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Abstract: This study aims to present a conceptual framework on the design of activities to improve comprehension and evaluate
the impact of activities developed on students' mathematical understanding. The design of the study is a case study. While the
situation examined in the study is mathematical activities, the unit of analysis is the structure of the activities within the scope of
achieving understanding and the functionality of these activities. In the study, the easily accessible sampling method, one of the
purposeful sampling methods, was used to determine the participants, and the study was conducted with 21 8th-grade students.
The obtained data were analyzed descriptively according to the students' correct use of algorithms, production of multiple
solutions, logical inference and discovery, connection with daily life, use of multiple representations, establishment of relations
between concepts, and their ability to recognize the need felt in history for a concept and the production of solutions for it. The
study findings show that the designed activities provide students with the opportunity to engage in a series of meaningful
mathematical thoughts. As a result, it is thought that the activities developed within the framework presented in the current study
will enable mathematics to be learned with understanding.

Keywords: Activity design, mathematical understanding, mathematical understanding activities, understanding.

Ozet: Bu calismada matematiksel anlamayi gelistirmeye yonelik etkinliklerin tasarimi tizerine kavramsal bir yapi sunulmasi ve bu
baglamda gelistirilen etkinliklerin 6grencilerdeki anlama tizerine etkisinin degerlendirmesi amaglanmistir. Calismanin deseni durum
¢alismasi olarak nitelendirilmektedir ve ¢alismada incelenen durum matematiksel etkinlikler iken analiz birimi anlamayi
gerceklestirme ve gelistirme kapsamindaki etkinliklerin yapisi ile bu etkinliklerin islerlikleridir. Calismada katilimcilarin belirlenmesi
icin amach ornekleme yontemlerinden kolay ulasilabilir rnekleme yéntemi kullaniimistir ve ¢alisma 21 tane 8. sinif 6grencisi ile
yuratilmastir. Elde edilen veriler 6grencilerin algoritmalari dogru bir bicimde kullanmalari, ¢oklu ¢6ziim yollari Gretmeleri,
mantiksal ¢ikarimlarda ve kesifte bulunmalari, glinlik yasamla iliski kurmalari, ¢oklu temsillerden yararlanmalari, kavramlar arasinda
iliski kurulmalari ve bir kavrama iliskin tarihte duyulan ihtiyaci fark edebilmeleri ve ona dair ¢éziim tretebilmeleri durumlarina goére
betimsel olarak analiz edilmistir. Calisma bulgulari tasarlanan etkinliklerin 6grenciler igin bir dizi anlamh matematiksel dslinceyle
mesgul olmalari igin firsat verdigini gdstermektedir. Sonug olarak simdiki calismada sunulan g¢ergevede gelistirilen etkinliklerin
matematigin anlasilarak 6grenilmesine olanak saglamada 6nemli bir adim olacagi diisiinilmektedir.

Anahtar Kelimeler: Anlama, etkinlik tasarlama, matematiksel anlama, matematiksel anlama etkinlikleri

1. Introduction

Encouraging students to learn mathematics by understanding is one of the core aims of mathematics teaching, as this
equips them with knowledge that can be flexibly implemented in the real world (National Council of Teachers of
Mathematics [NCTM], 2000; Yao et al., 2021). Understanding involves knowing concepts and their interconnections with
other concepts (Krathwohl, 2002). Therefore, understanding is an important factor in learning mathematics (NCTM,
2000), which is based on building new knowledge by utilizing prior knowledge and experiences and transferring them
to new and different situations (Ministry of National Education [MoNE], 2018). To support the development of
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understanding among students, the learning process should be enriched with active learning methods (Yatim et al.,
2022). This can be achieved through activities that enable students to construct their own mathematical understanding

(Lai et al., 2019). (Lai et al., 2019).

Activities are considered as a multidimensional structure that enables students to build their personal knowledge in
maths lessons, is related to daily life, requires creativity, involves different ways of reaching solutions, and involves
processes such as the use of mathematical symbols and expressions, modelling, logical inference and the ability to
abstract (Suzuki & Harnisch, 1995). Therefore, activities increase students' understanding of mathematics by requiring
a high level of mathematical reasoning and thinking. However, as well as encouraging students to make higher-order
cognitive demands (Chapman, 2013), activities may also lead students to use formulas, procedures or algorithms in
forms that do not have a meaningful connection and to apply previously memorized facts (Stein et al., 2000). Therefore,
some basic principles should be considered in both the design and implementation of understanding-based
mathematical activities (Bingdlbali & Ozmantar, 2014). For this reason, the present study aims to present a conceptual
framework on the design of activities to improve comprehension and evaluate the impact of activities developed on
students' mathematical understanding. Thus, it is aimed to accelerate the researches in which mathematical
understanding will be realized through activities and to contribute to the related literature to improve students'

mathematical understanding.

1.1. Conceptual Framework

Mathematical Understanding

Mathematical understanding is the ability to make connections between mathematical concepts and facts, link newly
acquired information with prior knowledge, and integrate disparate parts of knowledge into a cohesive whole
(Sierpinska, 2013). Within the domain of mathematics education study, mathematical understanding is predominantly
considered in two distinct manners: procedural and conceptual understanding. Procedural understanding entails the
acquisition of a plan to solve a given problem (Kadijevich, 2018). Conceptual understanding is explanationed as the
knowledge of concepts and their interrelationships (Cai & Ding, 2017). These two forms of mathematical comprehension
are mutually reinforcing and equally indispensable for attaining mathematical expertise (NCTM, 2000). Besides,
mathematical understanding is also considered with different components related to conceptual and procedural
understanding. For instance, Usiskin (2012) scrutinized mathematical comprehension across five distinct dimensions:
algorithm, property-proof, use-application, representation-metaphor, and history-culture. The algorithm dimension
encompasses the utilization and discovery of algorithms, while the property-proof dimension entails an understanding
of the properties of concepts and the discerning the proofs of new findings. The use-application dimension encompasses
the application of a concept to mathematical models and the discovery of new models, while the representation-
metaphor dimension encompasses the representation of an idea, the analysis of said representations, and the discovery
of new representations. Lastly, the history-culture dimension explores the emergence and development of concepts
within the historical process, as well as their functionality within diverse cultures. In this context, in the study, a person
who fully understands a mathematical concept is expected to be able to demonstrate skills such as the ability to
represent mathematics in different ways, communicate mathematically, solve problems and reason (Garner, 2007),
develop connections and relationships between different aspects of mathematical knowledge, formulate and discuss

hypotheses and ideas about mathematics, and develop the same phenomenon from multiple mathematical
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perspectives (NCTM, 2000). This can be achieved by providing students with activities that require high levels of
mathematical thinking (Stylianides & Stylianides, 2008).

Principles of mathematical activity and design

A mathematical activity is described as a concept that enables students to generate knowledge and transfer this to new
situations, is associated with daily life, requires creativeness, involves different ways of reaching solutions, includes the
processes of using maths symbols, modelling and making logical conclusions (Powell et al., 2009). Therefore,
mathematical activities are expected to encourage students to do mathematics, construct meaning, understand, make
connections, think, and make decisions (Goos et al., 2013). Besides, they should have some properties such as modelling
real-world events, having multiple strategies, having different ways to reach a solution, showing that mathematics is a
whole, linking several concepts for a solution, and noticing the incompatibility between an instinctive solution and a
mathematical solution (Kieran et al., 2015). In this regard, Swan (2014) identified a framework of principles that should
be targeted when designing activities for mathematics lessons. In this framework, goal 1 is to develop procedural
fluency, goal 2 is to develop conceptual understanding, goal 3 is to improve the skill of solving non-routine problems
and extend this to solving real-world problems, and goal 4 is to involve students in working on the mathematical
products created. The Turkish mathematics curriculum states that when structuring activities, it is necessary to consider
the properties that will develop mathematical thinking processes such as “appropriate to the level of the students,
based on problem solving and modelling, associating mathematical knowledge with different disciplines, focusing on
the historical development of mathematical concepts, providing students with formal mathematical knowledge through
real- life problems, making assumptions and generalizations, using multiple representations, allowing students to
transfer their knowledge to new situations and making synthesis” (MoNE, 2013). In this study, a mathematical activity
will be used as activities that require situations such as using algorithms, making applications, constructing concepts,
making exemplifications, using representations, making generalizations, establishing relationships between concepts
and different disciplines, making logical inferences, establishing a problem situation, producing multiple solutions, and

associating concepts with daily life, in line with our definition of mathematical understanding.

Mathematical activity and mathematical understanding

The activities to be implemented in mathematics lessons to develop mathematical knowledge, mathematical reasoning
processes, modelling and problem solving are undoubtedly among the activities to be conducted for the realisation of
mathematical understanding (Kieran et al., 2015). Based on the idea that in-depth understanding in mathematics is
possible through the construction and implementation of mathematical activities in teaching, Swan (2014) states that
an activity for mathematics lessons should include the components of classifying mathematical objects, using multiple
representations, making connections between them and interpreting them, evaluating mathematical expressions, that
is, deciding whether the given expressions are always, sometimes or never true, creating problems and analysing
solutions. Considering these components and the definitions of mathematical activity, an activity designed for
mathematical understanding requires the ability to use algorithms effectively and fluently, enables students to create
their own conceptual structures and then apply, adapt and transfer these structures to new and different situations,
requires establishing relationships with both the concepts within mathematics and different disciplines, is related to
daily life, is interesting and intriguing, encourages creativity by producing different questions and solutions, It is
considered as a structure that includes the ability to discover and generalise, involves the use of mathematical

expressions and symbols, requires multiple representations and establishing relationships between them, involves
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processes such as abstraction, making logical inferences, and aims to know how mathematical concepts appeared in

history and how they were applied in different cultures.

Framework of Activities to Develop Mathematical Understanding (ADMU)

An activity designed for mathematical understanding is supposed to include an approach to reveal and improve
students' mathematical procedural abilities (NCTM, 2000; MoNE, 2013) such as communication, modelling, reasoning-
proof, and association. In addition, when the mathematical comprehension dimensions (Usiskin, 2012) and
mathematical activity definitions and the characteristics (Swan, 2014) they should have are related to each other, an
activity framework that will be used in mathematics teaching in general and aimed at realising and developing a deep
mathematical understanding is considered as a multidimensional structure based on student-centred active
participation aiming to; Algorithm: classifying mathematical objects, using mathematical expressions and symbols, using
algorithms flexibly, effectively and fluently; Property: knowing the properties of concepts, creating a conceptual
structure, generating different questions/problems and solutions, creativity, discovery and generalisation, establishing
cause-effect relationships, abstraction, and making logical inferences; Using-applying: applying, adapting and
transferring mathematical concepts to new and different situations, making connections with daily life; Relating-
Representation: relating both to concepts within mathematics and to other disciplines, using multiple representations
and establishing relationships between them, using situations that show different representations of the same
mathematical idea together; History-Culture: to know how mathematical concepts emerged in history and how they are

used in different cultures.

This framework effectively bridges theory and practice by linking each dimension of mathematical understanding to its
practical counterparts in activity design. Its theoretical foundation is grounded in Usiskin’s (2012) five-dimensional
approach to mathematical understanding. Building upon this, the principles of mathematical activity design proposed
by Swan (2014) and Kieran et al. (2015) serve as fundamental components for creating student-centered activities that
foster versatile thinking. Additionally, processes such as problem-solving, modeling, reasoning, communication, and
inter-conceptual linking-highlighted by the NCTM (2000) and the Ministry of National Education (MEB, 2013)-are
integrated with these dimensions and principles, thereby establishing a practical and comprehensive framework for
structuring activities. Within this context, the ADMU framework not only illustrates how mathematical activities can be
developed from a solid theoretical base but also provides a holistic roadmap to support students’ deep mathematical

understanding.

Aim and significance of the research

This study aims to provide a conceptual framework for the design of activities for the multidimensional development of
mathematical understanding. Designed specifically for this purpose, the ADMU Framework offers a comprehensive
roadmap-both theoretical and practical-on how to structure activities that support students' mathematical thinking and
understanding in a multi-dimensional way. This constitutes the original contribution of the study by proposing a holistic
framework for meaning-based activity design in mathematics teaching. The focus of mathematics teaching is on the
deep understanding of mathematical concepts and relationships, and for the purpose of to achieve this, it is expected
to create learning activities that will ensure understanding among students. In addition, studies in the related field show
that teachers have conceptual deficiencies regarding mathematical understanding (Cai & Ding, 2017), that designing
diverse activities for understanding is quite difficult for mathematics teachers (Fujita & Yamamoto, 2011) and that there

are some deficiencies in the activities designed by teachers to improve understanding (Dempsey & O'shea, 2017).
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Therefore, it is thought that presenting a conceptual framework on the design of activities to improve mathematical
understanding will firstly provide a better understanding of the concept of activities for understanding by mathematics
educators, set an example for the elimination of deficiencies in this context, be a guiding material for teachers, and it is
also thought that it will make an important contribution in terms of enabling teachers to design and implement activities
that will realise mathematical understanding in all its dimensions in their lessons and to raise students with
mathematical literacy targeted in the curriculum. It is thought that it will contribute to future research and professional
development activities in which mathematical understanding will be realised through activities and will add momentum

to the studies to be carried out in this direction.

2. Methodology

2.1. Research Design

The present study is characterised as a case study. In general, case study is a methodological approach that involves in-
depth investigation of a limited system, uses systematic data collection tools on how the system works or functions,
and is used to answer how and why questions in situations where the current and researcher is no control over the
variables (Creswell & Poth, 2018). While the situation examined in the present study is mathematical activities, the unit
of analysis is the structure, characteristics and functioning of activities aimed at realising and developing

comprehension.

2.2. Participants

In the current study, convenience sampling method, which is one of the purposive sampling methods, was used to select
the participants during the implementation of the activities designed within the scope of the proposed ADMU
framework. The study was conducted with a total of 21 students studying in the 8th grade of a secondary school in

Turkiye. The activities were applied to the students by mathematics teachers. This process was recorded with a camera.

2.3. Data Collection
In the current study, mathematical understanding development activities were used as data collection tools. Under this
heading, the process of designing mathematical understanding development activities is mentioned and the designed

activities are included.

The process of designing mathematical understanding development activities

The activities designed to be implemented in the current study were first developed within the scope of the ADMU
framework. In addition, the purpose of the activity, the tools and materials to be used within the scope of the activity,
the activity having more than one starting point, teacher and student roles, students' prior knowledge, expectations
from students, and the time allocated for the activity were also emphasised (Bingdlbali & Ozmantar, 2014). In this stage,

the steps below were followed.

1. Literature Review: A literature review was conducted on topics such as understanding, mathematical

understanding, activity design and principles, mathematical activity.

2. Determining the Structure of the Activities: The framework of the activities for developing mathematical

understanding (ADMU) was determined.

3. Determination of the Subject: By considering the secondary school mathematics curriculum, it was determined

in which subjects the activities for developing mathematical understanding would be designed.
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Determination of Objectives and Student Outcomes: The objectives that would be the source of the activities

were determined.

Designing the Activities: Activities were designed by the researcher in accordance with the ADMU framework

in line with the gains targeted in the activities.

Obtaining expert opinions: The suitability of the designed activities to the dimensions of mathematical
understanding and activity design principles was first evaluated by an expert with a doctoral degree in
mathematics education. With the help of the feedback from the expert, it was clarified which understanding
dimension the designed activities were intended to reveal. For example, the expert evaluated activity-1 in the
using- applying dimension since it required making connections with daily life. However, during the discussions
with the expert, it was concluded that activity-1 also requires generating different questions and solutions and
making logical inferences. In addition, a 21- year mathematics teacher with a master's degree in mathematics
education also evaluated which understanding dimensions the designed activities contained and whether they
could develop mathematical understanding sufficiently. The expert teacher stated that the activities would
contribute to the development of mathematical understanding. Besides, to determine the age and level
appropriateness of the designed activities and their clarity and comprehensibility, the activities were applied

to a total of 3 students selected voluntarily from 9th grade students.

Activities developed within the framework of ADMU

Examples of the developed activities are given below.

Figure 1
Activity-1
Task Area of the circle section
Course Mathematics
Grade 8
Learning area Geometry and Measurement
Learning sub-area Circle
Recommended Duration 20
Teaching-Learning Methods and Learning by doing, question-answer, discovery learning
Techniques
Core Skills Communication, association, transferring, exploration
Key Concepts Circle, Centre Angle, Arc, Circle Piece, Circle Section
Tools Smart board, model house, toy horse, rope in different lengths
Outcomes 1. Calculates the area of a circle and a circle section.
Expectations from Students for the Students are expected to make some calculations using the formula for the
Activity area of a circle section.

Activity: Ahmet wants to graze his horse. Ahmet has tied the halter of his horse to a pole in the corner of the stable.

Question: Find out in what area the horse tied to the corner of the stable can graze.
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In the activity, how a horse tied with a rope to a pole in the corner of a barn can graze in a certain area is asked. The

fact that the lengths of the rope and the barn to which the horse is tied are not given in the activity is expected to push

students to different thoughts. Students are expected to predict that the rope and the barn may have different

widths/lengths and accordingly the regions where the horse can graze may change. Thus, students are expected to

produce different problems and solutions. For example, what kind of a region can the horse graze in if the length of the

rope is longer than the length of the barn but shorter than its width or if the length of the rope is equal to the length

and width of the barn? In addition, through this activity, students are expected to discover that the set of points

equidistant to a point in the plane is a circle

and generalise this situation. In these aspects, Activity 1 was handled both

in the using- applying and property dimensions within the framework of ADMU.

Figure 2

Activity-Il

Task Handicapped Ramp.
Course Mathematics
Grade 8

Learning area Algebra

Learning sub-area Linear Equations.
Recommended Duration 20

Teaching-Learning Methods and

Learning by doing, question-answer, discovery learning

Techniques

Core Skills Communication, associating, transferring

Key Concepts Slope

Tools Smart board

Outcomes Explains the slope of the line with models, associates linear equations and

graphs with slope

Expectations from Students for the
Activity

Students are expected to make calculations by reaching the concept of
slope.

Activity: The "General Directorate of Disabled and Elderly Services", which wants to develop measurement standards
for disabled ramps and issue a regulation, has reached the following results in its research.

im
RAHAT

25m

1m
UYGUN

20m

im YARDIM ILE

15 m

10 m’den az

TEHLIKELI

According to the given information, find the ramp lengths required to reach the heights given in the table

below.
HEIGHT RAMP LENGTH EASE OF CLIMBING
120 cm Easy
180 cm Suitable
240 cm With help

Can you help them to determine how the directive should be for the regulation to be issued by the General

Directorate of Disabled and Elderly Services?
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Activity-Il is a daily-life problem and the first item of the activity requires basic algorithms that can be solved with the
help of ratio, proportion and similarity in triangles. With this property, Activity-1l is evaluated in the using-applying and
algorithm dimension of the ADMU framework. In the second part of the activity, students were not given any
information about the concept of slope. However, students are expected to reach generalisations by proportioning the
length of the opposite right side to the length of the neighbouring right side in a right triangle, that is, students are
expected to reach the concept of slope. In this case, Activity-Il is evaluated in the property dimension within the

framework of ADMU.
Figure 3

Activity-1ll

Task Aircraft.

Course Mathematics

Grade 8

Learning area Algebra

Learning sub-area Linear Equations.

Recommended Duration 20’

Teaching-Learning Methods and Learning by doing, question-answer, discovery learning

Techniques

Core Skills Communication, associating, transferring

Key Concepts Slope

Tools Smart board

Outcomes Explains the slope of the line with models, associates linear equations and
graphs with slope

Expectations from Students for the Students are expected to make calculations using the concept of slope.

Activity Students are expected to transfer their knowledge about speed.

Activity: An aeroplane belonging to brand A airline company can take off with a slope of 40% after reaching the
maximum speed to take off.

®  When this aeroplane reaches an altitude of 1800 m, how many km will it have travelled from a bird's eye
view?
°

How do you think this aeroplane should change its take-off slope in order to reach an altitude of 1800 m
in a shorter time?

Note: The aircraft follows a linear route.

Activity-lll is a daily-life problem and the first item of the activity requires the use of algorithms related to the concept
of slope. Thus, the activity is handled in the algorithm dimension within the framework of ADMU. The second item of
the activity requires students to transfer their knowledge about speed and to establish a relationship with different
disciplines. In this respect, the activity includes the relationship building representation dimension of the ADMU

framework. In addition, the activity requires students to realise that the length of the hypotenuse will shorten as the
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slope increases and to make generalisations in this context. Therefore, it is considered in the property dimension of the

ADMU framework.

Figure 4
Activity-IV

Task Linear Equations.
Course Mathematics
Grade 8

Learning area Algebra

Learning sub-area

Linear Equations.

Recommended Duration

20

Teaching-Learning Methods and

Learning by doing, question-answer, discovery learning

Techniques

Core Skills Communication, associating, transferring

Key Concepts Linear Equation

Tools Smart board

Outcomes Creates and interprets equations, tables and graphs of real-life situations

involving linear relationships.

Expectations from Students for the
Activity

Students are expected to make calculations with the help of equations,

tables or graphs.

Activity: The price lists of gasoline and diesel options for brand A car are given in the table below.

Model

Gasoline

Diesel

A

240000

30000

On a day when vehicle prices are as above, fuel prices are given in the table below.

Gasoline (It)

Diesel (It)

8TL

6TL

Assuming that fuel prices are constant, after how long will the sum of car and fuel costs of vehicle owners who

consume 80 litres of fuel per month be equal to each other?

Activity-IV can be solved with the help of algebraic expressions, tables and graphs. The activity contains multiple

representations. Therefore, Activity-IV is evaluated in both using-applying and relating-representation dimensions

within the framework of ADMU.
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Figure 5
Activity-V

Activity: Agricultural activities of human beings date back to approximately ten thousand years ago. While

people used to benefit from the plants that grew spontaneously in nature, later they started to grow their
own plants. In time, they learnt where, when and how to plant and grow which seeds.

In the table below, an inscription from an ancient civilization shows people's observations about how many
days it rained in March in some years.

Week 1 Week 2 Week 3 Week 4
Years
Year of the Bull 5 days 1 day 3 days 5 days
Year of the Fish 4 days 2 days 4 days 5 days
Year of the Ram 3 days 2 days 2 days 6 days
Year of the Sheep 5 days 1 day 2 days 4 days
Year of the Chicken 4 days 3 days 4 days 5 days

® This civilization knows that seeds sown in March will rot if they are too wet. Accordingly, which

week could this civilization have chosen as the sowing week?

Activity-V is a daily-life problem. In the activity, students are made to feel a need similar to the needs of past civilisations
and they are expected to make some probability calculations to meet this need. In this respect, Activity-V is an activity
that arises from a need in the past and leads students to discovery. Therefore, it is evaluated in terms of both using-

applying, property and history-culture dimensions.

Figure 6
Activity-VI

Task Pine tree
Course Mathematics
Grade 8

Learning area

Numbers and operations

Learning sub-area

Linear Equations.

Recommended Duration

20

Teaching-Learning Methods and

Learning by doing, question-answer, discovery learning

Techniques

Core Skills Communication, associating, transferring

Key Concepts Very large and very small numbers, scientific notation

Tools Smart board

Outcomes Understands the basic rules of exponential expressions and forms

equivalent expressions.

Finds the positive integer factors of given positive integers, writes the
positive integer factors of positive integers as the product of exponential
expressions.

Expectations from Students for the
Activity

Students are expected to calculate the integer powers of whole numbers.
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Activity: Pine trees double the number of leaves every 3 years. Since a pine seedling has about 256 leaves when it is
planted, calculate how many leaves can be found on average in a 120-year-old pine tree.

0 yaginda 256 yaprakl cam fidesi 120 yasinda .......weseenes Yaprakl cam agaci

e  Pine trees absorb a large part of the dust generated in cities. Thanks to these features, they have a great
importance in terms of preventing environmental pollution and human health. It is known that approximately
1 hectare of pine area absorbs 30 tonnes of dust in a year. Accordingly, find approximately how much dust a
pine tree absorbs in 1 year. (A pine tree covers an area of approximately 30 m2)

Activity-Vl is a daily- life problem and requires students to make basic calculations related to exponents. In this respect,
the activity develops algorithm skills and is evaluated in both using-applying and algorithm dimensions within the

framework of ADMU.

2.4. Data Analysis

The data collected through the implementation of the activities were subjected to descriptive analysis within the scope
of the ADMU framework. In this process, students' responses were analysed according to dimensions of algorithm,
property, using-applying, relating- representation and history-culture. An instance of data analysis is presented in Table

1. (See Appendix-1)

2.5. Validity and reliability

In order to ensure the validity and reliability of the activity design process of the present study, the operational steps
followed in the development of the activities are given in detail and expert opinions were taken for each stage. For the
implementation process of the activities, the criteria of credibility, transferability and reproducibility were considered
(Lincoln & Guba, 1985). In order to ensure the credibility of the study, expert opinions were received both in the process
of preparing the activities and analysing the data obtained during the implementation of the activities. In addition,
participant control was applied (Creswell & Poth, 2018). The data obtained during the implementation of the activities
were first analyzed by the researcher according to the ADMU framework. Then, an expert with a PhD in mathematics
education was asked to analyze the activities according to the ADMU framework. Later, the expert and the researcher
came together and decided on the ADMU dimensions that emerged in the activities by consensus. In order to ensure
the transferability of the study, appropriate and sufficient participation in the data collection process was searched. The
data obtained in the study were handled completely in the analysis process and direct quotations were included to

describe the findings in detail, and all operation steps were tried to be defined for other scientists who might want to
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repeat the research. Finally, for confirmability, the results and interpretations in the study were presented without

researcher bias.

3. Findings
In the present study, the activities were applied to 21 8th grade students at a secondary school for 5 lesson hours during

1 week. Details about the implementation process of the activities are presented below.

Implementation process of Activity-1

The findings of the study show that the majority of the students (16 students) made appropriate solutions for Activity .
Figure 7 (See Appendix-2) shows that the students made different interpretations for the area where the horse can
graze. For example, Sland S3 stated that the length of the rope to which the horse was tied would be the radius of the
area where the horse could graze and the area of the circle should be calculated accordingly. He stated that the area of
the region where the horse can graze can be found by subtracting the area of the barn from the area of the circle to be
calculated. In the solution of S4, it is seen that S4 specified different regions for the area where the horse can graze
according to different rope lengths. S11 stated that the horse could run a few laps. This situation shows that the students
discovered that the region where the horse can graze will be a circular region. During the activity, it is also seen that the
students predicted that the regions where the horse can graze can change according to the different widths/lengths of
the rope and the barn, and they were able to produce different solutions accordingly. In this context, it can be said that

Activity-l helps students discover that the set of points equidistant to a point in the plane will indicate a circle.

Implementation process of Activity-II

The findings of the study show that the majority of the students (18 students) made appropriate solutions for Activity
Il. Students were confronted with a daily-life problem and it was observed that students used algorithms to solve the
first item of the activity. This shows that Activity-Il provides the algorithm and use-application dimensions of the ADMU
framework. In the second item of Activity-Il, students were not given any information about the concept of slope. The
students made comments about increasing the length, decreasing the height and narrowing the angle. However, the
fact that the students stated that for a suitable ramp, it would not only be sufficient to reduce the height, but also the
length should be increased and the angle should be reduced shows that they reached the concept of slope. Figure 8

presents sample student solutions for Activity Il.(See Appendix-3)

Implementation process of Activity-Ill

The findings of the study show that the majority of the students (15 students) made right solutions for Activity Ill. Figure-
9 (See Appendix-4) shows that, students made solutions by using algorithms for the first item of the activity. This shows
that Activity-Ill was effective in providing the algorithm dimension of the ADMU framework. In the second item of the
activity, it is seen that the students discovered that in order for the plane to reach the height of 1800 m in a shorter
time, the angle of the plane with the ground should be increased, that is, the slope should be increased in order to
shorten the length of the hypotenuse in a right triangle. Therefore, it can be said that Activity-Ill is a useful activity in
providing the property dimension within the framework of ADMU. In addition, Activity-lll is a daily-life problem and it

is seen that the students transferred their knowledge about speed to it.
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Implementation process of Activity-IV

During the implementation of Activity-1V, the students were confronted with a daily-life problem and it was observed
that the students mostly (18 students) used algebraic expressions to form equations and reached the solution in this
way. Besides, it is seen that there were students who tried to reach the solution by creating simple tables (S8 and S12)
and used different representations for the activity. Figure 10 presents sample student solutions for Activity IV.(See

Appendix-5)

Implementation process of Activity-V

The findings of the study show that the majority of the students (19 students) made right solutions for Activity V.
Activity-V is a daily life problem and students were not given any information about the concept of probability during
the implementation of the activity. In this process, students were made to feel a need similar to the need of past
civilisations for the concept of probability and it was observed that students made calculations to meet this need. It is
seen that the students calculated the probability of a simple event by establishing a ratio in their calculations. In this
respect, the activity is an activity that arises from a past need and leads students to discovery. Figure 11 presents sample

student solutions for Activity V.(See Appendix-6)

Implementation process of Activity-VI

The findings of the study show that the majority of the students (17 students) made right solutions for Activity VI. It was
observed that the students made basic calculations by using exponents in a daily life problem. In order to solve the first
question of the activity, it was observed that the students were able to divide a number into its prime factors and write
it as exponential expressions, and then they were able to multiply exponential numbers. For the second question of the
activity, it was seen that they could reach the solution by establishing simple proportion. Figure 12 presents sample

student solutions for Activity V.(See Appendix-7)

4. Discussion and Conclusion

The present study, an activity design framework for the multidimensional development of mathematical understanding
(ADMU) was presented. It is thought that the ADMU framework will be useful in designing effective activities to provide
opportunities for students to develop their mathematical thinking skills and understanding and will be an important

step in enabling the development of targeted students.

An activity considered within the framework of ADMU is expected to develop students' flexible, effective and fluent use
of mathematical expressions, symbols and algorithms. In the related literature, among the principles that should be
targeted when designing activities for mathematics courses, the development of procedural fluency is targeted (Swan,
2014). This is because the activities in which students algorithmise require thinking (Rasmussen et al., 2005) and
exposure to routine activities influence students' ability to reason, answer unusual questions, and transfer their
understanding (Boesen et al., 2010). It is also hard to imagine that students who are not good at mathematical
procedures will enthusiastically pursue mathematical problem solving (Goldin, 2018). Therefore, it would be wrong to
move away from situations where routine procedures and algorithms are used in the activities given to students. In
addition, there are studies in the related literature reporting that the most commonly used mathematical activities are
those that focus on procedural skills, and that the most common way for students to represent mathematics is symbolic

representations (Hatisaru, 2020). However, the dominance of such maths activities is of concern because the
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development of students' mathematical understanding is as crucial as the development of their operational proficiency

and students need to participate in a sufficient richness and variety of maths activities.

Secondly, within the framework of ADMU, the property dimension that requires knowing the properties of concepts,
creating a conceptual structure, generating different problems and solutions, creativity, exploring and generalising,
establishing cause-effect relationships and making logical inferences is proposed. In the relevant literature, it is stated
that mathematical activities should include dimensions such as creating examples, making analysis, evaluating
mathematical expressions, making assumptions and generalizations, visualizing and using definitions (Breen & O'Shea,
2019). In particular, since concepts and principles are the basic building blocks of mathematics and understanding a
concept is seen as a prerequisite for making complex inferences or achieving any scientific study related to it, they
should be included in the activities (Mi et al.,, 2020). In addition, it is thought that activities should encourage
understanding the essence of mathematical concepts and mathematical discovery (Chen & Weng, 2003). However,
studies in the related field generally show that the design and implementation of such activities are quite difficult for

educators (Paolucci & Wessels, 2017).

The third dimension in the ADMU framework is the using-applying dimension, which requires applying and transferring
mathematical concepts to new and different situations and making connections with daily life. When designing activities
for mathematics lessons, it is aimed to develop students' ability to solve non-routine problems and extend this to solving
real-world problems (Swan, 2014). There are studies in the relevant literature that conclude that associating the
activities carried out in mathematics lessons with daily life increases students’ interest in the lesson and increases the
retention of what is learned (Boaler, 2011). In addition, it is also seen that teachers take into account the association of
the activities they develop and implement with daily life (Kog, 2019). However, there are also studies showing that
activities based on problems that require students' cognitive activation, direct them to think critically, and include
multiple solutions based on real life are rarely implemented in classrooms (Hatisaru, 2020). However, since mathematics
is closely related to real life, it is expected to carry out course activities in a way that is connected to students’ real lives

(Yang, 2016).

The fourth dimension within the framework of ADMU is the relating-representation dimension, which requires
establishing relationships both with the concepts within mathematics and with different disciplines, using multiple
representations and establishing relationships between them. Since the essence of mathematical understanding is to
connect mathematical facts and concepts and to relate newly acquired knowledge to what is already known (Sierpinska,
2013), students are expected to establish connections and relationships between different aspects of mathematical
knowledge, to develop the same phenomenon from multiple mathematical perspectives, and to develop a deeper
understanding of mathematical concepts and relationships by creating, using and comparing various representations
(NCTM, 2000). The literature supports that students can achieve good learning by making connections between the
procedures and relationships underlying concepts (Berry & Nyman, 2003). In addition, working with rich mathematical
activities and representations contributes to students' flexible thinking and problem-solving development (Huinker,
2015). It is suggested that teaching and learning activities in effective mathematics classrooms should be structured in
a way that both uses different forms of representation and enables students to translate between these forms of

representation (Lesh et al., 2003).
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Finally, within the framework of ADMU, the history-culture dimension, which requires knowledge of how mathematical
concepts emerged in history and how they were used in different cultures, is proposed. Activities from the history of
mathematics contribute to students' learning mathematical concepts in a more meaningful way by showing how
mathematical concepts are come out (Fauvel, 1991; Ozdemir & Yildiz, 2015). Because the activities carried out with a
historical perspective serve as a bridge for students to transition from theoretical structure to practical thinking (Gulikers
& Blom, 2001). It is thought that the history of mathematics should be included in the lessons, especially because seeing
the problems that emerged in the development of mathematics helps students to solve the problems they currently
encounter and this contributes to the development of students' mathematical thinking (Liu, 2003). In the related
literature, there are studies concluding that courses with activities designed based on the history of mathematics have

an effect on students' mathematics achievement (idikut, 2007).

In the process of implementing the activities designed within the framework of ADMU, it was seen that each activity
provided an opportunity for students to engage in a series of meaningful mathematical thoughts. The students'
responses to the activities provide evidence that the activities had the desired effect in general. It was observed that
the students who participated in the study were interested in being engaged in such activities and that these activities
usually had multiple solution methods or required students to explain their thoughts, thus encouraging students to
generate different ideas. For example, students stated that the non-routine nature of the designed activities made them
think more and they tried to construct meaning by making connections between concepts, providing justifications,
logical inferences and generalisations. Therefore, unlike traditional verbal problems, activities within the ADMU
framework, in which students develop their own mathematical ideas, justify their approaches throughout the solution
process, establish relationships between mathematical concepts and develop solutions to a real- life situation, are
considered to be appropriate materials that can be used to develop multidimensional understanding in mathematics
lessons. In the related literature, there are studies showing the effectiveness of the results of the applications of such
activities (O'Shea & Breen, 2021). Therefore, in order to achieve mathematical understanding in students in all its
dimensions, activities within the framework of ADMU that will enable students to create and use formulas, make
generalisations, make predictions, make discoveries, produce multiple solutions, use multiple representations, establish
relationships between mathematical concepts and different disciplines, and translate real-life situations into
mathematical language by making use of the emergence of mathematics in history can be included from primary school

and students can be encouraged to participate in all kinds of mathematical activities.
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Table 1

Sample Data Analysis

Appendix 1

Sample Activity
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results in its research.

Activity: The "General Directorate of Disabled and Elderly Services", which wants to develop
measurement standards for disabled ramps and issue a regulation, has reached the following
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Rahat

me,

cikartacai ytnetmelik igin yonerge nasl

'5-,. - } im Dangerous

Lessthan 10 m

given in the table below.

« According to the given information, find the ramp lengths required to reach the heights

HEIGHT RAMP LENGTH | EASE OF CLIMBING
120em Easy
180 cm Suitable
240em With help

issued by the General Directorate of Disabled and Elderly Services?

 Can you help them to determine how the directive should be for the regulation to be

Length shouwld be no more than § times the heigh In
these conditions, a ramp length and height suitable for
the disabled can be obtained If the ratic of height to
length is move than 3 disabled peaple need help.

S7’s solution for Activity 2

Data Analysis

Algorithm The student used mathematical symbols and algorithms. He/she transferred his/her knowledge about
ratio-proportion.

Property The student reached the concept of slope by making generalizations on the ratio between length and
height.

Using-applying

The student established a relationship with daily life.

Relating- The student did not establish a relationship with different disciplines or did not use multiple

Representation representations

History-Culture

The student did not establish a relationship with the history of mathematics
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Figure 7

Students' solutions for Activity-I

Etkinlik: Ahmet atins otlatmak istemektedir. Ahmet atnin yularn: shinn tam kdgesinde yer alan bir
direge baglamijtir,

Soru: Ahnn kbsesine baglanan atin nasil blrWlmm; bulahm,

Coziim:

S4's solution for Activity 1

[ Etkinlik: Ahmet atimi otlatmak istemektedir. Ahmet atinin yularini ahinn tam késesinde yer alan bir
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Depends on the length of the rope,
Can take a few turns

S11's solution for Activity 1
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Appendix 2

Etinik: ABmet et oemakiemekodi, Ahmet st yular ahrm tam koesinde yeralenbr
diree bagamigr,

K

Soru: A kdsesine bananomnast i bledelayableegn ualm,
“:i'-' r \ ) (A

Let's find the length of the rope. Use the length of the
rope as the radius of the circle and find the area of the
circle. Let's subtract the area af the barn from the area
of the circle

S1's solution for Activity 1

Btkink: Abmet atot oftmak itemekei. Ahmetatm yolanmabm tm Ksesnd yeralan b
diegebaglamir,

A"MM 6\# iy b@%dj! 'f
Genb Y ol

The rope that Ahmet tied the horse to could be the radius of the circle

S3's solution for Activity 1
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Figure 8

Students' solutions for Activity-Il
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Appendix 3
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Ramp length should be increased and height should be
decreased.

S5's solution for Activity 2

Arn individual should cheose a comfortable or suitable
ramp in order to lead a comfortable life. In order for
the individual to lead a comfortable life, he or she must
choose a comfortable or suitable ramp.

The rapping length should not be excessive. The height
should also be less. The difference between length and
height should be large. The smaller the angle, the more
comifortable the individual will move.

S11's solution for Activity 2

Etkinlik: Engellirampasi igin Slgii standartian g:llsurmdg vcblrybncm)c]lkclkanmk m(cyen “Engclh

ve Yash Hizmetlen Genel Miidarliiga™ yaptif aragtir

rampa vzunluklarm bulalim.

Verilen bilgilere gdre asagidaki tabloda verilen yiikseklikleri ¢ikmak i¢in yapilmas: gercken

YUKSEKLIK RAMPA UZUNLUGU CIKIS KOLAYLIGI
120 cm nos0 Ratiat
180 cm Rbo2 Uygun
240 cm tao Yardim ile

Engelli ve Yash Hizmetleri Genel Miidiiriagii'niin ¢ikartaca@ yonetmelik igin yonerge nasid

olmalidir. Yardum edebilir misiniz?

1 20 " \g
182 X 2uo X
(80.22p = X (5.2 = X
3boo =X oo =X
“\ Sheelligin aza\dtdrncs =perc {'{( v

For regulation, the height must be reduced

$19's solution for Activity 2
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Figure 9

Etkinlik: A marka havayolu sicketine ait bir ugak havalanmak igin

Appendix 4

Biza ulastikian woom

%40 ik bir efimle havalanabilmektodir

¢ Buugak 1800 m yikscklide ulayti anda kusbakegs olarak kag km yol almuy olar? £, S,
o Bu ugajm 1800 m yakseklipe daba kisa sdrede ulagabilmes igin sizce kalkig efimini nasd

Ekinliks A marka havayolu sirketineait bir ugak havalaamak iin maksimum hiza ulagktan som
3ol 1k i hawabielode

defigtiomesi gerekir? alrhiemal
Not: Ugak dogrusal bir rota izlemeksedir, ool
- . :(J ) (- ‘ I N\ r! ': ( ‘ﬁo

[¥0° . 4o o Bugak1800m ko sy nde b ol o ok e “i *

X | OO : N

45 OO0 o Bu g 1800 myibksekthe daba kesa sirede ulugabilmest in szce knlksy eimini nasd
J - defigimes ereki? 0/ Q') ‘(5 |
| [€00 =l &ty Not ek dopraatbirnaidonried, /01U 00 0|y plval
" o kl!lr‘ f

4300 =

$10's solution for Activity IlI

It should be more than 40%

$20's solution for Activity Il

. — [
!Zj _|k: A marka havayolu sirketine ait b
7040 Iik bir egimle havalanabilmektedir.

*  Buugak 1800 m yiikseklige ulagg anda kugbakigi olarak kag km yol almis olur?

irugak havalanmak i¢in maksimum hiza ulastiktan sonra

¢ Bu ugagin 1800 m yiikscklige daha kisa siirede ulagabilmesi igin sizce kalkis egimini nasi

degistirmesi gerekir?
Not: Ugak dogrusal bir rota izlemektedir.

M leseld I

L 1§00 C: 5 LN

Iog =N

\%ooo%_
-\s LSoom

2

%=
Z'j}(ﬂ';nl oIS Yu ol qact

It needs to increase its slope and angle
S$17's solution for Activity Il
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Appendix 5

Figure 10

Students' Solutions for Activity-1V

Etkinlik: A marks otomobie liskin benzinlive dizel seqenekeri fiyat istelen apspdaki abloda
vertimektedir

Modk! Beni Do
A 240000 00000
Ars fyatanunyokark i ol N e akayakot yaan s apfdak wbods vl
Beaziol (1) Dizel ()
Vil oL

Akaryakit(iyalarnun sabit b dsldlerck yda 40 ire yakintikcten arag sabiplerininne kad s
sonta otomobil v yakit maliyetler loplami birbirine eyit olur?

(i B0x, 84 40000 = 0K 44300000

- é;@u’luowo :uyon ooy

2 SEETT— X
(19 ﬁsoﬁq

S$10's solution for Activity IV

Kekinlik: A marka olomosle lighin besrinll ve dleel segenehdent Dyal lateler spaprdaki abiods
veriimektedir,

Model Benrinl| Dizel
A 240000 300005)
Arag Cyatlarinen yubardh | gl obdudu b ginde akaryahat fyatban ise apadudaki ablods veribmek tele
Beneindi (1) Dizel (I
KL 61l

Aok yuarn ooy Ok koo bl et e
vonra otomobil ve yakit maliyetherd taplami birbiriee eyl ol RAUAL
I, 000 wn o0, oo Wi

Clchmy e W@
by M7
y “u 80
oo Lb() '--)y«‘\ N ‘&"‘0'6:1 )
LY & 3
180 gv0 L‘uwi‘ﬁo
40 ,ooa be ™ 5N
3500 1588 Wy [
'prova &
“ b‘b;'n
(Ao
1
2
e————
2%
“50-

S$12's solution for Activity IV

_Etkinlik: A marka otomobile iliskin benzinli ve dizel segenckleri fiyat listeleri asagidaki tabloda

verilmektedir.
ey

[ Model I

Benzinli [ Dizel ]

L A [

240000 |

30000 |

Arag fiyatlarinin yukandaki gibi oldugu bir giinde akaryakit fiyatlar ise asagidaki tabloda verilmek tedir.

[ Benzinli (1t) - [

Dizel (It) ]

L =T —

6 TL '

&

2 . () weso
Akaryakit f 1. bitold {isiinii n 5 5 -
_H,T:T: v g{%ﬁbﬁg;?mﬁgfg;m@(mkﬂaﬂc§ahxplcf1n|{1ne kadar siire
Caoziim:
’LM‘L\A Dized
2Lo 02° guent
\ %0@3464..0_ 303350 ~+ 4go>
<o %o
Wy
w20
S
i 2Lo02o + Lo X Qooca + LoD
(2P
([ %)
0000 loaa>
PPe3s Bt F33s
==%s=> ‘o o
: oo
‘ o0& 3]
i ==

S8's solution for Activity IV
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Figure 11

Students' solutions for Activity-V

Etkinlik: Insanoghuun tanmsal faaliyetleri yaklagk olarak on bin yil Gncesine dayanmakiadr,
fnganlar Gnceler dogada kendiliginden yetisen bidilrden faydalamrken sonralan kendi bitkilenni
yeisirmeye baglamslarc. Zamanla hangi ohumun nerede, ne zaman ve nasil ekilip yetigtinbesi

gercktigini ogrenmisledir

Asafadaki tabloda eski bir uygarha ait yaztta baza yullarda martayinda kag gin yagmur yaddifma

ilskin insanlarin gozlemlerint postermekiedir,

Yillar 1.Hafa 3, Hafta 3.Hafta 4. Hafta
BogaYlh | §gln | gln 3 giin 5 glin
Balk Yol | 4gin \ 1 giin 4 gln 5 gin
Kog Yil 3giln //’ 2giin 2 giin 6 gin
KoyunYilh | 3 gl | gin 2 glin Agln
Tavuk Yol | 4 gin 3 gl Agin 5 gin

o Buuygarhkmartayindackilentohumbarmgok slak kald iondagiiriyeceginibilmektedir, Buna

gire bu uygark hangt haftays tobum ekim haflass olarak segilmis olabilir?

/.Wazﬁaw
2 hobhe: %3&/\
3 bl S4n
by hathe: 25990

Ist week = 21 dayvs
2st week = 9 days

st week = 13 days
45t week = 23 days

QohaMQ

25t weel

$10's solution for Activity V

Appendix 6

Etkinlik: Insanoglunun tanmsal fanliyetlen yaklagtk olarak on bin yil Gncesine dayanmakiadr.
Insanlar Gnceleri dogada kendiliginden yedisen bitkilerden faydalenirken sonralan kendi bitkilermi
yetigtirmeye baglamiglardir. Zamanla hangi tohumun nerede, ne zaman ve nasl ekilip yeistiriimest
gerektigini ogrenmisledir,

Asagidaki tabloda eski bir uygarliga ait yazitta bazi yillarda mart ayinda kag gln y_aw
iligkin insanlarin gozlemlerini postermekiedir,

L Yillar 1. Hafta 2. Hafta 3.Hafta 4. Hafta

Boga Yih § giln 1 giin 3 giin $glin 41U
Balik Yilt 4gin 2 giin 4 gln $ gin K
Kog-Yih 3gln 2giin 2 giin 6glin 11
Koyun Yili | Sgin | gin 2 gln 4 gin 08
Tavuk Yih | 4 giin 3 giin dgin__ | Sgun I
f haHa= 24 g fs s

o Buuygarkk martayindackilentohumiarmoksslak kaldiginda¢rdyecegini bilmektedir. Bun
gore bu uygarlk hangi haftayt tobum ckim haftast olarak segilmig olabilie?

- ok
\ Araall W U A

;\GI*ON‘\ ngw b ?JP MA?)N\\I .Dgﬁ'ct

f

oila

R W " ! ol
2. haftadt  Guned ‘30‘1‘(1\' v b 30!)(&

Wt {Gava  oran! ! A \pfta, NMe = Wi

_ ‘ 1 \olta Yis ((E
Tlafla S/5 = 3

Lvof1a ?'ﬂ/g s

It's too much to rain 5 or 6 days a week. 2st week.
Because the number of rainy days in the Znd week is
the least. Rainfall rate: Ist week 21/5=4,2
2st week=0/15=1,8
3st week 15/5=3
4st week 25/5=3

S11's solution for Activity V
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Appendix 7

Figure 12
Students' Solutions For Activity-VI

Etkinlik: Cam agaclan yaprak sayilanoi her 3 sencde bir 2 katna gikarmakiadr. Bir qam fidesi ks Gamm afchir yaprak sy et 3 semese bi 2 hates Gk armabtane. 5 gum 1100 |
dikildifinde Gzerinde yaklagk 256 yapragn bulmduguna gore 120 yasindaki bir cam agacinda ortbena pads txinde ykionk 256 70pp bl 'l
ne kadar yaprak bulumabileceini hesaplayahm. Yo st Boson

2850 A =5

K

oS
Ve |2 ng
e
4o kea 2kabine 7.1
Gikacak. 4
256= J_' YT
440 -9 . clan sehiriende ohugan Wosun BiySk bie ks emmel tedirar. fha Ozetidlot
2%tte =2 P B e e e e e e St
T T ——— M v Yhok'

P gire be cam

! N
20 Yasvce 2" garrel olur
e Cam aaglan yehirlerde olugan tozun biydk bir kismni emmektedirlor, Bu Szcllikler
sayesinde gevre kirliligini onleme ve insan saglids acismdan byik bir dneme sahiptirir.
Yaklsgk 1 hektarlik gambik alarn bir yilda 30 ton toz emdigi bilinmektedir. Buna gire bir gam
agacinm | yilda yaklayik olamk ne kadar toz emdigni bulalim. (Bir qam agacs yaklagk obwsk

30 m? alan kaplamskiadir.) §
3eton | S Rt S5
1 hebder = 10 .00 mE i Vax - e Vg
100000 2oton WO ) u ere e guete
- J w® od
50+ % T
X T

- Lopbod| |dogys
" ”
Cﬁc") Qo kj Jan e"’l€r

A pine tree with an initial value of 256 increases the
number of leaves by 2 times every 3 years. In this case,
what we need to do is 120/3=40. We need to trade

between this value we found and the value that doubles
every three years.

$10's solution for Activity VI $13's solution for Activity VI

Etkinlik: Cam agaglan yaprak sayilanm her 3 senede bir 2 katna gikarmaktadir. Bir ¢am fidesi
dikildiginde iizerinde yaklagik 256 bulundu gore 120 yagindaki bir cam aga a

cinda
ne kadar yaprak bulunabilecegini hesaplayalim. o Q

® u
250 92_5&;/_{22,5%‘1 2.2
12 5 . =12
€ g men Ot Ry
25 =12 C T

\v )

oy 296 yuprobh o fesl 120 nn .. yoeskh com adscs

e Cam agaglan sehirlerde olusan tozun biyiik bir kismimi emmektedirler. Bu ozellikleri
sayesinde gevre kirliligini dnleme ve insan sagh@ agisindan biiyiik bir dneme sahiptirler.

Yaklagik | hektarlik gamlik alanin bir yil on toz emdigi bilinmektedir. Buna gore bir gam
agacinmn 1 yilda yaklasik olarak ne kadgftoz emdigini bulahm. (Bir gamagaci yaklagik olarak
30 m7alan iaéﬁﬁgdu E

\ 00D L tcoa =L

Wor &3 2 Yot
{4 hektem 20 40D A

S$12's solution for Activity VI
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