the
PS assessed the prospective teachers” knowledge of Scratch programming by asking about specific
lines in the Scratch program, as, for example, when he asked: “Afterwards ‘Repeat 10’. What is this?”
(R150), or when he asked: “O.K. ‘move side length steps” and ‘turn 90 degrees’. What did we do
here?” (R152). Moreover, the PSs emphasized the mathematical concepts and procedures needed to
complete the programming problem (as in R154, R155), where this emphasis is related to the need
for mathematical thinking and skills in the representation and planning skills in the meta-cognitive
processes. The interaction between the PSs and the PTs in the frame of the problem-solving activity
refined the PTs” expertise regarding Scratch programming.
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5.2.4. Negotiating the Meta-Cognitive Skills with Scratch Programming when the Prospective Teachers
Solved Programming Problems Individually

The PSs’ consideration of the knowledge of the prospective teachers regarding programming with
Scratch was a first step towards working for relating programming with Scratch to meta-cognitive skills.
Thus, the initial situation did not include this relatedness. To attempt to do this relatedness, the PSs
discussed the prospective teachers’ programming when they worked as individuals, as related to the
various meta-cognitive processes. Excerpt 5 shows a discussion on this relatedness during the PTs’
attempt to draw a circle with Scratch as a step towards solving the mathematical-based programming
problem of drawing two tangents to two given circles from a given point outside the two circles
(Figure 2).

PS1:  Asyou say, at the beginning we need to program the shape of a circle. How do you suggest
doing this programming?

Saed: My method starts from the center. It depends on using the radius. The goal is to draw the
point on the circumference of the circle as the end point of the radius. The radius will not be
drawn, for it is used to draw the end point only. We move from the center to the end point and
return to the circle center. We turn each time one degree and repeat the procedure until we
draw something like 360 points.

PS1:  This strategy seems promising. Can you please try to carry out the strategy described by Saed?

PTs:  [The prospective teachers got engaged individually with implementing the strategy described
by Saed using Scratch].

PS1:  Can you write a Scratch description, not necessarily code, of the method described by Saed.

PTs:  [The prospective teachers got engaged in writing a more exact Scratch-version of the strategy
described by Saed].

Rola: I wrote the following: Go to (x,y) representing the center of the circle. Repeat 360 times the
following steps: Move from the center a distance that equals the radius, when the pen is up.
Put the pen down to draw a point, then turn 180 degrees, put the pen up and move a distance
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that equals the radius until you arrive at the center. Turn 180 degrees and then one more
degree. Add a counter so that we see the frequency of the repetition during the drawing. This
counter starts at one in the block “set a to 1”7, and at the end of each loop, the value of “a”
changes through “setatoa + 1”.

PS1:  Great Rola. Do you think there is another strategy to draw a circle using Scratch?

Huda: Ithink I got one. It is trigonometry-based. We start from an angle Alpha that measures zero
degrees. We repeat 360 times the following steps: define the value of x coordinate for a point
on the circumference of the circle: x = the x coordinate of the center + Radius * cos (Alfa). We
then define the value of y coordinate for the same point on the circumference of the circle:
y = the y coordinate of the center + Radius * sin (Alfa). We put the pen down to draw the
point. Then turn one degree and increase Alfa by one degree through “set Alfa to Alfa + 1”. We
continue to draw the points one beside the other.

PS1:  Fine Huda. [PS1 talks to the whole class] What do we conclude from Saed’s and Huda’s
strategies for drawing a circle using Scratch?

PTs:  We need to look for more than one strategy to work with Scratch?

PS1:  Why do we need to do that?

PTs:  One strategy could be easier or more efficient to perform with Scratch than the other.

PS1:  What is the difference between the two strategies of Saed and Huda? You can discuss the
difference in pairs or groups.

PTs:  [The prospective teachers started to discuss the difference between the two strategies]

Figure 2. Two tangents to two given circles from a given point outside the two circles.

Excerpt 5: Discussing the use of meta-cognitive strategies in working with Scratch.

Excerpt 5 describes an initial situation in which the PTs possessed neither knowledge nor
experiences regarding the use of meta-cognitive processes in programming with Scratch. When the
PS described the strategy as promising, it could thus be tried (R203); the PS indicated indirectly that
other strategies could be tried, which encouraged the use of the monitoring meta-cognitive process by
the PTs. This indication of the existence of other strategies was expressed directly by the PS (R208).
Furthermore, the PS emphasized the need to compare between the strategies (R210), as it is part of the
meta-cognitive processes. The contributions of the class’s members (especially in R209-R215) refined
the PTs” knowledge and expertise about the relatedness of meta-cognitive processes to programming
in Scratch.

5.2.5. Negotiating, in Groups, the Meta-Cognitive Skills with Scratch

The previous discussion also occurred when the prospective teachers worked on programming
geometric shapes with Scratch in groups. The PSs requested the prospective teachers to work in
groups in order to program another geometric shape with Scratch. The shape consisted of a sequence
of squares, where the vertices of each following square were obtained from the previous square by
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assigning a point on each side of the previous square. Each point’s distance from the adjacent vertex of
the previous square was fixed for the four points (See Figure 3).

Figure 3. A geometric shape consisting of a sequence of squares.

The PSs discussed with each group, during the solution process, the negotiations among the
group members regarding the meta-cognitive sequence of processes that they were following. After
the groups of prospective teachers finished the programming, the PSs had a discussion with them
regarding the meta-cognitive skills that they utilized in their programming as well as the mathematical
knowledge and thinking that helped them to construct the algorithmic solution of the problem. This
discussion was similar to the one in Excerpt 5, where it refined once more the PTs” knowledge and
expertise about the relatedness of meta-cognitive processes to programming in Scratch.

5.2.6. Negotiating, Independently, the Use of Meta-Cognitive Skills in Programming with Scratch

The PSs lessened their intervention in the prospective teachers’ programming. The prospective
teachers worked in groups independently to program a new geometric shape consisting of a sequence
of triangles (See Figure 4).

Figure 4. A geometric shape consisting of a sequence of triangles.

During this programming, the prospective teachers used meta-cognitive skills in their
programming, as Excerpt 6 shows.

Maha: It seems there is a problem in the rotation angle, probably in the length of the side too.

Namarik: It could be that the problem is due to the direction of the rotation right/left, or the angle size
120 or —120, or due to a mistake in the algebraic expression of the rotation angle.

Maisoon: Let us go back and check our calculations to be sure of the rotation angle size and the length
of the new edge.

Group:  [The group members worked again on the calculations]
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Rand: We changed the angle size but the mistake is still there. The triangles got turned and moved
out. We still have a problem.

Namarik: Maybe we need to change the edge’s length.

Group:  [The group members manipulated the geometric shape drawn in Scratch, changing the
edge’s length, but without overcoming the mistake.

Namarik: Let us try again to change the angle.

Group:  [The group manipulated the angle size and its direction several times].

Rand: [Rand monitored the algebraic expression of the new rotation angle]. Here is the mistake.
We missed multiplying by “a”.

Namarik: When the value of “a” becomes negative, the shape gets messed up. We need to add a
condition to stop the drawing when “a” turns to be less than zero.

Excerpt 6: Using meta-cognitive processes while solving programming problems in a small group.

Excerpt 6 shows that the prospective teachers as a group used monitoring, regulation, and
evaluation in their solving of the programming problem. The use of monitoring occurred, for example,
in (R38), observing that there is a problem with the programming. The use of regulation occurred,
for example, in (R40) as Maisoon suggested a repeat of the calculations. The use of evaluation occurred,
for example, in (R42), where Rand evaluated the programming as problematic. Moreover, in (R44-R48),
the group used monitoring and evaluation in Scratch to check their trials and to obtain a better solution.

Table 3 describes the frequencies of the themes related to each phase (category) resulting from the
categorization of the data.

Table 3. Frequencies of the themes related to each phase.

Phase Frequency

Negotiating the skills needed for solving the programming problems: programming skills and
meta-cognitive skills

Problem solving for developing the prospective teachers” knowledge of Scratch programming 55
Negotiating the meta-cognitive skills with Scratch programming when the prospective

63

teachers solve programming problems individually 57
Negotiating, in groups, the meta-cognitive skills with Scratch 69
Negotiating independently the use of meta-cognitive skills in programming with Scratch 53

Table 1 shows that, although the prospective teachers were engaged actively in all the phases,
they were more engaged when they worked in groups.

6. Discussion

Educating PTs for using new technological tools has attracted the attention of researchers in
educational technology, as this education influences teachers’ knowledge and practice as trainees in the
schools and as future teachers. The need for educating PTs in the use of technological tools is especially
true in the case of programming, as it could be difficult to learn [51]. Szlavi and Zsako [52] mentioned
the problem solving and mathematics contexts as circumstances for teaching programming. In the
present research, we followed a trajectory consisting of problem solving and negotiation processes to
educate PTs in using meta-cognitive processes in solving mathematics-based programming problems
with Scratch. We examined the influence of this trajectory on the advancement of the PTs’ use of such
meta-cognitive processes as they come to program geometric shapes with Scratch. The research results
indicated that at the beginning of the trajectory, the PTs were not aware of such processes, however,
as they advanced in their problem solving, together with the negotiations with the pedagogical
supervisors and in the group, they started to use these processes as learners, and gradually this use
extended to the programming environment of Scratch. Moreover, the research results indicated that the
PTs utilized mathematical thinking and knowledge in the encoding, representation, and decomposition
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meta-cognitive processes, while they utilized programming thinking with Scratch in the monitoring
and evaluating processes. Scratch assistance for advancing the previous specific meta-cognitive
processes is due to the visual, dynamic, and friendly interaction properties it provides [11,53]. In the
planning and choosing strategy meta-cognitive processes, the research results indicated a combined
utilization of mathematical, programming, and algorithmic thinking.

Researchers argue that the education of PTs and in-service teachers contributes to their teaching
methods in the classroom [54,55]. Thus, the reported education of PTs in using meta-cognitive skills
in solving mathematics-based programming problems will encourage the participating PTs in using
meta-cognitive processes as teachers in designing activities and encourage their students to use
meta-cognitive processes while solving mathematical-based programming problems.

The research results indicate that meta-cognitive processes for learning and teaching in a
programming environment could be learned and developed by teachers, which supports the claim of
Ryan and Bagley [56] that “One of the major ways technology-related professional development can be
improved is by creating ongoing learning opportunities for teachers” (p. 42). Here, the PTs gained their
learning opportunities through multiple forms of problem solving and through negotiations, where
these processes enabled them to engage in the practice of meta-cognitive solving of mathematics-based
programming problems.

Problem solving and negotiations were contexts for the PTs to try to develop their knowledge and
practice in solving mathematics-based programming problems. The activities provided by the PSs had
more than one solution strategy based on Scratch programming (such as, for example, programming
the circle shape). Negotiating the solutions of the programming problems made the PTs aware of what
it means to use different strategies with Scratch programming, which emphasized the importance
of considering the meta-cognitive process “choosing a solution strategy” when coming to solve
mathematics-based programming problems and mathematical problems in general.

7. Conclusions and Considerations for Practitioners

7.1. Conclusions

To conclude, Saez-Lopez et al. [57] found that Scratch resulted in significant improvements in
innovation, collaboration, active learning, and motivation for prospective teachers. Schmidt-Crawford
et al. [58] reported that coding experiences through Scratch and programs similar to it, such as Scratch
Junior and Code.org that teach coding, evolves into a commonplace activity for both prospective and
in-service teachers. This Scratch and programming experience of coding are needed for prospective
and in-service teachers in order to prepare them for teaching programming and mathematics and
topics that lie at their intersection such as symmetry.

Prospective and in-service teachers need to engage in programming activities that involve another
discipline such as mathematics in order for them to accompany their students in developing skills
needed for the 21st century as interdisciplinary skills. Thus, educational institutions need to be
concerned about such workshops, not only for prospective teachers, but also for in-service teachers.

The present research suggests that problem solving and negotiations could support PTs, not only in
learning coding/programming but also in the development of their meta-cognitive processes for solving
mathematics-based programming problems. This education would positively affect their students” use
of meta-cognitive processes [46], especially in an environment of programming such as Scratch, which
is pointed out as facilitating mathematics education. Further, by developing their meta-cognitive
processes, PTs will positively influence the deeper cognitive processes of the students [5].

7.2. Considerations for Practitioners

We learned that we should not give immediate answers to the learners and allow enough time for
them to think and do the work by themselves individually or to negotiate it in groups. Learners” work
needs to be individual at the beginning and then in groups, alongside the assistance of the instructor.
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Afterwards, the learners should work again individually and then in groups, but instead the work is
done independently by the learners. Throughout all the processes, we need to emphasize working in
groups and encourage the learners to express their thoughts loudly to each other. In addition, we need
to train the learners to listen to the thoughts of others and negotiate these thoughts with tolerance,
even when they do not agree with them.

We learned that we need to encourage and even train the learners to follow and monitor
their thoughts by expressing them in writing in order to reflect on them. In addition, there is an
important place for asking the learners about their thoughts during and after the solution and to
negotiate these thoughts together. The learners need to have enough time to solve and negotiate the
problems independently.

We learned how to choose the problems given for the learners. The problems need to fit the
interaction between the mathematical and the programming contents. The problems need to have
different solution strategies, such as the “tangents of two given circles” problem. This would enable
the learners to choose one of them and compare between them, which is a meta-cognitive process.
The problems need not to be too easy, and thus the learners need to plan their solution, which is another
meta-cognitive strategy. It is also important to make sure that the problems are possible to program
in Scratch.
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