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ABSTRACT
Integrating Mathematics and ICT Objectives for Algorithmic Thinking, Problem

Solving Skills, and Epistemological Beliefs

This mixed method study assessed the effectiveness of an integrated Mathematics
and ICT curriculum designed according to the problem-based Arc of Learning
framework, for student learning, and investigated its effects on the 5th-graders’
problem solving and algorithmic thinking skills, as well as mathematics related
epistemological beliefs. PBL activities were developed by the researcher that
integrated two units in the mathematics curriculum, and one unit in the ICT
curriculum. The participants were 5" grade students (n=23) in the experimental
group while 6™ graders (n=21) in the control group, and 193 5th-8th graders
comprised the participants for the investigation of the middle schoolers’ mathematics
related epistemological beliefs. Quantitative data were collected through
Mathematics Oriented Epistemological Beliefs Scale (MOEBS); algorithmic thinking
and problem-solving skills test (ATPS test), and mathematics and ICT unit tests. The
qualitative data were collected through weekly assignments and students’ artifacts
during the implementation. The results indicated that the students improved their
ATPS skills at the end of the implementation. They also increased their Mathematics
and ICT unit exam scores. The qualitative data supported the results from the
guantitative data by showing that the students who increased their ATPS scores
significantly also improved their scores in the Math and ICT unit exams. An
examination of student artifacts in group work provided evidence for the learning
process and the improvement the students experienced throughout the 5-week
program. As for epistemological beliefs, no significant difference was found before

and after the implementation in the MOEBS scores.



OZET
Algoritmik Diisiinme, Problem Cdzme Becerileri ve Epistemolojik Inanglar icin

Matematik ve Bilisim Kazanimlarinin Biitiinlestirilmesi

Karma ydntem ile yiiriitiilen bu calisma, probleme dayali "Ogrenme Yay1"
cergevesine gore tasarlanmis biitiinlesik Matematik ve BTY miifredatinin 5. sinif
ogrencilerinin epistemolojik inanglari, igerik bilgisi ve algoritmik diistinme ve
problem ¢6zme becerileri lizerindeki etkisini aragtirmistir. Matematik miifredatindan
2 tnite ile BTY dersinden bir {initenin entegre edilerek arastirmaci tarafindan
tasarlanan 6gretim programi olusturulmustur. Tiirkiye'nin kirsal bir bolgesindeki
ortaokul 6grencilerinin epistemolojik inang diizeylerini arastirmak igin bolgedeki 193
ortaokul 6grencisi katilime1 olmus ve olusturulan programin etkisini incelemek i¢in
deney grubu olarak 5. sinif (n=23) ve kontrol grubu olarak 6. sinif 6grencileri (n=21)
calismaya katilmistir. Matematik Odakli Epistemolojik Inanglar Olgegi (MOEBS);
Algoritmik diisiinme ve problem ¢dzme becerileri testi (ATPS), matematik ve BTY
tinite testleri araciligiyla nicel veri, uygulama siirecinde haftalik degerlendirmeler ve
ders esnasinda toplanan 6grenci tiriinleri nitel veri olarak toplanmistir. Sonuglar, 5
hafta boyunca biitiinlesmis miifredat derslerine katilan 6grencilerin, kontrol grubuna
gore algoritmik diislinme ve problem ¢dzme becerilerini 6nemli dlciide gelistirdigini
gostermistir. Ayrica deney grubu, yani 5. sinif 6grencileri, uygulama sonrasi
Matematik ve BTY iinite sinav puanlarini yiikseltmistir. Nitel veriler de ATPS
puanlarini 6nemli 6l¢iide artiran 6grencilerin matematikteki ¢ok adimli problemleri
¢dzmede daha basarili olduklarin1 desteklemektedir. Ote yandan, nicel verilere gore
deney grubunda uygulama sonrasinda epistemolojik inanglar agisindan anlamli bir

gelisme olmadigi bulunmustur.
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CHAPTER 1

INTRODUCTION

It would not be possible to learn Mathematics by learning just the rules for
mathematical operations—Iearners need to see the reasoning behind the rules they
apply. As Polya’s (1973) well-known cookbook analogy indicates, providing the
ingredients and the steps to use the ingredients allows room for the individual’s own
understanding, while a strict application of a “mathematical recipe” would not. On
the flipside, if a mathematics instructor follows the procedures of the cookbook, then
learners will not be able to connect the rules and they will quickly forget what
strategies they used to solve the problem (Polya, 1973).

To solve a problem, learners need both conceptual knowledge, the
understanding of the relation among the concepts, and procedural knowledge, the
ability to implement the steps to be used to solve the problem (Hakim & Yasmadi,
2021; Rittle-Johnson et al., 2001). These two abilities, i.e. procedural and conceptual
knowledge are linked to each other and one iteratively affects the other (Canobi et
al., 2003; Rittle-Johnson et al., 2001; Schneider et al., 2011). Thus, instruction which
aims to improve either one of these types of knowledge is not desirable, in
mathematics education the instruction needs to fulfill both (Schneider et al., 2011).
Since through algorithmic thinking the ability to execute procedural knowledge
develops, it is believed that algorithmic thinking advances conceptual understanding
(Abramovich, 2015). Therefore, instruction focusing on algorithmic thinking and
conceptual knowledge will help learners with problem-solving achievement.

Mostly students are given problems that are easy to decide which algorithm

will be used, so learners can easily determine the algorithm, and sometimes by using



their procedural knowledge they will solve the problem (Amalia et al., 2017). For
instance, if students read a sentence that includes “total amount of”” and two numbers
as the amounts, then they directly add these two numbers because they are taught to
do so, and they “know” that they will find the right answer. However, what if
learners encounter an unfamiliar problem?

Learners seem to memorize how to solve an equation; therefore, even if they
did not conceptually understand what they need to do to solve the equation if they
have practiced well, then they can easily solve it using their procedural knowledge.
However, it is clearly pointed out that when students are faced with a story problem
since they cannot understand what is asked, they cannot decide which operations
they need to solve the problem (Alibali et al., 2014). In addition, Freudenthal (1981)
claimed that most people are taught the rules and if they know something is true then
they do not even try to question that information. He argued that many learners do
not even attempt to think about the reasons for what they learned; for instance, if
someone will multiply a number by 100 then they quickly add two zeros to the
number without thinking about the reason for adding zeros (Freudenthal, 1981).
Therefore, it is important to provide problems that allow learners to move beyond the
memorized rules without thinking about the reasoning behind the rules.

Even though it is accepted that story problems are needed to develop
conceptual understanding, sometimes these problems might not be a “real” problem
for learners. To accept a problem as a “real” one it needs to be difficult enough to
solve, and learners need to feel that they have to find an authentic way to overcome
the obstacle they faced (Polya, 1981). While trying to find a way, learners will start
to remember what they have learned related to the problem, connect this knowledge,

and transfer the knowledge into the new situation; thus, this will enable the



development of mathematical understanding rather than just practicing the rules
(Lambdin, 2003).

Learners need to be aware that there are plenty of perspectives to solve a
complex problem. Rather than just repeating what they have been taught, they need
to search for new strategies because doing mathematics is not only mimicking what
the teacher did during a problem-solving process. It requires comprehending the
problem, creating new strategies, applying those strategies, and checking whether the
solution works or makes sense (Walle et al., 2010). To create new strategies, it is
necessary to synthesize what is given in the problem, what knowledge is needed and
helpful, and what is already known by the learner (Polya, 1973).

Hearing their peers’ ideas to solve a problem helps the learners to create
alternative ideas and more importantly, see that there is not only one way to
accomplish a goal, or in this case, to solve the problem. There are many ways, which
may or may not result in the achievement of the goal, but all are crucial for the path
of the solution. As Linn, Bell, and Davis (2004) stated, many textbooks contain just
the answer to the problem, and many research studies have focused only on the way
that leads to the correct solution, however, knowledge is not gained in one single
shot. Experts may also be mistaken, yet clarifying this misunderstanding leads them
to find the desired path.

On the other hand, if learners believe that there is just one way to reach the
“right” solution, or experts/ mathematics textbooks are always right, or the
mathematical “rules” they were taught are unchangeable, then they will have
difficulties in solving “new generation story problems.” These beliefs tend to stem
from learners’ general epistemological beliefs as well as their domain-specific, i.e.

mathematics-related epistemological beliefs.



An important issue here is what kind of instructional processes should be
planned, or what an instructor should do when learners encounter ill-structured,
contextualized, and unfamiliar problems, in other words, “the real problems.” Papert
(1980) claims that learning depends on the culture and environment that the
knowledge occurs in. The materials used for teaching should meaningfully hold
together, and not be dissociated. When teaching mathematics, the environment
should encourage a culture of math, and contain a rationale for learning it. Polya
(1981) also stated that algebra is a language, if someone knows how to talk in the
algebraic language then they translate English and algebraic language (Polya, 1981).
Papert (1980) stated in his seminal work Mindstorms that any student can learn
French if he grows up in France rather than just taking the French class in another
country, so any student can learn mathematics in Mathland. Therefore, the
environment needs to provide a rationale to learn mathematics and encourage
learners to think about this learning, which will not only take place in the classroom
but will last their whole life.

Problem-based learning (PBL) is a learning environment model that offers
authentic problems enabling learners to transfer their knowledge by discussion to
solve the problem (Hmelo, 1998). Compared to traditional instruction, PBL follows
the process of problem-solving suggested by Polya (1973), which is understanding
the problem, analyzing for planning, implementing the plan, and lastly looking back
to reflect what has been done and check whether it makes sense. Additionally, this
problem-solving process occurs in a social environment by constructing knowledge
with peers, therefore it helps cognitive development (Downing et al., 2009).

While students can solve an equation by using their existing procedural

knowledge without understanding the meaning of the equation when they encounter



word problems, they have difficulty in transforming the problem into an algorithm,
so it becomes difficult for them to reach a solution (Savery, 2006). Therefore,
instructions emphasizing either conceptual or procedural knowledge are not effective
on problem-solving achievement. One of the reasons for this difficulty in problem-
solving is that students try to repeat the method they were taught mot-a-mot, instead
of trying to find solution paths other than the method they memorized, seeing that
there is more than one solution (Freudenthal, 1981; Walle et al. 2010). This
perception stems from the students’ epistemological beliefs; students who believe
that the information comes from a single source or that it is the only truth do not go

beyond the memorized method to reach the solution (Gu, 2016; Hofer, 2000).

1.1 Purpose of the study

The purpose of this study is to investigate to examine the effect of instructional
design that integrates mathematics and ICT objectives within the Arc of Learning
framework on 5th-grade students’ problem-solving and algorithmic thinking skills
and epistemological beliefs. A secondary purpose is to examine the relationship
between epistemological beliefs and mathematical problem-solving skills . The Arc
of learning framework is adopted as a PBL model to design and implement an
integrated math and ICT learning environment based on two specific units from the

5th grade Math and ICT curriculum.

1.2 Significance of the study
Problem-solving skill, which is important in mathematics education (Freudenthal,
1981), and closely related algorithmic thinking are essential for both mathematics

and computer science. To sophisticated problem-solving skills it is crucial to



improve both conceptual and procedural knowledge. Additionally, epistemological
beliefs also effect that skill, because as students’ epistemological beliefs in
mathematics become more naive, their belief that there is only one answer or that the
answer comes directly from a single source increase while solving problems, and
they cannot be successful in complex problems because they do not seek alternative
ways.

Also, according to an OECD report examining Math curricula from19
countries, much of the Mathematics curricula still relies on basic skills, while
educators recommend algorithmic reasoning, complex problems encountered in real-
life situations, and 21° century skills such as communication and creativity (W. H.
Schmidt et al., 2022). The study also draws attention to how important mathematical
literacy was during the covid-19 pandemic. The follow-up of the data published
daily, the mask requirements taken according to these data, or most importantly, the
decisions to be vaccinated are given as examples for this mathematical literacy.
When the mathematics curricula and textbooks of 19 countries are compared, it is
seen that although there are targets such as mathematical literacy, algorithmic
reasoning, and solving complex problems in the curriculum, there are not sufficient
appropriate activities or questions in the textbooks. For this reason, algorithmic
reasoning, and higher order thinking were targeted in this study, and integrated with
the ICT curriculum.

Although there are many studies of epistemological beliefs and mathematical
problem-solving, only a small number of these studies involved an implementation
specifically addressing learners’ needs at middle school level. Also, even though the
effects of PBL environment on the learners’ epistemological beliefs were widely

studied, the majority of the studies were about science topics. The current study will



focus on designing instruction for developing mathematical problem solving and
algorithmic thinking skills and epistemological beliefs of middle school students.
The study’s contribution will be its integrated approach to essentially related skills in
two different realms in the curriculum, and its research focus on both skills’
development and epistemological beliefs. It is hoped that the findings from the study
can shed light on how two related subjects can be integrated and guidelines can be
offered for both teachers and policymakers for an integrated curriculum of

mathematics and ICT courses in case positive effects are obtained.



CHAPTER 2

LITERATURE REVIEW

The literature review chapter presents theories of epistemological beliefs, algorithmic
thinking, mathematical problem solving and the methodology for increasing these
beliefs and kills. The theoretical framework of this study is based on epistemological
beliefs in learning, problem-based learning, and teaching and learning of algorithmic
thinking and problem-solving skills, First, epistemological beliefs and mathematical
epistemological beliefs are discussed, then algorithmic thinking and problem-solving
abilities are explained. Lastly, the problem-based learning (PBL) model and arc of

learning framework, which is a PBL framework, are reviewed.

2.1 Epistemological beliefs
Epistemology is a branch of philosophy and simply defined as the study of
knowledge and knowing, yet it is also a field that educational researchers are
interested in (Braten, 2010). Epistemological beliefs are important in education
because they affect how people think and reason both in everyday matters and in
academic life (Depaepe et al., 2014; Kuhn & Weinstock, 2012).

The development of epistemological beliefs is widely researched. Schommer
(1993) showed that students’ epistemological beliefs in simple and certain
knowledge and quick learning develop through high school. Later, Kuhn et al.( 2000)
designed two studies to understand the order of development among different
judgment domains, namely, personal taste, aesthetics, value, and truth. The first
study involved three younger groups, one young adult group, and two mature adult

groups that differ in terms of intellectual ability. The level of the beliefs is



changeable in terms of the judgment domains; and as expected, while the transition
from the multiplist to evaluativist was realized, the changes from absolutist to
multiplist could not be observed. Therefore, researchers conducted another study
with 2nd and 3rd graders. Although this study revealed that the transition from
absolutist to multiplist happens very quickly and it is hard to capture someone in the
middle of that transition, these two studies proved that there was a development
through the ages and education levels.

Kurt (2009) conducted research with 1557 students from 5th, 6th, 8th, and
10th grades and she found that there is a statistically significant effect of grade levels
of students on their epistemological beliefs, and 8th graders had higher
epistemological beliefs than 5th graders. Another study conducted in Turkey with
440 high school students who attended grades 10-12"" | grade investigated students’
epistemological beliefs through age and whether there is a correlation between
epistemological beliefs and attitude toward studying (Onen, 2011). The analysis
showed that students’ epistemological beliefs developed as their age increased, while
the 10th-grade students scored lowest in epistemological beliefs, the 12th-graders
scored the highest means. However, some researchers found a negative correlation
between the grade level and epistemological beliefs. For instance, Cakir and
Korkmaz (2019) collected data from 438 middle school students in a rural region in
Turkey, and showed that the epistemological beliefs of 5th-graders were higher than
the beliefs of 8th-graders. Moreover, in a research study executed with 427 students
attending 4th, 6th, and 8th-grades, it is concluded that there was a correlation
between the grade level and epistemological beliefs; yet, it was the 8" graders who
scored the lowest means in knowledge justification and knowledge development

factors of epistemological beliefs (Boz et al., 2011). As the reason for this result, the



researchers stated that it could be a teaching method. Students' epistemological
beliefs can develop in instructional methods, such as inquiry-based approaches;
Therefore, Boz et al. (2011) suggested similar research with students attending
classes with different types of instructions.

Further, the link between epistemological beliefs and learning is investigated
by many researchers in the educational context (Berding et al., 2017; Jena &
Chakraborty, 2018; Onen, 2011). Onen (2011) found a positive correlation between
students’ epistemological beliefs’ and their attitudes toward studying; which means
that as the level of epistemological belief increased, their attitudes towards studying
became more positive. Another study on epistemological beliefs and learning
approaches was conducted by Ozkal et al. (2009) with 1152 8th grade students. As a
result of the study, it was revealed that students with more advanced epistemological
beliefs used more advanced learning strategies which lead to deeper processing of
knowledge. On the other hand, Saunders (1998) stated that students with fixed
epistemological beliefs favored rote learning (Saunders, 1998 as cited in Ozkal et al.,
2009). In another study examining the relationship between epistemological belief
and learning approach, 20 8th grade students were selected out of 202 8th-graders to
be interviewed according to an initial questionnaire, and it was found that students
with more constructivist’s knowledge, that is, sophisticated epistemological beliefs,
used more meaningful strategies in their understanding in science. Students with
empiricist knowledge, that is, students who have naive epistemological beliefs, tend
to use more rote-like strategies in their science learning processes (Tsai, 1998).

In addition to the relation between epistemological beliefs and learning
approaches or attitudes toward studying, the link between mathematical problem-

solving attitudes and epistemological beliefs was also researched. At this point, the
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question of whether epistemological beliefs can be increased through instruction is
raised. Kienhues et al. (2008) conducted a study that aims to examine the effects of a
short-term intervention on domain-specific epistemological beliefs with 58 university
students. Half of the students had more naive beliefs than the other half according to
the pretest. The intervention group received refutational epistemological instruction
and the control group received non-challenging instruction (without any opposite
ideas), and the students were randomly assigned to these groups. As a result, even in
a short-term intervention, which was only text-based, the domain-specific
epistemological beliefs of the students in the intervention group changed in a positive
direction to a more sophisticated view (Kienhues et al., 2008).

The relationship between academic achievement and epistemological beliefs
is another area of research in epistemological belief studies. Schommer (1993)
investigated the effect of secondary school students' epistemological beliefs on their
academic performance by looking at the general point averages. It was found that the
belief in quick learning was related to low-level comprehension, and this lead to low-
level academic achievement. The study highlighted the need to investigate the
relationship between epistemological beliefs and different subjects in high school,
rather than general point averages (Schommer, 1993). Furthermore, Kurt (2009)
found that the epistemological beliefs were significantly correlated with the students’
majors, and it is accepted that students who major in mathematics and science fields
have more sophisticated epistemological beliefs in knowledge justification than
students attending social-science fields (Kurt, 2009). Therefore, in the next section

epistemological beliefs in mathematics will be examined.
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2.1.1 Mathematical epistemological beliefs

Many students would say that mathematics cannot be discovered or achieved by
reasoning, but one must be instructed to learn it. Research has shown that students
tend to think that memorization is important in learning mathematics because
mathematical problem solving needs a predetermined sequence of steps or
memorization of formulas (Steiner, 2007). Therefore, since their beliefs about the
nature of knowledge, i.e., epistemological beliefs are naive, they would not attempt
to find a strategy on their own to solve an unfamiliar problem.

Muis (2004) called the beliefs that make a contribution to learning "availing",
and the beliefs that have no influence, or negatively impact learning "non-availing"
beliefs. Non-availing beliefs about mathematics were the students’ beliefs that
mathematics only includes rules and procedures; that mathematics is about reaching
the correct answer; and that in mathematics, one needs to get the knowledge from an
authority. In a study with 159 college-level students, it was found that more availing
beliefs about the importance of understanding and usefulness of mathematics
positively correlated with exam performance, based on data from Mathematical
Beliefs Scale and final exam results in an Intermediate Algebra course (Steiner,
2007).

Schommer-Aikins et al. (2005) investigated whether epistemological beliefs
are related to mathematical problem-solving beliefs and how these two belief
systems are related to students’ reading, mathematical problem solving, and overall
GPA. They found that students who are epistemological “quick believers” assume
that all assignments should be done in a short time. If they face more challenging and
time-consuming problems, they may quit and move on to different activities when

the time they allocated to problem-solving ends. Also, it was shown that students
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focused on a fixed belief think that if they could not solve the problem immediately
then they will never achieve it because had they had the ability to do so, they would
have solved it immediately (Schommer et al., 2005).

Although it is argued that age is a factor in the development of
epistemological beliefs, there are other factors, related to the sophistication of
beliefs, such as education level (Kuhn et al., 2000; Schommer-Aikins et al., 2005;
Schommer, 1990, 1993). Moreover, beyond the level of education and experience,
the type of instruction that enables students to realize the uncertainties or the
controversial ideas about a topic (Kienhues et al., 2008; Valanides & Angeli, 2005)
and a collaborative learning environment seems to impact the development of

epistemological beliefs (Akbay et al., 2018; Hofer, 2001).

2.2 Algorithmic thinking and problem-solving abilities

Algorithmic thinking can be defined as a system of thinking that enables the
construction of intermediate tasks, and the sequence of steps to reach a goal--the
final task (Cooper et al., 2000; Kalelioglu et al., 2016). In other words, algorithmic
thinking refers to defining a problem, analyzing it, planning the path to solve the
analyzed sub-problems, implementing the plan, and evaluating the whole process
(Futschek, 2006). Common examples of algorithms in everyday life might be
following a recipe to cook or one’s route from home to school; it is clear that these
activities have steps to follow (Brown, 2015; Kalelioglu et al., 2016). Even though it
is accepted that algorithmic thinking is as old as humans because of daily problems
humans face, it has become an area of study with the development of computer

science (Geda & Biro, 2020), and how computing is taught.
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Although algorithmic thinking is a term used since the 1950s and used for
step-by-step problem solving, it is considered a major component of computational
thinking (Grover et al., 2015), even if it is sometimes used interchangeably with
computational thinking (J. Mezak & Pejic Papak, 2019; Jasminka Mezak & Petra,

2018).

2.2.1 Algorithmic thinking and mathematical achievement

In his seminal work Mindstorms, Papert (1980) argued that to increase mathematical
understanding beyond school mathematics, a learning environment is required that
offers students the opportunity to create problem-solving strategies by “thinking like
a computer” It is widely accepted that mathematical thinking and algorithmic
thinking skills are correlated (Knuth, 1985). After interviewing 5 mathematicians
with PhDs in the field Lockwood et al. (2016) found that mathematicians use the
term algorithmic thinking interchangeably with the term procedural knowledge. At
this point, it is beneficial to mention that they did not explain procedural knowledge
only as following the steps given, but also as deciding which path is worth following
and which steps will not be effective compared to others. Thus it might be said that
(deep) procedural knowledge includes comprehension of the problem solving and
decision-making processes (Star, 2005).

According to a meta-analysis conducted by Lei et al. (2020), even though it is
expected that the computational thinking and academic achievement, especially in
mathematics, science, and language, is expected to be positively correlated, research
in the last decade revealed unequivocal results. There are studies in the literature that
found no significant relationship between algorithmic thinking, a dimension of

computational thinking, and academic achievement, however, this finding has not
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been tested with middle school or younger students, also these studies were not
examining the mathematics achievement even though they looked for the GPA, and
are not in the majority (Doleck et al., 2017; Lei et al., 2020; Shell et al., 2015).

On the other hand, there are studies that show that mathematical achievement
is related to computational thinking, which is built on algorithmic thinking skills
(Alotaibi & Alyahya, 2019; En et al., 2021; Grover et al., 2015; Mindetbay et al.,
2019; Ozgiir, 2020). According to the results of the research conducted by En et al.
(2021) with 153 university-level STEM students, it was observed that there is a
relationship between computational thinking and the level of academic success in
STEM, except for the dimension of cooperation. It has been concluded that one of
the related dimensions of computational thinking was algorithmic thinking skills,
successful students get high points on algorithmic thinking questions of the
Computational Thinking Scale, and low-achieving students have low algorithmic
thinking averages.

A study was conducted with 405 students from 5" grade to 12'" grade and a
positive relationship was detected between academic achievement in mathematics
and the level of computational thinking (Ozgiir, 2020). As for younger age groups, in
the study with participants from 5th to 12th grades Ozgiir (2020) found that students
with high computational thinking skills were also successful in mathematics and
science. In addition, Ozgiir (2020) revealed that students who are successful in
mathematics and science say that they understand concepts more easily by
formulating concepts while learning mathematics or that they can quickly set up
equations while finding the result, which is related to algorithmic thinking. Further,
Alyahya and Alotaibi (2019), found that according to 46 8th graders’ achievement in

TIMMS (Trends in International Mathematics and Science Study), mathematics

15



achievement and computational skills of 8th graders are positively correlated; and
when they examined the dimensions of computational thinking, they found that the
biggest factor in success is the problem-solving dimension and the next important
factor is algorithmic thinking. Moreover, in a study with 775 8th-grade students, it
was concluded that achievement in algebra can predict computational thinking;
which were analyzed through GPA scores and a multiple choice computational
thinking skills test (Mindetbay et al., 2019). It has also been shown that the
computational thinking skill levels of 4™ graders tend to be positively correlated with
their basic mathematical knowledge levels (Lewis & Shah, 2012). Yet, there is a
need to explore the relation between the algorithmic thinking dimension of
computational thinking and mathematical achievement, because even if there are
studies about these two variables, as previous studies were conducted in the context
of computational thinking skills (Yavuz Mumcu & Mumcu, 2018).

There is a limited number of research studies to describe the algorithmic
thinking of middle school students (Mumcu & Yildiz, 2018) and examine whether
there is a relation between middle school students’ algorithmic thinking skills and
their mathematical achievements. Mumcu and Yildiz (2018) conducted research with
138 fifth and sixth-grade students to make a contribution to the gap, they found that
6th graders had better algorithmic thinking scores than 5th graders; and they also
found that there is a small positive correlation between mathematical achievement
and algorithmic thinking skill. Also, since there is a lack of studies examining
algorithmic thinking in the younger age group, the researchers suggested that there is
a need for research at middle school level in this area with different theoretical

framework (Mumcu & Yildiz, 2018)
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2.2.2 Algorithmic thinking and grade level

In a meta-analysis of 34 studies Lei et al. (2020), found that the group with the
strongest relationship between computational thinking skills and academic
achievement was primary school students, then the middle school students, and those
with the weakest relationship were high school students and older participants.
Therefore, Lei et al. (2020) deduced that age is an indicator of the correlation
between computer thinking and achievement , Thus, it is worth to investigate the
grade level in terms of the algorithmic thinking dimension of computational thinking,
after the correlation with the academic achievement is explored.

There are research studies confirming that algorithmic thinking skills are
positively correlated with age. In a study conducted with 1251 Spanish students,
participants from 5th to 10th grades were selected as participants and both
computational thinking skills and cognitive abilities (spatial ability, reasoning ability,
problem-solving ability) that might be related to computational thinking were
investigated. According to the results of the study, the computational thinking skills
of the participants increased as they got older. In addition it was also revealed that
the cognitive ability with the highest correlation of computational thinking skill was
problem solving ability (Roman-Gonzalez et al., 2017). Computational thinking
skills of 6th graders were more advanced than that of the 5th graders according to a
study conducted with 13784 fifth and 6th graders from different cities in Turkey
(Gtilbahar et al., 2015). According to Giilbahar et al. (2015)in the study conducted at
the all middle school levels, it was found that the lowest computational thinking
score was in the 5th grade students, while the highest average was found in the 8th
grade students. Also, a research conducted with 138 fifth and sixth grade students

showed that 6th graders benefit their algorithmic thinking skills more than the 5th
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graders according to the data gathered via Algorithmic Thinking Test created by the
researcher herself. (Mumcu & Yildiz, 2018).

On the other hand, some researchers found the contrary, the younger students
had higher algorithmic thinking scores than the older students (Atmatzidou &
Demetriadis, 2016; Korkmaz et al., 2015). Korkmaz et al. (2015) found that among
1306 college level students, algorithmic thinking skills increase as the age increases
for the first three years of the college; however, contrary to expectations, a decline
was observed in senior and graduate students, and the seniors scored lowest
algorithmic thinking scores were belong to. Similarly, Oluk (2017) examined the
relationship between computational thinking skills, age, mathematical intelligence
perception, and mathematics achievement using data collected from 1070 students.
The Computational Thinking Levels Scale was used to investigate algorithmic
thinking. The results showed that algorithmic thinking skills decrease as age
increases. It is seen that 4th graders have the highest algorithmic thinking scores
among these students from 4th, 6th, 8th and 12th grades, while the lowest scores
were scored by the 12th graders (Oluk, 2017).

On the other hand, Atmatzidou and Demetris (2016) showed that 15-year-old
junior high students scored higher in algorithmic thinking than the 18-year-old
vocational school students, after participation in an 11-week computational thinking
skills development program, which was an educational robotics learning activity for
both age groups using Lego Mindstorms NXT 2.0 educational robotics kit. The
findings were based on data collected through interviews, questionnaires, and think

aloud protocols.

18



2.2.3 Algorithmic thinking development through instruction

Voogt et al. (2015) advocated that the integration of computational thinking into the
curriculum still has shortcomings. Especially trying to teach computational thinking
skills only in computer science courses is a major deficiency. The computational
thinking skills are needed to be internalized by each student because these are
necessary for 21st century skills and also for success in other disciplines (Barr &
Stephenson, 2011; Grover et al., 2015; Korkmaz et al., 2015; Voogt et al., 2015)In
addition to clarifying the definition and scope of computational thinking, Voogt et
al. (2015) argued that researchers should study which computational thinking skills
are needed in which disciplines, and which sub-skills can be developed through an
integrated curriculum of those disciplines.

How to teach computational thinking skills is still an issue in the field as to
whether it should be a studied as a separate subject or be integrated with other
disciplines (Voogt et al., 2015). Barr and Stephenson (2011) described how
components of computational thinking concepts, such as data collection and
algorithmic thinking, were referred or examined in different fields; for instance, in
mathematics, science, or language arts. They found that integrating computational
thinking into other areas of the curriculum helps students to understand and to
improve their computational vocabulary. Also, they suggested that an instruction
method having a teamwork in the learning environment supports enhancement in
some components of computational thinking, such as problem-based learning model.

One of the most important components of computational thinking skills for
both mathematics and computer science is algorithmic thinking (Kallia et al., 2021).
Algorithmic thinking improvement through many school subjects is related to

instructing in appropriate teaching method (Doleck et al., 2017). It seems that with
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more sophisticated algorithmic thinking, learners become more successful on the
problems in the domains that require reasoning ability such as mathematics and
science (J. Mezak & Pejic Papak, 2019). In the study conducted by Korkmaz et al.
(2015) with college level students, the relationship between the student's grade level
and algorithmic thinking skills was examined. This study also showed that
algorithmic thinking, which is one of the factors of computational thinking, is related
to the department they are enrolled in. The results showed that the highest
algorithmic thinking skill levels have measured with the individuals who were
enrolled in a mathematics-related program (Korkmaz et al., 2015). This finding
provides evidence for Wing (2008)’s argument for why computational thinking
skills should be taught before undergraduate or graduate levels, and that these skills
needed to be gained during elementary or middle school.

Furthermore, research also showed that the teaching methods developing
algorithmic thinking also improved learners’ mathematical problem-solving ability
(Demir & Cevahir, 2020; Walle et al., 2010). In Demir and Cevahir's (2020) study
with 60 high school students, teaching students programming increased their
algorithmic thinking which was measured by the algorithm knowledge test created
by the researchers and problem-solving skills. In addition, it not only increased their
achievement in computer science, but also increased their achievement in
mathematics.

To increase mathematical problem-solving achievement, two different
aspects, mathematical epistemological beliefs and algorithmic thinking are discussed
so far. Both algorithmic thinking and mathematical epistemological beliefs might be
developed through instruction designed particularly for this purpose. Therefore, a

problem-based learning framework will be explained next.
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2.3 Problem-based learning

Problem-based learning (PBL) is an approach that requires students to solve complex
problems. Since the problems are complex, authentic, and ill-structured, students
need to collaborate, to think about their alternative ideas, and to synthesize what they
know (Lu et al., 2018). In PBL, learning occurs in a cycle with a beginning point of
defining the problem and an endpoint of reflection, and after the reflection, the loop
starts again (Barrows, 1986). PBL is adjusted according to different goals and
educational contexts in terms of the problem types, the role of the teacher, the skill
targeted, and budget or time constraints (Barrows, 1986). The common features of
PBL, on the other hand, are being learner-centered, containing complex problems,
and the instructors have the role of facilitator, and learners work in groups
collaboratively (Walker et al., 2011).

To create an effective PBL environment it is crucial to have an integration
among different topics (between subjects or within-subject), maintain collaboration
and teamwork, integrate the newly generated knowledge with knowledge students
already have, and synthesize that knowledge to move forward on the way to
problem-solving, reflecting on what is learned via both self and peer assessment,
through engagement with real-life problems and situations (Lu et al., 2018).

As already mentioned, PBL has been implemented in various areas. The first
implementation was in medical education and the aim was to observe how medical
school students employ their theoretical knowledge in realistic situations (Barrows,
1986). Later, PBL was used in different faculties such as engineering, architecture,
and education (Walker & Leary, 2009). Lu et al. (2018) argue that there seems to be
a shift from learning experiences focused on content and presentation to individual

and collaborative learning in time. This progress, of course, explains the evolution
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and development of designs in learning environments and the use of the PBL model
in the educational context.

The role of the teacher in a PBL environment is another critical issue. It is
already pointed out that teachers have the role of “facilitator,” what a facilitator does
will be explained below. At the beginning of the problem-solving process, the
facilitators make their expertise (both how to solve a problem and in the context of
the problem) available to students and scaffold them, and at some point, they start to
decrease their support. Other than support, facilitators keep an eye on the discussions
among learners and help them to progress through the discussion. The help may take
the form of asking prompt questions or asking learners to clarify their ideas and
thinking (Lu et al., 2018). Also, facilitators can wrap up learners’ thinking if learners
need to connect ideas among tasks or steps of the problem, which will maintain
inferences in the learning process (Li & Chen, 2018). Lastly, the role of the
facilitators includes guiding learners to evaluate what they have done and what their
peers have done.

The learner is at the center of PBL and this enables self-directed learning, too.
At the beginning of the PBL process, after learners define the problem, they try to
connect their existing knowledge with the problem. Then they need to decide what
information they need to fill the gaps on the way of solving it. Later, the learner
searches for the needed information and collaborates with peers to accomplish this
aim. Learners are not all alone through these steps, the facilitators support them
(Belland et al., 2019).

Explanatory research was aimed to interpret the behaviors of the group
members during two weeks of a PBL course conducted by Belland et al. (2009), As

a result of a survey, observations, and interviews with students it was found that
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within a group, the abilities of the participants are different from each other, and all
participants try to fill each other’s gaps and help each other to overcome the
difficulties they faced. Collaboration makes their thinking visible because via
discussions with each other they clarify their ideas and have a chance to hear others'
ideas to make negotiations and revisions (Lu et al., 2018). According to the case
study in which Cerezo (2004) investigated middle school students' views on the
effect of problem-based learning in mathematics and science lessons, it was found
that students got better in mathematical problem solving over time. As a reason for
this progress, it was revealed that the students thought that working together, no
matter how overwhelming, was very useful in solving problems.

Lastly, learners’ perceptions of PBL were also investigated. Sahin (2009)
tried to determine predictors of undergraduate students’ scores in introductory
physics courses that made use of the problem-based learning (PBL) approach or
conventional lectures. Although some of the students saw PBL as an effective
approach for critical thinking, communication, and problem-solving skills, others
indicated that PBL was an ineffective instructional approach because of insufficient
time to prepare for module exams, not being able to manage self-directed learning,
and negative tutor and guidance behavior during the PBL sessions (Sahin, 2009).
These findings underscore the difficulty and importance of implementing PBL
appropriately.

There are two complementary explanations for the question of why PBL is
effective. The first one is the “activation-elaboration hypothesis” which means that
during the problem-solving process each step forms a basis for the next step, and this
enables knowledge building (Lu et al., 2018; H. G. Schmidt et al., 2011). The

second, “situational interest hypothesis”, claims that real-world and context increases
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students’ engagement with the problem, and this enables students to maintain their
interest in searching for new information through the problem-solving process (Hidi
& Renninger, 2006; Lu et al., 2018; H. G. Schmidt et al., 2011).

Problem-based learning model was researched in different disciplines, such
as science, medical fields, history, law, education, and mathematics (Alper & Altun,
2014). Conventional mathematics teaching mostly results in only rote learning or
following just what the teacher did and it creates passive students in the learning
process; however, problem-based learning enables students to solve problems with
higher order mathematical capabilities in a collaborative way (Widyatiningtyas et al.,
2015). According to Widyatiningtyas et al. (2015), after a PBL versus conventional
modeled mathematics courses for 140 10th-grade students, it was found that students
who attended the PBL classes had higher mathematical critical thinking scores than
those who attended conventional mathematics classes. Also, it is known that
students’ problem solving abilities are also improving as they encounter errors,

deficiencies and problems in a PBL environment (Roh, 2019).

2.3.1 PBL in online instruction

To create a PBL environment using online tools and increase  mathematics
achievement in such a course delivered remotely, not only to the content of the
course, but also the students’ creative and critical thinking skills will need to be
addressed. These skills will be important because, it has been claimed that
epistemological beliefs are related to students' mathematical problem-solving skills,
and as Hofer (2001) stated, a prerequisite for high critical thinking skills is more

advanced epistemological beliefs.
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Fauziah (2013) explored how creative thinking amongst college-level Physics
students and pre-service science teachers can be fostered using PBL in an online
Physics course. The experimental group pursued all the PBL learning activities (i.e.,
collaborative, independent, self-directed, and reflective learning), while the control
group was taught in a traditional lecture-based environment. Both groups worked
online over a Learning Management System, Moodle. The online course lasted 16
weeks and 61 students participated. Participants’ creative thinking was measured by
Torrance Test of Creativity Thinking (TTCT), while their critical thinking was
assessed using Watson Glaser Critical Thinking Appraisal (WGCTA). A statistically
significant difference was found between the PBL and the control groups in critical
thinking, which is considered an outcome of sophisticated epistemological beliefs
according to Hofer’s (2001) review of epistemology research. The PBL group
performed significantly better in 3 of the 4 elements of creativity, which are
flexibility, originality, and elaboration. No difference was observed between the two
groups regarding fluency.

Yu et al.(2015) examined the changes in undergraduate students’ ability to
evaluate a situation critically and academic achievement after learning in three
different environments, which were traditional lecture format, PBL, and blended
PBL. A critical thinking inventory and a comprehensive course content test of 45
questions were the data collection instruments of this study. During the second week
of the 18 weeks course, all three groups completed a California Critical Thinking
Disposition Inventory (CCTDI) and pre-comprehensive exams. The traditional group
participated in a face-to-face course that mainly consisted of the instructor’s
presentation using PowerPoint. The PBL class, on the other hand, worked in groups

of 5 on a problem related to the topics of the week. The blended PBL group worked
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on the same problems as the PBL group, however, they were more flexible in terms
of time. For instance, they did the whole group discussion via the chat room feature
of an LMS, e-Campus, and wrote the reflection paper outside of class time as
homework, rather than during the face-to-face class time. All three classes filled out
the post-CCTDI in the 17" week and the post-comprehension exam in the final week.
Although there was no significant difference among the three groups in terms of
critical thinking, the findings showed that the traditional group had the lowest
achievement scores on the posttest. The blended PBL group had significantly higher
achievement posttest scores than that of the PBL and the traditional groups (Yu et al.,
2015). It was argued that the sophistication level of epistemological beliefs predicts
the critical thinking level, that is the high level of critical thinking requires
sophisticated epistemological beliefs (Akbay et al., 2018; Hofer, 2001).

In another study with undergraduate students, Sendag and Ferhan Odabasi
(2009) examined how using the PBL approach in an online course delivered over an
LMS (i.e. Moodle) affected content knowledge and critical thinking skills (CTS) in a
pre-test post-test control and experimental group design. 40 undergraduate students
participated in the study for one semester, and they were randomly assigned to two
groups, experimental and control. The experimental group attended the online PBL
course while the control group attended the online instructor-led course. Data was
gathered through a multiple-choice content knowledge test and a critical thinking
scale. The findings showed that learning in the online PBL group had a significant
effect on increasing critical thinking skills. Although both groups increased their
post-test scores in terms of content knowledge, there was no significant difference

between the groups according to ANOVA results.
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2.3.2 Arc of learning framework

Although PBL as a teaching approach provides general guidelines for supporting
problem-solving skills, the instructor may need a structured framework to implement
this model, as specific steps in the process are not defined in detail. Since the model
depends on complex problems when launching these problems the instructor may
follow Van de Walle’s three phases: the first phase is introducing the problem, the
second is enhancing students to work on the problem, and in the last one, the
instructor “orchestrates” the class to arrive at the solution via scaffolding students to
make mathematical connections between what they already knew and what they are
learning (K. J. Jackson et al., 2012). Based on this instructional model, the Arc of
Learning framework was developed by the Connected Mathematics Project team at
Michigan State University in the early 1990s (Edson et al., 2019).

Edson et al. (2019) aimed to show how the Arc of learning framework
emerged and developed through the feedback of the teachers and learning outcomes
of the students. The authors explain the process that started from the Middle Grades
Mathematics Project (MGMP) to the Connected Mathematics Project, version 3
(CMP). It started as a guide for teachers to create a problem-based teaching model in
3 phases, which are launch, explore, and summarize. Today, it is not only a teachers'
guide but also an entire curriculum both for teachers and students with digital support
and an implementation website. The researchers researched various aspects of
teaching and learning Math through group and individual work in problem-based
learning environments, and according to the findings for over 30 years they created
the Arc of Learning framework (Edson et al., 2019).

The curriculum aimed for students to develop both conceptual and procedural

knowledge, therefore, the CMP evolved to contain problems that help students to
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improve their understanding (i.e., students need to understand what operation they

are going to use to solve a problem) and their procedural knowledge (i.e., what

algorithm they need to construct to conduct the operation). The Arc of Learning

framework leads students to have more sophisticated reasoning instead of practicing

and memorizing the procedures, by articulating a learning process in 5 phases. The

phases are Introduction — Setting the Stage, Exploration — Mucking About, Analysis

— Going Deeper, Synthesis — Looking Across, and Abstraction — Going Beyond.

Arc of Learning for Connected Mathematics

Introducing
Setting the Scene

Exploring
Mucking About

Analyzing
Going Deeper

Synthesizing
Looking Across

Abstracting
Going Beyond

The problem provides an opportunity to...

« reveal the
mathematical theme
for the unit

« informally highlight
the key mathematical
concepts in the unit

* assess prior
understandings
related to the goals of
the unit

+ establish a platform
for developing key
aspects of the
understanding of the
concepts and
strategies

« explore (consider)

a context that students
can use to build,
connect, and retrieve
mathematical
understandings

* make connections
between concepts and
representations

* examine nuances in
key aspects of the
core mathematical
ideas often with a
variety of contextual
situations

* recognize core ideas
across multiple
contextual or problem
situations

» begin to consolidate
and refine emerging
mathematical
understanding(s) into
a coherent structure

» make judgments
about which
representations,
operations, rules, or
relationships are
useful across various
contexts

* look back on prior
learning to generalize,
extend, and abstract
the underlying
mathematical structure

+ assess
understandings at a
more general level
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Fig. 1 The Arc of Learning framework
(Edson, Philips, Slanger-Grant, & Stewart, 2019)
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Although some problems serve for two phases, none of the problems can be

coded for more than two consecutive phases for a big mathematical idea. The Arc of

Learning framework is an “ergonomic resource” for curriculum design and use

(Edson et al., 2019). Even though this framework was constructed for redesigning the

CMP curriculum, it is suggested for use in any PBL curriculum, because the main
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target is sequencing the problems in the learning process for the best acquisition of
the big idea of the topic/unit (Edson et al., 2019).

Previous research focused on the extent to which the CMP approach was an
effective alternative to what was conventionally done in Math instruction. In a study
that compared 7"-grade students’ proportional reasoning Ben-Chaim, et al. (1997)
compared two different instructional approaches: Connected Mathematics and
traditional curriculum. Students in both groups were asked to answer complex
problems about the proportional reasoning. Even though before the one-year
instruction the control group had slightly better scores than the CMP group, after the
intervention the CMP seventh grade students outperformed the control group (53%
vs. 28%) on solving complex problems. and they could provide good quality written
and oral explanations. One year after this research, the same research procedures
were repeated with both 71" and 8" graders. The previous study had focused on only
one subcategory of the topic proportion, with this research the results showed a
broader impact on proportional reasoning. The findings showed that in addition to a
greater frequency of correct answers and reasoning, CMP students seemed to have
developed a greater ability to articulate their thinking. It was found that CMP
students had a broader and more flexible collection of strategies to solve a problem
than the control group (Ben-Chaim et al., 1997).

As the CMP approach began being adopted by teachers in various schools,
student perspectives were also examined regarding the then new reform-based
curricula in teaching Math. The students found themselves more successful in real-
life problems and indicated that mathematics was important in daily life, as well as
their future career. In addition, students thought that mathematics became fun as they

solve difficult problems, and solving these problems was more fun than solving
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practical questions, and that working together had a great impact on their learning
(Bay et al., 1999).

An extensive research conducted over a long period of time and with large
numbers of students, Cain (2002) worked with 3500 students enrolled in grades 5 — 8
in low-achieving schools in one of the southern states of the Louisiana. 34 teachers
from 4 different middle schools used the CMP curriculum. The teachers were from a
variety of backgrounds and experience levels, some had a master’s degree, some had
30 years of experience, and some were novice teachers. lowa Test of Basic Skills
test data and the Louisiana Education Assessment Program of mathematics data were
used for the quantitative analysis. For all of the schools, the students who enrolled in
the CMP curriculum outperformed those who did not attended CMP classes on the
high-stake exams (Cain, 2002).

In another study of the impact of CMP curriculum in high-stakes exams, Bray
(2005) examined the mathematics results of the state achievement test (Tennessee
Comprehensive Assessment Program test) administered at the end of each year,
between grades 6 — 8, for approximately 3000 students who were in the Connected
Mathematics Program curriculum for 3 years. According to the findings of
comparison among the data gathered end of each year, a significant positive
difference was detected in test scores at the end of the 3rd year in the program,
although there was no significant difference at the end of the 1st and 2nd years. The
author concluded that the longer the students were instructed in the CMP curriculum,
the more successful they were, and suggested that such curriculum practices should
be done for a long time (Bray, 2005).

In a more recent study investigating how curriculum influences Math

instruction, 579 Math lessons were observed in various middle schools over a three-
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year period (Moyer et al., 2011). Approximately half of the 50 teachers adopted the
CMP curriculum, and the other half were using a traditional (non-CMP) curriculum.
The conceptual emphasis, the procedural emphasis, and the learning environment
were the factors in the qualitative analysis. The findings showed that the CMP
curriculum emphasized the conceptual aspect of the content, while the non-CMP
curriculum focused on the procedural aspect. Further, the CMP curriculum yielded
more opportunities to create a collaborative learning environment than the non-CMP
curriculum. The CMP teachers made use of group work more than twice as the non-

CMP teachers (Moyer et al., 2011).

2.4 PBL and epistemological beliefs

Researchers also studied if and how instruction changed students’ epistemological
beliefs. Muis and Duffy (2013) researched whether instruction can change students’
epistemological beliefs and whether this change would be a predictor of an increase
in achievement levels. 61 graduate-level students participated in a quasi-
experimental study over a 12-week semester. Both the control and the experimental
groups had the same learning materials, the professors of both groups prepared the
syllabus, materials, and lectures together; the only difference was the type of the
presentation of the lectures. In the intervention group, students were prompted to
answer how they found the solution of a given problem, or why they thought that it
was the correct solution; in other words, the instruction in the intervention group was
based on the critical thinking of the content. The results showed that in the
intervention group, students’ use of critical thinking strategies significantly increased

between the 4th and 8th weeks, with significant differences occurring between
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groups at week 8, while the control group maintained consistency (Muis & Duffy,
2013).

The effects of PBL on the students’ epistemological beliefs is also studied in
the literature. There seems to be a positive correlation between the two (Belland et
al., 2019; Gu, 2016). In a study with 7th graders conducted by Belland et al. (2019),
the students were expected to develop solutions in a three-week PBL unit, to improve
the water quality of a river from a stakeholder's perspective by working in groups of
3-4. Students were trying to determine the reasons for poor water quality, evaluate
the arguments they developed, and provide a solution for this problem from the
stakeholder’s perspective, as farmers, state government, or common citizens. During
the three-week unit, the students discussed in their groups to reach a solution for both
the stakeholder perspective and the county perspective. The teacher guided the
students to develop their arguments and facilitated reflection and reasoning. Students
responded to a 4-dimensions epistemic belief scale developed by Elder (1999) as pre
and post-test, where the dimensions comprised whether knowledge was certain,
changing and evolving, came from authority or came from reasoning. The results of
both the quantitative and qualitative analyses showed that participation in PBL led to
a significant enhancement of epistemic beliefs among high and average-achieving
students.

Gu (2016) designed an exploratory mixed-method study to investigate the
effects of a PBL unit on 7th - 11th-grade students’ epistemic beliefs and whether
epistemic beliefs are changed during PBL. For two weeks, the students tried to
answer the question “Is there a water quality problem in Green Valley?” which was
the main problem in the PB unit. Based on the descriptive analysis, 11th graders’

epistemic beliefs were more sophisticated on the post-test than on the pre-test. The
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reasons behind the improvement may be that the students experienced a complex
process of conducting investigations, collecting information from multiple sources,
and integrating these conflicting information to support the argument they created.
This study showed that the level of sophistication of middle and high school
students’ epistemic beliefs may increase even in two weeks of PBL implementation.
Further, students with more sophisticated epistemic beliefs were more successful
during the problem-solving process because they collected information from multiple
sources, made sense of that information, and tried to find evidence to support their
claims.

However, there are some exceptions to the findings reported above. Gu
(2016) also found that while some students’ epistemological beliefs were developed,
some did not change, and even some of the students’ level of epistemological beliefs
decreased at posttest. Belland et al. (2019) showed that PBL did not have any
positive impact among low achieving students, while Yu et al. (2015) demonstrated
a significant improvement in content knowledge after a 17-weeks of a blended PBL
course, they could not find any development in critical thinking. They interpreted
this unexpected finding based on the low to moderate reliability of the CCTDI scale,
a self-reported inventory they used to measure critical thinking. In contrast, Sendag
and Odabasi (2009) showed that learning in the online PBL group did not have a
significant effect on the students’ content knowledge acquisition scores, while it had
on critical thinking. However, the researchers indicated that the reason they had not
found an effect on the content knowledge might be the duration of the intervention;
for instance, Yu et al. (2015) had a 17-week intervention, whereas the

implementation conducted by Sendag and Odabasi (2019) lasted only 8 weeks.
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In light of the literature reviewed above, problem-based learning can be a
proper teaching model, if implemented and assessed appropriately. As Fosnot and
Perry (1996) argued, learning will occur not by avoiding contradiction, but by
creating a space for learners’ own and contradictory ideas that causes a
disequilibrium, which they will spend an effort to resolve. One way of creating such
an environment is the problem-based learning model, which can provide a means for
developing problem solving and algorithmic thinking skills. The Arc of Learning
framework provides a means to operationalize this model and aims to develop both
conceptual and procedural knowledge. This framework can also offer an opportunity
to improve algorithmic thinking skills (Edson et al., 2019).

In this study, the Arc of Learning (based on CMP) was adopted as a model
for PBL design and implementation for an appropriate integration of Math and ICT
curriculum delivered online remotely, during a school year infested with school

closings.

2.5 Math and ICT integration
The use of instructional technologies in PBL Math and -Science instruction was
found beneficial (Mezak & Papak, 2019). However, in this study, since algorithmic
thinking and problem solving are common targets for both the Math and ICT
curricula, an integrated approach was adopted that went beyond the integration of
some ICT tools while teaching Math, and identified and addressed common Math
and ICT learning objectives.

Curriculum integration has been shown to offer students opportunities to
overcome the difficulties they faced in one area as they tried to solve problems from

another integrated area though the learning process (Wall & Leckie, 2017). In
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studies that addressed Math and ICT integration, the focus has traditionally been the
integration of information and communication technologies as a tool in mathematics
lessons (Das, 2019; Jackson, 2017; Nikolopoulou & Diamantidis, 2014). For
instance, Nikolopoulou and Diamantidis (2014) created a series of lessons that
integrated Math and Physics courses in a PBL environment using GeoGebra, a well-
known Geometry software. There are many examples of studies that focus on the
use of an ICT tools and softwares, such as Geogebra, Cabri 3D, or other Math
applications (Das, 2019; M. Jackson, 2017; Yazlik, 2019; Yuliardi et al., 2021).

On the other hand, computational thinking (CT) skills, which have increased
in importance over the last decade, and algorithmic thinking, which is a critical part
of CT, have an important place in the learning objectives of the ICT or CS courses,
and can overlap with the learning objectives of the mathematics course (Fisler et al.,
2021; Pei et al., 2018). Indeed, when the Turkish middle school national curriculum
is examined, it can be seen that the learning objectives of the ICT and mathematics
courses overlap (TTKB, 2018). More recently, studies have been conducted with
younger students on the integration of the curriculum of Mathematics and ICT
courses, rather than integration of only technology tools (Israel & Lash, 2020;
Strickland et al., 2021) However, further research is still needed that focus on
appropriate integration at various levels of schooling.

The aim of this study was to develop fifth-graders’ problem-solving and
algorithmic thinking skills in a PBL learning environment designed according to the
Arc of Learning framework, based on the integrated objectives of the Math and ICT
class in middle school. It was expected that this approach might have a positive
influence on students’ epistemological thinking, in addition to content knowledge

and problem solving and algorithmic thinking skills. Therefore, the effect of this
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integrated PBL approach on fifth graders’ mathematical epistemological beliefs was
also investigated.
The following were the research questions addressed in this study:

Is there a correlation between grade level and mathematics oriented

epistemological beliefs in 51" — 8" graders in a small school district in a rural

province of Turkey?

Is there a significant difference in 5™ graders’ mathematics oriented

epistemological beliefs when compared to a control group after participation in a

remotely delivered online implementation of a PBL based integrated Math and

ICT instruction in a rural school?

In what ways and to what extent do the 5" graders’ algorithmic thinking and

problem-solving skills relate to the online implementation of PBL-based

integrated Math and ICT instruction ?

e Is there a significant difference in 5™ graders’ algorithmic thinking and
problem-solving skills at the end of the implementation based on a within
groups comparison?

e s there a statistically significant difference in 5" graders’ algorithmic
thinking and problem-solving skills when compared to a control group?

e Is there a statistically significant difference in 5" graders” mathematics and
ICT unit exam scores after the implementation?

What was the learning process of the 5™ graders throughout the online

implementation based on their artifacts and responses to weekly questions?
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CHAPTER 3

METHOD

In this chapter, research design, setting and participants of the study, implementation,

data collection instruments and procedures, and finally data analysis are described.

3.1 Research design

A mixed-method triangulation research design was used to assess the effectiveness of
a problem-based integrated Math and ICT unit for student learning, and to investigate
whether it correlates with the algorithmic thinking and problem-solving skills, as
well as mathematical epistemological beliefs. Mixed method research is a research
design that combines and integrates multiple method types to answer the research
questions by collecting, analyzing, and discussing both qualitative and quantitative
data (Creswell, 2015). This mixed-method triangulation research adopted the
triangulation design convergence model, where both quantitative and qualitative data
were given equal emphasis to draw valid conclusions (Creswell, 2006; Creswell &
Plano Clark, 2011).

The data collected via the weekly assignments and students’ artifacts during
the implementation were defined as qualitative data, by quantifying these two data
sets researcher could analyze the learning progress of participants of the
implementation group. The gquantification also enabled the correlation analysis
among the quantitative data collected through two different tests. The quantitative
data enabled the analysis of the relation among the mathematics-related
epistemological beliefs, algorithmic thinking and problem-solving skills, and

mathematics and ICT achievement on the integrated units; whereas the qualitative
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data helped to explore the effectiveness of the integrated PBL based lesson plans,
specifically in terms of the group work during the learning process, all conducted
remotely using videoconferencing, instant messaging and online forms. The
qualitative data also supported the quantitative analysis about student achievement

and improvement of skills.

3.2 Setting and participants
The participants for the first research question comprised middle school students in
the school district where the researcher worked in the province of Aksaray, For the
rest of the research questions, the participants were fifth and sixth-grade students in
the middle school where the researcher worked as a mathematics and ICT teacher.
For the second and third research questions, the experimental group consisted
of 29 fifth-grade students who were taught by the researcher. The school is located in
a small town in Aksaray, central Anatolia, and serves mainly children from low SES
families. As four villages in the district do not have a middle school, children from
these villages also attend the school. The total number of students in the school is 96,
and there is only one section at each grade level. According to the student
information prepared and collected by the school administration at the beginning of
the academic year, many students have large families and there is more than one
student at home. Also, based on the demographic questionnaire of this study, access
to devices required to participate in online classes over the Covid-19 pandemic was
limited, as the devices were shared with siblings. In addition, there is an internet
infrastructure problem in some of the villages where students live, so approximately
40% of the students had limited internet quotas to attend classes. Therefore, the

maximum number of attendees was 23 for the experimental group.
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The control group consisted of the 21 sixth-grade students in the same school,
Although 6™ graders' mathematics objectives differ from the 5™ graders’, it was
possible to have 6th graders serve as a control group for three reasons: 1) The 6%
graders did not have ICT classes the previous year due to the lack of teachers, and
therefore the ICT objectives at this level were the same as those at the 5th-grade
level; 2) Even though the average age difference between the 5th and 6th grade
students is generally 10 months, for over 1/3 of the 5th graders the difference was
less than 6 months; 3) The research questions are not directly about the curricular
content per se, but about problem-solving and algorithmic thinking skills, and
mathematical epistemological beliefs. To ensure comparability of the two groups, the
mathematical epistemological beliefs questionnaire and algorithmic thinking and
problem-solving tests were conducted at the beginning of the study with both 5" and
6" graders. An independent samples t-test was executed to compare the scores from
the algorithmic thinking and problem-solving test, and no significant difference was
found between the 5th graders (M = 5.92, SD = 3.658) and the 6" graders (M = 8.09,
SD =5.847); t(44) =-1.526, p = .134. The two groups’ scores from the
mathematical epistemological beliefs pre-test, showed no significant difference
either, between the 5" graders (M = 93.8, SD = 11.125) and 6th graders (M = 96.944,

SD =9.168); t(44) = -.944, p = .351.

3.3 Implementation

The units entitled “Triangles and Quadrilaterals,” and “Metric Conversions” in the
mathematics curriculum, and the unit on “Problem solving and Coding” in the ICT
curriculum were selected for implementation, because these two units have common

objectives in terms of problem-solving and algorithmic thinking, and thus provide an
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opportunity for integrating the two fields to support student learning. The
instructional design was based on the Arc of Learning framework. The
implementation lasted for 5 weeks, 7 hours each week.

Following the ethics committee’s approval for research from Bogazici
University, permission was obtained from the Aksaray-Giizelyurt District National
Education Directorate to carry out the survey and tests. After securing the approvals,
Mathematics Oriented Epistemological Belief Scale (MOEBS) was carried out at all
grade levels, except special education classes, in 6 middle schools in the district. In
addition to MOEBS, experimental and control groups also took the algorithmic
thinking and problem-solving test, and the experimental group was applied the
mathematics and ICT exams before the implementation. These three instruments
were used as post-tests at the end of the study. The experimental group also received

a feedback questionnaire about the implementation.

3.3.1 Design of instruction

The design of the unit comprises investigations based on the Arc of Learning
framework. Each objective in the “Triangles and Quadrilaterals” unit is defined as a
separate investigation, and these investigations include different types of problems
according to their sub-objectives. At the end of the investigation of each week, there
was a section for mathematical reflection aimed to help students express what they
needed to learn through the week in terms of the determined objective, and they
answered specific questions about the objectives of the week. As mentioned in the
literature review section above, the Arc of learning framework constitutes a five-step
learning arc, namely, introducing (setting the scene), exploring (mucking about),

analyzing (going deeper), synthesizing (looking across), and abstracting (going
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beyond). Table 1 below shows the problems of the lesson plan and what role these
problems have in terms of the objectives of the course.

Since this implementation was applied during the covid-19 period, all
activities were designed to be delivered remotely using video-conferencing and other
online communication tools. However, in the last week of the implementation, , the
school switched to hybrid education as mandated by the Ministry of National
Education, so some of the activities of that week were carried out face-to-face for all

of the students.
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Table 1. Weekly Investigations

Week week 1 week 2 week 3 week 4 week 5
Lesson ICT Math ICT Math ICT Math ICT Math ICT Math
Drawing Qualifications Analyzing Classification Analyzing the Classification Block-based  Sum of interior Block-based  Converting
flowchart & naming of  problem of triangles problem of coding angles of coding metric units
Eliminating polygons Realizing the Solving the quadrilaterals  Creating trianglesand  Creating Calculating the
o errors on a steps to solve problem by algorithmina quadrilaterals algorithmina perimeter of
Objectives figwchart the problem following the block-based block-based triangles &
steps coding platform coding platformquadrilaterals
m
Route of the ~ Which one isa Tangram Angles of the  The cups The Blockly Triple Distances in ~ Metric
Robot polygon? clock quadrilateral  introduction  Triangles the maze conversion
family
Flowchart Tangram Variables Pitching the  Creating The sitting Blockly From triangles The wooden
entangled Algorithm tent Polygons arrangement  Puzzle to frame- Cont.
quadrilaterals
Activities What is the Mystery of Designing a Code.org Hungry bird ~ The wooden Race in the
name of that  Diagonals- slide Quadrilateral frame school
polygon? Partl design background
Mystery of Triangle Table Mathematical Mathematical Mathematical
Diagonals Reflection Reflection Reflection

Mathematical

Reflection

Mathematical
Reflection

Note. The activity names were created by the researcher.

42



The activities implemented over the 5-week period in the Math and ICT
courses are listed in Appendix L. Additionally, the table in Appendix L includes
whether the activity was a group work or not, which online tool was used, in which
online tool the answers were collected, how many answers were collected, and lastly,
the objectives in Math and ICT curriculum targeted.

Table 2 below shows which problem in the unit supports which problem-
solving skill addressed in the Arc of Learning. To illustrate, the first problem in the
introduction step in the first investigation constituted a robot in a certain location that
attempts to go to a point the location of which will be determined relative to another
point and needs to decide the path to reach the target. The “Robot's Route flowchart”
activity from the ICT textbook is adapted to check understanding of an algorithm
flow in the ICT lesson and of the position of one point relative to another in the Math
lesson. For the development of epistemological beliefs, different views need to be
brought up. Therefore, the question has been designed to include alternative routes in
order to show the existence of different answers. (see Appendices N and O for this

and other sample problems).
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Table 2. Arc of Learning for Grade 5 Unit on Triangles and Quadrilaterals

Introducing
(setting the
scene)

Exploring
(mucking
about)

Analyzing
(going deeper)

Synthesizing
(looking
across)

Abstracting
(going beyond)

* Robot’s Route

X

Which one is a
polygon?

* Entangled
Flowchart

*Name the
polygon

Tangram
Algorithm

X | X | X | X

Mystery of
Diagonals

Mathematical
Reflection

*Tangram

*Variables

Angles of the
clock

Pitching the tent

X| X | X|X| X

Designing a
slide

Triangle Table

Mathematical
Reflection

*The Cups

The
quadrilateral
family

*Creating
Polygons

The sitting
arrangement

Code.org
Quadrilateral
design

Mathematical
Reflection

*Blockly
introduction

*Blockly Puzzle

*Hungry bird

Triple Triangles

X

From triangles
to quadrilaterals

The wooden
frame

Mathematical
Reflection

*Distances in
the maze

Metric
conversion

The wooden
frame- Cont.

Race in the
school
background

Mathematical
Reflection

Note. The stars represent activities in ICT lessons.
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According to the Arc of Learning framework, students are expected to
verbalize mathematically what they have learned during the investigation and what
conclusion they reached. Therefore, before the reflection problems, there were also
activities/problems that students were required to think about what they have learned
through the week, some of which are based on Elementary and Middle School
Mathematics: Teaching Developmentally, by Walle, Karp and Bay-Williams (2010).
For instance, below can be seen the “Triangle table” from week 2:

a. Draw proper triangles in the blanks in the table below.

Equilateral isosceles triangle scalene triangle
triangle

right triangle

Acute triangle

obtuse
triangle

b. Two places in the table cannot be filled, which two could you not

draw a suitable triangle? Explain why.

3.3.1.1 Online tools.

The commonly used GeoGebra was integrated into several parts of the instructional
design in this study. In addition, other mathematical software and applications were
integrated. During the Covid-19 semester, the use of hands-on manipulatives had to
be decreased, but there were online alternatives including specialized mathematical

simulation websites such as “mathigon.org” and “phet.colorado.edu”; the websites
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that are created for online activities and games such as “learningapps.org” and
“wordwall.net”; the websites that are created to teach coding, such as “code.org” and
“blockly.games”; and the websites that are not designed for educational purposes but
could be used in distance education, such as Google drawings and “padlet.com”.

These were all integrated as part of the instructional design.

3.4 Data collection instruments

There are five types of instruments in this study; Mathematics Oriented
Epistemological Beliefs Scale (MOEBS); algorithmic thinking and problem-solving
skills test (ATPS henceforth), mathematics and ICT unit tests, weekly assignments,

and students’ artifacts during the implementation. (see Appendices B, C, and D)

3.4.1 Mathematics oriented epistemological beliefs scale (MOEBS)

The Mathematics Oriented Epistemological Beliefs Scale was developed by Ilhan
and Cetin (2013). The scale includes 27 items, divided into three factors, namely, the
belief that learning depends on effort (BLDE), the belief that learning depends on
talent (BLDT), and the belief that there is only one truth (BTOOT). For BLDE and
BLDT, there are 10-items in each, and there are 7 items for BTOOT. It is a Likert-
type scale ranging from one “I strongly disagree” to five “I strongly agree.”

A higher BLDE value and lower BLDT and BTOOT values are interpreted
as more sophisticated epistemological beliefs, based on ilhan and Cetin (2013). In
order to create a total epistemological beliefs score, the BLDT and BTOOT values
are reversed in the calculation of a MOEBS score. The higher the total MOEBS
score, the more sophisticated the students’ mathematics-oriented epistemological

beliefs.
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Since the MOEBS is created for high school students, there were some words
in five items that 5™ graders may not be familiar with. Therefore, the students’
Turkish teacher, who also worked at the same school as the researcher, reviewed the
items, and suggested to change 1 word in 4 of the items. In addition, the researcher
consulted the authors who designed the MOEBS regarding appropriateness of the
scale for middle school students. The authors first identified 2 items, other than the
Turkish teacher’s mentioned, as possibly problematic, these were discussed in detail
by themselves, and again, the students’ Turkish teacher was consulted. Finally,
necessary changes were made, and those two problematic items were not removed.
The Cronbach alpha for reliability of this slightly modified version was calculated,
and it was found .737, based on the data from 227 middle school students who

responded during the first part of this study.

3.4.2 Algorithmic thinking and problem-solving skills test & pilot study
The Algorithmic Thinking and Problem Solving (ATPS) test was prepared by the
researcher based on the items in the STEM ability test, created by Arikan and Erktin
(2020) to assess 4th-grade students’ ability. The ATPS scale consisted of ten items,
five of which are about algorithmic thinking ability and the other five are about
problem-solving ability. The first five questions were based on and adapted from the
first and second questions in Arikan and Erktin’s (2020) test, addressing algorithmic
thinking ability, while the other five were based on the 14th and 16th questions,
addressing problem-solving ability.

The adapted version developed by the researcher was reviewed and approved

by the first author in Arikan and Erktin (2020) who had developed the original
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questions. After securing his approval, a mathematics teacher was asked to solve the
questions (as suggested by the author himself) to eliminate any errors.

After these steps, the test was piloted with 60 5th and 6th grade students
from three different public village schools in three different cities in Turkey, namely,
Tekirdag, Sakarya, and Tokat. These cities are chosen due to both convenience and
purposeful sampling. The student profile in these schools were appropriate for the
purpose of this research. Due to the covid-19 pandemic, the schools except in the
villages had switched to distance learning. The researcher got in contact with the
mathematics teachers at these schools, and they asked their students to do the ATPS
test on paper. Then the teachers took photos of the papers they collected from the
students and sent them to the researcher over email. Three of the participants were
removed from the data because they decided to quit the test; therefore, 57 students’
data was included in the pilot analysis.

According to Cicchetti (1994), the coefficient alpha which measures the
internal consistency of a test needs to be at least .70 or over. The coefficient alpha of
the pilot study is calculated by using SPSS 27 and it is measured as .796, which is

referred to as acceptable.

3.4.3 Mathematics and ICT unit exams

The researcher prepared unit exams to assess the extent to which the students
achieved the objectives of the Math and ICT lessons, as identified in the curricula for
each unit. The exam questions were directly based on the objectives determined by
the Ministry of National Education in the 5th grade curricula for Math and ICT. The

Math test consisted of 20 multiple-choice questions, and the ICT test consisted of 10
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multiple-choice questions. The same two tests were applied before and after the

implementation as pre and post-tests.

3.4.4 Weekly assignments

At the end of each week, there was an assignment that consists of 2 or 3
mathematical questions sent through Google Forms. Answering the questions
appropriately required understanding basic mathematical concepts. These tasks
aimed to operationalize the mathematical reflection steps of the Arc of Learning
method. A total of 5 mathematical reflection tasks were conducted throughout the

implementation.

3.4.5 Students’ artifacts

A total of 28 activities were carried out during the 5 weeks of implementation. the
student artifacts created in of these activities were collected. 16 were the end product
of group work, while 2 were individual work. In addition to collecting at least one
ICT activity each time for the first three weeks, at least one math activity was
collected each week throughout the entire process. Table 3 below shows which of the
collected activities were group works. The artifacts were mostly gathered by students
taking pictures of their own screens or taking pictures of their notebooks and sending
them to the teacher over WhatsApp. In some of the activities, the artifacts/ students’
answers were gathered on Google drive; for instance, when the students used the

online drawing tool, i.e. Google drawings.
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Table 3. Group Work During the Math & ICT Classes

Week Lesson Activity name Group or individual work?
Route of the Robot group
ICT Flowchart are entangled group
What is the name of that polygon? group
1 Which one is a polygon? group
Tangram Algorithm group
Math .
Mystery of Diagonals-Partl group
Mystery of Diagonals both
ICT Tangram group
2 Math Angles of the clock group
The cups group
ICT .
3 Creating Polygons group
Math The quadrilateral family group
Triple Triangles group
From triangles to quadrilaterals group
4 Math
The wooden frame group
ICT  Distances in the maze individual
5 Race in the school background group
Math The wooden frame- Cont. group

3.5 Data collection procedures

Before the data collection process, first, the ethics committee’s approval for research
was obtained from Bogazi¢i University. Then permission was secured from the
Aksaray-Giizelyurt District National Education Directorate to carry out the survey,
tests, and the implementation. Then the students and their parents were informed, and
consent forms were sent to parents before the implementation. In Figure 2 the data

collection procedures are summarized.
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control and control and
experimental experimental
groups groups

e experimental
s group

experimental experimental
group group

Pre tests Implementation Post tests

All gradesin

the 5 middle

schoolsin the
district

Fig. 2 Data Collection Process

Before the implementation, the Mathematics Oriented Epistemological Belief
Scale (MOEBS) was carried out at all grade levels, except special education classes,
in 5 middle schools in the district where the researcher works as a teacher. Three of

these 5 schools are village schools and the other two are schools located in the city center.
The school where the implementation was conducted is also located in the city center.

The experimental and control groups also took the ATPS test and the
mathematics and ICT unit exams as the pre-test, in addition to MOEBS. These
instruments, i.e. MOEBS, ATPS, and unit exams, were used as post-tests at the end
of the study for the same students in the 5th and 6th grades. Through the
implementation process, students were expected to answer the questions of
mathematical reflection at the end of each week, which was collected by sending 2 or
3 questions in Google Forms about the mathematics objective of that specific week.
The experimental group also responded to a feedback questionnaire to comment on
the implementation at the end.

To understand the participants’ learning progress, weekly assignments and

student artifacts were collected during the implementation. Through the process
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students were expected to fulfill the required basic mathematical concepts, therefore
the weekly assignments were given at the end of each week through Google Forms.
Student artifacts were collected throughout the process from the students who

attended classes conducted via video-conferencing online.

3.6 Data coding and scoring

There was one qualitative data instrument which was students’ artifacts during the
implementation and four different types of quantitative data instruments, MOEBS,
ATPS, unit exams, and the weekly assignments. All the quantitative data were
entered into the IBM SPSS 27 statistical analysis program to conduct the statistical
tests.

The data collected via the MOEBS was scored as instructed by Ilhan and
Cetin (2013), described in the previous section. The highest total score that can be
obtained from this scale was 135.

The scoring of the ATPS test was also based on the recommendation of the
researchers who developed the original version. Each answer was scored over 3, with
partial points possible for a partial answer: 0 points for no answer, and no evidence
for correct process; 1 point for a partially correct answer (i.e. one or more steps
correct, but not the final product), and 2 points for the correct steps and correct

answer. A sample for each type of scoring is provided in Figure 3.
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A samplefor zero point

A samplefor one point

A samplefor two points

Fig. 3 Scoring of ATPS questions

3.6.3 Mathematics and ICT unit exams

The mathematics unit exam had 20 and the ICT unit exams had 10 multiple-choice
questions. Both tests were evaluated with the same scoring strategy, 1 point for
correct answers and 0 points for incorrect or blank answers. Thus, while the
minimum score that a student can have is 0 for both tests, the maximum score is 20

for the math test and 10 for the ICT test.
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3.6.4 Weekly assignments

The assignments sent through Google Forms at the end of each week included
multiple-choice, open-ended, and matching questions. Each weeks’ assignment had
two or three questions and in total 13 questions for 5 weeks. Each open-ended
question was worth 3 points: 0 points for no answer or incorrect answer, 1 point for
a partially correct answer, and 2 points for a correct answer In the multiple-choice
questions, as in the open-ended questions, 0 points were given to the incorrect or no
answers and 2 points were given to the correct answers. For the first and second
weeks, students could get a maximum of 4 points and for the rest of the weeks, they
could get a maximum of 6 points. To compare the results of the first two weeks with
the results of the following weeks, the scores of the first two weeks were

proportioned to 6.

3.6.5 Students’ artifacts

The artifacts were scored according to the requirements of that specific activity in the
lesson plan. Each activity was scored out of ten points. While some of the activities
were prepared to fulfill the Math objectives and some were for ICT objectives, each
week at least one of the activities was created to assess both Math and ICT
objectives. The activities were scored according to the predetermined requirements
for each activity and the parts in that activity had points for correct answers. In some
activities that included both Math and ICT learning objectives, scoring was made for
the objectives of each course, as a student who scored high points for Math might
score lower in ICT, or vice versa. In Figure 4, an activity from the third week is
given as an example only for Math and Figure 5 represents an activity for both Math

and ICT objectives.
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A total of 201 artifacts were collected throughout the 5 weeks of
implementation, and 98 of them were evaluated, 53 of them for all participants and
the rest for selected students, according to the scoring rubrics that were prepared
during the instructional design phase. Each activity was divided into small parts that
serve the purpose of that activity and each was worth 10 points. If an activity was
designed to meet the objectives of both Math and ICT curricula, then the activity was

scored out of 20 points, 10 points for each topic covered in the activity.

Appendix M presents the evaluation of the twenty-three 5th graders’ artifacts.
A total of 5 activities were selected for analysis, one from each week that covered the
objectives of both Math and ICT lessons.

The ratios of all students in the experimental group may not allow us to make
the right inferences because these inferences were made by looking at the scoring of
only one activity’s product. For this reason, examining all activities and finding the
average weekly score will enable us to obtain more accurate results; yet, since it
would be difficult to evaluate all products for each student, some students were
selected, and these evaluations were made for all the gathered products for each of
these students.

Also, an interrater reliability analysis was conducted by using the Kappa
statistic to determine consistency among two raters and the researcher. The first rater
had 12 different artifacts and scored these artifacts by evaluating for both
mathematics and ICT objectives, so she had 24 scores; and the other evaluated 16 for
only mathematics objectives, so 16 scores were given. The interrater reliability for
the first rater and researcher was found to be Kappa = .90 (p =.000) which is a

perfect agreement whereas for the second rater and researcher was found to be Kappa
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= .78 (p =.000) which is a substantial agreement according to the Kappa value

interpretation by Landis and Koch (1977).

The Quadrilateral Family

We know that there are many quadrilaterals, and we call them square, rectangle,
parallelogram. But where do these nomenclatures come from? According to what
characteristiczare these names given? Use the link

https://www.geogebra org/m/sWU3h2Tbto determine the common and distinct
properties of the quadrilaterals. (2 points)

Please mark the appropriate places in the table below by using the following link
https:/forms.glehhQDQITFNmNCTU7s9. (5 points)

One pair Two pairs | All sides One pair of | Two pairs

of sidesis | of sides are equal sides is of sides are
equal are equal parallel parallel
Square
Rectangle
Parallelogram
Rhombus
Trapezoid

Show the quadrilateral family tree in the link below according to the table above. (3
points)

https://padlet.com/dilekturand4/grjqrtx5z09seyrs
Fig. 4 Sample Math activity and its scoring

For the first part of “the Quadrilateral Family” activity one point was given
for correct answers for both common and distinct properties; for the table, if student
had marked at least two correct characteristics for each quadrilateral then she was
given 1 point for each one. Lastly, each step created in the link given in the last part

of the activity was scored as 1 point.
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Code.org Quadrilateral Design (30 min)

Scoring: Math (out of 10p) = creating square 5p; creating rectangle 5p. ICT (out
of 10p ) = writing the algorithm correcily 5p; using the hlock-hased program Sp)
The course af hfps Hstudio. code. or gisfariistlessons/Ievelss] will be used for the
ey, Students gef fo kmow fhe page becquse fhep did various acfivifies on ihe
code.or g web page in fhe previous ICT course. [fthe page is fo be used for fhe first
fime, the feccher first infroduces the block-based coding page. The following activify

sheef is sent fo sfudents, students work individualiy

Students complete the square and rhombus in the first and second skages, while the
feacher supports the students who need help. When all sftudents complele #his fask;
ihe feacher shares her screen and demonsirates fhese fwo sfaps in ferms of side
lengths and angles. Finally, the feacher shows the students that jf the blocks did not

exizf the algorithm for creafing @ square could be writfen as follows.

+ atart

+ Forward 100 pixels

+ T right 90 degrees
+  Forward 100 pixels

+  Tum nght 90 degrees
+  Forward 100 pixels

+ T right 90 degrees
+ o foreard 100 pixels

+ Firdshit

Then, the students are divided info groups of 2 and asked fo creafe @ reclangle what
land of algorithm they would need if we did nof have @ block-based application.

Fig. 5 Sample Math and ICT integrated activity and its scoring

The points for the correct algorithms and results in mathematics and ICT
were specified in the figure 5; in detail, for the algorithm scoring, which was 5 points
in total, using the phrases “start” and “finish”, using the right command such as
“turn” and “go forward”, and creating the shape in minimum number of steps were
scored as 1 point. For the mathematics scoring, if at the end student created a square

she had 5 points, if she could not make a square then no points were given.
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3.7 Data analysis

The first research question about the correlation between grade level and
mathematics oriented epistemological beliefs in 5" — 8" graders was answered
through descriptive statistics. First, the normality assumption was checked for the
MOEBS scores by applying the Kolmogorov-Smirnov normality test, because the
sample size was larger than 50. Although the MOEBS scores were normally
distributed, since the other variable which was grade level is ordinal the Spearman’s
rho test was conducted in order to determine whether there is a correlation between
the grade levels and the levels of mathematical epistemological beliefs.

The second research question about the 5™ graders’ mathematics oriented
epistemological beliefs after participation in a remotely delivered PBL integrating
Math and ICT instruction was analyzed by conducting a paired-samples t-test. For
comparison to a control group, independent samples t-test.

To answer the next set of research questions about the whether the online
implementation correlate with the 5" graders’ algorithmic thinking and problem-
solving skills, paired sample t-tests and independent sample t-tests were conducted,
since the Shapiro-Wilk normality test showed that both the pre and post-test ATPS
scores were normally distributed. Lastly, Wilcoxon Signed Ranks test was carried
out for the Math and ICT unit exam scores, where a nonparametric test was
appropriate.

Finally, for the fourth research question about the learning process, the
student artifacts were scored based on an assessment rubric developed by the
researcher based on learning objectives of each course. Thus, the student work was
quantified and compared to determine whether there was any improvement over the

five weeks.
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CHAPTER 4

FINDINGS

In this chapter, the findings are presented in the order of the research questions listed
at the end of the literature review section. The epistemological beliefs of middle
school students are summarized through descriptive statistics; parametric statistical
test results are presented to infer the differences in the algorithmic thinking and
problem-solving (ATPS) abilities before and after the implementation of integrated
PBL for Math and ICT, and to interpret whether there is a difference between the
experimental and control groups. Mathematics and ICT unit exams were also
investigated for 51" graders, and lastly, the learning process through the intervention

is explored in student artifacts.

4.1 Mathematics related epistemological beliefs of middle school students
Research question 1: “Is there a correlation between grade level and mathematics
oriented epistemological beliefs in 5" — 8" graders in a small school district in a rural
province of Turkey?

In order to find out about the middle school students’ (from 5™ grade to 8™
grade) mathematics-related epistemological beliefs, first the Kolmogorov-Smirnov
normality test was carried out to test for normal distribution, since the sample size
was larger than 50. According to the result of the Kolmogorov-Smirnov test, the
MOEBS scores of 5" and 6™ grade students were normally distributed (p>0.05);
however, 7" and 8" graders were slightly less than the .05 level (see table 4). The
skewness was found -.699 (SE .162) and the kurtosis value was .648 (SE .322) for
the data. In terms of the grade level, the skewness of the data from 5th, 6th, 7th, and

8th-grade levels were, respectively: -.193 (SE .297), -.130 (SE .383), -.150 (SE .327),
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and -.250 (.388). Orcan (2020) argued that there is a lack of consensus about the
values of skewness to interpret normality, some suggest less than the absolute value
of 1, some others propose less than the absolute value of 1.5, and some defend 3.
According to all these suggestions, the result of the 7" and 8" graders” MOEBS

scores can be taken as normally distributed in terms of their skewness value.

Table 4. Tests of Normality

Kolmogorov-Smirnov?

Statistic df Sig.
5 .092 65 .200*
6 .096 38 .200*
7 122 53 .048
8 145 37 .047

The reliability and validity coefficients are acceptable in terms of all three
factors in the test according to the authors who created the scale (Ilhan & Cetin,
2013). However, the test was originally developed for high school students;
reliability statistics for the scale were also examined to check whether it is reliable
for middle school students. The data collected from the 5 middle schools in the
district, with a sample size of 227 was calculated as .737. Therefore, it is fairly
reliable even at the middle school level.

The reliability of the 5th and 6th graders for the district data was explored

separately, since the 5th and 6th graders in the researcher’s school were the
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experimental and control groups. The Cronbach coefficient alpha reliability of the

test for the 5th graders is .706 and for the 6th graders .759 (see table 5).

Table 5. Cronbach’s Alpha for MOEBS

Cronbach’s alpha N of items

all 737 27
5th grade .706 27
6th grade 759 27

4.1.1 MOEBS descriptive statistics

In table 6, the descriptive statistics are presented for the MOEBS scores of the
middle school students in the district. The score of the total MOEBS for this sample
was between 27 and 135; BLDE was between 10 and 50, BLDT was between 10 and
50, and BTOOT was between 7 and 35. Also, according to the researchers who
developed MOEBS, while lower BLDT and BTOOT scores mean more
sophistication in epistemological beliefs, lower BLDE means less sophistication. To
create a “total MOEBS” score the BLDT and BTOOT scores are reverse coded;
therefore, in all three factors and in the total MOEBS, as the number increases the

sophistication increase as well.
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Table 6. Descriptive Statistics for MOEBS

N Mean SD
All 193 91.10 12.11
5 65 90.26 9.86
TotalMOEBS 6t 38 90.76 10.25
7t 53 92.32 9.47
gt 37 91.14 10.68
All 193 35.4456 7.76615
5th 65 35.9231 7.257125
BLDE 6th 38 34.6316 6.976490
7th 53 36.1887 6.400290
8th 37 34.3784 7.432479
All 193 33.2124 6.22044
5th 65 32.6000 6.181626
BLDT 6th 38 33.2631 5.578357
7th 53 33.3962 6.149858
8th 37 33.9730 5.408258
All 193 22.4352 3.40898
5th 65 21.7385 3.501236
BTOOT 6th 38 22.8684 3.313943
7th 53 22.7359 2.843014
8th 37 22.7838 3.128144
Valid N 193

(listwise)

In Table 6, the descriptive statistics of the students in the district are shown in
detail according to their grade level and the factors of the MOEBS scale. The
histograms of MOEBS scores for each grade in the district are given in the figure 6

below.
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Histogram

for grade=5

Mean = 90.26
Std. Dev.= 8.85
N=65

Frequency

70.00 80.00 90.00 10000 110.00

total

Histogram

for grade=6

Mean = 90.76
Std. Dev. =10.247
N=38

Frequency

70.00 0.0 9000 10000 110.00
total
Histogram
for grade=7

Mean = 92.32
Stdl. Dev. = 9.466
N=53

Frequency

80.00 9000 100.00 110.00

total

Histogram

for grade=8

Mean = 8114
Std. Dev. = 10.68
N=37

Frequency

70.00 8000 9000 100.00 11000

total

Fig. 6 Histograms of MOEBS scores for each grade
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4.1.2 MOEBS scores and grade level relation

A scatterplot graph was formed from the students’ mathematics oriented
epistemological beliefs scores at 4 different grade levels to see whether there was an
association between these two variables. As shown in Figure 7, the scatterplot graph.

did not indicate a significant relation between the grade level and MOEBS scores.

120.00

100.00 I

80.00 |

60.00

MOEBS

40.00

20.00

00

grade
Fig. 7 The scatterplot of MOEBS by grade level

MOEBS data was collected from the students who were in 5", 6™, 7" and 8™
grade levels. Since one of the variables, grade level, is ordinal, Spearman’s rho was
calculated to check the association between MOEBS and grade level. There was no
significant correlation between the two variables, r (191) = .06 with a corresponding
p-value of 0.407. The Spearman correlation coefficient supported the result from the

scatterplot graph. Descriptive statistics and correlation rank is represented in table 7.
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Table 7. Spearman’s rho Coefficient Between Grade Level and MOEBS

Descriptives Correlation
M SD
Grade 6.32 1.13 0.06
MOEBS 91.09 9.95

The MOEBS scores from the 5th and 6th graders in the district were also
compared to see whether there was any significant difference in MOEBS between
these two grade levels, since the 6™ graders would function as the control group in
the research school from the same school district. No significant difference was
found between 5" grade students’ MOEBS scores (M = 90.26, SD = 9.86) and 6™
grade students (M = 90.76, SD = 10.25), t(101) = .246 and p =.807. (See table 6) at
the district level. Then the mean of the 5" graders scores in the experimental group
were compared to that of the 6™ graders in the control group MOEBS scores were
compared. An independent sample t-test comparing the pre-test means revealed a
significant difference between the experimental (M = 89.30, SD = 14.42) and the
control (M =96.94, SD =9.17), t(39) = 2.023 and p = .05. The descriptive statistics

for experimental and control group is given in table 8.
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Table 8. Descriptive Statistics of MOEBS of 5" and 6" Graders’ Pretest and Posttest

5" grade 6" grade
PreTest PostTest PreTest PostTest
N Mean SD N Mean SD N Mean SD N Mean SD

TotaMOEBS 23 89.30 14.42 23 93.61 10.81 18 96.94 9.17 18 99.06 11.49
BLDE 23 36.61 8.35 23 38.13 7.55 18 38.33 5.55 18 39.61 5.37
BLDT 23 3291 4.80 23 33.52 5.34 18 36.06 6.44 18 36.17 6.86
BTOOT 23 19.78 4.32 23 21.95 3.47 18 22.56 3.13 18 23.28 3.61
Valid N 23 23 18 18
(listwise)
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4.1.3 MOEBS scores of 5™ and 6" graders after the implementation

Research question 2: Is there a significant difference in 5™ graders’ mathematics
oriented epistemological beliefs compared to a control group after participation in a
remotely delivered online implementation of a PBL based integrated Math and ICT
instruction in a middle school in a rural school district?

The normality assumption was checked, and the data was normally
distributed for 5" and 6" graders (see table 4). A paired sample t-test was conducted
to compare 5th-grade students’ MOEBS scores before and after the implementation
of the Arc of Learning framework integrating mathematics and ICT and after that
implementation. There was not a statistically significant difference in the 5" graders
scores for the pre-test (M = 89.30, SD = 14.42) or the post-test (M = 93.61, SD =
10.81) and t(22) = -1.73, p = .097 with a fairly medium effect size (Cohen’s d =
0.34).

An independent sample t-test was conducted to compare the post-test
MOEBS scores of the 5" grade students in the experimental group to that of the 6™
graders, who served as the control. There was not a statistically significant difference
in the scores for the experimental (M = 93.61, SD = 10.81) or the control groups
(M=99.06, SD = 11.49); t(39) = -1.33, p=.191. Thus, after the intervention there was
no significant difference between the 5™ graders and 6" graders MOEBS scores with

a medium effect size (Cohen’s d = 0.49).

4.2 Integrated curriculum-based implementation and students” ATPS
Research question 3: In what ways and to what extent do the 5th graders’ algorithmic
thinking and problem-solving skills relate to the online implementation of the PBL-

based integrated Math and ICT instruction? (3a): Is there a significant difference in
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51 graders’ algorithmic thinking and problem-solving skills at the end of the
implementation based on a within groups comparison? (3b): Is there a statistically
significant difference in 5" graders’ algorithmic thinking and problem-solving skills
when compared to a control group?

To answer these research questions, paired samples t-test and independent
samples t-tests were applied. First the normality of the data from the Algorithmic
thinking and problem-solving skills test was explored to see whether the assumptions
of the t-test were met. The normality test was conducted for the experimental group
(5" graders) and the control group (6" grades). Since the sample size is smaller than
50, the Shapiro-Wilk test was used, which indicated that the scores were normally
distributed for both groups in both the pre-test and post-tests. A Cronbach alpha
value between .70 and .79 is considered fair, while between .80 and .89 is considered
good, and .90 and above excellent (Cichietti, 1994). Since the Cronbach’s Alpha
coefficient for the pre-test of the ATPS test was calculated as .826, this test can be
considered reliable for this data. The Cronbach’s Alpha coefficient for the post-test

was calculated as .815, which means that the post test was also reliable (see table 9).

Table 9. Tests of Normality

Shapiro-wilk
Statistic df Sig.
Pre-test 927 23 .094
5th
grade  post-test  .963 23 524
Pre-test .940 22 .200
6th
grade
Post-test .938 22 178
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To analyze whether there was a statistically significant difference between
pre-test and post-test scores within the experimental group, paired sample t-test was
executed. A significant difference was found in the 5" graders’ pre-test ATPS scores
(M =5.92, SD = 3.658) and their post-test scores (M = 8.21, SD = 4.191), t(23) = -
4.382 and p = .000. On the other hand, for the 6™ graders, there was no significant
difference during the same time period between the pre-test (M = 8.09, SD = 5.847)
and post-test (M =8.27, SD = 5.849), t(21) = -.310 and p = .760 (see table 10).
Looking closely, while the 5" graders significantly improved their scores with a

medium effect size (Cohen’s d = 0.58).

Table 10. Paired-sample T-test Statistics for ATPS Scores

Paired Differences

95% Confidence
Interval of the
Difference

S. Error Sig. (2-
Mean SD Mean | Lower Upper t df tailed)

Sth Pre ATPS- -229 256  0.52 337  -121 | -438 23  0.000
Grade POSLATPS

6th Pre ATPS- -0.18 275 0.59 -1.40 1.04 -031 21 0.760
Grade Post_ ATPS

Further, an independent samples t-test was conducted to compare the pre- and
post-test ATPS scores of the experimental and control groups’. There was no
significant difference between the pre-test scores of the 5" graders in the

experimental group (M = 5.92, SD = 3.658), and the 6™ graders, who served as a
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control group, (M =8.09, SD =5.85); t(44) = -1.53, p = .134 with a medium effect
size (Cohen’s d = 0.45). There was no significant difference between the post-test
scores for the 5" graders (M= 8.21, SD= 4.191) and 6" graders (M = 8.27, SD =

5.849); t(44) = -.043, p = .966 and the Cohen’s d = 0.01.

4.3 Integrated curriculum relations with students’ math and ICT unit exam scores
Research question 3c: Is there a statistically significant difference in 5 graders’
mathematics and ICT unit exam scores after the intervention?

To compare the Math and ICT exam scores given at pre- and posttest, a
paired samples t-test was carried out. First the Shapiro-Wilk test was carried out to
test the normal distribution of the data. The test indicated that only the post-test of

ICT scores was normally distributed (see table 11).

Table 11. Normality Tests

Shapiro-Wilk
Statistic df Sig.
PreMath 0.902 23 0.028
PostMath ~ 0.868 23 0.006
PrelCT 0.867 23 0.006
PostICT 0.942 23 0.196

Three of the test scores were not normally distributed according to the
normality test, however the reason behind that nonnormality could be the low

amount of data. Therefore, the skewness of the data was investigated, too. The
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skewness of the mathematics pre-test was found .844 (SE .481) and the kurtosis
value was 1.570 (SE .935); for mathematics, the post-test was 1.317 (SE .481) and
the kurtosis was 1.274 (SE .935); of ICT pre-test was .540 (SE .481) and the kurtosis
was -.974 (SE .935). Even though most researchers suggest the limit of normality as
absolute value 1, Lei and Lomax (2005) claim that skewness of less than absolute
value 1 is slight nonnormality and between the absolute value of 1 and 2.3 is
moderate nonnormality. Nonetheless, the data was analyzed via a non-parametric
test, Wilcoxon Signed Ranks test to answer research question (3c).

The Wilcoxon signed ranks test showed that the experimental groups’
mathematics post-test scores (M = 7.70, SD = 3.913) were significantly higher than
mathematics pre-test scores (M = 4.87, SD = 3.195), Z(22) = 3.40 and p =.001 with
a large effect size (Cohen’s d = 0.79). Also, there was a significant increase in the
ranks for the ICT post-test scores (M = 4.13, SD = 1.714) compared to the ICT pre-
test scores (M =2.78, SD = 1.731), Z(22) = 3.14 and p = .002, again, with a large
effect size (Cohen’s d= 0.78). Upon careful examination, the large effect sizes
support that the implementation resulted a significant difference in participants’

mathematics and ICT achievement.

4.4 Relations among MOEBS, ATPS, Mathematics and ICT achievement scores
A nonparametric correlation test, Spearman’s rho, was applied to see whether there
was a hint of correlated scores for epistemological beliefs, ATPS skills, and
mathematics and ICT course achievement before and after the implementation.

A statistically significant positive correlation was found between ATPS and
ICT scores, ATPS and mathematics scores, and mathematics and ICT scores for both

pre-tests and post-tests. As seen in the tables 12 and 13, in the pre-test scores from
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the mathematics unit test was not statistically significantly correlated with the scores
from the ICT unit test while in the post-test results mathematics and ICT scores were
significantly correlated. Also, the algorithmic thinking and problem-solving skills
were correlated with the ICT scores in both results. There is no statistically
significant correlation between MOEBS and the other variables neither for pre-tests
nor post-tests. However, these results should be taken with caution, since the sample

size was small.

Table 12. The Correlation Among Pre-tests of Fifth-Graders

Math ICT ATPS MOEBS
Coefficient 1 396 167 192
Math  Sig. (2-tailed) 062 446 379
N 22 22 22 22
Coefficient 396 1 552" 165
ICT Sig. (2-tailed) 062 .006 451
N 22 22 22 22
Coefficient 167 . 552" 1 .065
ATPS  Sig. (2-tailed) 446 006 768
N 22 22 23 22
Coefficient 192 165 .065 1
MOEBS Sig. (2-tailed) 379 451 768
N 22 22 22 23

**_Correlation is significant at the 0.01 level (2-tailed).
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Table 13. The Correlation Among Post-Tests of Fifth-Graders

Math ICT ATPS MOEBS
Pearson Correlation 1 378* 522* 33
Math Sig. (2-tailed) .049 011 125
N 23 22 22 23
Pearson Correlation 378* 1 439* .057
ICT Sig. (2-tailed) .049 .036 795
N 22 22 22 22
Pearson Correlation 522* 439* 1 .038
ATPS  Sig. (2-tailed) 011 .036 864
N 22 22 22 22
Pearson Correlation 33 .057 .038 1
MOEBS Sig. (2-tailed) 125 795 864
N 23 22 22 23

*, Correlation is significant at the 0.05 level (2-tailed).

4.5 Learning process

Firstly, the weekly assignments which were named as mathematical reflection in the
Arc of Learning framework is examined for the experimental group. Table 14 below
presents all of the students’ weekly assignment scores, based on questions about the
Math objective of the week, different objective each week. While all of the
objectives up to the 4th week included geometric relations, metric conversions were
targeted in the 5th week, and at the end of the application, it was expected that the
students would be able to make conversions between different units in the perimeter
calculations of different geometric shapes. The reason behind the decrease in the fifth

week might be the difference in the objectives.
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Table 14. Weekly Assignment Scores

week 1 week?2 week3 week4 week5

Zehra 3 0 6 6 4
Ali 0 0 0 2
Nida 0 0 2 2 3
Betiil 0 0 0 6 0
Mehmet 0 0 0 6 3
Merve 4.5 6 2 4 5
Dila 4.5 6 3 4 5
Faruk 3 3 5 6 4
Melisa 3 6 5 6 6
Burak 0 1.5 0 6 3
Ayse 3 6 4 6 6
Esin 1.5 6 2 4 2
Ekin 3 3 4 4 5
Riza 0 0 0 0 0
Yusuf 15 4.5 3 6 2
Bahar 1.5 3 2 6 4
Eyliil 0 0 0 0 0
Yasin 0 0 0 0 0
Omer 0 0 0 0 0
Osman 0 0 0 0 5
Kerim 0 0 0 0 0
Hasan 4.5 6 5 6 5
Gokhan 0 0 2 2 2

Note. Each week’s scores are calculated out of 6 points.
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Although the questions in each weekly assignment was related to the
objectives covered that week, the students increased their assignment scores
gradually, over the period of the implementation. At the end of the 4th week,
maximum values were obtained. In figure 8 the stacked line graph represents weekly

assignment data showing the tendency of the scores through the process.
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Fig. 8 Changes in the scores of end-of-the-week assignments for all participants

Table 15 and Table 16 show the weekly assignment results for the whole
class, with one activity selected from each week in Mathematics and ICT classes,
respectively. The results are presented in descending order based on the participants’

ATPS scores.
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Table 15. Student Scores for the Weekly in-class Math Assignments

week1l week2 week3 week4 week5

Zehra 10 4 10 8 10
Ali 5 0 5 3 5

Nida 4 5 6 5

Betiil 4 5 6 7

Esin 4 5 6 5

Yusuf 10 3 5 6 6

Yasin - 0 0 0 2

Omer - 3 5 6 6

Osman 0 0 - - 6

Hasan 6 8 10 10 8

Mehmet 2 0 5 8 8

Merve 10 7 10 8 9

Ekin 5 5 5 8 6

Eyliil 0 8 6 6

Riza - 3 6

Kerim 3 10 6 8

Ayse 10 8 10 10 10
Bahar 7 10 8 8

Gokhan 4 10 8

Dila 10 7 8

Faruk 5 7 10
Melisa 10 8 10 10 10
Burak 5 7 10 10 9

N= 23

When the scores of the in-class Math assignments from the first week are
compared to the scores from the last week, it can be seen that 15 out of 23 students
increased their points, while 4 students’ scores decreased and 4 students’ stayed the
same. Three of the 4 students who stayed the same was due to a ceiling effect, as

these 3 students had already scored highest score in the first week.
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Table 16. Student Scores for the Weekly in-class ICT Assignments
week 1 week 2 week 3 week 4 week 5

Zehra
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Nida
Betiil
Esin
Yusuf
Yasin
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When the ICT in-class assignment scores from week 1 and week 5 are
compared, it can be seen that 20 out of 23 students improved their ICT scores;
however, these increases were not regular and stable for each week. That is, even
though these 15 students increased their first-week scores in the 5th week, 6 of them
had achieved their maximum scores before the 5th week and they decreased their
scores after the peak. Additionally, for 2 out of 23 students there was no change in

scores, and 1 student’s score decreased from the first to the last week.
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The artifacts to be evaluated were selected based on the participants” ATPS
scores to gain further insight about the students’ learning progress. All twenty-two
participants were grouped into 4 groups based on the degree of change they achieved
in the post ATPS test: large increase, slight increase, no increase, decrease in the
ATPS score (see table 17).

Table 17. Grouping According to the Difference Between Pre & Post ATPS Scores
Participants

Difference in ATPS

*Zehra -3
*Ali -2
*Nida
*Betiil
*Esin
Yusuf
Yasin
Omer
Osman
Hasan
Mehmet
*Merve
Ekin
Eyliil
Riza
Kerim
*Ayse
Bahar
Gokhan
Large increase Dila
*Faruk
*Melisa
*Burak

Decrease

o

No change

Slight increase in

OO UTRDNDRNWWNNNNREPRRPRPRP RO

Note*Participants selected to examine in detail.

Two participants from each group were selected randomly for further study of
their artifacts. Two more participants, Ayse and Faruk, were also selected for further
examination, as they were of interest to the researcher because Ayse was already a

high achiever at the beginning of the implementation and scored a very high ATPS
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score on the pre-test, and Faruk scored lower on the Math unit exam at post-test.
Thus, a total of 67 artifacts from 10 students were examined to investigate the
improvement of the learning process. The final scores were calculated by taking the
averages of Math and ICT points for each week.

In addition to the artifacts, the 10 students’ responses to mathematical
reflection questions which they responded at the end of each week were also
examined. The Appendix N represents the scores for all 13 questions for five weeks,
and a weekly score for each participant calculated out of 6 points.

Table 18 and Table 19 below represent the averages of each week's product

scores for both Math and ICT curriculum for the selected 10 students.

Table 18. Mathematics Scores of the Collected Products from Selected Students

week1 week?2 week3 week4 week5
Change in ATPS score
Zehra 8.0 9.0 8.5 8.5 8.7
Decrease
Ali 2.0 1.7 35 2.3 5.0
Nida 4.3 3.7 4.5 5.0 5.0
No change
Betiil 2.0 3.0 4.5 5.0 7.0
Merve 8.7 7.3 9.0 8.3 8.3
Slight increase
Esin 5.7 7.0 5.5 6.8 7.3
Faruk 7.3 7.0 6.5 6.0 9.3
Melisa 9.3 8.7 8.5 9.2 9.3
High increase
Burak 5.7 8.7 8.0 10.0 9.7
Ayse 9.3 10.0 9.5 10.0 10.0

Note. The scores of each week is the average of all the collected products of that
week.
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When the Math scores of the artifacts for selected students from the first
week are compared to the last week, 7 out of 10 increased their scores, while 2
students kept their scores the same, and only one student (Merve) had a slightly
decrease regardless of their ATP score category. The 2 students who had no change
and the one who decreased their points had already scored top scores (8.7, 9.3 and

8.7 out of 10).

Table 19. ICT Scores of the Collected Products From the Specific Students

weekl week?2 week3 week4 weekb
Change in ATPS score

Zehra 6.3 3 9.0 9.0 6
Decrease

Ali 0.3 0 5.5 4.0 3

Nida 3.7 0 6.0 4.5 6
No change

Betiil 2.7 0 7.0 4.0 5

Merve 5.7 8 9.0 8.0 8
Slight increase

Esin 5.7 6 6.0 7.0 8

Faruk 4.3 6 8.5 6.0 8

Melisa 9.0 8 10.0 8.0 8
High increase

Burak 4.0 3 7.5 7.0 10

Ayse 9.3 8 10.0 10.0 8

Note. The score of each week is the average of all the collected products of that week

As for the ICT scores, all 10 scores, except one, increased until the 4" week.

In the 5th week, 3 students’ scores decreased, and 3 others remained the same.
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Table 20. All Data Except the Weekly Assignments Collected from the Selected Students

mathematics ICT math unit exam ICT unit exam ATPS MOEBS

weekl week2 week3 week4 week5 weekl week2 week3 week4 week5 Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test

zehra o5 90 8.5 8.5 8.7 6.3 3.0 9.0 9.0 6.0 12 16 6 8 14 11 108 91
Ali

20 17 35 23 5.0 0.3 0.0 55 4.0 3.0 7 9 2 4 2 0 103 95
Nida

43 37 45 5.0 5.0 3.7 0.0 6.0 45 6.0 7 7 5 4 10 10 73 92
Betiil

20 30 45 5.0 7.0 27 0.0 7.0 40 5.0 4 6 3 4 4 4 103 113
Merve g7 73 9.0 8.3 8.3 5.7 8.0 9.0 8.0 8.0 5 13 5 6 6 8 100 98
Esin

57 70 5.5 6.8 7.3 5.7 6 6.0 7.0 8 5 6 1 4 3 4 99 99
Faruk

73 70 6.5 6.0 9.3 43 6.0 8.5 6.0 8.0 6 4 1 3 4 10 92 82
Melisa o5 47 8.5 9.2 9.3 9.0 80 100 80 8.0 7 18 6 6 6 12 100 92
Burak

57 87 80 100 97 4.0 3.0 75 70 100 3 1 1 2 3 11 73 90
Ayse

93 100 95 100 100 93 80 100 100 80 13 12 3 6 14 18 103 121
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It was observed that the students who increased their ATPS score were able
to use the information given to them correctly while solving problems and were able
to solve the given problem step by step. Nine out of 13 students who increased their
ATPS score by at least two points knew that when converting between units of
length, they should be multiplied and divided by 10. Six of these nine students used
this information in the problem they needed to transform. On the other hand, seven
out of 10 students who did not increase their ATPS score or increased only 1 point
also knew that it should be multiplied by 10 when transforming, but only one of

these seven was able to solve the problem exactly.

4.5.1 Review of selected students’ weekly assignment and in-class artifacts

Since all the students of the experimental group could not be examined in detail, 10
participants were selected and the activities of these participants in the lesson were
evaluated by scoring them according to their mathematics and ICT achievements,
and the weekly assessments (mathematical reflection) scores at the end of each week
were given quantitively. In this section, the answers given by the selected students in
the weekly assessments and their contributions to the artifacts in the in-class
activities were explained student by student. These students were ordered in terms of
their ATPS increases from the smallest to the largest value.

Zehra: In her weekly assignments, Zehra usually gave correct answers, and made
only minor mistakes. For example, in the 2nd week’s question of classifying
triangles according to their angles and sides, she confused the places of the triangle
types, that is, she wrote triangles according to their angles (acute, right-angled, and
obtuse triangles) in the question of triangles according to their sides and vice versa,

even though in the Turkish naming of triangles, the words angle and side are also
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written directly in the name of the triangle. Another mistake was that in the metric
conversion question in week 5, she multiplied and divided by 10 and got the
conversion correct, but in the following multiple-choice question "36 meters length is
not equivalent to which of the following?" she did not select the correct answer, but
the first choice in the list. Although she was good at the assignments and was better
on the tasks that requires content knowledge, she sometimes had difficulties in
mathematical understanding. For instance, while finding the diagonals of polygons,
the students were asked to draw diagonals of hexagon on GeoGebra, she tried to
draw diagonal on triangle too, and when she presented her work even though her
friends said that it was not drawn from corner to corner, she said that a diagonal was

needed because all polygons have one and it is the only way (see figure 9).

Fig. 9 Diagonals of Polygon

Ali: In the first week, Ali got all the answers wrong, and in the second week, he only
wrote his name and sent the assignment without answering the questions. Even the
multiple-choice question about the appropriate visual in week 3 was wrong, though
answered correctly by 70 percent of the participants. The following week, the

questions about interior angles were answered correctly, he correctly marked the sum
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of the interior angles of triangles and quadrilaterals, but he did not express his
opinion about why all quadrilaterals and triangles have the same interior angles in
total. His attitude towards the weekly assignments shed light on his approach to
lessons in general. It seems that Ali did not follow the lessons very carefully and did
not participate actively in group work.

Nida: Nida sent out the form with no answers in the first and the second weeks. The
following week, she chose the right answer among the given visuals in the question
about parallel sides; however, the rest of the questions were wrong. In the fourth
week, while she wrote that quadrilaterals have 360 degrees of interior angles, she did
not give the right answer to the interiors of triangles, nor did she express her thoughts
about whether the interior angles would always be the same. In the fifth week, even
though Nida knows what she needs to do to convert metric units because she
answered correctly the question of “What operation do you do when converting
between metric units of length?”; yet she could not make the correct conversion in
the next questions.

Betiil: In the first week she did not give any answers, and the second week she only
wrote her name with no answers to the questions. The following week, she provided
no correct answers, even for the question visualization question. In the fourth week,
Betiil chose the correct answers about the interior angles of triangles and
quadrilaterals; and, she indicated that all quadrilaterals and triangles have the same
interior angles. She gave no answers about the metric conversion at the end of the
last week.

Merve: While at the end of the two weeks Merve correctly answered the questions,
during the “tangram algorithm” activity, she correctly said "l made a square” as an

explanation of what she had created for the square she had drawn, but for the other
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polygon (see figure 10) she said "it's not about math, | made a tree". The third week
she had a misunderstanding about the basic concepts of quadrilaterals such as sides
and diagonals. When asked about which quadrilaterals have equal “diagonals” she
responded square and rhombus. It might be a problem about the quadrilaterals
because even with the group work during the lessons they could not have the correct
answers. Next week, the week they learned the sum of the angles of triangles and
quadrilaterals, she answered that triangles have 180 degrees, and quadrilaterals have
360 degrees in total, yet she claimed that all triangles may not have the same sum of

the interior angles because there are different types of triangles.
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Fig. 10 Student artifacts about the “Tangram Polygon”

Esin: In the first week, Esin only answered the question about the conditions of

being a polygon and only mentioned being a closed shape. In the second week, she
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answered the questions about the triangle classification and named it correctly. The
following week, although she did not give the correct answer to the question about
the diagonals, she gave the correct answer to the question about the side lengths. In
the 4th week, she knows that the sum of the interior angles of the triangle is 180
degreesand the interior angles of quadrilaterals is 360 degrees; yet, she said that this
sum could change for different quadrilaterals. Last week, Esin knew she had to
multiply by 10 while doing a metric conversion, but she could not solve the problem.
As for the interior angles of the quadrilaterals in the 4th week, a close
examination of the "code.org quadrilateral design” artifact showed that Esin made
360-degree quadrilaterals by making four 90-degree turns (see Fig. 11). However,
the fact that she did not do any activity related to the interior angles of a quadrilateral
other than a square and a rectangle during the lesson may have made her think that

the interior angles of different quadrilaterals may differ.
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Fig. 11 Student’s artifacts about the “Quadrilateral Design”

86



Dila: Although Dila’s answers to the weekly assignments were generally correct, she
stated that she was undecided about whether the sum of the interior angles of all
quadrilaterals and all triangles were the same when asked in the 4th-week. She did
state that the sum of the interior angles of quadrilaterals and triangles is 360 and 180
degrees, however, as in Merve’s case, no induction was made.

In the "Flowchart are entangled” activity, Dila and her groupmates Kerim and
Nida named the parts of the flowchart as the 1st shape, the 2nd shape, and so on,
instead of ellipse or rectangle, since they did not seem to know the names of the
shapes of flowchart. Dila started to share her screen and she did what her groupmates
told her to, but the voices got mixed up while describing the shapes as the 1% shape
2"% shape, and counting each shape one by one became confusing, so instead of
saying it, her groupmates started to draw on the screen which was shared by their
group mate. This instance can be an example of how students adapt quickly to the
situation and try to solve the problems they encounter, even though there are such
problems in group work in remote instruction.
Faruk: In the evaluation of the first week, Faruk was able to answer the question of
how we decide whether the shapes are polygons or not, according to the joining of
their sides. Although it is not clear whether it means a straight or curved shape or a
closed shape, it can be deduced that he was not very knowledgeable about the
information covered in the 1% week’s lessons. He answered the question of the basic
elements of polygons (having only sides), that is, he interpreted them according to
what he sees first. He wrote only one category for the triangle classification
questions in the 2nd week. For example, he wrote only equilateral triangles for
triangles based on their sides, and only right angles for triangles based on their

angles. In the third week, in the questions about the quadrilateral family, he answered
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correctly both the questions in which the shape was presented visually, and its direct
properties were given without adding visuals. This development may indicate an
improved understanding of polygons. He answered correctly answered the interior
angles and metric conversion questions of the 4th and 5th weeks.
Melisa: In all of the weekly assignments, Melisa gave correct answers, except in
week 1, when she made a small mistake about the conditions for a shape to be
defined as a polygon. At the end of the whole class discussion in the first week’s
lesson, it was concluded that at least 3 sides are needed for a geometrical shape to be
a polygon, and this feature was shared when the whole class was gathered after the
discussion. Still, Melisa replied that it must consist of at least one edge

In the "What's the name of the polygon?" activity, students were divided into
groups and started to organize the naming algorithm. After looking briefly at the
parts in the file, Melisa said to her groupmates (Esin and Zehra): “We must first
make sure it is a polygon, then we can name it by looking at the number of vertices.”
The work of this group can be seen in figure 12. Students seem to have learned that if
the given figure does not consist of line segments, it is not a polygon, if it does, they
know that it is a polygon, so they can move on to the naming stage, but they do not
know how to show it in the flow chart. The correct flowchart samples are represented

in figure 13.
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Fig. 12 Flowchart created by Melisa, Esin, and Zehra for the activity "What's the
name of the polygon?"
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Fig. 13 The correct flowchart for the activity "What's the name of the polygon?"
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Burak: The first week he did not give any answer to the questions, but the second
week he replied to the all the questions, though not all were correct, he seems to be
listening because he remembered the naming of the triangles but he confused the
classification. For instance, instead of “cgesitkenar liggen,” the scalene triangle; he
wrote “cesitli tiggen”.Yet, the misunderstanding was only in the naming of the
triangles. In the fourth week, he gave correct answers to the questions about angles.
In the fifth week, although he answered the question asking for metric conversion
information correctly, he could not solve the problem that he needed to use this

information.
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For Burak and his group (Ayse and Omer), cooperation could not be achieved
in the robot's route activity, they could not distribute the task within the group. Since
they were constantly interrupting each other’s words, at the beginning, they wrote the
steps separately in their notebooks and eventually uploaded Ayse’s work in the file.
What they created in “The Route of the Robot” can be seen in the below figure,
although the result was correct, the process was not very efficient. Burak and Omer
may not have done anything on their notebooks. Ayse shared her work (see figure
14), Burak and Omer just waited through the activity.

ileri

Sola don
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Saga dén

ileri

ileri

Sola dén

ileri

Fig. 14 The artifact of “Route of the robot” activity created by Burak, Ayse, and
Omer

Ayse (ceiling effect): Stating with the first week, Ayse showed the highest
performance in the class. Her 1% week’s assignment different from all other students
in that she indicated that the shape must have 2 dimensions to be defined as a
polygon. She gave the right answers to almost all of the questions of in the weekly

assignments, except for the quadrilateral family in the 3rd week.
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CHAPTER 5

DISCUSSION AND CONCLUSIONS

This study investigated the mathematics-oriented epistemological beliefs of middle
school students and examined whether instructional design integrating Math and ICT
curricula for 5 weeks would improve 5th-graders’ algorithmic thinking and problem-
solving skills and their mathematics oriented epistemological beliefs. The
instructional units, which covered 6 Math and 8 ICT objectives, were designed based
on the Arc of Learning framework. The results showed that while there is not a
statistically significant change in the mathematics-oriented epistemological beliefs,
students' algorithmic thinking and problem-solving abilities were significantly

improved after the implementation.

5.1 Improvement of mathematics oriented epistemological beliefs
The analysis of the 193 middle school students’ MOEBS scores in the district
showed no meaningful correlation between grade level and MOEBS, even if the
youngest in the group (5" graders) scored the lowest. Although Schommer (1993)
and Cheney, Kuhn, and Weinstock (2000) claimed that there is a directly
proportional relationship between age and epistemological beliefs, this study could
not support that relationship. The reason behind this may be that in the two studies
mentioned, the authors worked with participants who were from older age groups—
both were at least high school level participants.

It is also possible that the 5-week intervention was not long enough to make a
change in beliefs, which is actually the most difficult to change. However, it was also

argued by Kienhues, Bromme, and Stahl (2008) that improvement of epistemological

91



beliefs can be possible even after a short-term intervention. Also, Kienhues et al.
(2008), and Valanides and Angeli (2005) claimed that the type of instruction that
enables collaboration and group work can also affect the sophistication of students’
epistemological beliefs. However, this study did not corroborate these findings,
because the increase in the 5th graders” MOEBS scores after a five-week
intervention was not statistically significant. On the other hand, as Gu (2016)
mentioned PBL might not positively affect some students’ epistemological beliefs as
expected; she found that even though students’ self-reported epistemological beliefs
were becoming more sophisticated, their revealed epistemological beliefs was not
sophisticated. It is also accepted by other researchers that while PBL instruction can
cause increases in epistemological beliefs of high achievers, it may not cause
increases for low achievers (e.g. Belland et al., 2019). As Gu (2016) indicated that
the reason why epistemological beliefs are sophisticated in self-reported results but
they were not actually increased might be that students' low-meta-cognition,
especially at lower grade levels Therefore, the reason why the epistemological
beliefs in this study did not increase as expected might be because the self-reported
data may be problematic in capturing the younger students’ actual epistemological
beliefs.

Lastly, many researchers found a relation between mathematical achievement
and epistemological beliefs (Steiner, 2007; Muis, 2004); and more sophisticated
mathematics oriented epistemological beliefs were related to better problem-solving
skills (Schommer-Aikins et al., 2005). However, for the 5" graders in this study,
even though the mathematics and ICT unit scores and algorithmic thinking and
problem-solving skills were positively correlated, there was no significant correlation

between the self-reported epistemological beliefs with the unit tests or problem-
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solving skills. Further, there were times when students' self-reported epistemological
beliefs did not match with the artifacts and observations made during the lessons. For
example, Zehra had a pre-MOEBS score of 108 and Faruk had a score of 92, both
had lower scores on the post-MOEBS data; however, in the “Mystery of Diagonal”
activity, when Zehra showed that she had drawn a diagonal to the triangle, Faruk told
her that this drawing did not look correct because it go from corner to a corner,
maybe the triangle did not have a diagonal. In response to this, Zehra said, "The
teacher drew a diagonal to a square, pentagon, or even a decagon. How can a triangle
not have a diagonal, of course it has." In this case, Faruk shared his screen again and
tried to draw the line segments connecting the corners, but each time he saw that
these drawings formed an edge, he concluded that there is no diagonal in the triangle.
As it can be seen here, Zehra followed the teacher’s demonstration, and avoided
exploring and coming up with a separate solution through her own thinking, while
Faruk, who had a lower score on the self-reported MOEBS, showed more
sophisticated epistemological beliefs. Therefore, it is possible that the data collected
to interpret the mathematics oriented epistemological beliefs through the scale may
not present the real beliefs of the students A more reliable data collection procedure
for mathematics oriented epistemological beliefs could be conducting cognitive
interviews with students (Miller et al., 2014)

The findings related to the epistemological beliefs did not support most of the
findings mentioned in the literature; however, another reason for this might be
because of the participants’ age. The participants in this study were 5" graders, 10-11
years old; yet, the epistemological belief scale used in the study was originally
designed for high school students. The scale’s items were assessed and retested for

reliability at the middle school level, and was found reliable for this data, however,
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that the original items were not developed for this particular age level might still
have some influence on the scores. In addition, the participants in this study were
younger than most of the studies in the literature, where epistemological belief
studies tend to be carried out with older age groups. Besides, Cheney et al (2000),
Kurt (2009), and Onen (2011) found in their research with different age groups that
students' epistemological beliefs developed proportionally with age, and that there
must be at least one-year difference so that this development can be observed. In a
study conducted with 2" and 3™ grade students, it was noticed that it was very
difficult to capture students in their transition from a naive epistemological belief to
more sophisticated level (Kuhn et al., 2000). Therefore, a longer period of time
seems to be required for the students' epistemological beliefs to change, especially
with younger age groups. A statistically significant transition may not have been

observed in this study, because of the duration of the implementation.

5.2 Algorithmic thinking and problem-solving skill development
It is claimed that algorithmic thinking skills are correlated with problem-solving
skills in Math (Mezak & Petra, 2018). Many researchers suggested that the
instruction that aims to improve the algorithmic thinking skills also leads to more
success in mathematical achievement (Demir & Cevahir, 2020; Walle et al., 2010).
The findings of this study supported the positive relation between Math achievement
and algorithmic thinking and problem-solving skills.

Moreover, many researchers claimed that instruction that enables students to
assess the information they need to use to create proper algorithms to solve complex
problems will improve students’ algorithmic thinking and problem solving abilities

(Papert, 1980; Walle et al., 2010; Edson et al., 2019).This study provided support for
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similar findings in the literature, as the fifth graders in this study significantly
increased their algorithmic thinking skills, whereas the 6™ graders, who did not
receive PBL instruction, did not significantly improve their algorithmic thinking and

problem-solving skills.

5.3 Mathematics and ICT improvement through class activities
According to research findings, the students who attended problem-based learning
environments increased their mathematics achievement and they became more
successful in problem solving (Hidi & Renninger 2006; Lu et al., 2018; Schmidt et
al., 2011). In regards the specific framework of the PBL model, earlier research with
7th and 8th graders had shown that PBL courses designed in accordance with the Arc
of learning framework improved students' math achievement and problem-solving
skills (Ben-Chaim et al., 1997). The analysis of the data collected in this study also
found a significant increase in Math as measured in a unit exam. after a PBL
implementation based on the stages of Arc of Learning. This study’s contribution
was that the 5™ graders simultaneously increased their scores in the ICT unit exam.
The analysis of student artifacts and observations of group interactions
supported these findings based on the quantitative data. For example, in the first
week, Merve said "this is not about math, | made a tree" because the shape she
created in the "tangram algorithm" activity was not similar to the mathematical
shapes she was used to, and she could not yet name the polygons appropriately.
However, in the later stages of her practice, she began to acquire mathematical
knowledge and to make inferences by associating pieces of this knowledge. For
example, in the "code.org quadrilateral design” activity in the 3rd week, she realized

that every square is a rectangle while creating the code blocks. Nida can be given as
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another example; this student was not very active in the lessons, and she was
generally silent in group studies. The scores she got from artifacts and the scores she
got from weekly assignments also show that she did not make much progress. That
she correctly answered some of the questions measuring knowledge in the weekly
assignments but could not do the rest or could not use the information given in
problem solving support this inference. Quantitative data also corroborated the data
collected during the learning process. Nida’s scores showed either a decrease, which
was in her ICT unit scores, or no change as in her ATPS scores and Mathematics unit

tests scores in the post-tests.

5.4 Implications for practice and recommendations for future research
This study contributes to mathematics and ICT curricula and pedagogies of teaching
both. First of all, integrated mathematics and ICT unit lesson plans were prepared
around a PBL pedagogy. This is important for computational thinking skills,
common to both mathematics and ICT courses as algorithmic thinking and problem
solving are also components of computational thinking (Rich et al., 2020).
Although the importance of using information and communication
technologies in Math lessons is underscored in Math education literature, these
technologies are usually used as tools primarily to meet Math objectives, and
examples of lessons in which the objectives of computer science and mathematics
lessons are brought together are rare (if not non-existent). This study tried to fill an
important gap in the field by developing and accessing a small scale integrated
curriculum for mathematics and ICT in the 5th grade, designed specifically for

remote delivery using video conferencing and other online tools.
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Secondly, it is seen in this study that integrating the objectives of Math and
ICT courses and providing students a problem-based learning model does not only
increase the students' achievement levels in Math and ICT lessons, but also improves
their algorithmic thinking and problem-solving skills. Also, the Arc of Learning
framework as a problem-based learning model has proved to be a useful guide for
integrating relevant Math and ICT units.

In this study, the lessons designed in accordance with the Arc of learning
framework were implemented only with 5th grade students, it is recommended that
the effects of this framework be studied in other grade levels, and other units of Math
and ICT integration designed for remote delivery can be further explored.

Due to the Covid-19 pandemic, most of this work was carried out remotely,
using video conferencing and instant messaging tools. When K-12 schools switched
to hybrid education in the last weeks of the 2020-2021 academic year due to the
decision of the Ministry of National Education, several activities in the final week
were conducted face-to-face, while some were done remotely. Despite all these
dynamic changes, the implementation was completed successfully. However, it is
recommended that problem-based integrated Math and ICT courses be replicated in
the physical classroom, as face-to-face interaction has many obvious advantages for
group work.

In the feedback collected from the students in this study, 14 students stated
that the mathematics and ICT lessons were fun during the 5 weeks implementation,
they were not bored in the lessons, dealing with the questions as group work with
their friends was better than the lessons taught from the textbook. This provides

support for the argument in the literature that real-world Math problems targeting

97



higher-order thinking will be more engaging for the students (Schmidt et al., 2022),
though engagement was not addressed as a research question in this study.

Even though there was no research question about the students’ engagement
in the process of remote learning through the implementation, the researcher was
unexpectedly surprised to see that the students were engaged during most of the
implementation, and how quickly they were able to adapt to the changing conditions
The students were expected not only to adopt a new model of learning, but also
attend lessons and follow content delivered over videoconferencing, work
collaboratively with other students in electronic breakout rooms with intermittent
support from the teacher, and learn to keep an electronic record of their work, which
they were totally unfamiliar with. They needed to capture and send their artifacts
during the lesson time, , while at the same time they needed to overcome technical
problems, and manage household issues. Although they had difficulties in taking
screenshots or using the applications in the activity during the early days of the
implementation, they improved tremendously in the final weeks, as they were able to
take screenshots of the artifacts and send them instantly to the teacher and share their
screens as they worked on a group task, as well as when they had questions to ask.

It was found that the implementation in this research predicted changes in the
students’ algorithmic thinking, problem solving, and achievement in both
mathematics and ICT. The implementation was an attempt at integrated curriculum
designed in a problem-based model Partially due to the unusual circumstances, it was
difficult to discern whether the characteristics of PBL, such as collaboration in group
work, or the integration of the two subjects, or remote delivery caused the significant

difference on the variables selected.
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Firstly, the effect of the PBL model cannot be ignored in this change, it has
been observed that in this learning model, students listen to each other's views and
contribute to each other's ideas; for instance, in the activity called "The mystery of
diagonals”, Merve noticed that the number of diagonals from a vertex was 3 less than
the total number of vertices, and when she shared this with her group, her
groupmates also tried it on various polygons and confirmed this claim. When Merve
asked “Why there is always 3 missing? One is the corner itself, but what is the reason
for the other two?” Nida, another group member, replied: “Because the junction of a
vertex with the previous or the next vertex is an edge, it doesn't count as a diagonal.”.
As seen in this interaction, students were able to construct knowledge in a learning
model where they could exchange ideas with each other, combining with the new
information they had acquired. Even Nida, who had no improvement in her
mathematics and ICT unit tests, or her ATPS scores, make a great contribution in the
discussion.

Secondly, as for the integrated curriculum; at the beginning some of the
students named polygons by looking directly at the number of vertices or sides,
however, towards the end of the week, in the "Name the polygon™ activity, when the
student identifying polygons, it was observed that they first made comments such as
"we must first understand whether it is a polygon", "let's go step by step”, "first we
need to check whether it is a polygon or not then count the corners later”. In the
following weeks, they stated that it was easier to solve problems by going step by
step in mathematics lessons. On the other hand, they continued to use their
mathematics knowledge in the ICT lessons too, for instance, in the "Code.org
Quadrilateral design™ activity, the students realized that while using the code blocks,

they would make ninety-degree rotations each time, so it was more convenient to
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create loops. Some students realized that they used rectangular properties while
creating a square, and therefore realized that every square can also be a rectangle.
This shows that the integration of mathematics and ICT courses has been effective
for both fields, with this group of students.

Lastly, during remote instruction due to the Covid-19 pandemic, various
online tools were used to support both mathematical understanding and group work,
in addition to the videoconferencing tool. In studies conducted during the pandemic,
it was found that there were some advantages of these unusual circumstances: using
web based materials with no limitation of the number of materials that many students
could record or see different solutions by taking screenshots, or that the positive
influence of dynamic visuals on students’ spatial thinking skills (Livy et al., 2022).
Also in this study, unexpected positive outcomes emerged from unusual and difficult
circumstances, the fact that the students were able to see the work of their
classmates, and that each could use many software tools or online manipulatives
individually, thanks to access to a phone, tablet, or computer, may have contributed
to a significant positive change in the variables aimed by the implementation in this

study.

5.5 Limitations of the study

Due to the Covid-19 pandemic, the students attended the classes remotely, which
negatively affected the number of participants in the study. In addition, the study was
based on the problem-based learning model and one of the features of this model is
that students do group work. However, in the PBL lessons performed remotely,
group work may not have been as productive as face-to-face instruction because of

technical deficiencies. On the other hand, as the teacher of the implementation, |
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have often used the breakout rooms feature on the Zoom so that students can spend
their group work more efficiently. Thanks to this feature, | was able to assign the
students into groups according to the number of group members planned. | visited
the rooms during the activities, so that if the groups had questions, | facilitated them
to solve these questions.

Furthermore, even though teaching remotely over video conferencing leads to
problems such as deficiencies in group discussions, not being able to observe
students at the same time, not being able to notice those who are playing games or
doing other activities during the lesson, it has also played an important role in many
activities in this application since each student had their own technological tools and
used them independently. For example, if the coding studies on code.org were done
face-to-face in the classroom, it would not be possible for the students to work
individually because there is only one smart board in the classroom.

Yu et al. (2015) found that as a result of instructing in 3 different modes, such
as, blended PBL, PBL and conventional teaching models, the highest achievement
was in the blended PBL group, and the second highest was in the PBL group. For
this reason, it was expected that the students in the distant PBL model in this study
would be more successful than a traditional approach, but it was not possible to do a
comparison, since there were no face-to face classes, and also, a comparison of
achievement at the same grade level could not be performed. Although mathematics
and ICT achievements could not be compared with non-PBL group at the same grade
level, data from 6™ grade students in the same school were used to compare
algorithmic thinking and problem-solving skills. Although the control and
experimental groups were at different grade levels, these two classes were taught the

same learning outcomes in the ICT course because the 6™ graders did not take an
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ICT course in the previous year. In addition, ATPS pre-tests of these two groups
were compared and it was found that there was no significant difference between

them.
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APPENDICES
APPENDIX A
PERSONAL INFORMATION FORM (TURKISH)
Sevgili Ogrenciler,

Asagida sizden bazi kisisel bilgiler istenmektedir. Burada sorulan sorular arastirmada
kullanilmak i¢in istenildigi i¢in sizden diiriistce cevaplamanizi rica ediyorum ve
verdiginiz bilgilerin benim (aragtirmaci) disinda kimse tarafindan bilinmeyecegini

belirtmek isterim. Arastirmama katkilarinizdan dolay1 ¢ok tesekkiir ederim.

Dilek Turan

Okul:

Smif/Sube:

Cinsiyet:

Annenizin egitim durumunu:

() Hig okula gitmemis () Lise

() Ilkokul () Universite
() Ortaokul

Calistyorsa meslegi:  ......ooovviiiiiiiiiiiii i

Babanizin egitim durumu:

() Hig okula gitmemis () Lise
() Ilkokul () Universite
() Ortaokul

Calistyorsa meslegi: .....ooovvvveiiiiiiiiiiii i,

Uzaktan egitim siirecinde kullandigin cihaz:
() Kullanabilecegim bir cihaz yok

() Telefon

() Tablet

() Bilgisayar

Bu cihaz1 evde baska kimler kullaniyor?
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APPENDIX B

PERSONAL INFORMATION FORM

Dear Students,

Below you are asked for some personal information. Since the questions asked here
are asked to be used in the research, | ask you to answer honestly and | would like to
state that the information you provide will not be known to anyone other than me

(the researcher). Thank you very much for your contribution to my research.

School:

Class:

Gender:

Your mother's educational status:

() Never went to school () High School
() Primary School () College

() Middle School

Occupation if WOrking: ...........cooviiiiiiiiii e,

Your father’s educational status:

() Never went to school () High School
() Primary School () College

() Middle School

Occupation if Working: ...........coooiiiiiiiiii e,

The device you used in the distance education process:
() There is no device | can use

() Phone

() Tablet

() Computer

Who else uses this device at home?
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APPENDIX C

MATHEMATICS ORIENTED EPISTEMOLOGICAL BELIEFS

Kesinlikle katilmiyorum (1)

Katilmiyorum (2)

Kararsizim (3)

Katiliyorum (4)

Kesinlikle katiliyorum (5)

1. Bir 6grencinin matematigi ne kadar iyi 6grenebilecegi
ne kadar ¢aba harcadigina baglidir.

2. Ne kadar yetenekli olursaniz olun, gaba harcamadan
matematik alaninda basarili olamazsiniz.

3. Yalnizca ¢ok c¢aba gdsteren kisiler iyi bir matematikei
olabilirler.

4. Insanlarin matematik basarilarindaki farklilik
gosterdikleri cabanin farkli olmasindan
kaynaklanmaktadir.

5. Gergekten ¢aba harcarsa her birey matematik
Ogrenebilir.

6. Matematik alanindaki zor konular1 yalnizca ¢ok ¢aba
sarf eden bireyler 6grenebilir.

7. Matematik alanindaki bir konuyu hemen anlamayan bir
Ogrenci anlamak i¢in ¢cabalamay siirdiirmelidir.

8. Matematik alaninda ¢aba gostermeden bilgi sahibi
olunamayacagini bilmek matematik alaninda basarili
olabilmenin ilk adimidar.

9. Matematik alanindaki en basarili insanlar en fazla ¢aba
harcayan insanlardir.

10. Dogru caligma becerilerini 6grenmek bireyin
matematik yetenegini gelistirebilir.

11.Insanlar yeni seyler dgrenebilirler ancak sahip
olduklar1 matematik yetenegini degistiremezler.

12. Matematik alaninda basarili olan insanlar dogustan
matematik yetenegiyle diinyaya gelmis olan kisilerdir.

13. Insanlarin ¢ogu erken yaslardan itibaren matematik
alaninda basarili olup olamayacaklarimi bilirler.
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14. Bir matematik problemini birka¢ dakika i¢inde
¢Ozemeyen bir 6grenci ne kadar ¢aba harcarsa harcasin
muhtemelen problemi ¢ézemeyecektir.

15. Yalnizca matematik alaninda yetenekli olan kisiler iyi
bir matematik¢i olabilirler.

16. Insanlarin matematik basarilarindaki farklilik
matematik yeteneklerinin farkli olmasindan
kaynaklanmaktadir.

17. Matematik alanindaki zor konulari, yalnizca
matematik alaninda yetenekli olan insanlar 6grenebilir.

18. Matematik yetenegi olmayan bir 6grencinin
matematik 6grenmek i¢in ¢aba harcamasi vakit kaybidir

19. Ne kadar ¢abalarsaniz ¢abalayin matematik alanindaki
basarinizi bu alandaki yetenekleriniz belirler

20. Matematik alaninda yetenekli olmayan bir 6grencinin
bu alanda basaril1 olabilmek i¢in yapacak ¢ok seyi yoktur

21. Matematik alaninda kuram (teori) haline gelmis bir
bilginin yanlis olmas1 miimkiin degildir.

22. Matematik alanindaki konular tartismaya agik
degildir.

23. Matematik alanindaki her konu hakkinda yalnizca tek
bir dogru vardir.

24. Matematik alanindaki dogrular degismezdir.

25. Matematik alaninda, bugiin dogru oldugu diisiiniilen
bir bilginin ilerleyen zamanlarda yanlis oldugu
anlasilabilir.

26. Matematik alanindaki herhangi bir konu farkl bakis
acilartyla ele alinsa da o konuya iliskin ancak tek bir
dogru olabilir

27. Matematik alaninda hakkinda en fazla bilgiye sahip
olunan konularin bile dogruluklar: sorgulanabilir.
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APPENDIX D

ALGORITHMIC THINKING AND PROBLEM SOLVING SCALE (TURKISH)

Ad Soyad:

Okul ve simif:

Buradaki sorulart ¢ozerken yaptiginiz hicbir islemi silmeyiniz,.
Elinizden geldigi kadar her soru icin yorum/islem yapmaya ¢alisiniz.

Soru 1) iki basamakl bir saymnim 999 ile ¢carpimindan elde edilen sonucu kisa
yoldan hesaplamak i¢in alttaki adimlar izlenir.

1. 999 ile ¢arpilan sayidan 1 ¢ikarilir.
2. 999°dan birinci adimda elde edilen say1 ¢ikarilir.
3. Birinci ve ikinci adimda elde edilen sonuglar yan yana yazilir.

Ormnegin, 17 x 999 ¢arpimi

1)17-1=16
2) 999 - 16 = 983
3) 16983°dir.

24 x 999 isleminin sonucunu yukarida verilen kisa yoldaki basamaklar:
kullanarak bulunuz. Sonucu bulurken érnekteki gibi adim adim ilerleyiniz.

1)
2)
3)

Soru 2) Kesirlerde bolme islemi yaparken asagidaki adimlar izlenir.

1. Birinci kesir aynen yazilir

2. lkinci kesir ters gevrilir (pay1 ve paydast yer degistirilir.)

3. 1.ve 2. adimda olusan kesirlerin paylar1 ¢arpilir ve paya yazilir.

4. 1. ve 2. adimda olusan kesirlerin paydalar1 ¢arpilir ve paydaya yazilir.

% ) % isleminin sonucunu yukaridaki adimlari takip ederek bulalim.

1 2

2

2. 3
3. 27=14 1
4, 53=15 =
15
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5.2
6" 7
bulunuz. Sonucunuzu bulurken drnekteki gibi adim adim ilerleyiniz.

= ? isleminin sonucunu yukarida verilen sirayi takip ederek

1.

2
3.
4

Soru 3) Asagidaki tabloda “A” kutucugunda duran bir kisi “B” kutucuguna ulagsmak
istiyor, fakat siyah olan bolgeler lizerinden gecemiyor. Hedefine ulasmak i¢in en kisa
yoldan nasil gidebilecegini agagida tarif edilmistir.

1) Kuzeye 4 adim git.
2) Doguya 5 adim git
3) Giineye 1 adim git.

KUZEY

BATI DOSV

A GUNEY

Asagidaki haritaya gore “A” dan “B” ye ulagsmak icin en kisa yoldan nasil
gidebilecegini altindaki bosluga adim adim yazimiz. Ornekteki gibi yonleri
kullanarak yaziniz.

KUZEY

BATI DOV

1)
2)
3)
4)
5)

Soru 4) Iki basamakl bir say1 ile 11°i ¢arparken asagidaki yontem kullanilarak
kolaylikla ¢arpma islemi yapilir.

1) Sayinin rakamlar1 toplanir.
2) Eger toplamlar1 dokuzdan biiyiikse toplamin ilk basamagi ve sayinin
1.rakami toplanur.
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3) Toplamda ¢ikan say1 iki basamakli sayinin rakamlari arasina yazilir.
4) 3. Adimda cikan saymin ilk iki basamagi toplanir.
5) 4.Adimdaki toplam 1.basamaga yazilir saymin gerisi ayni kalir.

Ornek: 58 x 11 isleminin sonucunu bulalim.

1) Saymnin rakamlarini topla: 5+8 = 13

2) Toplam 9’dan biiyiik

3) Sonucu saymin rakamlari arasina yaz: 5138

4) Ilk iki rakami topla: 5+1 =6

5) 4.adimi ilk basamaga yaz son iki basamagi da devamina: 638

Bu yonteme gore 79 x 11 isleminin sonucu kac¢tir? Direkt carpma islemi
yaparak degil yukaridaki yontemi takip ederek adim adim bulunuz.

1)
2)
3)
4)
5)

Soru 5) Bir sayinin 3 ile tam boliiniip boliinmedigini anlamak i¢in asagidaki adimlar
izlenir.

1) Verilen sayimin basamaklarindaki biitiin rakamlar toplanir.

2) Toplam 3 ile boliiniir

3) Eger toplam 3’¢ boliindiikten sonra kalan 0 ise verilen say1 3’e tam
boliinebilir, degilse verilen say1 3’e tam bdliinmez.

Ornek: 197 sayisi 3 ile tam boliinebilir mi?

1) 149+7 =17

2) 17 |3
Fa

2

3) Kalan 0 degil, 197 sayis1 3’e tam boliinmez.

Yukaridaki kisayolu kullanarak 2649 sayisinin 3’e tam boéliinebilirligini
inceleyiniz. Yukaridaki yontemi takip ederek adim adim bulunuz, direkt sonu¢
yazilmasi kabul edilmeyecektir.

1)

2)

3)
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Soru 6) Bir spor salonunun her biri 70 tl 6deyen 60 iiyesi vardir. Spor salonu bu
tiyelerden 4200 TL gelir elde etmektedir. Salon sahibi daha ¢ok gelir elde etmek icin
tiyelik ticretini diisiirmeyi planliyor ve her 10 TL’lik indirime 40’ar yeni dgrenci
gelecegini diigtiniiyor. Spor salonunun sahibi alttaki tabloyu doldurarak en fazla gelir
elde edecegi iicreti bulmak istiyor. Ilk iki satir1 dolduruyor.

En fazla gelir elde edecegi iicret kactir? Tablonun geri kalamini doldurarak
sonuca ulasiniz.

Uyelik Ucreti Uye Sayisi Gelir
60 TL 100 60 x 100 = 6000 TL
50TL 140 50 x 140 =7000 TL

Soru 7) Asli ve Burak kim daha hizli kosuyor diye yarigsmaya karar verdiler. Asli 7
metreyi 4 saniyede kosarken, Burak 5 metreyi 3 saniyede kogsmaktadir.

Kosu hizlarim hi¢ degistirmezlerse 35 metrelik yolu ilk kim tamamlamis olur?
Nasil bu sonuca ulastigimz aciklayiniz. Asagidaki tablolardan yararlanarak
sonuca ulasabilirsiniz.

Ash Burak
Siire Mesafe Siire Mesafe
4.sn 7 metre 3.sn 5 metre
8.sn 14 metre 6.sn 10 metre
12.sn 21 metre 9.sn 15 metre

Soru 8) Kaplumbaga ve tavsan hiz yaris1 yapmaktadir. Her saat basi bu iki hayvanin
ne kadar mesafe gittikleri kontrol edilir.

Tavsan ilk basladiginda 1 saatte 100 metre gitmis fakat ¢cok hizli gittigi i¢in yorulmus
bu ylizden sonraki 1 saatte 90 metre gidebilmistir, sonraki 1 saatin sonundaysa
sadece 80 metre gidebilmis, yani her saatin sonunda 10 metre daha az gidebildigi
fark edilmistir. Kaplumbaga ise 1 saatte 70 metre mesafe gider ve hiz1 hi¢ degigmez.

Buna gore ka¢ saat sonunda kaplumbaga tavsam gecer? Asagidaki tablonun
devamini doldurarak sonuca ulasiniz.

Siire Tavsanin bulundugu konum | Kaplumbaganin bulundugu konum
1. saat 100 m 70m
2. saat 190 m 140 m
3. saat 270 m 210 m
4. saat 340 m 280 m
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Soru 9) Aksaray Miizesine girmek isteyen Ali ve Gizem isimli iki kardes giriste bilet
almak icin gorevliye bilet fiyatini sorarlar. Miize gorevlisi, iki kardese 3 farkl
ticretlendirme secenegi oldugunu sdyler.

1.Segenek: TEK BILET
3TL

Bir kisi yalnizca bir defa
giris yapabilir.

2. Segenek: AYLIK UYELIK

Bir kisi bir ay boyunca
istedigi kadar giris
yapabilir.

8TL

3. Secenek: AILE AYLIK UYELIK

17 TL
Ailedeki herkes bir ay boyunca
istedigi kadar giris yapabilir.

Ali ve Gizem bu ay miizeye 3 defa gitmeyi planlyorlarsa hangi secenegi tercih
ederek en karh giris yontemini secmis olurlar? Neden o secenegin en karh
olacagim diisiiniiyorsunuz acgiklayimz.

Soru 10) Bir ¢ikolata satis magazasi ¢ikolata fiyatina yapilacak her 1 TL’lik zammin
giinde 20 tane daha az ¢ikolata satilmasina neden olacagi 6ngoriiyor. Mevcut
durumda ¢ikolatay1 2 TL’den satiyor. Giinde 200 ¢ikolata satarak 400 TL gelir elde

ediyor.

Magaza sahibi alttaki tabloyu doldurarak en fazla gelir elde edecegi ¢ikolata fiyatini
bulmak istiyor. ilk iki satir1 dolduruyor.

En fazla gelir elde edecegi cikolata fiyati1 kactir? Tablonun geri kalanim

doldurarak sonuca ulasimz.

Cikolata Fiyati Satilan Cikolata Adedi Gelir
2TL 200 2x200=400TL
3TL 180 3x180=540 TL
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APPENDIX E
ALGORITHMIC THINKING AND PROBLEM SOLVING SCALE

Name:

School and grade level:

Do not delete any operation you have done while solving the questions here.
Try to make comments/actions for each question as much as you can.

Question 1) To calculate the result obtained by multiplying a two-digit number by
999, the following steps are followed.

1. Subtract 1 from the number multiplied by 999.

2. Subtract the number obtained in the first step from 999.

3. The results obtained in the first and second steps are written side by side.
For example, the product of 17 x 999

1)17-1=16

2) 999 - 16 = 983
3) 16983 dir.

Find the result of 24 x 999 by using the steps in the shortcut given above. While
finding the result, proceed step by step as in the example.

1)

2)
3)

Question 2) The following steps are followed when dividing fractions.

1. The first fraction is written exactly as it was

2. The second fraction is reversed

3. The numerators of the fractions in the 1%t and 2" steps are multiplied and written
into the numerator.

4. The denominators of the fractions in the 1%t and 2" steps are multiplied and written
in the denominator.

Sample: Let's find the result of 2/5 : 3/7 by following the above steps.

1, 2

2

2. 2
3. 27=14 1
4, 53=15 2
15
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% : ; = ? Find the solution by following the given steps.

B W N e

Question 3) In the table below, a person standing in the "A" box wants to reach the
"B" box but cannot pass over the black areas. Here's how you can take the shortest
route to reach your destination.

1. Take 4 steps north.
2. Take 5 steps east
3. Take 1 step south

KUZEY

A

According to the map below, write step by step in the space below how you can
go from “A” to “B” in the shortest way. Write using the directions as in the
example.

BATL DOGY

1)
2)
3)
4)
5)

Question 4) When multiplying 11 by a two-digit number, multiplication is easily
done using the following method.

1. The digits of the number are added together.

2. If their sum is greater than 9, the first digit of the sum and the 1st digit of the
number are added.

3. The total number is written between the digits of the two-digit number.

4. The first two digits of the number in step 3 are added.
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5. The total in the 4" step is written in the 1st digit, the rest of the number remains
the same.

Example: Let's find the result of 58 x 11 operation.

1) 5+8=13

2) The sum is bigger than 9
3) 5138

4) 5+1=6

5) 638

According to this method, what is the result of 79 x 11 operation? Find step by
step by following the above method, not by doing direct multiplication.

1)
2)
3)
4)
5)

Question 5) To find out if a number is divisible by 3, follow the steps below.

1. All digits in the digits of the given number are added together.

2. Total is divisible by 3

3. If the remainder is O after dividing by 3, the given number is divisible by 3,
otherwise the given number is not divisible by 3.

Example: Is the number 197 divisible by 3?

1. 149+7 =17

2. 17 |3
155

2

3. The Remainer is not 0, 197 is not divisible by 3.

Examine the divisibility of 2649 by 3 using the shortcut above. Find step by step
by following the above method, direct results will not be accepted.

1.

2.
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Question 6) A gym has 60 members who pay 70 TL each. The gym earns 4200 TL
from these members.

The owner of the hall plans to reduce the membership fee to generate more income
and thinks that 40 new students will come to each 10 TL discount.

The owner of the gym wants to find the fee that will generate the most revenue by
filling in the table below. It fills the first two lines.

What is the fee that will earn the most income? Get the result by completing the
rest of the table.

Fee Number of members Income
60 TL 100 60 x 100 = 6000 TL
50TL 140 50 x 140 =7000 TL

Question 7) Asli and Burak decided to compete to see who can run faster. While
Asli runs 7 meters in 4 seconds, Burak runs 5 meters in 3 seconds.

Who will be the first to complete the 35-meter track if they never change their
running speed? Explain how you came to this conclusion. You can reach the
result by using the tables below.

Ash Burak
Time Distance Time Distance
4™ seconds 7 meters 3" sec 5 meters
8t seconds 14 meters 6" sec 10 meters
12" seconds 21 meters 9™ sec 15 meters

Question 8) The turtle and the rabbit are racing in speed. The distance traveled by
these two animals is checked every hour.

When the rabbit first started, he went 100 meters in an hour, but he got tired because
he went too fast, so he could go 90 meters in the next hour, and at the end of the next
hour, he could only go 80 meters, that is, it was noticed that he could go 10 meters
less at the end of each hour.

On the other hand, the turtle travels 70 meters in 1 hour and its speed does not
change at all.

In how many hours will the turtle overtake the rabbit? Get the result by
completing the rest of the table below.
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Time Rabbit's location Location of the turtle
1% hour 100 m 70m
2" hour 190 m 140 m
3 hour 270 m 210 m
4™ hour 340 m 280 m

Question 9) Two siblings, Ali and Gizem, who want to enter the Aksaray Museum,
ask the attendant for the ticket price to buy tickets at the entrance. The museum
attendant tells the two brothers that there are 3 different pricing options.

1: One Ticket
3TL

A person can only log
in once.

2: Monthly membership
8TL

A person can log in as many
times as they want for a
month.

3: Monthly membership
for family

17 TL
Everyone in the family can
log in as many times as
they want for a month.

If Ali and Gizem are planning to go to the museum 3 times this month, which
option will they choose the most profitable entry method? Explain why you
think that option would be the most profitable.

Question 10) A chocolate store predicts that every 1 TL hike in the price of
chocolate will result in 20 fewer chocolates being sold per day. Currently, it sells
chocolate for 2 TL. He earns 400 TL by selling 200 chocolates a day.

The store owner wants to find the price of chocolate that will generate the most
revenue by filling in the table below. It fills the first two lines.

What is the price of chocolate that will generate the most income? Get the result
by completing the rest of the table.

Chocolate price Number of Chocolates Income
Sold
2TL 200 2x200=400TL
3TL 180 3x180=540 TL
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1.

2.

APPENDIX F
ICT UNIT TEST (TURKISH)

“Akis Semasi bir siirecin adimlarin1 gorsel ya da sembolik olarak gdsterir ve
matematik dersinde de 6grendigimiz sekillerden olusurlar. Farkli hareketler
icin farkli sekiller kullanilir.” Asagidakilerden hangisi akis semalarinda
kullandigimiz sekillerden degildir?

a. Dikdortgen

b. Uggen

c. Paralelkenar

d. Elips

Ortakoy’de oturan Burak’in “Sezgi” ilgesine gitmek i¢in otobiise binmesi
gerekiyor. Her otobiis gidecegi yerin ismine gore isimlendirilmis ve agsagida
bazi il¢elere giden otobiisle ile o otobiislerin numaralari verilmistir.
GUL =479
ESKIL = 31659
GUZEL = 47839
Bu durumda “SEZGI” ye gitmek isteyen Burak kac numaral otobiise
binmelidir?
a. 68452
b. 13845
c. 2856
d. 12467

Asagidaki gorselde robot A noktasina gitmek istiyor, hangi siktaki
algoritmayi kullanarak A noktasina ulasabilir?

A B

BASLA-SOLA DON-ILERLE-ILERLE-BITIR
BASLA-ILERLE-ILERLE-SOLA DON-ILERLE-ILERLE- BITIR
BASLA — ILERLE — SOLA DON — ILERLE- ILERLE — BITIR
BASLA — SAGA DON — ILERLE — ILERLE — SAGA DON — BITIR

© oo

"Bir problemin ¢6ziimiinde izlenecek yol anlamina gelir ve problemin
¢Ozlimiiniin adimlar halinde yazilmasiyla olusturulur. Her adimda yapilacak
islemler agikca belirtilir.” Bu ciimlede agiklamasi yapilan kavram
asagidakilerden hangisidir?

a. Veri b. Degisken

c. Algoritma d. Donanim
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5. Akis semasi hazirlarken farkh hareketler icin farkh sekiller kullanilir.
Akis semasini baglatmak ve bitirmek icin asagidaki sekillerden hangisini

kullanirz?

a. Paralelkenar

b. Dalgali dortgen
c. Eskenar dortgen
d. Elips

6. 23 Nisan i¢in 5A smifi 6grencileri bir dans gosterisi diizenlemektedir.
Ogretmenleri dansin hareketlerini bir kagida yazmis ve biitiin 6grencilerin bu
hareketlere ¢alismasini istemistir. Asagida bu hareketlerin yazili oldugu bir
ornek vardir:

1) Iki kolunu da havaya kaldir

2) Sag kolunu indir

3) Sag ayagii havaya kaldir

4) Sag ayagimi indir ve sol ayagini kaldir

5) Eger sol ayagin havadaysa sag kolunu kaldir
6) Sol ayagini indir.

Bu hareketleri okulda prova eden asagidaki 6grencilerden hangisi son
adimda dogru sekilde durmaktadir? (Ogrencilerin arkadan goriintiileri
verilmistir)

% % % d%
7. Baba tavsan ve iki cocuk dereden karsiya gegmek istemektedir. Fakat tekne
tek seferde sadece 6 kg agirlik tasiyabiliyor. Baba tavsanin agirlig 6 kg,

cocuk tavsanlar ise 3er kilogramdir. Hep beraber karsiya gecemeyeceklerini
anlayan tavsanlar birka¢ defa gidip gelmeleri gerekeceklerini fark ederler.

Baba tavsan ve ¢ocuklari islanmadan karsiya ge¢cmek icin teknenin
derede en az kac gecis yapmasi gerekmektedir?

a. 3 b. 4 c.5 d. 6
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8. Bitir, Servise hazirla, Malzemeleri hazirla, Afiyetle ye, Yumurtay1 kir, Basla,
Tuz ilave et, Tavaya yag koy
Yukarida karisik halde verilmis olan "yumurta kirma ve yeme"
algoritmasini dogru sekilde diizenleyerek adim adim yazdigimizda
asagidakilerden hangisi 6.adimda yer alir?

a. Malzemeleri hazirla
b. Bitir

c. Afiyetle ye

d.

Servise hazirla

9. Bir problemin ¢6ziimii icin asagidakilerden hangisi yapilmaz?

a. Problemi iyi anlamak.

b. Problemi ¢dzmek i¢in bir plan yapmak.

c. Problemi uzun ve karisik yollardan ¢ozmeye galismak.
d. Problemi ¢ozdiikten sonra sonucu kontrol etmek.

10. Asli okul ¢ikisinda arkadaslariyla pastanede bulusacaktir, asagida okul ve
pastanenin yerini gosteren kroki bulunmaktadir. Asli bu krokideki yollardan
birini tercih ederek pastaneye ulasabilir. Fakat Asli sadece asagida bulunan
yonlerde hareket edebilmektedir.

Sag list ¢apraza gidebilir.

Sada gidebilir. —1> A > ;l

Yukari gidebilir. l

Y

\ 4
¥

2

Yukarida belirtilen yonler disinda hareket edemeyen Ash icin asagidaki
rotalardan hangisi uygun degildir?

a.

d.--=----
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APPENDIX G
ICT UNIT TEST

1. “Flow Chart shows the steps of a process symbolically, and made up of the shapes
we learned in math class. Different shapes are used for different movements.” Which
of the following is not a shape we use in flowcharts?

a. Rectangle

b. Triangle

c. Parallelogram
d. Ellipse

2. Burak, who lives in Ortakdy, has to take the bus to go to the town of "Sezgi".
Each bus is named according to the name of the destination and the busses going to
some districts and the numbers of those buses are given below.

GUL =479
ESKIL = 31659
GUZEL = 47839

In this case, what number of bus should Burak take, who wants to go to
“SEZGI”?

a. 68452
b. 13845
c. 2856

d. 12467

3. In the image below, the robot wants to go to point A, which algorithm can it
use to reach point A?

A B

cC W b
|
a. START-TURN LEFT-FORWARD-FORWARD-END
b. START-FORWARD-FORWARD-TURN LEFT-FORWARD-FORW- FINISH
c. START - FORWARD - TURN LEFT - FORWARD - FORWARD - FINISH
d. START — TURN RIGHT — ADVANCE — ADVANCE — TURN RIGHT — FINISH

4. "It means the way to be followed in solving a problem and it is created by writing
the solution of the problem in steps. The actions to be taken at each step are clearly
stated.” Which of the following terms is used in this sentence?

a. Data b. Variable
c. Algorithm d. Equipment
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5. Different shapes are used for different movements while preparing a flow chart.
Which of the following figures do we use to start and end the flowchart?

a. Parallelogram

b. Rectangle

c. Equilateral quadrangle
d. Ellipse

6. Students of class 5A are holding a dance show for April 23. The teachers wrote
down the movements of the dance on a piece of paper and asked all the students to
work on these movements. Below is an example of these gestures:

1) Raise both arms in the air

2) Lower your right arm

3) Raise your right foot in the air

4) Lower your right foot and raise your left foot

5) If your left foot is in the air, raise your right arm
6) Lower your left foot.

Which of the following students rehearses these movements at school correctly
stands on the last step? (Back images of students are given)

% % % d$
7. The father rabbit and two children want to cross the stream. But the boat can only
carry 6 kg at a time. The weight of the father rabbit is 6 kg, and the child rabbits are

3 kilograms. Realizing that they cannot cross the street together, the rabbits realize
that they will have to go back and forth a few times.

At least how many crossings must the boat make in order to cross the river
before the father rabbit and his children get wet?

a.3 b. 4 c.5 d. 6
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8. Finish, Prepare to serve, Prepare the ingredients, Eat well, Crack the egg, Start,
Add salt, Put oil in the pan

When you write the ""breaking and eating eggs'* algorithm, which is given above
in a mixed form, step by step, by arranging it correctly, which of the following
takes place in step 6?

a. Prepare the materials
b. Finish it

c. Eat with pleasure

d. Prepare to serve

9. Which of the following should not be done to solve a problem?

a. To understand the problem well.

b. Making a plan to solve the problem.

c. Trying to solve the problem in long and complicated ways.
d. Checking the result after solving the problem.

10. Ashi will meet her friends at the patisserie after school. Below is a sketch
showing the school and the bakery. Asli can reach the patisserie by choosing one of
the roads in this sketch. But Asli can only move in the directions below.

Y
Y
4

It can go to the upper right diagonal.

A A 7’ ;

It can go right. —> : ¥ '?\
A A

: ,', H

It can go up. T S /:\
F>ere > 113

Which of the following routes is not suitable for Ash, who cannot move outside
the directions mentioned above?
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APPENDIX H
MATHEMATICS UNIT TEST

Ad Soyad:
1) 2) vV |
o
‘ e
SR N - S
. /
a ¢ R
) } VAl % 1] 1l
/ W
b H
/
—f
/
-t ;
Y/ Yukaridaki birimkareli zeminde evin konumu gdsteril-

Kareli zeminde verilen sekle gore asagidakilerden
hangisi dogrudur?

migtir. Market, evin 6 birim saginda, 4 birim yukarisinda
ve okulun 1 birim solunda, 2 birim yukarisindadir.

Buna gore okulun yeri numarayla gosterilmis yer-
lerden hangisidir?

A)ale B)b.Ld C)dle D)alc| Al B)I cyl D) IV
4)
3)
Ko i &b i . D/
3 ol c”
M N
.- E
N 4° 300
e / 557\ /X 35°
L L
,,,,,, A A 0 B

Kareli zemin iizerinde verilen noktalardan hangi iki-
si birlesince AB dogru pargasina es uzunlukta bir
dogru pargasi gizilmis olur?
A)Kile L B)LileM

C)Lile N D)Kile N

Sekildeki A, O ve B noktalari dogrusaldir.
Buna gore, asagidaki bilgilerden hangisi yanhstir?
A) DOB agisi dar agidir.
B) BOC agisi genis agidir.
C) COE agisi dik agidir.
D) AOE agisi dogru agidr.
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5) K

N M

Yukandaki KLMNO besgeninde kac¢ tane kosegen
vardir?

A)4 B)5 C)6 D)7

6)

« Bitiin kenarlan egit uzunluktadir.
» Kodsegen uzunluklari esittir.

» Bitin i¢ agilar 90° dir.
Yukanda ozellikleri verilen dortge— asagidakilerden
hangisidir?

A) Paralelkenar B) Eskenar dortgen

C) Dikdortgen D) Kare

7)

8)

Asagidakilerden hangisi cokgen degildir?

9)

A) B)
Yukandaki ABCD doértgeninde verilenlere gore B C) D)
acisi kag derecedir?
A) 50 C) 60 C)70 D) 80

10)

Asagidaki liggenler kenarlarina gore siniflandinidi-
ginda hangisi digerlerinden farklidir?

A) B) 6 cm
4 cm 4 cm
6 cm
8cm
6 cm
C) D) 7em
5cm
3cm 5cm
4cm "

Asagidaki tiggenlerden hangisi genis agili bir iig-
gendir?

B)
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11)

20°

y

B 7 D ¢

Sekildeki ABC dik iiggeninde [AC] L [BC], |BD| = |AD|

12)

Yukarida verilen gokgen seklindeki bir kagit isaretli
yerlerden kesildiginde kalan parga asagidakilerden

S hangisidir?
olarak veriliyor.
Buna gore, s(DAC) kag derecedir? A) Yedigen B) Altigen
A) 50 B) 60 C)70 D) 80 C) Besgen D) Dértgen
13)
62°
NS . e [ 60°
. Paralelkenar . Eskenar dortgen
i A
: D E c
Yukaridaki sekilde ABCD paralelkenari verilmistir.
Buna gore, s(KE\D) kag derecedir?
Yamuk Dikdortgen
A) 58 B) 60 C) 62 D) 64
Yukanda numaralandinimis dortgenlerden hangile-
rinin késegen uzunluklan esittir?
A)1ve2 B)2ve3
C)3ved D)1,3ve4
15)
q aQ 16)

7345cm=_.1.m..ll..cm

Yukandaki bosluga gelmesi gereken sayilar asagi-
dakilerden hangisidir?

A T3 45
B) 734 0,5
c) 734 5

D) 7300 45

Fatma 5,7 km uzakliktaki okuluna gitmek igin yola giki-
yor. 1760 m ydirtdikten sonra ilk molayi, 3417 m daha
yurudukten sonra ikinci molayi veriyor.

Buna gore Fatma’nin okuluna ulagsmasi icin kag
metre yolu kalmistir?

A) 503 B) 513 C) 523 D) 533
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17)
A 15cm B K L
11 cm
D C N M

Sekilde ABCD dikdortgeninin ¢evre uzunlugu, KLMN
karesinin gevre uzunluguna esittir.

Buna gore KL uzunlugu kag santimetredir?

18)

Yukarnidaki es dikdortgenlerden olusan seklin bir
tanesinin kisa kenar uzunlugu 4 cm ise tiim seklin

A) 11 B) 12 C)13 D) 14 alani ka¢ santimetrekaredir?
A) 192 B) 188 C) 184 D) 172
19)
20)
- ~
7dm+40mm=.......... cm

Bir belediye bir arsayi es karelere ayirarak ortasina ha-
vuz yapmayi planliyor.

Havuzun cevresi 20 cm ise tiim arsanin alani kag
cm? dir?
A) 180 B) 205

C)215 D) 225

Yukaridaki bosluga gelmesi gereken sayi kagtir?

A)47 B) 74 C) 470 D) 740
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APPENDIX |

MATHEMATICS UNIT TEST

Name:
1) ) \%) |
2 é
d e
4
a ) -
S n Il
b« 1 > »
C
¥ The market is 6 units to the right of the house and 4 units

Which of the following is correct according to the figure given
on the square floor?

above; Itis 1 unit to the left of the school and 2 units above
it.

Accordingly, in which of the places indicated by the
number is the location of the school?

A)ale B)bld C)dle D)alg Al B) Il c)lil D) IV
4)
3)
. : D/
® c
.L
M E
*
o8 30°
N, 55° 35°
A A 0 B

Which of the given points converge to form a line segment
of equal length to segment AB?

A)Kile L B)Lile M

C)LileN D)Kile N

Angles A, O, and B in the figure are linear.

Accordingly, which of the following is incorrect?

A) DOB is an acute angle.
B) BOC is wide angle.

C) COE is a right angle.

D) AOE is a straight angle.
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5)

6)

-All diagonals are of equal length.
-The diagonals are equal in length.
-All interior angles are 90 degrees.

Which of the following is the quadrilateral shown

9)

above?
A) Parallelogram
N M B) Rhombus
C) Rectangle
How many diagonals are in the pentagon above? D) Square
A)4 B)5 C)6 D)7
8)
7) Which of the following is not a polygon?
A) B)
How many degrees is B relative to the quadrilateral
above? C) D)
A) 50 C) 60 C)70 D) 80
10)

Which of the following triangles is different from the
others when classified by their sides?

A) B) 6 cm
4cm 4cm
6 cm
8cm
6 cm
) D) 7 cm
5cm
3cm 5cm
4 cm Tiom

Which of the following triangles is an obtuse
triangle?
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12)

11)
B - Which of the following is the remaining piece of
D Cc .
paper in the shape of an arrow shown above when
According to the figure m(DAC)=? it is cut from the marked places?
A) heptagon
B) Hexagon
A) 50 B) 60 C)70 D) 80 C) Pentagon
D) quadrilateral
13)
1 2 14)
E A B
62°
60°
3 4;
D E C
The parallelogram ABCD is given in the figure above.
How many degrees is m(AED)?
Which of the quadrilaterals listed above have the
same diagonal lengths? A) 58 B) 60 C) 62 D) 64
A)1ve2 B)2ve3
C)3ved D)1,3ve4
15)
e e 16)
7345cm=_.l..m..ll..cm

A)
B)
C)
D)

Which of the following numbers should fit in the blank
above?

73 45
734 0,5
734 5

7300 45

A) 503

Fatma sets out to go to her school, which is 5.7 km
away. After walking 1760 m, he takes the first break,
and after walking 3417 m, he takes the second break.

According to this, how many m does Fatma have to
reach her school?
B) 513

C) 523 D) 533
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18)

The municipality wants to divide a field into equal squares
and have a pool built in the middle.

If the circumference of the pond is 20 cm, what is the area
of the entire field in square centimeters?

A) 180 B) 205 C) 215 D) 225

17)

A 15cm B K L

11 cm

D C N M

The perimeter of the rectangle ABCD above is equal to

the perimeter of the square KLMN.

inelv. what is the | hof KLi N If the short side length of one of the above congruent

Accordingly, what is the length of KL in cm? rectangles is 4 cm, what is the area of the whole shape,

A) 1 B) 12 C)13 D) 14 in square centimeters?
A) 192 B) 188 C) 184 D) 172
19)
20)
7dm+40mm=........... cm

What is the number that should go in the blank above?

A) 47 B) 74 C) 470 D) 740
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APPENDIXJ

FEEDBACK QUESTIONS (TURKISH)

Gegtigimiz 5 hafta boyunca yaptigimiz matematik ve bilisim teknolojileri derslerini

nasil buldun?

Bu derslerde Matematik konusunda ne égrendin? Ogrendigin 3 seyi yazar mismn?

BT dersinde neler 6grendin? Ogrendigin 3 seyi yazar misin?

Bu dersleri daha iyi anlaman i¢in 6gretmen nasil yardimer olabilir?

Bundan sonraki tinitelerde de Matematik ve BT derslerini ortak isleyelim mi?
Neden?
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APPENDIX K

FEEDBACK QUESTIONS

How did you find the Mathematics and ICT lessons we have been doing for the past
5 weeks?

What did you learn about Mathematics in these lessons? Can you write down 3
things you learned?

What did you learn in your IT class? Can you write down 3 things you learned?

How can the teacher help you to better understanding in these lessons?

Shall we study Mathematics and ICT lessons together in the next units? Why?
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THE ACTIVITIES

APPENDIX L

Where were

Week Lesson IActivity name Is this a group The tool the responses Learning How many Math Obijective | ICT Objective
work? environments answers?
collected?
Draws a
flowchart for an
Route of the Robot YES Drive Drive distance 5 lgorithm. Uses
word processing
programs for
online flowchart.
Draws a
IcT flowchart for an
Flowchart are entangled YES Wordwall distance algorithm.
Debugs by testing
lan algorithm.
1 Names and creates [Draws a
polygons and flowchart for an
\What is the name of that polygon? YES Drive Drive distance 5 recognizes their  falgorithm.
basic elements. Debugs by testing
lan algorithm.
Names and creates
. . . . polygons and
\Which one is a polygon? YES learningapps distance recognizes their
Math basic elements.
Names and creates
Tangram Algorithm YES Mathigon Whatsapp distance g  polygonsand

recognizes their
basic elements.
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Names and creates
polygons and

Mystery of Diagonals-Part1 YES Discussion distance . .
recognizes their
basic elements.
Names and creates
. . polygons and
Mystery of Diagonals YES/NO Geogebra Whatsapp distance 16 recognizes their
basic elements.
Mathematical Reflection NO Drive Drive distance
Solves a given
problem using
lappropriate steps.
. . Recognizes the
Tangram YES Mathigon distance 6 steps to be
followed in the
problem-solving
IcT process.
Creates triangles  [Explains the
laccording to their variables,
angles and sides,  [constants and
. . . classifies the operations
Variables NO learningapps distance different triangles |required to solve
created according tofthe problem.
their side and angle
properties.
Creates triangles
laccording to their
langles and sides,
classifies the
IAngles of the clock YES Drive, Geogebra Whatsapp distance 6 different triangles
lcreated according to
their side and angle
properties.(Angles
Math reminder activity)
Creates triangles
according to their
langles and sides,
Pitching the tent NO Geogebra Whatsapp distance 17 classifies the

different triangles
created according to|
their side and angle

properties.
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Creates triangles
according to their
langles and sides,
classifies the

It offers solutions
to the problems
lencountered in
daily life. Solves

Designing a slide NO Geogebra; Learningapps Whatsapp distance 14 different triangles |2 given problem
created according tolusing appropriate
their side and angle [steps.
properties.

Creates triangles

according to their

langles and sides,
. . classifies the

ITriangle Table NO Whatsapp distance 17 different triangles
lcreated according to
their side and angle
properties.

. . . Drive; .
Mathematical Reflection NO drive; notebook distance 18
Whatsapp
Solves a given
problem using
IThe cups YES bilgeBT Whatsapp distance 5 lappropriate steps.
lAnalyzes a given
problem.
Identify and draw [Solves a given
ICT the basic elements |problem using
of rectangle, lappropriate steps.
. . parallelogram, (It is emphasized

Creating Polygons YES EBA Whatsapp distance 7 rhombus and that different

trapezoid. algorithms can be
designed to solve
a problem.)

Identify and draw

the basic elements

IThe quadrilateral family YES Geogebra; drive; Padlet drive distance 4 of rectangle,
parallelogram,
rhombus and
trapezoid.

Math Identify and draw
the basic elements

IThe sitting arrangement NO geogebra distance of rectangle,

parallelogram,
rhombus and

trapezoid.
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Code.org Quadrilateral design

NO

codeorg

Whatsapp

distance

12

Identify and draw
the basic elements
of rectangle,

Recognizes the
interface and
features of the

parallelogram, block-based
rhombus and programming
trapezoid. ltool.
Mathematical Reflection NO drive Drive distance 15
Recognizes the
interface and
Blockly introduction NO PPT Face-to-face features of the
block-based
programming
tool.
It creates the right
algorithm to
achieve the goals
Blockly Puzzle NO blockly Face-to-face presented in the
block-based
IcT programming
lenvironment.
Reminding the It creates the right
perigon angleis  falgorithm to
360 degrees. achieve the goals
presented in the
block-based
Hungry bird NO blockly distance programming
lenvironment.
Develops
algorithms
including decision
structures.
Determines the sum
of the measures of
the interior angles
Triple Triangles YES Face-to-face of triangles and
quadrilaterals and
finds the missing
Math angle.
Determines the sum
of the measures of
From triangles to quadrilaterals YES distance the interior angles

of triangles and

quadrilaterals and
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finds the missing
langle.

IThe wooden frame

YES

blockly

whatsapp

distance

Determines the sum
of the measures of
the interior angles
of triangles and
quadrilaterals and
finds the missing
langle.

Develops
algorithms
including decision
structures.
Creates
lalgorithms with
loop structure.

Mathematical Reflection

NO

drive

Drive

distance

21

ICT

Distances in the maze

NO

blockly

Whatsapp

distance

18

Recognizes the
units of length
measurement;
IConverts meter-
kilometer, meter-
decimeter-
centimeter-
millimeter units and
solves related
problems.

Math

Metric conversion

NO

Face-to-face

Recognizes the
units of length
measurement

IThee wooden frame- Cont.

YES

distance

17

IConverts meter-
kilometer, meter-
decimeter-
centimeter-
millimeter units and
solves related
problems.

Race in the school background

YES

Face-to-face

24

Calculates the
perimeters of
triangles and

quadrilaterals

Mathematical Reflection

NO

drive

Drive

distance

17
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APPENDIX M

STUDENTS ARTIFACTS FOR ALL PARTICIPANTS

week 1 week 2 week 3 week 4 week 5

Name of the polygon Designing a slide Code.org Quadrilateral Design Wooden Frame Distances in the maze

math ICT math ICT math ICT math ICT math ICT
Zehra 10 8 4 3 10 8 8 10 10 6
Al 5 0 0 0 5 5 3 4 5 3
Nida 4 3 4 0 5 5 6 5 5 6
Betiil 0 0 4 0 5 8 6 4 7 5
Mehmet 2 3 0 0 5 5 8 6 8 5
Merve 10 6 7 8 10 8 8 6 9 8
Dila 10 6 7 6 8 5 8 5 8 8
Faruk 5 3 7 6 8 10 6 6 10 8
Melisa 10 8 8 8 10 10 10 6 10 8
Burak 5 6 7 3 10 8 10 6 9 10
Ayse 10 8 8 8 10 10 10 10 10 8
Esin 6 3 4 6 5 5 6 6 5 6
Ekin 5 3 5 6 5 8 8 6 6 6
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APPENDIX N

WEEKLY ASSESSMENTS -MATHEMATICAL REFLECTION
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APPENDIX O
LESSON PLANS (TURKISH)

Hafta 1

Kazamimlar:

5.5.1.15. Bir algoritma i¢in akis semasi ¢izer.

Akig semasinin elektronik ortamdaki ¢izimi igin kelime iglemci programlart

veya diger ¢izim programlari kullandirilr.

5.5.1.16. Bir algoritmay1 test ederek hatalar1 ayiklar.

Robot’un rotasi
Derste 6grencilerin 6nceki hafta kullandiklari robotun belirtilen hedefe gitmesi i¢in
olusturduklar1 akis semasini gelistirmeleri beklenmektedir. Asagidaki problem

Ogrencilere sunulur.

Problem 1.1: Robotun hareket edecegi yeni platform asagidaki gorselde verilmistir,

mavi bolge robotun bulundugu yeri temsil etmektedir.

° N

Robotumuz A noktasina gitmek istiyor, fakat oraya giderken diger noktalarin oldugu
kutucuklara girmemesi gerekiyor. Robotun takip edebilmesi i¢in bir akis semast

hazirlayabilir misiniz?
Ogrencilerle asagidaki sorular sorulur:

e “A noktasimin Robot’a gore konumu nedir?”’
e “Bnoktasinin Robot’a gore konumu nedir? ”

®  “A noktasimin B noktasina gére konumu nedir?”’
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e “Robot A noktasina en kisa yoldan giderken B’den ge¢mek zorunda mi?”

Smif olarak bu sorular1 cevapladiktan sonra, 6grencileri 3-4 kisilik gruplara ayirarak
problemi ¢ozmeleri istenir. Akis semalarini olusturabilmeleri i¢in gruplara asagidaki

link verilir:

https://docs.google.com/drawings/d/livmKxk-AT5y-4t AJcuUG-skPzgE5qCO0-
j4x9bVISyQ/edit?usp=sharing

Her grup i¢in ayr sayfalar olusturulur, grup tiyelerinden bir tanesi ekranini
paylasarak sayfadaki akis semasi elemanlarini siralamasini arkadaslartyla beraber
yapar. Aktivitenin sonunda gruplar birlesir, 6gretmen kendi ekraninda her grubun

olusturdugu algoritmaya gore robotun rotasini ¢izerek robotu hedefe ulastirir.

Eyvah Akis Semalar1 Karigsmis

Asagidaki senaryolar 6grencilere okunur ve bu senaryolara uygun akis semasinin
cizilmesi istenir. Akis semasini ¢izebilmeleri igin:
https://wordwall.net/tr/resource/14287048/ak%c4%hb1%c5%9f-
%c5%9femalar%c4%b1-kar%c4%b1%c5%9fm%c4%b1%c5%9f-senaryo-3 linki

kullanilir. Asagidaki gorselde bu linkten bir 6rnek bulunmaktadir.

Ogrenciler 3 kisilik gruplara ayrilir, her gruba bir senaryo atanir. Bir kisi ekran
paylasimi yaparak linke girer, iki kisi de senaryoyu agarak adim adim okumay1 yapar

ve grupea akis semasinin adimlarina karar verilir.

Q DOGUM
-
b ! M Tarini
A GiR
) vas
OYUNU o 10DAN

BASLAT [ + —

° mMo?
BASLA 0 s
Lo
OYUNU (o] .
KAPAT
<)
r

B

D2

Senaryolar:

Senaryo 1: Alperen 8. sinifa giden bir 68rencidir. Alperen’in annesi sadece
cumartesi aksami 23.00’te uyumasina izin vermekte diger giinlerde ise 21.00°de
uyumasini istemektedir. Alperen cep telefonuna uyku saatini hatirlatmasi igin bir

hatirlatici eklemistir. Bu hatirlaticinin ¢alismasina ait akis semasini olusturunuz.
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Senaryo 2: Niliifer babasiyla birlikte bindigi asansérde ‘Max. 250 kg’ yazisin
okumus ve babasina bunun ne anlama geldigini sormustur. Babas1 asansoriin en fazla
250 kg yiik tasiyabildigini, asansorde 250 kg’dan fazla agirlik oldugunda ise
calismadigini belirtmistir. Siz de asansoriin ¢alisma bi¢imini anlatan bir akis semasi

olusturunuz.

Senaryo 3: Ahmet Bey oglu Mert’e oynamasi i¢in bir bilgisayar oyunu almistir.
Bilgisayar oyununun iizerinde 10 yas ve iizeri yazmaktadir. Mert 11 yasinda oldugu
icin oyunu bilgisayarina kurarak oynamaya baglar. Mert’in 8 yasindaki kardesi Efe
de oyunu merak eder ve abisinin evde olmadigi bir zamanda oyunu agmak ister.
Ancak oyun baglamadan 6nce ¢ikan ekranda Efe adin1 ve dogum tarihini yazmak
zorundadir. Efe bu bilgileri girer ancak oyun bir tiirlii baglamaz. Sizce bilgisayar bu

durum i¢in nasil bir akis semasi kullanmigtir?

Cokgenin adi ne?

Ogrencilere ¢okgenlerin isimlendirirken bir karar verme siireci oldugunu ve bu siireci
kendilerinin diizenlemeleri sdylenir.(ICT (10p): algoritma 3p, dogru akis semasi
5p, online ¢izim prog kullanimi 2p. Math(10p): mathematical info in the
flowchart 5p, tablo 5p)

https://docs.google.com/drawings/d/1eiWMQ701txv2E5SXdtX7bu3V70_9GoUgdu
bJBE2DLvo/edit

GoMoENped.

L= ]

Linkteki akis semasi diizenlendikten sonra 6grencilere s6z hakki taninarak asagidaki

tablo doldurulur. (5p)

Sekil Kenar sayisi Cokgenin ismi
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https://docs.google.com/drawings/d/1eiWMQ7o1txv2E5SXdtX7bu3V7O_9GoUgdubJBE2DLvo/edit
https://docs.google.com/drawings/d/1eiWMQ7o1txv2E5SXdtX7bu3V7O_9GoUgdubJBE2DLvo/edit

Ne ogrendik?

Dersin sonunda 6grencilere akis semalarinin nerelerde kullanilabilecegi sorulur?
Matematik ile olan iliski vurgulanir. Diger bilimsel siireglerde akis semalarinin

kullanimina Ornek verilir.

Hafta 2

Kazanmimlar:
5.5.1.1. Glinliik hayatta karsilastigi problemlere ¢6ziim Onerileri getirir.
5.5.1.2. Verilen bir problemi uygun adimlar1 kullanarak ¢ozer.

Bir problemi ¢ézmek icin farkl algoritmalar tasarlanabilecegi vurgulanir.
5.5.1.4. Problem ¢dzme siirecinde takip edilmesi gereken adimlari fark eder.
5.5.1.5. Verilen bir problemi analiz eder.

5.5.1.6. Problemi ¢6zmek i¢in gerekli degisken, sabit ve islemleri agiklar.

Tangram
Tangram aktivitesini kullanmak ig¢in https://tr.mathigon.org/tangram linki

kullanilacaktir.

Etkinlige giriste gruplara ayirmadan 6nce 6gretmen ekran paylasimi yaparak tangram
parcalarinin nasil hareket ettirilecegini gosterir. Ardindan asagidaki gorseldeki gibi
bir tane klasik tangram sekli olusturulur ve 6grencilerin uygulamaya aginalik

olusturulmaya caligilir.
) > 4
4 h
Tdeeoaifita fdesoalvira

Uygulama tanitildiktan sonra 6grenciler dorder kisilik gruplara ayrilir ve

gruptakilerin gorevlerini anlatir.

Grup uyelerinin gérevleri:

e 1 kisi link ile uygulamaya girerek ekran paylasimi yapar.
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e 2 kisi 6gretmenin gosterecegi sekli grup arkadasina tarif eder,
hangi parcay1 nereye koymasi gerektigini ve ne kadar dondiirmesi
gerektigini anlatir. (Yeterli ogrenci olmamasi durumunda 1 kigi
olabilir.)

e 1 kisi ise bu tarif edilme siirecinin akis semasini yazar.

Ogrenciler gruplara ayrildiktan sonra seklin gdsterilecegi iiyelere asagidaki gorsel

sunulur ve 1 dakika siire verilir sekli incelemeleri i¢in sonrasinda arkadaslarinin

a4

yanina gonderilirler.

Arkadaglarina bu sekli tarif etmeleri ve grubun akis semasini hazirlamasi igin 10

dakika sure verilecektir.

Ogretmen bu siire igerisinde gruplara destek olur. Biitiin gruplar zamanlarini
doldurdugunda simif toplanir ve her grup kendi akis semasin1 6§retmene gosterir,

ogretmen her akis semasini kendisi uygulayarak kontrol eder.

Etkinligin sonunda basit bir geometrik sekil i¢in birbirinden farkli akis semalarinin
olusabilecegi vurgusu yapilir. Daha karmasik sekillerde bu akis semalarinin da

geliseceginden ve karmasiklasacagindan bahsedilir.

Degiskenler
Kilavuz kitapta verilen “Zarftaki Degiskenler” etkinligindeki siir girisi kullanilir.

Siiftan birkag kisinin ismiyle asagidaki siir okunur:
Mete gozlerini agmis

Gonliine giines kagmis

Furkan gozlerini agmis

Gonliine giines kagmis
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Bunu biitiin sinif i¢in yapmanin ¢ok uzu siirecegine dikkat ¢ekilir. Sonrasinda

asagidaki ornek ticgenler gosterilir.

A A
Matematik Delisi D Matematik Delis
5 5 3 3 8 8
~ e X A
E F
B sl c 3 8= ¢ F

Her tiggeni belirtmek i¢in kenar uzunluklari yazilir (5-5-5 ii¢geni; 3-3-3 tiggeni vb.).

Ogrencilere asagidaki agiklama yapilir:

“Bu sekilde karsimiza ¢ikan biitiin ticgenleri tanimlamaya ¢aligmak siniftaki herkesin
ismiyle ayni siiri yazmaya ¢alismak kadar zor. Bu yiizden verilen orneklerde neyin

1

degistigine dikkat ederek belki daha kolay bir yol bulunabilir.’

Ogretmen siirlerdeki isimleri yuvarlak igine alip “ad” yazar. Buradaki ad yazili yere
herhangi bagka bir ad yazilirsa siirde sorun olmayacagini sdyler. Birka¢ tane deneme
yapar. “Ad yerine ‘vas’ yazsaydik siirimiz yine dogru olur muydu? ” diye sorduktan
sonra birka¢ 6grencinin yasi sorulur ve siirde yerine yazilir. Bunu dogru bir yer

tutucu olmadig1 gosterilir.

https://learningapps.org/display?v=pxtrm2hqt20 linki agilir ve ekran paylasilir,

ogrenciler degiskenleri dogru yer tutucularla eslestirir.

Uggen gorselleri tekrar acilir ve aym1 sekilde bir “yer tutucu” bu iiggenler igin de
verilebilir mi tartigilir. Ogrencilerden kenarlarina gére bu iiggenleri

smiflandirilabilecegi fikrinin gelmesi beklenir. Uggen kenarlarinin birbirlerinden
farkinin ve benzerliklerinin ne oldugu sorularak “cesitkenar, eskenar, ikizkenar”

isimlerine ulagsmalar1 i¢in sorular sorularak yonlendirmeler yapilir.

Hafta 3

Kazanimlar:

5.5.1.2. Verilen bir problemi uygun adimlar1 kullanarak ¢ozer.
5.5.1.5. Verilen bir problemi analiz eder.

5.5.2.2. Blok tabanli programlama aracinin araytiziinii ve 6zelliklerini tanir.
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Bardak Etkinligi

Bilisim Teknolojileri ve Yazilim kilavuzunda yer alan “Hikaye Yaziyorum-
Programlamaya Basliyorum” baglikli etkinlik 6grencilerle yapilacaktir. Uzaktan
egitim i¢in baz1 degisiklikler yapilmistir. Etkinlik siiresince
https://bilgebt.com/2021/04/23/d2-11-hafta-5-sinif-hikaye-yaziyorum/ adresi
kullanilacaktir. Ogrenciler 4-5 kisilik gruplara ayrilir, bir kisi verilen linki acar ve
ekran paylasimi yapar, bir kisi yapilmasi gereken adimlar1 defterine not alir, digerleri
yapilacak adimlar1 sdyler. Asagida bilgeBT sayfasindaki etkinlikten ekran
goriintiileri bulunmaktadir. Ilki 6gretmen tarafindan adim adim yazilarak dgrencilere
etkinlikten beklentinin ne oldugu gosterilmis olur. Sirasiyla diger bardak

diizenlerinin 6grenciler tarafindan hazirlanmasi istenir.

B
T

Ogrenciler biitiin bardak diizenlerini hazirladiktan sonra sinif toplanir, 3gretmen her
gruptan siire yettigi kadar siralama adimlarini dinler ve kendi ekranini paylasarak
dogru gosterimlere drnekler verir. (bardaklarim dogru konumlanmasi igin 6p,

algoritma yazim i¢in 4p)

Cokgen olusturma
Ogrenciler 2 kisilik gruplar olusturur. Asagidaki linkten ekran goriintiisii verilen

etkinligi yapmalar1 beklenmektedir.

https://ders.eba.gov.tr/ders//redirectContent.jsp?resourceld=f06538f5249552¢c452d23
9bb1b77f3a5&resourceType=1&resourcelLocation=2

— ETTT——

T e e > TS
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Bu etkinlikte, gruptaki 6grencilerden biri ekran paylasimi yapar digeri ise etkinlikte
istenen dortgeni yapabilmeleri i¢in her adimda hangi noktadan gegen dogru pargasi
cizmeleri gerektigini sOyler. Dikdortgen, paralelkenar ve yamuk i¢i birden fazla
alternatif olmasi1 dogru ¢oziimiin tek olmadig1 konusunda da 6grencilere yol

gostermis olur.

Asagida etkinlikten 6nce 6grencilere 6rnek olarak gosterilecek bir siralama

verilmistir.

e Ust nokta ve 4 br sagindaki noktadan gegen dogru pargasi

e Alt nokta ve 4 br sagindaki noktadan gecen dogru parcast

e Ik iki adimda olusturulan noktalar1 birlestiren dogru pargasi cizilir.

Hafta 4

Kazanimlar:

5.5.2.1. Programlamayla ilgili temel kavramlar agiklar.
5.5.2.2. Blok tabanli programlama aracinin ara yiiziinii ve 6zelliklerini tanir.

5.5.2.3. Blok tabanli programlama ortaminda sunulan hedeflere ulasmak i¢in dogru

algoritmay1 olusturur.

5.5.2.7. Karar yapilarini i¢eren algoritmalar gelistirir.

Blockly tanitim (10 dk)
Bilisim Teknolojileri ve Yazilim dersi kilavuz kitaptaki asagidaki Blockly tanitim

sunumu yapulir.
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Tiim oyun ikonlarinin bulundugu site giris ekram gosterilerek su aciklama
yapilir:

‘Blockly Oyunlar, bilgisayar programlama konusunda daha énce deneyimi
olmayan cocuklara, programlama egitimi vermek iizere hazirlanmus, egitici
oyunlardir.”

Daha sonra Bulmaca oyun ekrani acilarak su aciklama yapilir:

‘Bulmaca oyununu Blockly Oyunlar'daki temel sekilleri égrenmek ve blok
tabanh islemlere giris i¢cin kullanacagz”

Labirent oyun ekram acilarak su agiklama yapilir:

‘Labirent oyununda karakterimizi hedefe ulastrarak komut verme, dingii
ve karar islemlerine giris yapacagiz, ama her seviyede isimiz biraz daha
zorlasacak.”

Kus oyun ekrani agilarak su aciklama yapihir:

‘Kus oyununu oynarken karar verme problemimiz zorlasacak ama cok
eglenecegiz.”

Kaplumbaga oyun ekrani agilarak su agiklama yapilir:

“Sekiller cizmeye cahgan kiigiik kaplumbaganuza déngiiler olusturarak yardima
olmaya cahsacagz.”

Film oyun ekrani agilarak su aciklama yapilir:

“Biraz matematik ve programlamapm birlestirerek, resim ve animasyon
olusturacagiz, ok zevkli olacagina eminim.”

Blockly Bulmaca (20 dk)

Blockly sayfasindaki ilk etkinlik olan Bulmaca sayfast agilir, BTY kilavuz kitapta da
belirtilen asagidaki blok tanitimlar: yapilir. Ogrenciler Code.org sayfasinda daha
once ¢alistiklar i¢in blok tabanli programlara asinalar. Bu sayfada gosterilen
yonergeler dogrultusunda bloklarin taginacagindan bahsedilir ve kedi ornegi

yapilarak ogrencilere gosterilir.

150



Ordek

Yesil Blok: Diger bloklarin birlestirilecegi ana bloktur, hayvan
resim: . T s -~
resmi, resim bolimiine gelecek, bacaklar meniisiinden secim
LECELE L segim yapin... - yapilacak ve &zellik kismina mor 6zellik bloklarindan uygun olan

eklenecektir.

Hayvan Resimli Bloklar: Yesil bloklara eklenecek resim
parcalarinin bulundugu bloklardir.

Mor Bloklar: Hayvanlarin 6zelliklerinin bulundugu bloklardir.
Yesil bloklar izerinde dogru yerlere yerlestirilmeleri gerekir.

Ardindan ogrenciler https://blockly.games/puzzle?lang=tr sayfasina girerek bireysel
olarak diger hayvanlarin bulmacasini ¢ézerler. Dersin son 5 dakikasinda biitiin sinif
toplanir, 6gretmen kendi ekraninda dogru ¢oziimleri gésterir, sorular varsa alir ve

dersi bitirir.

Kus yem ariyor (30 dk)
Matematik dersinde kaplumbaga etkinligini kullanarak ¢esitli dortgenler
olusturulmasi istenecegi igin blockly {izerinden agilarin iyi kavranmasi amactyla

“Kus” etkinliginin ilk 3 agsamasi yapilacaktir.

Asagidaki gorselde goriildiigii gibi 6gretmen ogrencilere bu saat tizerinden agilar
hatirlamak amacuyla bir tur igin kag derecelik donme yapilmasi gerektigini sorar.
Béylece tam agidan bahsedilir; ardindan, dogru agi, dik agi, dar agi ve genis agi

kavramlar tek tek sorularak ve ardindan saat tizerinden gosterilerek hatirlatilir.

paslign

Ardindan https://blockly.games/bird?lang=tr linki 6grenciler ile paylasilir ve ilk
asamay: yapmalari icin en fazla 5 dk siire verilir. 5 dk sonra sinif toplanir 6gretmen

kendi ekranminit paylasarak dogru cevabi agar. (ICT: 4p)
Ardindan 6gretmen ogrencilere asagidaki gorseli gosterir ve su soruyu sorar:

Asagidaki kus ¢ok ag¢ ve ¢evresindeki 4 solucani da en az adimda yemek istiyor.

Bunun i¢in nasil bir rota izlemesi gerekir? Donme agilariyla beraber adim adim
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rotasini yazabilir misiniz? (math:10p/ 2.5p for each correct angle, ICT:4p/ 2p for
writing each step correctly and 2p for requiring the minimum step condition)

A~ ~
A~

+ ~

Osrenciler 2-3 kisilik gruplara ayrilir ve rotayt olusturmaya ¢ahsirlar. Ogretmen bu
swrada gruplart dolasarak destek gerektiginde yardimct olur. En fazla 10 dk siire
verildikten sonra sinif toplanir. Gruplarin buldugu rotalar tek tek dinlenir. Farkl
rotalar ¢izilmis olacaktir, bu rotalar ogretmen tarafindan da gorsel iizerinde

gosterilir ve adim adim yazilir.

Ardindan https://blockly.games/bird?lang=tr ikinci asamavi ogretmen ekran

paylasimi yaparak tanmitir, “eger” yapisi anlatilir ve nasil calistigr gosterilir.

Osrencilere link tekrar gonderilir, ikinci ve iiciincii asamalari bireysel olarak

tamamlamalari istenir. Dersin son birkac dakikasinda sinif toplanir 6gretmen

tictincti asamanin da cevabini gosterir ve dersi bitirir. (1CT:2p for the if condition)

Matematik
Hafta 1

Kazanimlar: Cokgenleri isimlendirir, olusturur ve temel elemanlarini tanir.

Hangisi ¢okgen? (20 min)
Ogrencilere asagidaki ¢okgen olan ve olmayan sekiller tablosu sunulur. Buradaki

ayrimin hangi kritere gore yapildigi iizerine konusulur.

Not: BT dersinde ¢okgen olma sartlariyla ilgili ders yapilmis olmali
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Ardindan https://learningapps.org/19446323 linki agilir (asagida linkten ekran

goriintiisii bulunmaktadir) ve bu etkinlikte 6grencilerin karsilarina ¢ikan sekilleri
cokgen olup olmama durumuna gore uygun tarafa siiriiklemeleri gerektigi ifade

edilir.

Ogrenciler 3-4 kisilik gruplara ayirilir, bir kisinin ekran paylasimi yapmasi

saglanarak grupga bu siiriikle birak etkinligini yapmalar1 beklenmektedir.

O

Cokgen Cokgen Degil

Tangram Algoritmasi (30 min)
Tangram pargcalari tanitilir, bu parcalarin birleserek bir kare olusturduklar: gosterilir.
Bazi pargalar kullanarak farkli geometrik sekiller olusturulabildiginden bahsedilir.

Ornegin, iki tane iiggeni farkli konumlandirarak dértgenler olusturulur.

Sonrasinda asagidaki sekiller gosterilir ve https://tr.mathigon.org/tangram adresinde
bu sekillerin nasil olusturuldugu gosterilir. Bu asamada ¢okgenlerin isimleri

sOylenilmez.

153


https://learningapps.org/19446323
https://tr.mathigon.org/tangram

Ardindan yine https://tr.mathigon.org/tangram linki paylasilarak 6grencilerden
ornekte gosterildigi gibi tangram parcalarini birlestirerek birbirinden farkli en az 2
sekil yapmalar1 sdylenir. 2-3 kisilik gruplar olusturulur, gruptan bir kisi ekranini
paylasir ve arkadaslariyla beraber ¢alisir. Her gruptan yaptiklar sekillerin ekran

goriintlilerini almalar istenir.

Gruplar sekillerini yaptiktan sonra siif toplanir, her gruba hangi sekilleri yaptiklari
sorulur, dgrenciler sekillerini gosterirler. Ogretmen birkag grubun sekillerine

baktiktan sonra asagidaki soruyu yoneltir:

“Sizce hepsine tek tek bakmamiz uzun siirmez mi? Bu sekilleri gostermek yerine

isimlerini soylesek daha kolay olabilir, ne dersiniz?”

Boylece yapilan sekillere isim verilmesi kararlastirilir ve kenar sayisina gore isim
verilebileceginden bahsedilir. Ogretmen Resim3’teki gorselleri agar ve kenar
sayisinin sonuna “-gen” eki getirerek ¢okgenleri isimlendirir. Ayni isimlendirme
stratejisini 6grencilerin uygulamasini saglar. (math (10p) cokgen olusturma Sp;
olusan cokgeni isimlendirirken kose sayisinin sonuna gen eki getirerek ismini

soyleme 5p)

Kosegen Sayisinin Gizemi- Boliim 1 (20 min)
Asagidaki cokgen gorselleri 6grencilere gosterilir. Bu cokgenlerin siyah dogru

parcalarindan kesildigi taktirde olusan yeni cokgenlerin ka¢ kenar1 olabilecegi

e
— 1 A\

Ogrencilere sorulur.

Ornek:
Baslangicta: 3 kenar
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Ogrencilerle birlikte drnekte gosterildigi gibi kenar sayilar belirlendikten sonra yeni
olusan sekildeki kenar sayisinin seklin neresinden kestigimizle bir iliskisi olup
olmadig1 sorulur ve 6grenciler 4’er kisilik gruplara ayirilarak grupca bunu

tartismalari istenir.

Gruplar tekrar toplandiginda yorumlar dinlenir ve 6grencilerden koselerden
kesmenin digerlerinden daha az kenar sayisina sebep olmasi yoniinde cevaplar
alinmas1 beklenir. Bu ¢ikarima ulagamamislarsa birkag 6rnek daha gdsterilerek
ulagmalari i¢in ek sorular sorulabilir. (“Sence sekli ikiye kestigimizde her seferinde
iki kati kadar mi kenar olur?” “Bazilarinda baslangigta 4 kenarliyken kesince iki

katindan daha az kenart olmus, sence neden?”)

Koseden koseye kesildiginde kesme yerlerinden hep daha az kenar sayili oldugu fark
edilince “Bu kesen dogru parc¢asinin ézel bir ismi var sizce ne isim verilmig
olabilir?” diyerek kdsegen ismine ulagmalari beklenir. Yardim olarak ¢cokgenlerde -

gen” ekinin popiiler oldugu hatirlatilir.

Kosegen sayisinin gizemi (60 min)

Asagidaki problemler dogrultusunda ders islenir.

Soru 1 6grencilere sunulduktan sonra verilen link kullanilarak ¢cokgen ¢izmek i¢in
kullanilan sayfada bir érnek yapilir. Ogrenciler bireysel olarak sekillerini ¢izer.
Birkag 6grenciden ekran paylagimi yaparak cizdikleri altigenleri gostermeleri

beklenir.

Soru 2’deki tablonun ilk iki satir1 i¢in 6gretmen web sayfasinda ¢cokgenleri ¢izer ve
kosegenleri belirtir, tablo da sinif¢a doldurulur. Diger satirlar1 doldurmalart igin
ogrenciler 4-5 kisilik gruplara ayrilirlar, tablodaki satirlar1 doldurduktan sonra sinif
toplanir ve 6gretmen dolu bir tabloyu paylasir. Kenar ve kdsegen sayilar iliskisini

tartismalari i¢in eger 6grenciler vakte ihtiya¢ duyarsa yeniden gruplara ayrilirlar.

Kosegen ve kenar sayilar1 arasindaki iligki belirtildikten sonra Soru 3 i¢in 6grencilere
vakit verilir. Ders sonunda kosegenin ne demek oldugu, bir cokgendeki kosegen

sayisinin nasil bulunabilecegi iizerine konusulur.
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Sorular:

1. 5.simif 6grencisi Asli defterine altigen (6 kenar1 olan bir cokgen) ¢izmis ve bu
cokgendeki biitiin kosegenleri de belirlemistir. Ash kag tane kdsegen
cizmistir? Sekil ¢izerek gosteriniz. https://www.geogebra.org/m/j8etmmwh

buradan faydalanarak ¢izebilirsiniz. (3p)

2. Ogretmeni Asli’ya hangi ¢okgeni cizerse ¢izsin kdsegen miktarini
bilebilecegini sdyler. Bunu nasil yaptigin1 anlamak i¢in Asli da yedigen ve
sekizgen ¢izmis ve bu sekillerin de kosegenlerini belirlemis. Sekillerin kenar
sayilar1 ve kosegenleri arasinda bir iligki var m1 diye bakmak icin bir tablo
cizmistir. Asagidaki tabloyu doldurarak siz de iliskiyi aramasina yardimci

olunuz.

Kenar Sayisi Kosegen Sayisi
6
7
8

Kenar ve kosegen sayilari arasinda bir iliski buldunuz mu? Agiklaymiz. (4p)

3. Asl’nin sinif arkadagi Burak bir sekil ¢izdigini ve bu seklin kdsegen sayisinin
5 oldugunu soyliiyor, fakat Asli bunun imkansiz oldugunu iddia ediyor. Sizce

Aslt haklr olabilir mi? Neden? (3p)

Mathematical Reflections (10 min)
https://forms.gle/wN1LKwWKRyk5zEYeA9 adresinde bu hafta 6grendiklerini
yansitmalari i¢in 2 adet soru bulunmaktadir. Haftanin son dersinde bu formu
doldurmalar1 beklenir, 6grencilerin hepsi cevaplarini génderince kisaca sorulara

cevap verilir ve ders sonlandirilir.
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Hafta 2

Kazanimlar:
M.5.2.2.2. Agilarina ve kenarlarina gore tiggenler olusturur, olusturulmus farkl

ticgenleri kenar ve ac1 6zelliklerine gore siniflandirir.

Saatteki Acilar (30 min)

Bu etkinlik siiresince https://cutt.ly/ovCd41W ve
https://www.geogebra.org/m/dfwwz8cu adresleri kullanilacaktir. Ogrencilere
asagidaki problem sunulur. Ardindan ilk internet adresi paylasilarak 6grenciler 3-4

kisilik gruplara ayrilir ve soruya cevap vermeleri beklenir.

Asli arkadas1 Burak’a bir bilmece sorar: Akrep ve yelkovan 90 derecelik ac1 yapiyor

ve yelkovan 3 rakaminin lizerinde. Fakat akrep 12 iizerinde degilse saat kagtir?
Burak dogru cevaba ulastigina gore saatin ka¢ oldugunu sdylemistir? (math: 5p)

Osrencilerden gelen cevaplar kontrol edilir ve 90 derece yani dik agi kavrami
hatirlatilir. Genig ve dar agilar: da tekrar etmek amaciyla asagidaki soru

ogrencilerle paylasilir.

Burak’in hizlica dogru yanita ulastigini goéren Asli isleri biraz daha

karmasiklagtirmak igin bir hafta sonu planinin bir kismini igeren asagidaki tabloyu

hazirlar.
Saat Etkinlik
9.30 Kahvalt1
11.00 Odevlere basglama
12.15 Cizgi dizi izleme
13.15 Kitap okuma
14.35 Arkadaslarla kamp i¢in bulusma

Bu tabloyu Burak’a gosterir ve hangi etkinliklerin baglangi¢ saati dar acili

hangilerininse genis agili oldugunu sorar. Burak’a yardim eder misiniz? (math: 5p)

Ogrencileri yine gruplara ayirarak bir tanesinin ekran paylasimi yapip Geogebra
sayfasint agmasi saglaniwr. Digerleri de tablodaki saatleri soyler ve birlikte linkteki

saat iizerinde ¢izimler yaparak bilmeceyi ¢ozmeleri istenir. Ogrenciler tablodaki
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saatleri a¢ilarina gére siniflandirdiktan sonra sinif toplanir ve ogretmen kendi

ekraninda her saati gizerek akrep-yelkovan arasinda olugan a¢ilari belirtir.
Cadir kurma (30 min)

Asagidaki problem ogrencilere sunulur, amag ¢adirin kenarindaki sekillerin
ikizkenar tiggen oldugunu fark etmeleridir. Eger problemin ilk kisminda ¢adirin
kenarlarinin iiggenlerden tabanin ise kareden olustugunu anlamakta zorluk ¢eken
ogrenciler olursa, oncelikle bu zorlugun tistesinden gelmek igin
https://www.geogebra.org/m/vjrh69jv adresindeki piramit ornegi gosterilir,

kenarlarin ve tabanin sekline dikkat cekilir.

Hafta sonu kamp yapmaya giden Asli ve arkadaslarinin kamp ¢adirin1 kurmalari

gerekmektedir. Ellerinde asagida verilen uzunlukta ve adetlerde ¢ubuklar var.

e 4 tane 1 metrelik

e 4 tane 2 metrelik

4 tane 1 metrelik cubuk kullanarak taban yapiyorlar, geriye 2 metrelik ¢ubuklari
kaliyor. Bu ¢ubuklarla da asagidaki gibi ¢adirin kenarlarini yapiyorlar. Cadirin
tabanindaki ve ¢evresindeki sekilleri uzunluklarini gostererek ¢izebilir misiniz?

(math 5p; kare taban & ii¢gen yanal i¢i 3 p; dogru uzunluk belirtmeleri i¢in 2p)

Bu soruyu cevaplamalart i¢in ogrencilere stire taninir, herkes defterine ¢izim yapar,
ogrenciler cizimlerini bitirdikten sonra égretmene gésterirler. Ogrencilerin

gosteriminden sonra 6gretmen ekrana ¢adirin kenarlarini olusturan ii¢genleri ¢izer
ve iki kenarin esit oldugu vurgusunu yapar. Ardindan asagidaki soruyu égrencilere

yvonlendirir ve 1.kisimdaki prosediirii tekrar eder.

Yaptiklar1 ¢cadirin ¢ok yiiksek oldugunu fark edince ¢ubuklarin yerini degistirip
tabani 2 m ¢evresini 1 m ¢ubuklarla yaptilar. Yeni ¢adirin ¢evresindeki ve

tabanindaki sekilleri uzunluklarini belirterek ¢izebilir misiniz? (math 5p)
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Iki kenarn esitligine dikkat cektikten sonra bu tiir iicgenlere “ikizkenar iiggen”
denildigini soyler. Eger tabani olusturan kare icin de kenarlari olusturan ¢ubuklarla
es uzunlukta ¢ubuklar olsayd: ortaya nasil bir tiggen ¢ikacaginit ekranda gosterdikten
sonra bu tiggenlere “eskenar tiggen” denildigini soyler ve “Peki ya hi¢bir kenart esit
uzunlukta olmasaydi, o zaman ne isim verebilirdik?” diye sorar ve cevaplari toplar,

verilen cevaplardan faydalanarak “cgesitkenar ii¢geni” tanitmuis olur.

Kaydirak tasarlama (60 min)
Asli ve arkadaglar gittikleri kamp yerinde biiyiik bir kaydirak kuruldugunu goriirler.
Hemen ne kadar biiyiik bir kaydirak oldugunu incelemeye baslarlar. 5 metrelik

yiikseklige sahip olan bu kaydirak asagidaki gibi goriinmektedir.

5 metre

Isciler, Asl ve arkadaslarmna ne diisiindiiklerini sorarlar, Asli da bu kaydiragm ¢ok
dik oldugunu c¢ocuklarin kayarken diisebileceklerini soyler. Bunun iizerine is¢iler
bagka bir kaydirak i¢in asagidaki plan1 Ashi ve arkadaslarina gosterir kaydiragin
kesinlikle 6 metre olmasi gerektigini de belirtirler. Sizce Asli’lar bu plani giivenli

bulmuslar midir?

Asli ve arkadaslar is¢ilere nasil bir kaydiragin daha giivenli olabilecegini gostermek

icin bir ¢izim yapmaya karar verirler. Bunu yapmak i¢in
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https://www.geogebra.org/m/swserdsm#material/k2kwA4utt linkindeki uygulamadan
faydalanirlar. (ICT: 10p/ Problemi tanmimlama 3p(kaydirak cok dik), link
kullanarak farkh iicgenlerde daha az egimli kaydirak icin gerekli oriintityii
bulma Sp, coziimiinii degerlendirip kaydirak ve yer arasindaki aci daralmasinin

gerektigini gosterme 2p)

Verilen adresteki uygulamayr 6gretmen tanitir, kaydiragin boyunun 6 metre olmasi
gerektigi hatirlatir ve bunun sabit tutularak digerlerinin degisimi gésterilir. Sonra,
ogrencilerle yukaridaki adres paylasilir, her 6grenci bireysel olarak kendi
kaydiragin tasarlar. Gerekli siire tanindiktan sonra sinif toplanwr ve kenarlarina ve
ac¢ilarina gore iiggenlerin 6 tiiriine de 6rnek bulunana kadar birkag ogrenciden kendi
tasarladiklar: kaydirak taslaklarini gostermeleri istenir. Béylece birbirinden farkl

ornekler gormiis olacaklardir.

Eskenar, ikizkenar ve ¢esitkenar; dik acili, dar a¢ili ve genis a¢ili tliggen
isimlendirmeleri 6grencilerin ornekleriyle kategorilestirdikten sonra
https://learningapps.org/19524363 adresindeki iicgen eslestirme aktivitesi yapilwr, bu
sayede kavramlar pekistirilmis olacaktir. Ogrenciler 2-3 kisilik gruplar halinde
calisir, adresi agan bir kisi ekran paylasimi yapar, dersi anlamayan oldugu taktirde
gruptaki diger kisi agiklama yapar. (math: 10p/ 3p for using the online tool, 3p for
finding 3 types of triangles which were classified in terms of the angles, 4p for
naming 6 types of triangles correctly)

Mathematical Reflections (30 min) Uggen tablosu

Asagidaki sorunun ilk kismi 6grencilere gosterilir ve defterlerine yazmalari istenir.
Biitiin ogrenciler defterlerine tabloyu ¢izdikten sonra yaklasik 10 dk siire taninir ve
bu siirede her 6grencinin bireysel olarak tabloyu doldurmasi istenir. Ogrenciler
stirenin sonunda 3-4 kisilik gruplara ayrilir ve tablolarinda bos kalan yerler varsa
bunu tartismalari istenir. Bu sirada 6gretmen gruplara problemin ikinci kismini
gonderir ve gruplart ziyaret etmeye devam ederek tartismayt yonlendirir. Gruplar
kendi aralarinda tartigtiktan sonra sinif toplanir 6gretmen eskenar-dik a¢ili ve
eskenar-genis acili tiggenlerin ¢izilemeyecegini ¢iinkii eskenar olmasi i¢in agilarin

da es olmasi gerektigini vurgular.

a. Asagidaki tabloda bos olan yerlere uygun tiggenler ¢iziniz. (7p)
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Eskenar Ikizkenar Cesitkenar

Dik a¢ih

Dar acih

Genis acili

b. Tablodaki iki yer doldurulamiyor, hangi ikisine uygun ii¢gen ¢izemediniz?

Nedenini agiklaymiz. (3p)

Hafta 3

Kazammlar:
M.5.2.2.3. Dikdortgen, paralelkenar, eskenar dortgen ve yamugun temel elemanlarini

belirler ve gizer.

Dortgen Ailesi (60 min)

Problemin ilk kismi sorulmadan énce Geogebra linki ogretmen tarafindan agilir ve
ara yiiz tamitilir, degisimleri nasil yapacaklar: gosterilir. Problem sorulduktan sonra
ogrenciler 3-4 kisilik gruplara ayrilirlar, gruptan bir kisi ekranini paylasir ve grupca
vapilan degisimlere gore dortgenlerin isimlendirilmesi hakkinda ¢ikarimlar

yvapilmaya ¢aligilir.

Bir¢ok dortgen oldugunu biliyoruz ve bunlar kare, dikdortgen, paralelkenar olarak
isimlendiriyoruz. Fakat bu isimlendirmeler nereden geliyor? Hangi 6zelliklerine gére
bu isimler veriliyor? Linki https://www.geogebra.org/m/swuU3h2Jb kullanarak

dortgenlerin ortak ve ayr1 6zelliklerini belirleyiniz. (2p)
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1.kisim bittikten sonra ogrenciler tablodaki uygun yerleri 3-4 kisilik (ayni) gruplar
halinde https://forms.gle/hhQDQ97FNmMNCTUT7s9 linkini kullanarak isaretler.

Asagidaki tabloda uygun olan yerleri isaretleyiniz. (5p)

ler 2ser Biitiin ler 2ser
Karsiliklt | Karsilikli | kenarlart | Karsilikli | karsilikli
kenarlar1 kenarlar1 esit kenar1 kenari
esit esit paralel paralel

Kare

Dikdortgen

Paralelkenar

EskenarDortgen

Yamuk

Ogrenciler tabloyu doldurduktan sonra égretmen Geogebradaki gésterimlerden

faydalanarak her bir dortgen igin tablodaki dogru isaretlemeleri yapar. Problemin
asagidaki son kismi 6grencilere verilmeden énce Padlet agilir ve soy agacinin nasil
yapilacag 6gretmen tarafindan anlatilir. Ogrenciler yine ayni grup arkadaslariyla

bir araya gelir ve dortgen soy agacini diizenler.

Yukaridaki tabloya gore dortgen ailesinin soy agacini asagidaki linkte gosteriniz.

(3p) https://padlet.com/dilekturan44/grjqrtx5z09seyr8

Oturma Diizeni (30 min)

Pandemi doneminde hayatimizdaki degisikliklerden kisaca bahsedilir, okulda
oldugumuz zamanlarda nasil degisiklikler yaptigimiz 6grencilere sorulur. Sinif
icerisindeki oturma diizenine dikkat ¢cektikten sonra asagidaki problem ogrencilere

sunulur. Soruya bireysel olarak cevap vermeleri beklenir.

Pandemiden dolay1 mesafeli oturmasi gereken 4 6grenci ve bu 6grencilere grup
caligmalarinda yardimci olan 6gretmenin aklina asagidaki gibi bir oturma diizeni

geliyor, eskenar dortgen diizende 6grenciler birbirlerine esit uzaklikta oturuyorlar.
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Fakat, bu diizende oturunca 6grencilerin ortada oturan dgretmene olan uzakliklar
esit degil. Ogretmen 4 6grenciye de esit mesafede oturmak ve higbir 6grencinin
baska bir grenci yanindan gegmeden yanina gelebilmelerini istiyor. Ogrencilerin
hem 6gretmene hem de birbirlerine esit uzaklikta oturabilecekleri oturma diizeni

hangi dortgene benzer?

Osrencilerden cevaplart almak igin bir siire beklenir ardindan
https://www.geogebra.org/m/sWU3h2Jb adresi acilarak kenarlarin esit késegenlerin

de esit oldugu dortgen, yani kare, bulunur ve sorunun dogru cevabi olarak séylenir.

Ogretmen bir siire sonra dgrencilerin ikili gruplar halinde galismalarini ister. Aym
grup igerisindeki 2 kisi birbirine daha yakin diger ikiliden daha uzak oturacaklardir.

Yine dortliiniin arasinda oturmak isteyen 6gretmen bu kez nasil bir diizen yapmali?

Ogrencilerin bu soruda zorlanmast durumunda yukaridaki link paylasilir. Soru igin
cevaplar toplandiktan sonra 6gretmen ders sonunda 6grencilere kenar
uzunluklarmmin esit oldugu ve/veya késegen uzunluklarimin esit oldugu dortgenleri

belirtilen Geogebra adresi iizerinden gosterir.

Code.org Dortgen Tasarimi (30 min)
(Math 10p; kare olusturma Sp; dikdortgen olusturma Sp. ICT 10p; algoritma
yazimi 5p; blok tabanh programi kullanabilme Sp)

Etkinlik i¢in https://studio.code.org/s/artist/lessons/1/levels/1 sayfasindaki ders
kullanilacaktir. Ogrenciler onceki Bilisim Teknolojileri ve Yazilim dersinde code.org
web sayfasinda c¢esitli etkinlikler yaptikiari i¢in sayfay: taniyorlar. Eger sayfa ilk
defa kullanilacaksa ogretmen oncelikle blok tabanli kodlama sayfasini tamtir.

Asagidaki etkinlik sayfasi 6grencilere gonderilir, ogrenciler bireysel olarak ¢alisir.

Talimatiar

Sanatciya hos geldiniz! Ilk olarak, saga don ve iler
@ piksel olmali

|
kadar [EEKD don E9KA derece

kadar EEED don ELED derece
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Osrenciler birinci ve ikinci asamadaki kare ve eskenar dortgeni tamamlar, bu sirada
ogretmen yardima ihtiyact olan 6grencilere destek olur. Biitiin 6grenciler bu gorevi
tamamlayinca ogretmen kendi ekranmini paylasarak bu iki adimi kenar uzunluklar: ve
agilar agisindan degerlendirerek gosterir. Son olarak ogretmen eger bloklar
olmasayd kare olugturmak icin gerekli algoritmanin asagidaki gibi yazilabilecegini

ogrencilere gosterir.

e Baslat
e ileriye 100 piksel
e Saga 90 derece don
e lleriye 100 piksel
e Saga 90 derece don
e lleriye 100 piksel
e Saga 90 derece don
e ileri 100 piksel git
e Bitir
Ardindan ogrenciler 2 kisilik gruplara ayrilarak bir dikdértgen olusturmak icin blok

tabanli uygulamamiz olmasaydi nasil bir algoritmaya ihtiyag¢ duyarlardi

olusturmalar istenir.

Mathematical Reflection

3 soruluk konu sonu degerlendirme ve ogrendiklerini yansitma kismi i¢in ogrencilere
https://forms.gle/TdAvpQouncw6oHus8 linki gonderilir. Ogrenciler sorulara cevap
verdikten sonra, 6gretmen kendi ekranini paylasarak sorulart yanitlar. Ders

kitabindaki konu sonu degerlendirme birlikte ¢oziiliir.

Hafta 4

Kazanimlar:
M.5.2.2.4. Uggen ve dortgenlerin i¢ agilarinin dlgiileri toplamini belirler ve

verilmeyen agiy1 bulur.
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Uciiz Ucgenler (30 min)

Dersten once 6grencilerden yanlarinda 3 tane kagit ve 1 makas getirmeleri istenir.
Derste ogretmenle beraber biitiin ogrenciler ellerindeki ii¢ kagidt iist iiste koyarak
tiggen keser, kesilen iicgenin boyutu énemli degil fakat birbirlerine es olmalart

gerekmektedir. Kesilen ii¢cgenlerin agilart asagidaki gibi 3 farkl renkle boyanir.

AVAVAN

Ogretmen kendi iicgenlerini asagidaki gibi, ticgenlerdeki ii¢ farkli aci (ii¢ renk) yan
vana gelecek sekilde birlestirir. Bunu yaparken iki iicgenin arasina 3. ti¢gen ters

cevrilerek yerlestirilir. Ogrencilerden de ayni sekilde birlestirmeleri istenir.

Sonrasinda ogrenciler 3 kisilik gruplara ayrilir ve asagidaki iki soruya cevap

vermeleri istenir.

1. Mavi, kirmiz1 ve yesil agilarin toplami kag derecedir? (math:3p)

2. Elinizdeki tiggenlerin birinin i¢ agilar1 toplami kag derecedir? (math:3p)

Osrencilere bu iki soru icin 5-6 dk siire sonunda égrenciler toplamr, cevaplari
konusulur, 6grencilerin ticgenin i¢ agtlarinin toplaminin 180 oldugu kavramalari
saglanir. Bu agiklamalardan sonra ogrenciler gruplara yeniden ayrilir ve ders

kitabindaki asagidaki soruyu ¢ozerler. (math:4p)
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1) Asagidaki l¢genlerde élgiisi verilmeyen acilarin dl¢lsinin kag derece oldugunu
bulunuz.
a) A b)
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Ucgenden Dértgene (30 min)
Ogretmen ekran paylasimi yaparak asagidaki gibi cesitli dortgenler cizer.
Sonrasinda ogrencilere asagidaki soruyu sorar ve égrencileri 4 kisilik gruplara

aywrarak kiiciik grup tartismast yapmalari igin en az 5 dk siire tanir.

L /LA

“Uggenlerin i¢ agilarmin toplaminim 180 oldugunu dgrendik. Peki dortgenlerin ig

acilar1 toplami kagtir? Ben cevabi sdylemeden de sizler bulabilirsiniz, liggenler ile

ilgili bilgiyi kullanarak sonuca ulagmaya ¢alisin.”

Yeterli siire verildikten sonra gruplar toplanir. Daha dnce ¢izilen dortgenler agilarak
asagidaki gibi birer kosegenleri ¢izilir. Iki iicgen olustugu gosterilir ve ticgenlerin i¢
agtlari toplami 180 dercedir bilgisi hatirlatilarak iki iicgen oldugundan dolayt
180+180=360 derece oldugu agiklamas: yapilir. Bu durumda herhangi bir dortgenin

i¢ agtlart toplami 360 derecedir bilgisi benimsetilmeye ¢alisilir.

Osrencilerden 2 farkli dortgen daha cizerek bunlarin késegenlerini gostererek iicgen

olusturmalari ve agilarint géstermeleri istenir.

Ahsap Cergeve (60 min)

Asagidaki ¢cergeve olusturma problemi ogrencilere sunulur.

Asli, Burak ve sinif arkadaglart dersleri tekrar yliz yiize yapmaya basladiklarinda

siniflarina asmak i¢in asagidaki gibi bir fotograf cer¢evesi hazirlamaya karar verirler.

166



Cevresi 3 metre olabilecek kadar ahsap bulan 6grenciler ¢ercevenin dortgen seklinde

olmasina karar verirler. Fakat hangi dortgen olacagina bir tiirlii karar vermezler.

Osrencilere problem sunulduktan sonra asagidaki sorular sorulur. B, c, d ve e
sorulari 2-3 kigilik gruplar olusturularak yapilir. Ogrencilerden bir tanesi ekranini
paylasir birlikte ¢coziime ulasmalar: saglanir. Ogretmen gruplar: dolasarak destek
olur. Her soru igin yeterli siire tanindiktan sonra ogrenciler toplanir 6gretmen kendi

ekranini paylasarak birkag ornek gosterir ve siradaki soruyu sorar.

Asagidaki sorular cevaplayarak Asli ve arkadaslarinin ¢erceveyi olusturmalarina

yardimci olunuz.
a. Hangi sekilleri kullanabilirler? (math:2p)

b. Burak, kare olusturmanin kolay olacagini diisiiniiyor, sizce de dyle mi?
https://blockly.games/turtle?lang=tr&level=1 linki kullanarak bir kare olusturur
musunuz? (math:2p, ICT: 3p/1p for loop, 2p for the correct coding)

c. Asli kare olusturuken biitiin kenarlar1 esit yapmayip, dikdortgen olusturmak
istiyor. Siz de https://blockly.games/turtle?lang=tr&level=1 linkini kullanarak bir
diikdortgen olusturunuz. (2p, ICT: 3p/1p for loop, 2p for the correct coding)

d. Asli ve Burak’in sinif arkadaslar1 paralelkenar yapmaya karar verirler ve asagidaki
gibi bir baslangi¢ yaparlar.

Kaplumbaga

Mantik u kacar (D ot HET
Déngiiler sagadon s - | 80

Matematik [T
Listeler

O/I Deiskenler
Islevier

Siz de sonraki asamada ka¢ derece donmesi gerektigine karar verip
https://blockly.games/turtle?lang=tr&level=10 linkinde siniftakilerin ¢izimlerine
devam ederek paralelkenar olusturmalarina yardimei olunuz. (math:2p, ICT:4p/ 2p

for loop, 2p for the correct coding)

167


https://blockly.games/turtle?lang=tr&level=1
https://blockly.games/turtle?lang=tr&level=1
https://blockly.games/turtle?lang=tr&level=10

Biitiin sorular cevaplandiktan sonra ogrenciler toplanir ve dortgenlerin hep ig
agilart toplaminin 360 derece olmasi gerektigi vurgulanir. Bu aciklamadan sonra
ogrenciler gruplara yeniden ayrilir ve ders kitabindaki asagidaki soruyu ¢ozerler.

Ogretmen gruplar: gezerek destek verir. (math:2p)

2) Asagidaki dortgenlerde odlgiisii verilmeyen agilarin élgisiinin kag¢ derece oldugunu

bulunuz.

1200
ES

Mathematical Reflections (30 min)
https://forms.gle/RZpldpVadjsPr8p67 adresi 6grencilerle paylasilir. En az 5 dk siire
verilir. Ogrenciler buradaki sorulari cevapladiktan sonra dgretmen ders kitabu {inite

degerlendirme sorularim1 6grencilerle birlikte ¢cozer.

Hafta 5

Kazammlar:
M.5.2.3.1. Uzunluk 6l¢gme birimlerini tanir; metre-kilometre, metre-desimetre-

santimetre-milimetre birimlerini birbirine doniistiirir ve ilgili problemleri ¢ozer.

M.5.2.3.2. Uggen ve dortgenlerin gevre uzunluklarini hesaplar, verilen bir gevre

uzunluguna sahip farkl sekiller olusturur.

Uzunluk ol¢iileri doniisiimii (30 dakika)

(Bu dersteki gorseller matematik ders kitabindan alinmistir.)

Osretmen bu derste uzunluk olcii birimlerinden bahsedilecegini ve birimler arasi

doniisiimler yapilacagini ogrencilere dersin basinda séyler. Ogrencilere bildikleri
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uzunluk 6l¢ii birimlerinin neler oldugu sorulur. Asagida ogrencilere yoneltilebilecek

ornek sorulardan faydalanir:

e  Boyunuzu él¢mek i¢in ne kullantyyorsunuz?
o  Boy uzunlugunuzu tarif ederken hangi birimler kullaniliyor?
o Peki ya defterinizin kenar uzunluklarini kullanirken ne kullanirsiniz?

o Aksaray ile Ankara arast mesafeyi soylerken santimetre kullanmak mantikl

mi sizce?

Bu sorular 6grencilerin katilimina gére artirilabilir. Ardindan farkli uzunluklar icin
farkl birimler kullandigimiz belirtilerek bahsi gegen birimler disinda yeni
ogrenilecek, giinliik yasantida sik kullanmadigimiz diger uzunluk ol¢ii birimlerinden

bahsedilir ve asagidaki tablo 6grencilere sunulur ve deftere yazilmast beklenir.

Uzunluk n "
Olgme Birimi Gosteriligi
Kilometre km
Hektometre | hm
Dekametre dam
Metre m

Desimetre dm
Santimetre cm
Milimetre mm

Transformers ¢izgi dizisini izleyen 6grencilere orada yasanan doniisiim hatirlatilr,
arabalar hi¢hir eksilme veya ek par¢a almadan robotlara doniistiyorlardr. Aymi
durum simdi uzunluk olcii birimleri arasinda da gerceklesecek. Olgiiler arast

doniisiimler yapacagiz, degerleri degismeyecek fakat goriintiileri degisecek.

Osrencilere 1 metrenin 100 cm oldugu hatirlatilir ve 1 santimetrenin kag milimetre
oldugu sorulur, herkesin cetvellerine bakmalar: ve her bir santimetrenin icindeki
kiiciik ¢izgilerin mm oldugu hatilatilarak ka¢ mm oldugu sorusu tekrar edilir.
Osrenciler “1 cm=10 mm” esitligine vardiklarinda asagidaki gorsel ogrencilerle
paylasilarak uzunluk 6l¢ii birimleri arasinda 10 ile bolme ve ¢carpmaya dayali olan

iliskiden bahsedilir.
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km Her basamak
icin 10 ile
bélinir

Her basamak
icin 10 ile
carpilr.

Ogretmen asagidaki sorulardan birkacini anlatarak cevapladiktan sonra gerisini
ogrencilerin yapmasini bekler, 6grencileri 2-3 kisilik gruplara ayirir ve grup
calismast yapmalari saglanir. Her ogrenci defterine bu sorulart yazar, sonra gruplar

toplandiginda her gruba soz hakki taninarak sorularin dogru yanitlar: yapilir.

Sorular:
Tkm = m 0,012dm = mm
14m = cm 310mm = m
700 mm = cm 1071m = km
3600 cm = m 9cm = m
530cm = mm 4300 dm = km
075m = cm 120 m = km
123km = m 8000 dm = km

Labirentte mesafeler (30 dakika)
Blockly internet sayfasindaki, BT dersinde kullanildigi hatirlatilarak, Labirentte
kayboldum blockly bulmacasindan alinan ekran goriintiileri diizenlenilerek bu

etkinlikte kullanilmigtir.

Asagidaki problem gérsel ogrencilere ekran paylasimi ile gosterilerek sunulur ve

ogretmen tarafindan yonlendirilerek ogrencilerin bireyse olarak yapmasi beklenir.

Bilisim Teknolojileri ve Yazilim dersinden hatirlayacaginiz iizere Blockly blok
tabanli kodlama sayfasinda “Labirentte Kayboldum” bulmacasi bulunmaktaydi. Bu
labirentteki adamin agagida gosterilen hedefe ulagsmasi igin ne kadar uzunlukta yol

yiriimesi gerektigini bulabilir misiniz? (2p)
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Osrenciler ardindan 2-3 kigilik gruplara ayrilirlar ve asagidaki sorular: sirasiyla
cozmeleri istenir. Sorular ¢oziildiikten sonra gruplar 6gretmene ¢oziimlerini

gonderir, sinif toplanir ve 6gretmen ¢oziimleri 6grencilerle birlikte bulur.

e Evet sizin de buldugunuz gibi biitiin yol toplamda 100 metre yol yapiyor. Bu
mesafenin asagidaki doniistimleri yaparak farkli birimlerde gosterimlerini

belirleyebilir misiniz? (5p)

o 100metre=......... dm
o 100 metre=......... cm
o 100 metre=......... mm
o 100 metre=......... dam
o 100 metre=......... hm

e Labirentteki adamin saglikli yasam igin giinliik 1 km hedefi bulunmaktadir.
Bu labirentteki mesafeyi yiirtidiikten sonra ka¢ metre daha yiirtirse hedefine
ulagmis olur? (3p)

e Ikili gruplar halinde toplanalim ve gruptan bir kisi kendi labirentindeki damin
sonuca gidene kadar algoritmasini yazsin, diger kisi de bu uzunlugum

birimler aras1 doniisiimiinii yapsin. (ICT: 10p)

Ahsap Cercevenin Sekli (30 dakika)
Bir onceki haftanin ahsap ¢ergeve problemine gonderme yapilarak asagidaki

problem sunulur.

Hatirladiginiz gibi gecen hafta 6grenciler 3 metrelik ahsap ile siniflarina bir cergeve
olusturmak istiyorlardi. Hangi sekilleri yapmaya calistiklarini hatirliyorsunuzdur.

Neleri denemislerdi sayabilir misiniz?

Osrencilerden paralelkenar, kare, dikdortgen cevaplar vermeleri beklenir.
Ardindan asagidaki agiklama yapilir. Ogrencilerin ii¢genlerini bireysel olarak

defterlerine ¢izmeleri beklenir.
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Evet bu dortgenleri yapmaya calismislardi, peki tiggen yapmaya ¢aligsalard: farkl
farkli iggenler olusturabilirlerdi degil mi? Asagidaki drneklerde 3 metrelik ¢evreye

sahip tiggenler ¢izdim ben.

150

<& (o
o
® < o

50 cm

2 metre

100 cm

1 metre

Gordiigiiniiz gibi ayni ¢evre uzunluguna sahip birbirinden farkl tiggenler
cizebiliyoruz. Siz de benim gibi 3 metre ¢evre uzunluguna sahip bir tiggen ¢izer

misiniz? (4p)

Osrenciler defterlerine ii¢gen cizdikten sonra 6gretmen siniftan birkag égrenciden
cizdikleri tiggeni gostermesini/soylemesini/ekranda ¢izmesini ister. Ardindan
asagidaki soruyu sorar, égrenciler soruyu ¢ozmek igin 2-3 Kisilik gruplar

olustururlar.

Uggen pano yapmak pek hos gériinmeyecegini diisiinen 6grenciler yine dértgen
yapmaya karar verirler. Fakat bu kez eskenar dortgen ve yamuk gibi onceki seferde
denemedikleri dortgenleri de denerler. Siz de ¢evre uzunlugu 3 metre olacak sekilde
biitiin bu dértgenler cizer misiniz? Onceki cizdiklerinizden farkli kenar uzunluklart

kullanmaya ¢alisin. (6p; 4p for correct perimeter and 2p for using different units)

Ogrenciler grup icerisinde ekran paylasimi yaparak cizdikleri dortgenleri ve
belirledikleri kenar uzunluklarini ekran goriintiisii alarak ogretmenlerine
gonderirler. Dersin son 5 dakikasinda sinif toplanir ve birkag ornege birlikte bakilir.
Ogretmen aym cevre uzunluguna sahip farkli sekiller ¢izilebilecegi vurgusu yapar ve

dersi sonlandirir.

Okul bahcesinde yarisma (30 dakika)

Asagidaki soru sirasiyla 6grencilere sunulur. Ogrenciler sorunun ilk iki kismini (a ve
b maddeleri) 6gretmenle beraber sinif¢a ¢ozdiikten sonra 2 kisilik gruplara ayrilir ve
sorularin geri kalanini yapmalart beklenir. Biitiin sorular cevaplandiktan sonra

(yaklasik 15 dk siire verilir) sunif tekrar toplanir ve birlikte cevaplar kontrol edilir.
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Bizim Asli okullar a¢ilinca sinif arkadaglartyla bir yarigsma igerisine girmis,

arkadaslarina 20 dakika igerisinde kim daha fazla mesafeyi kosabilecek diye yarisa

girmisler ve kare seklindeki okul bahgesinde kogsmaya baslamislar. Yaris sonunda

Asl1 ve arkadaslar asagidaki tabloda belirtilen miktarda kostuklarini gérmiisler.

(10p; 2p for each question)

Ash 2 tur
Burak 1,5 tur
Mehmet 2 tur
Doruk 2,5 tur
Ada 3 tur
Nur 1 tur

a) Kim birinci olmustur?

b) Okul bahgesinin ¢evresi 200 metre olduguna gore birinci olan kisi kag metre
kosmustur?

€) Sonuncu olan kisi kag metre kogsmustur?

d) Bahgenin bir kenar1 kag metre uzunlugundadir?

e) Yaris yapildiktan sonra pandemiden dolay1 bagka sehre giden sinif
arkadaslarindan birisi olan Metin’e telefonda yaris1 anlatmislar ve Metin de
“Keske ben de okulda olsaydim da sizinle yarigsaydim.” demis. Bunun
tizerine metin’e 20 dk igerisinde ka¢ metre kostugunu kendisi kaydederse
bizim siralamamiza katilabilir 6nerisinde bulunur siniftakiler. Metin 20

dakikada 550 metre kostiguna gore siifta kaginci sirada olur?

Mathematical Reflection (30 dakika)
https://forms.gle/8eto8u32GPf3cByC7 linki 6grencilere gonderilir, yaklasik 10 dk

stire taninir.

Matematik ders kitabt sayfa 240-241 deki 6 sorudan olusan konu sonu alistirmanin
ilk iki sorusu 6gretmen tarafindan ekran paylasimi yapilarak anlatilarak ¢oziiliir,
diger dordiinii ogrencilerin 2 kisilik gruplar halinde ¢ozmeleri ve 6gretmene

gondermeleri beklenir.
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APPENDIX P
LESSON PLANS
ICT
Week 1

Objectives:

5.5.1.15. Draws a flowchart for an algorithm.

Word processing programs or other drawing programs are used for the electronic

drawing of the flow chart.

5.5.1.16. Debugs by testing an algorithm.

Robot's route
In the course, students are expected to develop the flow chart they created for the
robot they used in the previous week to go to the specified target. The following

problem is presented to the students.

Problem 1.1: The new platform on which the robot will move is given in the image

below, the blue area represents the location of the robot.

D

‘'l

Our robot wants to go to point A, but on the way there, it should not enter the boxes

with other points. Can you make a flowchart for the robot to follow?
Students are asked the following questions:
* “What is the position of point A relative to the Robot?”

* “What is the location of point B relative to the Robot?”
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* “What is the position of point A relative to point B?”

* “Does the robot have to go through point B while taking the shortest route to point
A?”

After answering these questions as a whole class, students are asked to solve the
problem by dividing them into groups of 3-4. Groups are given the following link so

they can create their flowcharts:

https://docs.google.com/drawings/d/1ivmKxk-AT5y-4t AJcuUG-skPzqE5qCO-
JAx9bVISyQ/edit?usp=sharing

Separate pages are created for each group, one of the group members shares his

screen and arranges the flowchart elements on the page with his friends.

At the end of the activity, the groups come together, and the teacher draws the robot's
route according to the algorithm created by each group on his screen and delivers the

robot to the target.

Flowcharts Are Entangled
The following scenarios are read to the students and they are asked to draw a flow
chart suitable for these scenarios. To draw the flowchart

https://wordwall.net/en/resource/14287048/ak%c4%b1%c5%9f-
%c5%9femalar%c4%hb1-kar%c4%b1%c5%9fm%c4%Db1l It is expected to match the
%c5%09f-scenario-3 link. There is an example from this link in the image below.

Students are divided into groups of 3. A scenario is assigned to each group, making
sure that all 3 scenarios are given. One person from the group enters the link by

sharing the screen, the other two people open the scenario and read it step by step,

02

and the steps of the flow chart are decided as a group.
YAS
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Scenarios:

Scenario 1: Alperen is an 8th grade student. Alperen's mother only allows him to
sleep at 23.00 on Saturday evenings, and asks him to sleep at 21.00 on other days.
Alperen has added a reminder to his mobile phone to remind him of bedtime. Create

the flowchart of the operation of this reminder.

Scenario 2: Niliifer in the elevator she took with her father 'Max. He read the text
'250 kg' and asked his father what it meant. His father stated that the lift can carry a
maximum load of 250 kg, and that it does not work when the lift weighs more than

250 kg. Create a flowchart describing how the elevator works.

Scenario 3: Ahmet Bey bought a computer game for his son Mert to play. It is
written on the computer game that it is 10 years and older. Since Mert is 11 years
old, he starts playing the game by installing it on his computer. Mert's 8-year-old
brother Efe is also curious about the game and wants to open the game when his
brother is not at home. However, before the game starts, Efe has to write his name
and date of birth on the screen. Efe enters this information, but the game does not

start. What kind of flowchart do you think the computer used for this situation?

What is the name of the polygon?

Students are told that there is a decision-making process when naming polygons and
they should organize this process themselves.(ICT (10p): algorithm 3p, correct
flowchart 5p, using online drawing prog 2p. Math(10p): mathematical info in the

flowchart 5p, table 5p)

https://docs.google.com/drawings/d/1eiWMQ701txv2E5SXdtX7bu3V70_9GoUgdu
bJBE2DLvo/edit

GOKOEN DEGIL

ARIDAN
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After the flow chart in the link is arranged, the students are given the time to speak
and to fill the table below.

Shape Number of Edge Name of the Polygon

What did we learn?
At the end of the lesson, students are asked where flow charts can be used. The
relationship with mathematics is emphasized. Examples of the use of flow charts in

other scientific processes are given.

Week 2

Objectives:

5.5.1.1. It offers solutions to the problems encountered in daily life.
5.5.1.2. Solves a given problem using appropriate steps.
It is emphasized that different algorithms can be designed to solve a problem.
5.5.1.4. Recognizes the steps to be followed in the problem solving process.
5.5.1.5. Analyzes a given problem.

5.5.1.6. Explains the variables, constants and operations required to solve the

problem.

Tangram

To use the Tangram activity, the link https://tr.mathigon.org/tangram will be used.
Before dividing them into groups at the entrance to the activity, the teacher shares the
screen and shows how to move the tangram pieces. Then, a classical tangram shape
Is created as in the image below and students are tried to become familiar with the

application.
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After the application is introduced, the students divide into groups of four and

explain the tasks of the group.

Duties of group members:

* 1 person enters the application with the link and shares the screen.

* 2 people describe the way the teacher will show to their group friend, explain which
piece to put where and how much to rotate it. (There can be 1 person if there are not

enough students.)
* 1 person writes the flow chart of this description process.

After the students are divided into groups, the members to whom the figure will be
shown are presented with the following image and given 1 minute, and then they are

sent to their friends to examine the figure.

4

Friends will be given 10 minutes to describe this figure and to prepare the flowchart

of the group.

The teacher supports the groups during this time. When all groups have filled their
time, the class gathers and each group shows their flowchart to the teacher, the

teacher controls each flowchart by applying it himself.

At the end of the activity, it is emphasized that different flow charts can be created
for a simple geometric shape. In more complex forms, it is mentioned that these flow

charts will also develop and become more complex.
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Variables

The poem entry from the “Variables in the Envelope™ activity given in the guidebook

is used.
The following poem is read with the names of a few people from the class:
Matt opened his eyes.

The sun has escaped your heart

Furkan opened his eyes.
The sun has escaped your heart

Note that it would take too long to do this for the whole class. The following sample

triangles are then shown.

A A

Matematik Delisi D A D D
5 5 3 3 8 8 Matematik Delis 5
X I 5 4 3 7
E F atematik Delisi
3 c E F

B 5| C B 4 6 6

Side lengths are written to denote each triangle (5-5-5 triangle; 3-3-3 triangle, etc.).

Students are given the following explanation:

“Trying to describe all the triangles that come up in this way is as difficult as trying
to write the same poem with the names of everyone in the class. So maybe an easier

way can be found by paying attention to what has changed in the examples given.”

The teacher circles the names in the poems and writes “name”. He says that if any
other name is written on the place where the name is written, there will be no

problem in the poem. Makes a few tries.

"Would our poem still be correct if we wrote 'age’ instead of name?" After he asks,
the age of a few students is asked and written instead in the poem. It is shown that it
is not a correct placeholder.

The https://learningapps.org/display?v=pxtrm2hqt20 link opens and the screen is
shared, the students match the variables with the correct placeholders together with

the teacher.
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Triangle images are opened again, and it is discussed whether a "placeholder" can be
given for these triangles as well. Students are expected to come up with the idea that
these triangles can be classified according to their sides. They are guided by asking
questions to reach the names of "scalene, equilateral, isosceles™ by asking what the

differences and similarities of the sides of the triangle are from each other.

Week 3

Objectives:
5.5.1.2. Solves a given problem using appropriate steps.

5.5.1.5. Analyzes a given problem.

5.5.2.2. Recognizes the interface and features of the block-based programming tool.

The Cups

The activity titled "I'm Writing a Story - I'm Starting Programming" in the
Information Technologies and Software guide will be held with students. Some
changes have been made for distance education. The address:
https://bilgebt.com/2021/04/23/d2-11-hafta-5-sinif-hikaye-yazyim/

Students are divided into groups of 4-5, one opens the given link and shares the
screen, one writes down the steps to be done in his notebook, while the others tell the
steps to be taken. Below are screenshots on the bilgeBT activity. The first activity is
done by the teacher, it is written step by step and the students are shown what the

expectation from the activity is.

= =
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After the students have prepared all the glass arrangements, the class gathers, the

teacher listens to the sequence steps from each group as long as time allows and
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gives examples of the correct demonstrations by sharing his own screen. (6p for
correct positioning of glasses, 4p for writing algorithms)

Create a polygon

Students form groups of 2. They are expected to perform the activity, a screenshot of
which is given below, at the address
https://ders.eba.gov.tr/ders//redirectContent.jsp?resourceld=f06538f5249552¢c452d23
9bb1b77f3a5&resourceType=1&resourcel.ocation=2 on EBA.

R Konrtrdan b vk i ditirie oS
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In this activity, one of the students in the group shares the screen and the other tells
them to draw a line segment passing through which point in each step so that they
can make the desired rectangle in the activity. The fact that there is more than one
alternative in a rectangle, parallelogram and trapezoid will guide the students that the
right solution is not the only one.

Below is a sequence that will be shown to the students as an example before the

activity.
* Line segment passing through the upper point and the point to the right of 4 br
* Line segment passing through the lower point and the point to the right of 4 br

* A line segment connecting the points created in the first two steps is drawn.

i

After the above example is shown to the students, the groups are divided and they try
to make the desired quadrilaterals. The teacher supports the groups by visiting them
throughout the lesson.
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Week 4

Objectives:

5.5.2.1. Explains the basic concepts of programming.
5.5.2.2. Recognizes the interface and features of the block-based programming tool.

5.5.2.3. It creates the right algorithm to achieve the goals presented in the block-

based programming environment.

5.5.2.7. Develops algorithms including decision structures.

Blockly intro (10 min)
The Blockly presentation in the Information Technologies and Software course

guidebook is made.

Blockly Puzzle (20 min)

The Puzzle page, which is the first activity on the Blockly page, opens, and the
following block introductions, which are also mentioned in the BTY guidebook, are
made. Students are familiar with block-based programs as they have worked on
Code.org before. It is mentioned that the blocks will be moved in line with the
instructions shown on this page, and a cat example is made and shown to the

students.

Then, students go to https://blockly.games/puzzle?lang=tr and solve the puzzles of

other animals individually.

In the last 5 minutes of the lesson, the whole class gathers, the teacher shows the

correct solutions on his screen, takes any questions and ends the lesson.

Bird is looking for food (30 min)
Since various quadrilaterals will be created using the turtle activity in the
mathematics lesson, the first 3 stages of the "Bird" activity will be done in order to

better understand the angles over blockly.
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As seen in the image below, the teacher asks the students how many degrees of
rotation should be made for a tour in order to remember the angles on this clock.
Thus it is mentioned in full view; Then, by asking the concepts of right angle, right

angle, acute angle and wide angle one by one, and then on the clock.

bashgr

Then the link https://blockly.games/bird?lang=tr is shared with the students and they
are given a maximum of 5 minutes to complete the first stage. After 5 minutes, the
class gathers and the teacher opens the correct answer by sharing his/her own screen.
(ICT: 4p)

Then the teacher shows the students the following image and asks the following

question:

The bird below is very hungry and wants to eat the 4 worms around it in as few steps
as possible. What route should it follow for this? Can you write the step-by-step
route with the rotation angles? (math:10p/ 2.5p for each correct angle, ICT:4p/ 2p
for writing each step correctly and 2p for requiring the minimum step
condition)

Students divide into groups of 2-3 and try to create the route. Meanwhile, the teacher
circulates the groups and helps when support is needed. After a maximum of 10
minutes, the class convenes. The routes found by the groups are listened to one by
one. Different routes will be drawn, these routes are also shown on the visual by the

teacher and written step by step.
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Then, https://blockly.games/bird?lang=tr, the teacher introduces the second stage by
screen sharing, the "if" structure is explained and how it works is shown. The link is
sent to the students again, and they are asked to complete the second and third stages
individually. In the last few minutes of the lesson, the class gathers and the teacher

shows the answer of the third step and ends the lesson. (ICT:2p for the if condition)

Mathematics Lesson Plans
Week 1

Objectives: Names and creates polygons and recognizes their basic elements.

Which one is polygon? (20 min)
Students are presented with the following table of shapes with and without polygons.

It is discussed on the basis of which criteria the distinction is made here.

Note: In the ICT course, a lecture on the conditions of being a polygon must have

been done.

A X—L@
LB ——
N o |l Ca

Then, the link https://learningapps.org/19446323 is opened (there is a screenshot

from the link below).

Students are divided into groups of 3-4 people, one person is provided to share the
screen and they are expected to do this drag and drop activity as a group.
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Tangram Algorithm (30 min)
Tangram pieces are introduced, it is shown that these pieces combine to form a
square. It is mentioned that different geometric shapes can be created using some

parts. For example, quadrilaterals are created by positioning two triangles differently.

The following figures are then shown and show how they were created at
https://en.mathigon.org/tangram. At this stage, the names of the polygons are not

said.

A
A

Then, by sharing the link https://tr.mathigon.org/tangram, the students are asked to

combine the tangram pieces as shown in the example and make at least 2 different
shapes. Groups of 2-3 people are formed, one person from the group shares their
screen and works with their friends. Ask each group to take screenshots of the shapes

they made.

After the groups make their shapes, the class gathers, each group is asked what
shapes they made, and the students show their shapes. After looking at the shapes of

several groups, the teacher poses the following question:

“Don't you think it'll take us a long time to look at them one by one? It might be
easier if we say the names of these shapes instead of showing them, what do you
think?"

Thus, it is decided to give names to the shapes made and it is mentioned that they can
be named according to the number of sides. The teacher opens the images in Picture3
and names the polygons by adding "-gen" to the end of the number of sides. It
enables students to apply the same naming strategy. (math (10p) creating a polygon
5p; naming the formed polygon by adding gene suffix to the end of the number

of vertices 5p)
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The Mystery of Diagonals - Part 1 (20 min)
The following polygon images are shown to students. If these polygons are cut from
the black line segments, the students are asked how many sides the new polygons can

have.

After determining the number of sides, as shown in the example, together with the
students, they are asked whether the number of sides in the newly formed shape
relationship has with where we cut from the shape, and the students are asked to

discuss this as a group by dividing them into groups of 4.

When the groups are reconvened, the comments are listened to, and answers are
expected from the students that cutting the corners causes less number of edges than
the others. If they could not reach this conclusion, additional questions can be asked
to reach them by showing a few more examples. (“Do you think there are twice as
many sides each time we cut the shape in half?” “Some of them originally had 4

sides, but when you cut it, it had less than twice as many sides, why do you think?”’)

When it is noticed that when it is cut from corner to corner, it is noticed that there are
always fewer edges than the cutting parts, and "This cutting line segment has a
special name, what do you think it might be called?" they are expected to reach the

diagonal name by saying. As an aid, it is reminded that the suffix "-gen" is popular in

polygons.

The mystery of diagonals (60 min)

The course is taught in line with the following problems.

After the question 1 is presented to the students, an example is made on the page

used to draw a polygon using the link provided. Students individually draw their
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shapes. A few students are expected to show the hexagons they have drawn by

sharing the screen.

For the first two lines of the table in Question 2, the teacher draws the polygons on
the web page and indicates the diagonals, and the table is filled by the class. Students
are divided into groups of 4-5 to fill in the other rows. After completing the rows in
the table, the class gathers and the teacher shares a full table. If students need time to
discuss the relationship between the numbers of sides and diagonals, they divide into

groups again.

After specifying the relationship between the numbers of diagonals and sides,
students are given time for Question 3. At the end of the lesson, it is discussed what a
diagonal means and how to find the number of diagonals in a polygon.

Questions:

1. 5th grade student Asli drew a hexagon (a polygon with 6 sides) in her notebook
and determined all the diagonals in this polygon. How many diagonals did Asli

draw? Show by drawing a figure.
You can draw using https://www.geogebra.org/m/j8etmmwh here. (3p)

2. Her teacher tells Asli that no matter which polygon she draws, she can know the
amount of diagonals. In order to understand how she did this, Asli drew heptagons
and octagons and determined the diagonals of these shapes. He drew a table to see if
there is a relationship between the number of sides and the diagonals of the figures.

Help him search for the relationship by filling in the table below.

Number of Edges Number of Diagonals

6

7

8

Did you find a relationship between the numbers of sides and diagonals? Please

explain. (4p)
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3. Asli's classmate Burak says that she drew a shape and that the number of diagonals
of this shape is 5, but Asli claims that this is impossible. Do you think Asli could be
right? Why? (3p)

Mathematical Reflections (10 min)

There are 2 questions at https://forms.gle/wN1LKwKRyk5zEYeA9 to reflect on
what they learned this week. In the last lesson of the week, they are expected to fill
out this form. When all students send their answers, the questions are answered

briefly and the lesson ends.

Week 2

Objectives:
M.5.2.2.2. Creates triangles according to their angles and sides, classifies the

different triangles created according to their side and angle properties.

Angles in Hour (30 min)

During this event, https://cutt.ly/ovCd4IW and
https://www.geogebra.org/m/dfwwz8cu addresses will be used. Students are
presented with the following problem. Then, the first internet address is shared, and
the students are divided into groups of 3-4 and they are expected to answer the

question.

Asli asks her friend Burak a riddle: The hour and minute hands make a 90 degree
angle and the minute hand is over the number 3. But if the hour hand is not above 12,

what time is it?
Since Burak got the correct answer, what time did he say it was? (math: 5p)

The answers from the students are checked and the concept of 90 degrees, that is,
right angles, is reminded. In order to repeat the wide and narrow angles, the

following question is shared with the students.
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Seeing that Burak quickly gets the right answer, Asli prepares the table below, which

contains part of a weekend plan, to complicate things a little more.

Time Activity
9.30 Breakfast
11.00 Homework
12.15 Cartoon
13.15 Reading Book
14.35 Meet with friends

He shows this table to Burak and asks which activities have narrow angle and which

wide angle. Can you help Burak? (math: 5p)

By dividing the students into groups, one of them is allowed to share the screen and
open the Geogebra page. Others tell the clocks on the table and together they are
asked to solve the riddle by drawing on the clock in the link. After the students
classify the clocks in the table according to their angles, the class gathers and the
teacher draws each clock on his screen and indicates the angles formed between the

hour and minute hands.

Pitching the tent (30 min)

The following problem is presented to the students, the aim is for them to realize that
the shapes on the edge of the tent are isosceles triangles. If there are students who
have difficulty in understanding that the sides of the tent are triangles and the base is
square in the first part of the problem, first of all, the pyramid example at
https://www.geogebra.org/m/vjrh69jv is shown and attention is drawn to the shape of

the sides and base.

Asli and her friends, who are going camping at the weekend, have to set up the

camping tent. They have sticks of the length and quantity given below.
* 4 pieces of 1 meter
* 4 pieces of 2 meters

They make a base using 4 1 meter sticks, leaving 2 meter sticks. With these sticks,

they make the sides of the tent as follows. Can you draw the shapes at the base and
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around the tent showing their lengths? (math 5p; square base & triangle lateral
inside 3p; 2p for correct length indications)

Students are given time to answer this question, everyone draws in their notebooks,
and after the students finish their drawings, they show it to the teacher. After the
students' demonstration, the teacher draws the triangles forming the sides of the tent
on the screen and emphasizes that the two sides are equal. He then poses the

following question to the students and repeats the procedure in Part 1.

When they realized that the tent they had built was too high, they decided to move
the sticks. They made the base with 2-meter sticks and the perimeter with 1-meter
sticks. Can you draw the shapes around the base and around the new tent, specifying
their lengths? (math 5p)

Again, after drawing attention to the equality of the two sides, he says that such
triangles are called isosceles triangles. After showing by drawing on the screen what
kind of triangle would appear if the square forming the base had bars of equal length
with the bars forming the sides, he said that such triangles are also called "equilateral
triangles”. Then he said, "What if all of its sides were of equal length, then what
would we call it?" He asks and collects the answers, and by making use of the

answers given, he introduces the scalene triangle.

Designing a slide (60 min)

Asli and her friends see that a big slide has been set up at the campsite they went to
on the weekend. They immediately go and begin to examine how big a slide it is.
The slide looks like the following at first. The dimensions of this slide, which has a
height of 5 meters, are also shown.

Asli and her friends decide to make a drawing to show the workers how a slide can
be safer. To do this, they use the application at the link
https://www.geogebra.org/m/swserdsm#material/k2kw4utt. (ICT: 10p/ Defining the

problem 3p(slide too steep), finding the necessary pattern for the slide with less
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slope in different triangles using the link 5p, evaluating the solution and
showing that the angle between the slide and the ground needs to be narrowed

2p)

The teacher introduces the application at the given address, reminds that the length of
the slide should be 6 meters, and the change of the others is shown by keeping it
constant. Then, the address above is shared with the students, and each student
individually designs their own slide. After the required time is given, the class
gathers and several students are asked to show their slides sketches that they have
designed until all 6 types of triangles are found according to their sides and angles.

Thus, they will see different examples from each other.

equilateral, isosceles and scalene; After categorizing the right-angled, acute-angled
and obtuse-angle triangle nomenclature with the examples of the students, the
triangle matching activity at https://learningapps.org/19524363 is done, so the
concepts will be reinforced. Students work in groups of 2-3 people, a person who
opens the address shares a screen, if the other person in the group does not
understand the lesson, the other person in the group makes a statement. (math: 10p/
3p for using the online tool, 3p for finding 3 types of triangles which were

classified in terms of the angles, 4p for naming 6 types of triangles correctly)

Mathematical Reflections (30 min) Triangle chart

The first part of the question below is shown to the students and asked to write in
their notebooks. After all students draw the table in their notebooks, approximately
10 minutes are given and each student is asked to fill in the table individually during
this time. At the end of the period, students are divided into groups of 3-4 and asked
to discuss if there are any empty spaces in their tables. Meanwhile, the teacher sends
the second part of the problem to the groups and continues to visit the groups,
leading the discussion. After the groups have discussed among themselves, the class
gathers. The teacher emphasizes that equilateral-right-angled and equilateral-obtuse
triangles cannot be drawn because the angles must be congruent in order for them to

be equilateral.

a. Draw appropriate triangles in the empty spaces in the table below. (7p)
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Equilateral isosceles triangle scalene triangle
triangle

right triangle

Acute triangle

obtuse
triangle

b. Two places in the table cannot be filled, which two could you not draw a

suitable triangle? Explain why.

The Quadrilateral Family

We know that there are many quadrilaterals, and we call them square, rectangle,
parallelogram. But where do these nomenclatures come from? According to what
characteristics are these names given? Use the link
https://www.geogebra.org/m/sWU3h2Jb to determine the common and distinct

properties of the quadrilaterals. (2 points)

Please mark the appropriate places in the table below by using the following link
https://forms.gle/hhQDQ97FNMNCTU7s9. (5 points)

One pair Two pairs | All sides One pair of | Two pairs

of sides is | of sides are equal | sides is of sides are
equal are equal parallel parallel
Square
Rectangle
Parallelogram
Rhombus
Trapezoid

Show the quadrilateral family tree in the link below according to the table above. (3

points)

https://padlet.com/dilekturan44/grjqrtx5zo9seyr8
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Sitting Arrangement (30 min)

Changes in our lives are briefly mentioned during the pandemic period, and students
are asked how we make changes when we are at school. After drawing attention to
the seating arrangement in the classroom, the following problem is presented to the

students. They are expected to answer the question individually.

4 students who need to sit at a certain distance due to the pandemic and the math
teacher who helps them in group work with these students need a seating
arrangement. For this, the following scheme came to mind. The teacher thinks of a
seating arrangement like the one below, in this rhombus-shaped arrangement, the

students sit at an equal distance from each other.

However, when sitting in this order, the distances of the students to the teacher
sitting in the middle are not equal. The teacher wants to sit at an equal distance from
all 4 students and that no student can come directly to him without passing by
another student. Which quadrangle is similar to the seating arrangement in which

students can sit at equal distances from both the teacher and each other?

After waiting for a while to get the answers from the students, the address
https://www.geogebra.org/m/sWU3h2Jb is opened and the rectangle, that is, the
square, where the sides are equal and the diagonals are equal, is found and said as the

correct answer to the question.

After a while, the teacher asks the students to work in pairs. 2 people in the same
group will sit closer together than the other couple. How should the teacher, who

wants to sit between the four again, arrange this time?

If students have difficulty with this question, the link above is shared and they are
expected to reach the result by changing the side lengths here. After the answers for
the question are collected, the teacher shows the students at the end of the lesson the
quadrilaterals with equal side lengths and/or equal diagonal lengths via the given

Geogebra address.
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Code.org Quadrilateral Design (30 min)
Scoring: Math (out of 10p) = creating square 5p; creating rectangle 5p. ICT (out
of 10p) = writing the algorithm correctly 5p; using the block-based program 5p)

The course at https://studio.code.org/s/artist/lessons/1/levels/1 will be used for the
activity. Students get to know the page because they did various activities on the
code.org web page in the previous ICT course. If the page is to be used for the first
time, the teacher first introduces the block-based coding page. The following activity

sheet is sent to students, students work individually

Talimatlar

Sanatciya hos geldiniz! ilk olarak, saga dén ve ilerl
@ piksel olmal

ileriye v REST 100 v 4 { |

kadar [EERERD don ERKD derece

kadar [EEEED don ERED derece

Students complete the square and rhombus in the first and second stages, while the
teacher supports the students who need help. When all students complete this task,
the teacher shares her screen and demonstrates these two steps in terms of side
lengths and angles. Finally, the teacher shows the students that if the blocks did not

exist, the algorithm for creating a square could be written as follows.

e start
e Forward 100 pixels
e Turn right 90 degrees
e Forward 100 pixels
e Turn right 90 degrees
e Forward 100 pixels
e Turn right 90 degrees
e Go forward 100 pixels
e Finish it
Then, the students are divided into groups of 2 and asked to create a rectangle what

kind of algorithm they would need if we did not have a block-based application.
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Mathematical Reflection

For the 3-question end-of-topic evaluation and reflection part, the students are
sent the link https://forms.gle/TdAvpQouncw6oHus8. After the students answer
the questions, the teacher answers the questions by sharing their screen. The end-

of-topic evaluation in the textbook is solved together.

Week 4

Objectives:
M.5.2.2.4. Determines the sum of the measures of the interior angles of triangles

and quadrilaterals and finds the missing angle.

Triple Triangles (30 min)

Before the lesson, students are asked to bring 3 pieces of paper and 1 scissors
with them. In the lesson, together with the teacher, all students put three pieces of
paper on top of each other and cut triangles. The size of the cut triangle is not
important, but they must be equal to each other. The angles of the cut triangles

are painted with 3 different colors as follows.

The teacher connects his triangles as follows, with three different angles (three
colors) in the triangles side by side. While doing this, the third triangle is placed
between the two triangles by inverting them. Students are asked to combine in

the same way.

Afterwards, students are divided into groups of 3 and asked to answer the

following two questions.
1. What is the sum of the blue, red and green angles in degrees? (math:3p)
2. What is the sum of the interior angles of one of the triangles in your hand, in

degrees? (math:3p)
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Students are given 5-6 minutes to answer these two questions. At the end of the
time, the students are gathered, and their answers are discussed. And students are
made to realize that the sum of the interior angles of the triangle is 180. After
these explanations, students divide into groups again and solve the question in the

textbook. The teacher supports the groups by visiting them. (math:4p)
Triangle to Quadrilateral (30 min)

Students draw a rectangle in their notebooks. The teacher also draws various
rectangles as follows by sharing the screen. He then asks the students the
following question and divides the students into groups of 4, giving them at least

5 minutes to have a small group discussion.

[ ]S AN

“We learned that the sum of the interior angles of triangles is 180. What is the

sum of the interior angles of the quadrilaterals? You can find the answer before |

say it, try to reach the result using the knowledge about triangles.”

After sufficient time is given, the groups meet. The previously drawn
quadrilaterals are opened and a diagonal is drawn as below. It is shown that two
triangles are formed, and it is reminded that the sum of the interior angles of the
triangles is 180 degrees, and it is explained that 180 + 180 = 360 degrees because
there are two triangles. In this case, it is tried to adopt the knowledge that the sum

of the interior angles of any quadrilateral is 360 degrees.

Students are asked to draw 2 different quadrilaterals, show their diagonals, form

triangles and show their angles.
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The Wooden Frame (60 min)
The following framing problem is presented to the students.

When Asli, Burak and their classmates start doing face-to-face lessons again,
they decide to prepare a photo frame like the one below to hang in their

classrooms.

The students who find enough wood material with a total circumference of 3
meters decide that the frame should be rectangular. But they can't decide which

quadrilateral it will be.

After the problem is presented to the students, the following questions are asked
in order. Questions B, ¢, d and e are done in groups of 2-3 people. One of the
students shares his screen and it is ensured that they reach a solution together. In
this process, the teacher constantly supports the groups by walking around. After
giving them enough time to solve each question, the students gather and the
teacher shares his screen, shows a few examples and asks the next question.

Help Asli and her friends create the framework by answering the questions

below.
a. What shapes can they use? (math:2p)

b. Burak thinks it will be easy to create a square, do you think? Can you create a
square using the link https://blockly.games/turtle?lang=tr&level=1? (math:2p,
ICT: 3p/1p for loop, 2p for the correct coding)

c. While creating a square, Asli does not want to make all the sides equal, but
wants to create a rectangle. Create a rectangle using the link
https://blockly.games/turtle?lang=tr&level=1. (2p, ICT: 3p/1p for loop, 2p for

the correct coding)

D. Asli and Burak's classmates decide to make a parallelogram and start as

follows.

Kaplumbaga
Renk
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You decide how many degrees it should rotate in the next step and help the
classmates create parallelograms by continuing their drawings at the link
https://blockly.games/turtle?lang=tr&level=10. (math:2p, ICT:4p/ 2p for loop,

2p for the correct coding)

After all the questions are answered, the students gather and it is emphasized that
the sum of the interior angles of the quadrilaterals must always be 360 degrees.
After this explanation, students divide into groups again and solve the question in

the textbook. The teacher supports the groups by visiting them. (math:2p)
Mathematical Reflections (30 min)

The address https://forms.gle/RZpldpVadjsPr8p67 is shared with students. A
minimum of 5 minutes is given. After the students answer the questions here, the

teacher solves the textbook unit evaluation questions together with the students.

Week 5
Objectives:
M.5.2.3.1. Recognizes the units of length measurement; Converts meter-
kilometer, meter-decimeter-centimeter-millimeter units and solves related

problems.

M.5.2.3.2. Calculates the perimeters of triangles and quadrilaterals, creates

different shapes with a given perimeter.

Length unit conversion (30 minutes)

(The images in this lesson are taken from the mathematics textbook.)

The teacher tells the students at the beginning of the lesson that length
measurement units will be mentioned and conversions between units will be
made in this lesson. The students are asked what the units of length measurement
they know are. It makes use of the following sample questions that can be asked

to students:

» What do you use to measure your height?
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* What units are used to describe your height?
» What about when using the side lengths of your notebook?

* Do you think it makes sense to use centimeters when telling the distance

between Aksaray and Ankara?

These questions can be increased according to the participation of the students.
Then, it is stated that we use different units for different lengths, and apart from
the units mentioned, other length measurement units that are newly learned and
that we do not use frequently in daily life are mentioned and the unit table is

presented to the students and they are expected to be written in the notebook.

Students watching the Transformers cartoon series are reminded of the
transformation that took place there, the cars were turning into robots without any
reduction or additional parts. The same will now happen between units of length
measurement. We will make conversions between dimensions, their values will

not change, but their images will change.

The students are reminded that 1 meter is 100 cm and asked how many
millimeters are in 1 centimeter, reminding everyone to look at their rulers and
reminding that the small lines in each centimeter are mm, the question of how
many mm is repeated. When the students reach the equation “1 cm=10 mm”, the
following image is shared with the students and the relationship between the
units of length measurement based on division and multiplication by 10 is

mentioned.

km Her basamak
icin 10 ile
bélinr

Her basamak
icin 10 ile
garpilir

mm
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After the teacher explains and answers a few of the questions below, he waits for
the students to do the rest, divides the students into groups of 2-3 and allows
them to do group work. Each student writes these questions in his notebook, then
when the groups gather, each group is given the right to speak and the questions

are answered correctly.

Questions:
7 km = m 0,012dm = mm
14 m = cm 310 mm = m
700 mm = em 1071m = km
3600 cm = m 9cm = m
530cm = mm 4300 dm = km
075m = cm 120m = km
123km = m 8000 dm = km

Distances in the maze (30 minutes)
Reminding that it was used in the IT course on the Blockly website, the
screenshots taken from the blockly puzzle | got lost in the labyrinth were edited

and used in this activity.

The following problem is presented to the students by screen sharing and guided

by the teacher, the students are expected to do it individually.

As you may remember from the Information Technologies and Software course,
there was the puzzle "Lost in the Labyrinth™ on the Blockly block-based coding
page. Can you figure out how long the man in this maze has to walk to reach the

goal shown below? (2p)

20'-\

15~

<A ? pom

&

20 m

Students are then divided into groups of 2-3 and asked to solve the following

questions in order. After the questions are solved, the groups send their solutions
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to the teacher, the class gathers, and the teacher finds the solutions together with
the students.

* Yes, as you found, the whole road makes a total of 100 meters. Can you
determine the representations of this distance in different units by making the
following transformations? (5p)

0 100 meters = ......... dm
0 100 meters = ......... cm
0 100 meters = ......... mm
0 100 meters = ......... dam
0 100 meters = ......... hm

* The man in the labyrinth has a daily goal of 1 km for a healthy life. After

walking the distance in this maze, how many more meters will he reach his goal?
(3p)

* Let's get together in pairs, and one person from the group should write the
algorithm until the roof in his labyrinth reaches the result, and the other person
should convert this length between units. (ICT: 10p)

The Wooden Frame (30 minutes)
Referring to the wood frame problem of the previous week, the following

problem is presented.

As you remember, last week, students wanted to create a frame for their
classrooms with 3 meters of wood. Do you remember what shapes they were

trying to make? Can you list what they've tried?

Students are expected to give answers of parallelogram, square, rectangle. The
following explanation is then made. Students are expected to draw their triangles

individually in their notebooks.

Yes, they tried to make these quadrilaterals, but if they tried to make triangles,
they could form different triangles, right? In the examples below, | have drawn

triangles with a perimeter of 3 meters.
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50 cm

2 metre

100 cm

1 metre

As you can see, we can draw different triangles with the same perimeter. Can you

draw a triangle with a perimeter of 3 meters like me? (4p)

After the students draw triangles in their notebooks, the teacher asks a few
students from the class to show/say/draw the triangle they have drawn on the
screen. Then he asks the following question, students form groups of 2-3 to solve

the question.

The students, who think that it will not look very nice to make a triangular board,
decide to make a quadrilateral again. But this time, they also try quadrilaterals
that they haven't tried before, such as rhombus and trapezoid. Can you draw all
these quadrilaterals with a perimeter of 3 meters? Try to use different side lengths
than what you've drawn before. (6p; 4p for correct perimeter and 2p for using

different units)

By sharing the screen within the group, the students take a screenshot of the
rectangles they drew and the side lengths they determined and send them to their
teachers. In the last 5 minutes of the lesson, the class is assembled, and a few
examples are looked at together. The teacher emphasizes that different shapes

can be drawn with the same perimeter and ends the lesson.

Race in the schoolyard (30 minutes)

The following question is presented to the students in order. After the students
solve the first two parts of the question (items a and b) together with the teacher,
they are divided into groups of 2 and are expected to do the rest of the questions.
After all questions have been answered (about 15 minutes), the class is

reconvened, and the answers are checked together.

When the schools opened, Asli entered a competition with her classmates,

competed with her friends to see who could run the farther distance in 20
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minutes, and started running in the square school garden. At the end of the race,
Asli and her friends saw that they ran the amount indicated in the table below.

(10p; 2p for each question)

Asli 2 rounds
Burak 1,5 rounds
Mehmet 2 rounds
Doruk 2,5 rounds
Ada 3 rounds
Nur 1 round

a) Who came first?

b) If the perimeter of the school garden is 200 meters, how many meters did the

first person run?
¢) How many meters did the last person run?
d) How many meters long is one side of the garden?

e) After the race was held, they told one of their classmates, Metin, who went to
another city due to the pandemic, about the race on the phone, and Metin said, "I
wish | was at school and raced with you." said. Then, if he records how many

meters, he has run in 20 minutes, the class suggests that he can join our ranking.

If Metin ran 550 meters in 20 minutes, what rank would he be in the class?

Mathematical Reflection (30 minutes)
https://forms.gle/8eto8u32GPf3cByC7 link is sent to students, approximately 10

minutes are given.

The first two questions of the end-of-the-top exercise, which consists of 6
questions on pages 240-241 of the mathematics textbook, are solved by sharing
the screen by the teacher, the other four are expected to be solved by the students

in groups of 2 and sent to the teacher.
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APPENDIX R

CONSENT FORM

Arastirmay destekleyen kurum: Bogazici Universitesi

Arastirmanin adi: Ortaokulda “6grenme yay1” modeliyle Matematik ve BT
kazanimlarin1 biitiinlestirmenin problem ¢6zmeye ve epistemolojik bakisa etkisi

Proje Yiiriitiiciisii: Giinizi Kartal
E-mail adresi:

Telefonu:

Arastirmacinin adi: Dilek Turan
Adresi:

E-mail adresi:

Telefonu:

Degerli Veli ve Ogrenciler,

Egitim Teknolojisi yliksek lisans 6grencisi olarak matematik ve bilisim
teknolojileri derslerinde islenen konular ve problem ¢dzme basarisi lizerine bilimsel
bir arastirma projesi ylriitiyorum. 5. ve 6. sinif 6grencilerini bu ¢alismaya katilmaya
davet ediyorum.

Proje konusu: Bu arastirma projesini konusu matematige bakis agisi, algoritmik
diistinme becerisi ve matematiksel problem ¢ézme becerisinin birbirleriyle olan
iligkisini anlamak ve 6grencilerin bu becerilerini artirmaktir.

Onam:

Arastirmaya katilmay1 kabul ettiginiz takdirde sizden kisa bir bilgi anketi ve
Matematige bakis acinizla ilgili bir anket doldurmanizi isteyecegim. Ayrica sinifta
yaptigimiz tiirden problem ¢dzme sorularini cevaplamanizi isteyecegim. Bu dlgekler
toplam 30-40 dakikanizi alacaktir ve ayn1 6lgekler iinite sonunda tekrarlanacaktir.

Matematige bakis a¢inizi anlamak icin verilecek olan anketi “Kesinlikle
Katiliyorum (5), Katiliyorum (4), Kararsizim (3), Katilmiyorum (2) ve Kesinlikle
Katilmiyorum (1)” segeneklerinden birini igaretleyerek cevaplayacaksiniz. Problem
¢ozme sorularinda ise ¢oziimi bulup dogru sikk: isaretlemeniz ya da yonergeye
uygun sekilde ¢ozlimlerinizi yazmaniz gerekiyor.
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Bu aragtirma bilimsel amacla yapilmakta ve size herhangi bir risk getirmesi
beklenmemektedir. Katilimei bilgilerinin gizliligi esas tutulmaktadir. Anket, form ya
da siavlardaki isminiz ya da herhangi bir kisisel bilginiz benim haricimde kimse
tarafindan goriilmeyecektir. Calisma siiresince elde edilen veriler yiiksek lisans
tezimde kullanilacaktir. Ayni veriler daha sonra bilimsel makale veya sunumlarda
kullanilabilir. Burada da isminiz gegmeyecektir.

Katilim tamamen istege baglidir. Arastirmaya katilmadiginiz takdirde ders
notunuz olumsuz etkilenmeyecektir. Calismanin herhangi bir asamasinda herhangi
bir sebep gostermeden ¢alismadan ¢ekilebilirsiniz. Cekildiginiz takdirde ders
notunuza olumsuz bir etkisi kesinlikle olmayacaktir. Eger ¢alismadan cekilirseniz, o
ana kadar toplanan verileriniz kullanilmayacaktir.

Arastirma projesi hakkinda ek bilgi almak isterseniz benimle ya da tez
danmigmanim Bogazici Universitesi Bilgisayar ve Ogretim Teknolojileri Boliimii Ogr.
Uyesi Dr. Giinizi Kartal ile temasa gegmekten gekinmeyiniz (e-posta:

. Ayrica arastirma ¢alismast ile ilgili haklariniz
konusunda Bogazi¢i Universitesi Sosyal ve Beseri Bilimler Yiiksek Lisans ve
Doktora Tezleri Etik Inceleme Komisyonu ile goriisebilirsiniz (e-posté

)

Yukaridaki agiklamalari okudum ve anladim. Calismaya katilmay1 kabul ediyorum.
Katilimer Adi-Soyadi: ...
IMZast: ...

Tarih (giin/ay/y1l): ......... T i,

VELISININ Ad1=S0YadI: ..cvviviviiiciicieiccses e
IMZASI: oo

Tarih (gilin/ay/y1l): ......... Joveeeerennn oo

Arastirmacinin Adi- SOYAdL: ....c.oooiiiiiiiiiieiie e
IMZASI: oottt ettt

Tarih (glin/ay/yil): ...... A /i,
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