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Abstract: In this study, the cognitive demand levels of the activities in 8th grade mathematics textbooks
were attempted to be identified and the distribution of these textbooks was compared based on the
cognitive demand levels of the activities. The method used in the research was document analysis. In order
to collect the data, a total of 90 activities in two 8th grade mathematics textbooks approved by the Education
Board of the Ministry of National Education were examined. A descriptive analysis method was used to
analyze the data. Findings of the study demonstrated that the number of activities in both textbooks
approximated to each other. Although the reviewed textbooks were approved by the Board of Education as
textbooks, it was observed that the cognitive demands of the activities provided concentrated on levels that
are connected and are unconnected to procedures and that the textbooks demonstrated a differentiation
based on cognitive demand levels when compared to each other. In this respect, students educated with
different textbooks may have different learning outcomes.
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INTRODUCTION

In the constructivist approach, the teacher is described as the person who leads students to think,
who guides them, increases their motivation and makes assessments and works together with
them (Savery & Duffy, 1995). One of the recommended tools for providing a constructivist
environment is the teaching activities. One must be careful with the selection, structure, planning
and implementation of activities so as to allow students to learn topics through thinking (Doyle,
1983; Hiebert & Wearne, 1993; Marx & Walsh, 1988; Yeo, 2007). The choice or design of the
appropriate activities and the process for applying these activities are important in revealing
desired student roles.

[t can be seen that there are different types of activities that can be evaluated differently
in the related studies. Teaching activities can be categorized in many different aspects, such as
application areas (Olkun & Toluk Ucar, 2009; Wasserman, Davis & Astrab, 2007), design and
implementation objectives, aspects of teaching (Swan, 2008), the relationship of the activities
with cognitive processes and levels of cognitive demand (Grandgenett, Harris & Hofer, 2011).
Cognitive processes as well as mathematical competencies and skills are taken into consideration
especially in the classification and determination of the type of mathematical activities (Ozgen,
2017). Cognitive demands underscore the levels of thinking required during the performance of
the activity. In a good activity, the age, grade level and preliminary information of students as well
as classroom conditions and expectations from the activity should be taken into account in
addition to the cognitive demands of the students (Stein and Smith, 1998). The level of thinking
expected from students determines what students will learn (Hiebert et al., 1997). If student skills
such as thinking, explaining and problem solving are to be improved, students need to encounter
activities that require a high level of cognitive thinking (Stein and Lane, 1996). In this context,
cognitive demand levels need to be determined in order to understand the extent to which the
activities lead students to think (Engin & Sezer, 2016).

1 This study is produced from the master thesis completed by the second author.
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Activities by Cognitive Demand Levels

Stein & Smith (1998) classify activities in four categories according to their levels of cognitive
demand; memorization, procedures without connections, procedures with connections and doing
mathematics based on previous studies (Doyle 1983; Hiebert & Wearne, 1993; Marx & Walsh,
1988). Of these four categories, they classify memorization and procedures without connections
as low-level and procedures with connections and doing mathematics as high-level activities. In
activities at a memorization level, the student is often expected to provide a definition and some
examples containing this definition. The activities at the level of procedures without connections
are those for which the student will use their procedural skills related to rules that they will
usually be able to remember without making any connections. In activities at the level of
procedures with connections, students are expected to make connections with daily life and other
learning areas of mathematics. Thus, students are expected to reach concepts and meanings by
making a connection based on the conceptincluded in the activity. In activities at the level of doing
mathematics, an unstructured, i.e. an open-ended structure is provided. Students are expected to
make connections with their daily lives or prior knowledge. These are the type of activities that
are not explained clearly in their guidelines or require work beyond examples, including complex
and non-algorithmic thinking and those requiring high-level thinking skills (Ozgen, 2017; Stein &
Smith, 1998).

Each mathematical activity is tailored to a specific level of cognitive demand and this level
of cognitive demand determines what students will learn (Hiebert & Wearne, 1993). The level of
cognitive demand is affected by many factors including the subject of the activity, its content, and
the stage of the teaching course where it will be used. Sometimes the purpose of an activity is to
enable the discovery of new knowledge while at other times it is to reinforce knowledge learned
in the past (Romero, del Mar Garcia & Codina, 2015). Different levels of activities can be included
in the teaching process according to the level of cognitive demand. In fact, this balance of
requirements may differ for students with high levels of success and students with low levels of
success (Vincent & Stacey, 2008). The use of content-rich and mentally challenging activities in
classroom teaching enables students to think mathematically, improve their logic and gain
problem-solving skills (Stein & Lane, 1996; Stylianides & Ball, 2008). That is, the use of activities
that require a high cognitive level of thinking in the learning environment provides more in-depth
learning (Romero, del Mar Garcia & Codina, 2015). In low-level activities, the student deals with
routine problems which hinders the student's conceptual learning and blinds mathematical
thinking (Henningsen & Stein, 1997). Itis important for students to encounter high-level activities
rather than low-level activities so that they can understand the mathematical concepts,
connections and the nature of mathematics in a deeper and more creative way (Stein, Smith,
Henningsen, & Silver, 2000; Ubuz & Sarpkaya, 2014). In addition, a teacher with effective teaching
skills can easily increase the level of a low-level activity and, in the same way, some class
conditions can easily lead to a fall in a high-level activity (Smith & Stein, 1998).

Textbooks

Textbooks are important materials that can be accessed and used at any time and are therefore
frequently used in learning environments. A well-prepared textbook provides guidance in the
teaching process (Haggarty & Pepin, 2002). Textbooks are primarily expected to contain methods
and strategies that are compatible with the curriculum and also must be educative in terms of
format and content (Bozkurt & Kuran, 2016). A textbook is considered to be of good quality only
to the extent that students can benefit from it (Altun, Arslan, & Yazgan, 2004). The curricula
prepared under the constructivist approach and the textbooks written in accordance with these
programs are required to reflect the philosophy of this approach (Draper, 2002). Since textbooks
serve as a bridge between the teacher and the students, they have an important place in education
and are a frequently used teaching aid (Altun, Arslan & Yazgan, 2004). In addition, curricula that
are prepared in line with a constructivist perspective are based on a student-oriented approach
to develop high-level cognitive skills in students such as analyzing, comparing, interpreting,
communicating, generalizing, and creative thinking, and the concept of activity is important in this
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approach (Aykac, 2007). Teaching activities are among the mostimportant tools that are expected
to be used to demonstrate this approach. In this context, the selection of textbooks and the
importance of the activities in the textbooks are also critical.

One of the most appropriate components to be exhibited by the curriculum in the learning
environment, such as the ability to use cooperative learning, material usage and the ability to
make mathematical inferences, is the teaching activity. In this context, since the activities
included in the textbooks are a reflection of the philosophy of the curriculum, whether the
activities are sufficient to provide a mathematical point of view or not and how much they lead
students to think become important (Ubuz, Erbas, Cetinkaya, & Ozgeldi, 2010). A review of the
studies related to textbooks reveals that there are many studies examining textbooks in terms of
format, content, and teaching methods and strategies (Dane, Dogar & Balki, 2004; Isik, 2008).
When studies related to activities are reviewed, many studies are encountered dealing with the
features that the activities should have (Bozkurt, 2012; Bukova-Giizel & Alkan, 2005; Collopy,
2003; Gomleksiz, 2005; Kerpi¢ & Bozkurt, 2011). It is possible to see the studies in the context of
cognitive demand (Engin & Sezer, 2016; Recber, 2012). However, the review of the studies reveals
that there are not many studies comparing the cognitive demand levels of the activities in the
textbooks. It is important to examine and evaluate the cognitive demand levels of the activities in
textbooks in order to determine the adequacy and quality of the textbooks (Boston & Smith, 2009;
Jones & Tarr, 2007; Ubuz, Erbas, Cetinkaya & Ozgeldi, 2010). The cognitive demand levels of the
activities included in the textbooks are expected to affect the cognitive levels of the individuals to
be taught. Individuals with a high level of cognition are effective problem solvers who can use
appropriate strategies based on the situation and change their strategy where they consider it to
be necessary (DeBaryshe, Patterson & Capaldi, 1993). In this respect, the study is expected to
contribute to the literature and provide guidance in the preparation of textbooks.

Considering the importance of the cognitive demand levels of the activities in textbooks,
the purpose of this study is to examine the activities in 8th grade mathematics textbooks based
on their levels of cognitive demand and to compare the activities included in the two different
textbooks in terms of their cognitive demand levels. In line with the purpose of the study, the
answers to the following question are sought:

- What are the cognitive demand levels of the activities in the textbooks based on
mathematics learning areas?

- How s the distribution of the activities in the examined textbooks based on their levels of
cognitive demand?

METHOD

This study was designed as a document analysis. In studies where document analysis is
performed, written texts relating to the research topic are analyzed (Yildirim & Simsek, 2008). As
part of the document review, the activities included in two 8th grade mathematics textbook were
examined. These are textbooks that were approved by the Board of Education for a teaching
period of 5 years as of 2016. Both of these books as textbooks in the 2017-2018 academic year
have been distributed to schools throughout Turkey. One of the books is used as a textbook in the
school where the second author is a teacher. Since the main purpose for the examination of the
books is not to reveal the deficiencies of the textbooks, they are coded as textbooks A and B instead
of identifying their authors and publishers. Textbook A is 262 pages and includes 47 activities.
Textbook B is 325 pages and includes 43 activities.

Data Analysis Process

The descriptive analysis approach was used to analyze the research data. According to this
approach, the data obtained is summarized and interpreted according to a conceptual framework
(Ozdemir, 2010). In this context, each activity in the 8th grade mathematics textbooks (A and B)
was analyzed using the framework for cognitive demand levels included in the study of Stein and
Smith (1998). The level of thinking expected from students determines what students will learn
(Hiebert et al.,, 1997). In this context, it was considered appropriate to use the theoretical
framework put forward by Stein and Smith (1998) in determining the levels of cognitive demand
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in order to understand how the activities lead cognitively to students. In the context of this
framework, activities were first categorized according to their low and high cognitive demand
levels.

Low-level cognitive demands

Activities based on memorization and activities at the level of procedures without connections are
categorized as activities at a low level of cognitive demands.

The Memorization level: Attributes of the activities at the memorization level are as follows (Stein
& Smith, 1998):

- Such activities involve recalling previously learned information, rules, formulas or
definitions.

- They cannot be solved using a method or a procedure since there is no method or procedure
to be applied.

- They involve the repetition of previously learned information, rules, formulas or definitions.
The information that needs to be repeated and what is asked to be done and created is clear.
There are no uncertainties.

- They do not involve making connections with the underlying meanings of the procedures,
rules, formulas or definitions that need to be repeated.

The activity number 36 in Textbook A was evaluated as being at this level (Figure 1).

ACTIVITY: Application Steps

» Write down the appropriate mathematical sentences for the statements provided below.
- The number that Emel has in mind is less than 8: ..............
- The weather temperature is greater than 15°C: ......ccc.......
- The size of class 8 A is less than 34: .....enrennreneeseeennens
- When an integer is multiplied by 3 and 1 is added to the resulting number, the number obtained
IS 1€SS than 131 e ssssssesas
- Those under 18 years old are not allowed: .....ccuueerrernrernnens
» Explain the mathematical sentences you wrote to the class. Decide the correctness of these as a
class.

FIGURE 1. Example of the activity in Textbook A which is evaluated as being at the level of memorization

In Figure 1, the activity in Textbook A involves recalling the information: “a statement written
with one of the symbols <, >, <, 2 is called an inequality”. It involves the repetition of the previously
learned inequality information. There are no uncertainties. It cannot be solved using a procedure
since there are no procedures to be applied. In this context, this activity was evaluated as being at
the level of memorization.

The level of procedures without connections: Attributes of the activities at the level of procedures
without connections are as follows (Stein & Smith, 1998):

- Such activities involve algorithmic procedures. There is one procedure to be applied. The use
of the procedure is expressly requested or is evident from prior education, experience or the
location of the activity.

- Limited cognitive thinking is required to successfully complete the activity.

- There is little uncertainty about what is asked to be done or how it should be done.

- Instead of developing mathematical understanding, the activities are focused on finding the
right answer by using the definitions and procedures.

- They do not involve making a connection with the underlying meaning of the procedure used
nor with the concepts underlying the method.

Activity number 3 in Textbook B was included in the level of procedures without connections.

136| BOZKURT & YILMAZ An examination of the activities in 8th grade mathematics textbooks ...



ACTIVITY: Square number in the table
Tools and Supplies: ¢ pencil, » white cardboard, colored pencil

* Let's write the number table of 100 including numbers from 1 to 100 on our cardboard.

* Let's circle the square numbers in our table with our colored pencil.

* Let's write each number we circled as an exponential number.

* The number at the base of the exponential number is called the square root of the square number.
For example, 9 = 3 » 3 = 32, then 32 is the square root of the number 9. The square root operation is
shown using the "va" symbol. Accordingly, v9 = 3

* Find the square root of the square numbers using the given example.

FIGURE 2. The example of the activity in Textbook B is evaluated as being at the level of procedures without
connections

In the activity in Textbook B (Figure 2), the student was asked to find the square roots of
the numbers from 1 to 100 using the information: "the number at the base of the exponential
number is called the square root of the square number". Such activities involve algorithmic
procedures. The square root must be extracted. The student is focused on finding the right answer
using information on the square root of integers and undertaking square root operations.

High-level cognitive demands

Activities at the level of procedures with connections and doing mathematics are categorized as
activities at a high level of cognitive demands.

The level of procedures with connections: The attributes of activities at the level of procedures with
connections are as follows (Stein & Smith, 1998):

- Students need to use procedures to understand mathematical concepts and ideas in depth.
So, such activities suggest following the general concepts and the indirect means to the
solutions to understand the underlying concepts of the general procedures, the conceptual
thoughts and the incomprehensible algorithms underlying the concept.

- Generally, multiple representations (visual diagrams, manipulations, symbols and problem
situations) are used. Making connections between multiple representations improves
understanding.

- They require a specific cognitive effort.

- While they involve following general procedures, they do not involve following in an
unconscious way without a process of thinking.

- Students need to think about the conceptual ideas together with the conceptual ideas based
on the procedures for successful completion of the task and the consequent discovery of
understanding.

Activity number 14 included in Textbook A can be provided as an example of activities evaluated
as being at the level of procedures with connections (Figure 3).

ACTIVITY: Application Steps
* Multiply the number v20 provided in the table on the right with other square roots.

X Vi V2 V5 3V5 V10 V20
V20

* According to the results you find, state the multipliers that make the result a natural number.

* Explain your idea of multipliers that make a square root expression a natural number.

FIGURE 3. An example of the activity in Textbook A which is evaluated as being at the level of procedures
with connections

In Figure 3, in the activity in Textbook A the expression of finding multipliers resulting in
natural numbers is attempted to be reached through operations that require multiplication of
square root expressions. In other words, there is a connection between the multipliers that makes
the square root a natural number through the multiplication operations in square root
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expressions. Students need to perform the general procedures to understand the deeper
mathematical relationships. In such an activity, the student makes a connection between the
multiplication operations through the square root expressions they obtain and associate it with
the idea that the multipliers resulting in natural numbers are those that can turn the expression
of the square root into a square number. This association requires a cognitive effort. In this
context, the activity was evaluated as being at the level of procedures with connections.

The level of doing mathematics: Attributes of activities at the level of doing mathematics are as
follows (Stein & Smith, 1998):

- Such activities involve complex and non-algorithmic considerations (which are not explicitly
stated in the guidelines or which require work beyond examples).
- They require students to understand and explore the nature of mathematical concepts,
processes or relationships.
- They involve students' monitoring of their own cognitive domains and organizing their
cognitive processes.
- They require students to use appropriate working methods to access and discover
information.
- Students should analyze the work by analyzing the limitations, the strategies with possible
solutions and the solutions.
- They require significant cognitive effort.
- As the solution process has an unpredictable nature, it causes mental disorder and anxiety in
students.
The activity number 9 included in Textbook A was evaluated as being at the level of doing
mathematics (Figure 4).

ACTIVITY: Application Steps
Tools and Supplies: Dotted paper
¢ Quadratic regions with a length of 1, 2, 3 and 4 units on one edge are drawn on the dotted paper
below.

[]

* Examine the table below

One edge length of the 9

guadratic region (unit u) ! B 3 * 2 6
Ar'e.aaf'thequadrauc 1.1=1]2.2=4| 3.3=0 4.4 =16

region

e Using the table, find the unit area of each quadratic region with an edge length of 5 and 6 units.
Write down the unit areas you find on the table.

« Explain the relationship between the areas of the quadratic regions and the individual edge length of
each of these quadratic regions.

¢ According to the table, if an edge length of the quadratic region is indicated by a, state how you can
express the area of this quadratic region algebraically.

e When the pattern in the table is determined, indicate the units of the individual edge lengths of the
quadratic regions with unit areas of 49, 64, 81.

FIGURE 4. An example of the activity in Textbook A as being at the level of doing mathematics

In the activity in Figure 4, quadratic regions are drawn and the areas of these regions are
shown in a table. The student is expected to make a connection between the areas of these
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quadratic regions and the single edge lengths of these regions; generalize this connection and
determine a general rule. It requires students to use appropriate working methods to access and
discover information. They require significant cognitive effort. As the solution process has an
unpredictable nature, it causes mental disorder and anxiety in students. In this context, the
activity was evaluated as being at the level of doing mathematics.

Reliability Study

In this study, the researcher referred to one of the textbooks to be examined as Textbook A and
the other one as Textbook B; examined each of the activities in these two textbooks based on their
levels of cognitive demand; and organized the data with a scoreboard. Then, another scoreboard
based on the levels of cognitive demand for the same activities was created independently of the
researcher by another researcher who specializes in mathematics education. The tables created
by the researchers were compared and activities that are “agreed on” and “disagreed on” were
identified. If the two researchers determined the same levels of cognitive demand for the relevant
activities, such activities were considered to be agreed on and if they determined different levels
of cognitive demand the activities were considered to be disagreed on. The reliability of the study
was determined using the formula by Bakeman and Gottman (1997) and the average reliability
was calculated:
Na(Agreed on)

Na (Agreed on) + Nd(Agreed of)

For Textbook A; the “percentage of compatibility” was found to be 80.8%. For Textbook B;
the “percentage of compatibility” was found to be 88.3%. The ratios for these two textbooks are
considered to be reliable (Miles & Huberman, 1994). Although the ratios obtained were
considered to be reliable, the researcher who performed the data analysis and the other
researcher specializing in mathematics education came together and reconsidered and discussed
the activities that were disagreed on until a consensus was reached. For example, if researchers
stated that they were at different levels for the same activity, the definitions and effectiveness of
the relevant levels were re-read and a common decision was reached. Thus, the reliability of the
data analysis was improved.

P(Percentage of compatibility) =

RESULTS

Findings on the distribution of the 90 activities included in the examined textbooks based
on their cognitive demand levels are provided in Figure 5.

0 38 (%42)
33
30
23
20 618
15
10 O (%%10)

5 |

D 4

Memorization Procedures Procedures Doing
without with Mathematics
connections connections

FIGURE 5. Distribution of all activities in the examined textbooks based on their levels of cognitive demand

When Figure 5 is analyzed, it can be seen that 9 (10%) of the activities in both textbooks
are at the level of memorization; 38 (42%) are at the level of procedures without connections; 27
(30%) are at the level procedures with connections and 16 (18%) are at the level of doing
mathematics. In another aspect, 52% of the activities in both textbooks are in the low-level
category of cognitive demand, while 48% are in the high-level.
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Findings on the distribution of the activities in each of the examined textbooks based on
their cognitive demand levels are presented in Figure 6.

50 47

40

m Low-level

B High level

Texthook A Texthook B Total

FIGURE 6. Distribution of activities in the examined textbooks based on their low and high levels of cognitive
demand

When Figure 6 is examined, it can be seen that 24 of the 47 activities in Textbook A are in
the low-level category, while the remaining 23 are in the high-level category. It can be seen that
23 of the 43 activities in Textbook B are in the low-level category, while the remaining 20 are in
the high-level category. As can be seen in Figure 6, the number of low-level activities in textbooks
A and B is close to the number of high-level activities.

Distribution of activities in each textbook based on their cognitive demand levels are
presented in Figure 7.

25
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20
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10 B Texthook A
m Textbook B
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Memaorization Procedures Procedures Doing
without with Mathematics
connections connections

FIGURE 7. Distribution of activities in each textbook based on their cognitive demand levels

According to Figure 7, there are 8 activities in Textbook A and 1 activity in Textbook B that
are on a memorization level. There are 16 activities in Textbook A and 22 activities in Textbook B
that are on the level of procedures without connections. There are 17 activities in Textbook A and
10 activities in Textbook B that are on the level of procedures with connections. There are 6
activities in Textbook A and 10 activities in Textbook B that are on the level of doing mathematics.

The distribution of the activities in the textbooks according to the learning areas and the
distribution of the activities in each learning area according to their cognitive demand levels are
presented in Figure 8.
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FIGURE 8. Distribution of the cognitive demand levels of activities based on their learning areas

When Figure 8 is examined, it can be seen that the learning area with the highest number of
activities in the textbooks is geometry (40). In the textbooks, there are a total of 25 activities in the
learning area of numbers and operations, 1 of which is on a memorization level, 10 are on the level of
procedures without connections, 6 are on the level of procedures with connections and 8 are on the
level of doing mathematics. All 3 activities in the learning area of probability are on a memorization
level. In the learning area of geometry, there are a total of 40 activities, 4 of which are on the level of
memorization, 18 are on the level of procedures without connections, 12 are on the level of procedures
with connections and 6 are on the level of doing mathematics. In the learning area of algebra, there are
a total of 19 activities, 1 of which are on the level of memorization, 7 are on the level of procedures
without connections, 9 are on the level of procedures with connections and 2 are on the level of doing
mathematics. All 3 activities in the learning area of data processing are on the level of procedures
without connections.

The cognitive demand levels of the activities in textbooks A and B based on their learning
areas are presented in Table 1 and Table 2.

Table 1. Cognitive demand levels of the activities in Textbook A based on their learning areas

Number Procedures Procedures Doin
. Memorization = without with . . Total
of gains . . mathematics
connections connections

Numbers
and 17 0 8 3 6 17
operations
Probability 5 3 0 0 0 3
Geometry 17 4 4 8 0 16
Algebra 13 1 2 6 0 9
Data 2 0 2 0 0 2
processing

When Table 1 is examined, it can be seen that the number of activities in the learning areas
of probability, algebra and geometry is less than the number of gains, while the number of
activities in the learning areas of numbers and operations and data processing are as much as the
number of gains. While there are no activities in the learning area of numbers and operations on
a memorization level in the textbook, there are a total of 17 activities, 8 of which are on the level
of procedures without connections, 3 are on the level of procedures with connections and 6 are
on the level of doing mathematics. All 3 activities in the learning area of probability are on a
memorization level. Of a total of 16 activities in the learning area of geometry, 4 are on the level
of memorization, 4 are on the level of procedures without connections and 8 are on the level of
procedures with connections and there are no activities on the level of doing mathematics. In the
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learning area of algebra, there are a total of 9 activities, 1 of which is on the level of memorization,
2 are on the level of procedures without connections, 6 are on the level of procedures with
connections and there are no activities on the level of doing mathematics. Both activities in the
learning area of data processing are on the level of procedures without connections.

Table 2. Cognitive demand levels of activities in Textbook B based on their learning areas

Number o Pr.ocedures Procedures with Doing
. Memorization without } . Total
of gains . connections mathematics
connections

Numbers
and 17 1 2 3 2 8
operations
Probability 5 0 0 0 0 0
Geometry 17 0 14 4 6 24
Algebra 13 0 5 3 2 10
Data 2 0 1 0 0 1
processing

When Table 2 is examined, it can be seen that the number of activities in Textbook B in all the
learning areas except geometry is less than the number of gains. In the learning area of geometry, the
number of activities provided is more than the number of gains. There is a total of 8 activities in the
textbook in the learning area of numbers and operations, 1 of which is on the level of memorization, 2
are on the level of procedures without connections, 3 are on the level of procedures with connections
and 2 are on the level of doing mathematics. No activities in the learning area of probability are
included. Of a total of 24 activities in the learning area of geometry, 14 are on the level of procedures
without connections, 4 are on the level of procedures with connections and 6 are on the level of doing
mathematics and there are no activities on the level of memorization. In the learning area of algebra,
there are a total of 10 activities, 5 of which are on the level of procedures without connections, 3 are
on the level of procedures with connections, 2 are on the level of doing mathematics and there are no
activities on the level of memorization. There is 1 activity in the learning area of data processing and
itis on the level of memorization.

The cognitive demand levels of the activities in each of the examined textbooks based on learning areas
are provided in Figure 9.

16
14
g Numbers and
12 operations
10 B Probability
Geometry
B Algebra

B Data processing

Memorization Procedures Procedures Doing

without with Mathematics
~ connections  connections

FIGURE 9. Cognitive demand levels of activities in each of the examined textbooks based on their learning
areas
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When Figure 9 is examined, it can be seen that while activities on the level of memorization
are provided in three learning areas in Textbook A, such activities are only provided in one
learning area in Textbook B. At the level of procedures without connections, the learning area of
numbers and operations are dominant in Textbook A, while the learning area of geometry is
dominant in Textbook B. At the level of procedures without connections, it can be seen that more
activities in each learning area are provided in Textbook A compared to Textbook B. At the level
of doing mathematics, it can be seen that only activities in the learning area of numbers and
operations are provided in Textbook A, while activities in the learning areas of numbers and
operations, geometry and algebra are provided in Textbook B.

DISCUSSION and CONCLUSION

In this study, the cognitive demand levels of the activities included in two 8th grade
mathematics textbooks that are approved for teaching by the Board of Education of the Ministry
of National Education were examined. When the distribution of activities based on their cognitive
demand levels was examined it was seen that the number of low-level and high-level activities in
both textbooks approximated each other (24 low-level and 23 high-level ones in Textbook A; 23
low-level and 20 high-level ones in Textbook B). The distribution of the activities examined by
Ubuz, Erbas, Cetinkaya and Ozgeldi (2010) in terms of low-level and high-level cognitive demands
was also observed to be similar. All students need to encounter activities at different levels. In fact,
this balance of requirements may differ for students with a high level of academic success and
students with a low level of academic success (Vincent & Stacey, 2008). When the cognitive
demand levels of the activities in the textbooks of various countries and the mathematical
achievements in international exams such as TIMSS and PISA are examined, it has been found that
students experiencing activities with a high level of cognitive demand are more successful in these
exams (Recber, 2012). Due to the fact that if students are expected to think mathematically,
develop their reasoning skills and have problem-solving abilities they must encounter high-level
activities (Stein & Lane, 1996).

According to the distribution of the activities in the textbooks based on their cognitive
demand levels, it can be seen that the lowest number of activities is at the memorization level,
while the highest number of activities is at the level of procedures without connections. In the
study of Ubuz and Sarpkaya (2014) where they examined the cognitive demand levels related to
the learning area of second grade algebra in primary education, activities on the level of
procedures without connections had the highest number (58.7%) while activities on the level of
memorization had the lowest number (3.3%) according to the distribution of activities in the
learning area of algebra included in the 8th grade textbook based on their cognitive demand levels.
In this respect, the findings of both studies are similar. In general, it can be said that there is a need
for guiding textbook authors in order to increase the number of activities in procedures with
connections and doing mathematics levels.

When the cognitive demand levels of the two textbooks are compared, it can be seen that
the number of activities at the level of memorization in Textbook B is less than the number of
activities in the memorization level in Textbook A. However, the number of activities at the level
of doing mathematics in Textbook B is higher than the number of activities at the level of doing
mathematics in Textbook A. Considering that it is important for students to encounter more
activities with high levels of cognitive demand than low-level activities (Ubuz & Sarpkaya, 2014),
it can be said that students who use Textbook B have a greater advantage over students who use
Textbook A as the former will encounter less activities at the level of memorization and more
activities at the level of doing mathematics.

According to the findings obtained as a result of the analysis of the cognitive demand levels
of all activities in the textbooks based on their learning areas, all 3 activities in the learning area
of probability are assessed as being at the level of memorization. All 3 activities in the learning
area of data processing are assessed as being on the level of procedures without connections. In
the 2011 exam of TIMSS (Trends in International Mathematics and Science Study), which is a four-
year screening study to evaluate the knowledge and skills of 4th and 8th grade students in science
and mathematics, it can be seen that 20% of the 8th grade mathematics questions are from the
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learning areas of data processing and probability. On the other hand, 25% of the mathematics
questions in the 2012 exam of PISA (Program for International Student Assessment), which is a
research carried out by the Organization of Economic Cooperation and Development (OECD) that
evaluates the knowledge and skills acquired by 15-year old students, were from the learning areas
of uncertainty and data processing. This shows the importance of this learning area. Furthermore,
probability is a very important topic in terms of acquiring the skill of thinking based on probability
- which is one of the most important purposes of mathematics - and the skill of creative thinking
(Giirbiiz, Cathoglu, Birgin & Erdem, 2007). Given that the learning areas of data processing and
probability are so important, it is clear that more gains from these learning areas should be
included and hence, there should be more high-level activities in textbooks.

According to the findings obtained, as a result of the examination of the learning areas of
activities in each textbook based on their cognitive demand levels, 6 (13%) of the 47 activities in
Textbook A are at the level of doing mathematics. The 6 activities at the level of doing mathematics
are in the learning area of numbers and operations. There are no activities at the level of doing
mathematics in the learning areas of probability, geometry, algebra and data processing. In fact,
there are no activities at the level of procedures with connections in the learning areas of data
processing and probability. In other words, there are no activities in these two learning areas that
require high-level cognitive demands. The fact that, within a total of 43 activities in Textbook B,
there are no activities related to the learning area of probability and the fact that there is only 1
activity in the learning area of data processing, which is a low-level (the level of procedures
without connections) activity are noteworthy. In our country, the learning area of probability is
an area in which teachers have difficulty in teaching and students have difficulty in understanding
(Cakmak & Durmus, 2015; Gokkurt-Ozdemir, 2017; Mennun, 2008; Sezgin-Memnun, Altun &
Yilmaz, 2010). The use of activities would help students in this learning area. Activities are used
to materialize abstract concepts and to make learning more meaningful (Majoka, Dad & Mahmood,
2010). The availability of the lowest number of activities at the level of memorization and the
highest number of activities at the level of procedures without connections in the learning areas
of algebra and geometry in Textbook B, are consistent with the findings in the study of Ubuz &
Sarpkaya (2014). Actually, the use of mentally challenging activities provides students with
important opportunities for meaningful learning (Stylianides & Ball, 2008). If students are
required to develop capabilities such as problem solving and inference, they need to encounter
activities requiring a high level of cognitive demand (Stein & Lane, 1996).

Even though the textbooks are approved by the Board of Education as textbooks that can
be taught, when the activities are compared among themselves it can be seen that they differ
according to their cognitive demand levels and according to the general findings obtained from
the research. In this respect, students educated with different textbooks may have different
learning outcomes. This may cause the students who go through the same educational processes
to be at different cognitive levels for mathematical concepts. This reveals the importance of a more
thorough examination of the textbooks.

In this study, the cognitive demand levels of 8th grade textbooks were examined. The
research can be repeated for different grade levels, or for cognitive demand levels of activities in
different grades for specific learning areas. In addition, this research was conducted to examine
only the activities in the textbook. The same research can be repeated for the exercises, problems
and questions in the textbook. Studies comparing the activities in the 8th grade textbook with the
cognitive demand levels of the questions in high school entrance exams for 8th grade students can
also be conducted. When mathematics achievements in international examinations such as TIMSS
and PISA are considered, it is seen that students who encounter high levels of cognitive demand
in textbooks are more successful (Regber, 2012). In this respect, it is possible to give trainings to
the mathematics textbook authors on why the levels of cognitive demand are important, and what
features should be given for an activity to be a high-level activity. In addition, studies can be done
to increase the awareness of teachers in this context. Finally, the standards for writing textbooks
should be determined, and more rigorous supervisory mechanisms should be constructed.

144 | BOZKURT & YILMAZ An examination of the activities in 8th grade mathematics textbooks ...



REFERENCES

Altun, M., Arslan, ¢., & Yazgan, Y. (2004). Lise matematik ders kitaplarinin kullanim sekli ve siklig1 tizerine
bir calisma. Uludag Universitesi Egitim Fakiiltesi Dergisi, 17(2), 131-147.

Aykac, N. (2007). ilkégretim programinda yer alan etkinliklerin 6gretmen goriisleri dogrultusunda
degerlendirilmesi (Sinop ili 6rnegi). Ahi Evran Univ. Kirsehir Egitim Fakiiltesi Dergisi, 8(2), 19-35.

Bakeman, R., & Gottman, J. M. (1997). Observing interaction (2nd ed.). New York, NY: Cambridge University
Press.

Boston, M. D., & Smith, M. S. (2009). Transforming secondary mathematics teaching: Increasing the
cognitive demands of instructional tasks used in teachers' classrooms. Journal for Research in
Mathematics Education, 40(2), 119-156.

Bozkurt, A. & Kuran, K. (2016). Ogretmenlerin matematik ders kitaplarindaki etkinlikleri uygulama ve
etkinlik tasarlama deneyim ve goriislerinin incelenmesi. Ege Egitim Dergisi, 17(2), 377-398.

Bozkurt, A. (2012). Matematik 6gretmenlerinin matematiksel etkinlik kavramina dair algilar1. Egitim ve
Bilim, 37(166), 101-115.

Bukova - Giizel, E., & Alkan, H. (2005). Yeniden yapilandirilan ilk6gretim programi pilot uygulamasinin
degerlendirilmesi, Kuram ve Uygulamada Egitim Bilimleri Dergisi, 5(2), 385-420.

Collopy, R. (2003). Curriculum materials as a professional development tool: How a mathematics textbook
affected two teachers' learning. The elementary school journal, 103(3), 287-311.

Cakmak, Z. T., & Durmus, S. (2015). ilkégretim 6-8. simif 6grencilerinin istatistik ve olasilik 6grenme
alaninda zorlandiklar1 kavram ve konularin belirlenmesi. Abant izzet Baysal Universitesi Egitim
Fakiiltesi Dergisi, 15(2), 27-58.

Dane, A., Dogar, C., & Balki, N. (2004). ilkﬁgretim matematik ders kitaplarinin degerlendirilmesi, Erzincan
Egitim Fakiiltesi Dergisi, 6(2), 1-18.

DeBaryshe, B. D., Patterson, G. R., & Capaldi, D. M. (1993). A performance model for academic achievement
in early adolescent boys. Developmental psychology, 29(5), 795-804.

Doyle, W. (1983). Academic work. Review of Educational Research, 53, 159-199.

Draper, R. J. (2002). School mathematics reform, constructivism, and literacy: A case for literacy instruction
in the reform-oriented math classroom. Journal of Adolescent & Adult Literacy, 45(6), 520-529.

Engin, 0., & Sezer, R. (2016). 7. Sinif matematik ders kitabindaki ve programdaki etkinliklerin biligsel istem
diizeylerinin karsilastirilmasi. Buca Egitim Fakiiltesi Dergisi, 42, 24-46.

Gokkurt-Ozdemir, B. (2017). Ogretmen adaylarinin olasilik kavramlarina iliskin alan bilgileri: ayrik-ayrik
olmayan olaylar, bagimli-bagimsiz olaylar. Mus Alparslan Universitesi Sosyal Bilimler Dergisi, 5(3),
693-713.

Gomleksiz, M. N. (2005). Yeni ilkogretim programinin uygulamadaki etkililiginin degerlendirilmesi. Kuram
ve Uygulamada Egitim Bilimleri Dergisi, 5(2), 339-384.

Grandgenett, N., Harris, ]., & Hofer, M. (2011). Mathematics learning activity types. Retrieved from College
William and Mary, School of Education, Learning Activity Types  Wiki:
http://activitytypes.wm.edu/MathL earningATs-Feb2011.pdf, Retrieved April, 24, 2018.

Giirbiiz, R,,Cathioglu, H., Birgin, O., & Erdem, E. (2010). Etkinlik temelli 6gretimin 5. sinif 6grencilerinin bazi
olasilik kavramlarindaki gelisimlerine etkisi: Yar1 deneysel bir ¢alisma. Kuram ve Uygulamada
Egitim Bilimleri, 10(2), 1021-1069.

Haggarty, L., & Pepin, B. (2002). An investigation of mathematics textbooks and their use in English, French
and German classrooms: Who gets an opportunity to learn what?. British educational research
journal, 28(4), 567-590.

Henningsen, M.. & Stein, M. K. (1997). Mathematical tasks and student cognition: Classroom-based factors
that support and inhibit high-level mathematical thinking and reasoning. Journal for Research in
Mathematics Education, 28, 524-549.

Hiebert, J., & Wearne, D. (1993). Instructional tasks, classroom discourse, and students' learning in second-
grade arithmetic. American Educational Research Journal, 30(2), 393-425.

Hiebert, ]., Carpenter, T. P., Fennema, D., Fuson, K. C., Wearne, D., Murray, H., Olivier, A., & Human, P. (1997).
Making sense: Teaching and learning mathematics with understanding. Portsmouth, NH:
Heinemann.

Isik, C. (2008). ilkégretim ikinci kademesinde matematik ogretmenlerinin matematik ders Kkitabi
kullanimini etkileyen etmenler ve beklentileri. Kastamonu Egitim Dergisi, 16(1), 163-176.

Jones, D. L., & Tarr, J. E. (2007). An examination of the levels of cognitive demand required by probability
tasks in middle grades mathematics textbooks. Statistics Education Research Journal, 6(2), 4-27.
doi:10.1.1.154.6160

145 I BOZKURT & YILMAZ An examination of the activities in 8th grade mathematics textbooks ...


http://activitytypes.wm.edu/MathLearningATs-Feb2011.pdf
http://activitytypes.wm.edu/MathLearningATs-Feb2011.pdf

Kerpig, A. & Bozkurt, A. (2011). Etkinlik tasarim ve uygulama prensipleri ¢ercevesinde 7. sinif matematik
ders kitab1 etkinliklerinin degerlendirilmesi. Mustafa Kemal Universitesi Sosyal Bilimler Enstitiisii
Dergisi, 8(16), 303-318.

Majoka, M. L, Dad, M. H. & Mahmood, T. (2010). Student team achievement division (STAD) as an active
learning strategy: Empirical evidence from mathematics classroom. Journal of Education and
Sociology, 4, 16-20.

Marx, R. W.. & Walsh, J. (1988). Learning from academic tasks. The Elementary School Journal, 88(3), 207-
219.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis: An expanded source textbook. Second
Edition. California: Sage Publications.

Olkun, S., & Ucar, Z. T. (2009). ilkigretimde etkinlik temelli matematik 6gretimi. Ankara: Maya Akademi
Egitim ve Danismanlik.

Ozdemir, M. (2010). Nitel veri analizi: Sosyal bilimlerde yéntembilim sorunsali iizerine bir ¢alisma. Eskisehir
Osmangazi Universitesi Sosyal Bilimler Dergisi, 11(1),323-343.

Ozgen, K. (2017). Ogretmen adaylarinin matematigi farkli disiplinler ile iliskilendirme etkinlikleri tasarlama
becerileri, in Doymus ve Demirel (Eds) 26th International Conference on Educational Sciences
Abstract Textbook (pp. 2265 - 2268), Antalya, Turkey.

Regber, H. (2012). Tiirkiye 8. sinif matematik ders kitabindaki etkinliklerin bilissel diizeylerinin
programdakilerle ve iilkeler arasi karsilastirilmasi. Yayinlanmamis yiliksek lisans tezi, Ankara
Universitesi Egitim Bilimleri Enstitiisii.

Romero, I. M., del Mar Garcia, M., & Codina, A. (2015). Developing mathematical in secondary students by
introducing dynamic geometry systems competencies in the classroom, Education and
Science, 40(177), 43-58.

Savery, J. R, & Duffy, T. M. (1995). Problem based learning: An instructional model and its constructivist
framework. Educational technology, 35(5), 31-38.

Sezgin-Memnun, D., Altun, M., & Yilmaz, A. (2010). ilkégretim sekizinci simf 6grencilerinin olasilikla ilgili
temel kavramlari anlama diizeyleri. Uludag Universitesi Egitim Fakiiltesi Dergisi, 23(1), 11-29.

Smith, M. S. & Stein, M. K. (1998). Selecting and creating mathematical tasks: From research to practice.
Mathematics Teaching in the Middle School, 3, 344-350.

Stein, M. K. & Lane, S. (1996). Instructional tasks and the development of student capacity to think and
reason: An analysis of the relationship between teaching and learning in a reform mathematics
project. Educational Research and Evaluation, 2(1), 50-80.

Stein, M. K. & Smith, M. S. (1998). Mathematical tasks as a framework for reflection. Mathematics Teaching
in the Middle School, 3, 268-275.

Stein,M. K., Smith, M. S., Henningsen, M. & Silver, E. A. (2000). Implementing standards based mathematics
instruction: A case textbook for Professional development. New York: Teachers College Pres.
Stylianides, A. J. & Ball, D. L. (2008). Understanding and describing mathematical knowledge for teaching:
Knowledge about proof for engaging students in the activity of proving. Journal of mathematics

teacher education, 11(4), 307-332.

Swan, M. (2008). Designing a multiple representation learning experience in secondary algebra. Journal of
The International Society For Design and Development in Education, 1(1), 1-17.

Ubuz, B, & Sarpkaya, G. (2014). ilkdgretim 6. simf cebirsel gérevlerin bilissel istem seviyelerine gére
incelenmesi: ders kitaplari ve sinif uygulamalari. IIkdgretim Online, 13(2), 594-606.

Ubuz, B, Erbas, A. K, Cetinkaya, B. & Ozgeldi, M. (2010). Exploring the quality of the mathematical tasks in
the new Turkish elementary school mathematics curriculum guide textbook: the case of algebra.
ZDM, 42(5), 483-491.

Vincent, J.. & Stacey, K. (2008). Do mathematics textbooks cultivate shallow teaching? Applying the TIMSS
video study criteria to Australian eighth-grade mathematics textbooks. Mathematics Education
Research Journal, 20(1), 82-107.

Wassermann, J., Davis, C., & Astrab, D. P. (2007). Overview of learning activities. 1-8. Activity Design Hand
textbook. Faculty Guide textbook. Lisle: Pacific Crest.

Yeo, ]. B. W. (2007). Mathematical tasks: Clarification, classification and choice of suitable tasks for different
types of learning and assessment (Tech. Rep. ME2007-01). National Institute of Education, Nanyang
Technological University, Singapore.

Yildirim, A., & Simsek, H. (2008). Sosyal bilimlerde nitel arastirma yéntemleri, Onuncu baski. Ankara: Se¢kin
Yayinlari.

146 | BOZKURT & YILMAZ An examination of the activities in 8th grade mathematics textbooks ...



	INTRODUCTION
	INTRODUCTION
	METHOD
	METHOD
	RESULTS
	RESULTS

