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The importance of case reading and discussion has been steadily increasing in teacher education. This
study attempted to investigate what changes, if any, have been brought about by pre-service mathematics
teachers” working on cases on their knowledge of content and students. Nineteen pre-service teachers
participated in a 14-week teacher training program and worked on cases related to concepts in the
learning area of numbers. The current study employed the mixed method and used the written records
constituted by the cases on which the pre-service teachers worked on and the audio recordings of the
discussion processes as the data collection tools. In the analysis of the collected data, content analysis was
used. The findings revealed that the pre-service teachers’ working on cases contributed to the
development of their knowledge of content and students. The pre-service teachers were able to comment
more on how students think and where they can have difficulties and understand the reasons behind these
difficulties in the later stages of the training. The findings also revealed that the cases the pre-service
teachers were engaged in helped them feel like a real teacher. The results showed that case reading and
discussion can be one of the important contributors to the development of the pre-service teachers’
knowledge of content and students.
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1. Introduction

Successful mathematics teachers analyze events that occur in the classroom to gain insights into
the quality of students' mathematical activities and make decisions about their future teaching
(Leong, 2012). Teachers training themselves and adopting an investigative attitude in terms of
their effective analysis of the teaching process is important (Ball & Cohen, 1999). This is a bit
different for pre-service teachers because pre-service teachers do not usually encounter real
classroom incidences. The researchers drew attention to this point and emphasized that the
courses taken in undergraduate education are mostly theoretical and the number of courses that
direct to application (practice) are insufficient (Darling-Hammond, 2006; Gravett et al., 2011; L.
Shulman, 1992). Pre-service teachers who had a gap between theoretical and practical knowledge
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and did not gain enough experience in this sense experienced "practice shock" when they entered
the real classroom environment (Ball, 2000; Merseth, 1999; L. Shulman, 1992; Whitelaw et al., 2008).
Pre-service teachers who gained knowledge and skills about how the theoretical information they
had learned could be reflected in the application environment were able to construct the teaching
process more effectively (Ball, 2000; L. Shulman, 1992). When evaluated in this context, the
acquisition of knowledge and skills that will enable pre-service teachers to be ready for real
classroom environment is directly related to the education they receive during their
undergraduate years (J. Shulman, 1992). However, it is not so easy to construct learning
environments that will make it possible for pre-service teachers to be ready for the real classroom
environment (Harrington, 1999). Recently, researchers have focused on "high-leverage practices"
with the aim of maximizing the quality of teacher education (Ball & Forzani, 2009; Carpenter et al.,
1996; McDonald et al., 2013). These practices can be defined as the activities conducted to foster the
in-depth learning of mathematics (National Council of Teachers of Mathematics [NCTM], 2014).
One of the high-leverage mathematics teaching practices that draw attention is elicit and use
evidence of student thinking (NCTM, 2014).

Preparing pre-service teachers for a real classroom environment should be one of the primary
goals of teacher education programs (L. Shulman, 1992) because when teacher education programs
are traditionally conducted, information given about how to transfer theoretical knowledge into
practice can remain limited. This may cause pre-service teachers to experience pedagogical
difficulties while performing their job when they are appointed to teaching posts (Ball, 2000;
Doyle, 1986; L. Shulman, 1992; Merseth, 1999). In this context, traditional approaches are not
adequate to build a strong bridge between theory and practice in teacher education. Although the
practices (e.g., School of Experience) that pre-service teachers perform to gain real classroom
experience are beneficial in many respects, they are still discussed because pre-service teachers can
focus on the irrelevant features of students in this process or they can superficially evaluate the
points they need to focus on (Santagata et al., 2007). Another criticism is that these practices
include limited time and certain teaching processes (Sherin, 2004). All these result in criticism
levelled to teacher training programs and drew attention to the need to integrate alternative
practices into undergraduate programs (Abell & Cennamo, 2004). Emphasizing this point,
researchers have drawn attention to the fact that pre-service teachers can experience a real
classroom environment with the help of case reading and discussion (CRD) (Merseth, 1996; L.
Shulman, 1992). Another important contribution of pre-service teachers” working on cases is the
positive effect induced on the knowledge of content and students (Lin, 2002; Merseth, 1991). The
great emphasis put on the mastery of student knowledge for teachers to conduct an effective
teaching process (Lampert et al., 2013) indicates the importance of developing this knowledge. In
this connection, the current study aimed to reveal the changes brought about by the pre-service
mathematics teachers” participation in a CRD-based teacher training program on their knowledge
of content and students.

1.1. Rationale of the Study

Carpenter et al. (1989) pointed out that teachers who knew more about how students think could
create more effective learning environment than those who did not. Carpenter et al. (1988)
emphasized that teachers' knowledge about whether their students can solve problems in different
ways is directly related to student achievement. Studies drew attention to the importance of
teachers’ understanding students' thoughts, but define this process as follows: “creating
instruction that builds on children's thinking has proven challenging" (Jacobs et al., 2011, p. 98).
Thus, pre-service teachers who have less experience with students are likely to have difficulties
(Tirosh, 2000). For example, Driel and Berry (2010) revealed in their study that pre-service teachers
had difficulties in getting to know students and were not competent enough to understand
students’ answers. In another study, researchers revealed that pre-service teachers tended to
evaluate students” answers as right or wrong instead of trying to understand them (Crespo, 2000;
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Jacobs et al., 2010). Both pre-service and in-service teacher training programs that focus on student
thinking can increase the quality of teachers and the achievement of students (Franke et al., 2001;
Lampert & Ball, 1998; Sowder, 2007; Tirosh, 2000). In this sense, CRD can be an important
supporter for pre-service teachers (Masingila & Doerr, 2002; Sowder, 2007; Wilson & Ball, 1996)
because knowledge of content and students can be observed better with cases such as student
works, materials, videos, etc. (Ball & Cohen, 1999). This can offer pre-service teachers various
opportunities for the development of their knowledge of content and students (Wilson & Ball,
1996). While working on cases, pre-service teachers analyze, interpret, and discuss student
thinking. This helps them to examine the teaching process more deeply and feel like in a real
classroom environment (Masingila & Doerr, 2002). To this end, the answers to the following
question were sought.
» What changes occurred in the knowledge of content and students of the pre-service middle
school mathematics teachers having participated in a CRD-based teacher education
program?

2. Theoretical Framework and Related Literature
2.1. Case Reading and Discussion (CRD)

A case in classroom context is “...a piece of controllable reality, more vivid and contextual than a
textbook discussion, yet more disciplined and manageable than observing or doing work in the
world itself” (J. Shulman, 1992, p. xiv). Cases are effective tools to be used in teacher education for
pre-service teachers to understand the teaching process and students (Powell, 2000; Sykes & Bird,
1992). Cases can be used for various purposes, these purposes are called stimulants to reflection,
opportunities to practice analysis, and made decisions on action (Merseth, 1996). The effectiveness
of preparing pre-service teachers for complex learning environments has made case-based
teaching important (Butler et al., 2006; Mayo, 2004). In the literature, although different names
have been used such as ‘case-study instruction” (Heitzmann, 2008); ‘case study method’
(Kunselman & Johnson, 2004); ‘case reading and discussion” (Shulman, 2004); ‘case-based teaching’
(Gravett et al., 2017); ‘case-study methodology/pedagogy’ (Heitzmann, 2008); ‘case discussion as
pedagogical method” (Sato & Rogers, 2010), the term “case reading and discussion (CRD)” was
adopted in the current study as it was intended to make the pre-service teachers think and
comment on cases. CRD can be defined as a teaching method in which pre-service teachers analyze
cases and try to find solutions by discussing about these cases (Ball & Bass, 2003). Researchers
argue that using cases in teacher education is one of the effective alternatives in preparing pre-
service teachers for the profession (Hashweh, 2004; Heitzmann, 2008; Masingila & Doerr, 2002;
Merseth, 1991, 1996; Norquist, 2008; Sato & Rogers, 2010; L. Shulman, 1992; 2004; J. Shulman, 1992).

CRD takes its foundations from the situated perspective of learning and social constructivism.
In the situated perspective, learning occurs through participation and interaction in communities
of practice with the help of authentic activities (Borko et al., 2007; Lave & Wenger, 1991). Having
the opportunity to participate in such an environment, the individual can adapt to changing
situations and transfer what she has learned and adapt it to different situations (J. Shulman, 1992).
The teacher involved in such a process can improve his/her knowledge and skills (Lundeberg et
al., 1999). The use of the situated perspective in professional development programs offers the
opportunity to explore the context covered in the learning process from different perspectives as
well as the chance to experience the complex nature of teaching through contexts (Little, 2002;
Merseth, 1996). In addition, the active participation of individuals in class or group discussions
during the CRD process enables them to learn through social interaction (Mayo, 2002). Individuals
build new knowledge on their previous knowledge by focusing on problem solving in the CRD
process, which is directly related to the constructivist approach (Harrington, 1995; Mayo, 2004). In
this way, the learner not only has the opportunity to construct knowledge individually through
his/her own experiences, but also enriches his/her learning through social interaction and
reflection while interpreting and discussing cases (Mayo, 2002).
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Research findings show that CRD supports the development of pre-service teachers in various
respects. Researchers revealed that pre-service teachers gain knowledge about how theoretical
knowledge is reflected in practice through cases (Ball & Cohen, 1999; Lin, 2002; Masingila & Doerr,
2002; L. Shulman, 1992). In addition, pre-service teachers' working on cases allows them to gain
insight into the complexity of the real school environment, which helps them think like a teacher
(Heitzmann, 2008; Kunselman & Johnson, 2004; Merseth, 1991, 1996, 2003; Mostert, 2007; J.
Shulman, 1992; L. Shulman, 1992, 2004). Pre-service teachers' thinking about the solution while
working on cases supports them to develop multiple perspectives (Lin, 2002; Lundeberg &
Scheurman, 1997). Pre-service teachers' reflections on cases can be seen as an effective instruction
in establishing best practice and making teaching more effective (Kleinfeld, 1992; Lin, 2002). This
whole process allows pre-service teachers to discover themselves; therefore, they can make more
effective decisions by thinking critically and reflectively on their developing practices (Jay, 2004;
Levin, 1995; Masingila & Doerr, 2002; Mayo, 2004; Merseth, 1992). Another contribution of pre-
service teachers' working on cases is related to the development of their knowledge (Barnett &
Tyson, 1999; Lin, 2002; Merseth, 1991, 2003; J. Shulman, 1992; Smith & Friel, 2008).

2.2. Teacher Knowledge of Content and Students

Although teacher knowledge is one of the main factors affecting mathematics teaching (Cengiz et
al., 2011), it remains unclear what this knowledge includes (Ball et al., 2001). Although researchers
working in this field state that teachers should have many types of knowledge, one of the
knowledge types they agreed on is the knowledge of content and students (Ball et al., 2008; Hill,
Blunk et al., 2008). Knowledge of content and students can be defined as the knowledge necessary
for the teacher to know the points in which students have difficulties and can have mistakes and
misconceptions, how they think and how they learn concepts (Ball et al., 2008; Hill, Ball et al.,
2008). Researchers also emphasized that student thinking is a critical resource in carrying out
effective teaching practices (Lampert et al., 2013). One of the learning areas that teachers should
master in relation to the knowledge of content and students is numbers (Van de Walle et al., 2013)
because there are numbers and operations in the core of primary and middle school mathematics
(Ministry of National Education [MoNE], 2018). NCTM (2000) emphasizes that students should
have the following knowledge and skills; “(a) understand numbers, ways of representing
numbers, relationships among numbers and number systems, (b) understand the meanings of
operations and how they relate to one another, (c) compute fluently and make reasonable
estimates (p. 32)”. The objectives in the learning areas of numbers and operations in the primary
and middle school mathematics curricula in Turkey make up nearly half (49.7%) of all the
objectives in these curricula (MoNE, 2018). This clearly indicates that teachers should have the
necessary knowledge and skills regarding these learning areas. However, studies emphasize that
teachers/pre-service teachers have various difficulties regarding the knowledge of content and
students in the learning area of numbers (Ball et al., 2001; Crespo, 2000; Didis et al., 2014; Moyer &
Milewicz, 2002; Tirosh, 2000, Turnuklu & Yesildere, 2007). For example, they experienced
difficulties in eliciting students’ thoughts (Turnuklu & Yesildere, 2007). In addition, teachers/pre-
service teachers evaluated student thinking superficially by asking questions one after another
instead of listening to students (Moyer & Milewicz, 2002). Another remarkable finding is that they
classified students' answers as true or false only (Crespo, 2000; Didis et al., 2014; Tirosh, 2000). In
addition, they had difficulties in identifying the difficulties, misconceptions, and mistakes that
students experienced (Moyer & Milewicz, 2002; Turnuklu & Yesildere, 2007).

3. Method

In order to conduct a detailed examination of the changes occurring in the middle school pre-
service mathematics teachers' knowledge of content and students, who participated in a CRD-
based teacher education program, a mixed method was used. This method is a concurrent
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triangulation design, where both qualitative and quantitative data were collected at the same time
(Creswell, 2009).

3.1. Participants

The participants are third-year students attending the department of elementary school
mathematics teaching at a state university in Turkey. When the pre-service mathematics teachers
(PMTs) have graduated, they can be appointed as mathematics teachers to 5th-8th graders (aged
11-14). The pre-service teachers take the courses directed to the development of the pedagogical
content knowledge in the first two years of their undergraduate education. The study was
conducted with 19 pre-service mathematics teachers within the context of the third-year course
“Teaching Numbers”. The pre-service teachers were asked to get into groups of 3-4 on a volunteer
basis. Moreover, the participants were selected to allow maximum variation sampling, which is
one of the purposive sampling methods, on the basis of cumulative graduate point averages
(CGPAs). This sampling method allows determining whether there is a connection between the
pre-service teachers’ academic achievement and their knowledge of content and students. The
CGPAs of the two groups (upper groupl PMT1, PMT2, PMT3, upper group2 PMT4, PMT5, PMT6)
are in the range of 3.50-4.00; the cumulative grade point averages of the two groups (middle
groupl PMT7, PMTS8, PMT9, middle group2 PMT10, PMT11, PMT12) are in the range of 3.00-3.50;
and the cumulative graduate point averages of the two groups (lower groupl PMT13, PMT14,
PMT15; lower group2 PMT16, PMT17, PMT18, PMT19) are in the range of 2.50-3.00.

3.2. Production of Cases

While constructing the cases, the important points related to the relevant concept and the
difficulties that students might experience were investigated. In this way, cases for each week were
constructed. In the 10 weeks of the 14-week period (From the 4th week of the course onward), the
pre-service teachers were asked to focus on the cases. In Table 1, the subjects addressed and the
important points related to these subjects are presented.

Each week, between 3 and 13 cases were created within the scope of the subjects. Cases for
some weeks were prepared by the researcher and student answers regarding student difficulties
were constructed. In cases for some weeks, the real student answers were used and to this end, the
existing research in the literature was used. For example, the study of Eroglu (2012) was used for
student answers in three cases of fractions and operations with fractions. The study by Dogruel
(2019) was drawn on for two cases of ratios, proportions and percentages, the study by Yapici
(2013) was drawn on for four cases of the same subject. Atayev's (2015) study was used in three
cases of the subject of integers and operations with integers. Student answers in cases prepared for
the subject of rational numbers and operations with rational numbers were created by using
Alkan’s (2009) study. The study by Gocuk (2019) was drawn on for the student answers of two
cases prepared for the subject of exponential expressions while the study by Bayram (2013) was
drawn on for the student answers used in four cases prepared in the same subject. Dinc’s (2018)
study was used for the student answers in two cases used in the subject of square root and
irrational numbers. While creating cases, the focus was on two basic types of knowledge of content
and students: identifying and interpreting student difficulties, explaining reasons for student
difficulties. For example, one of the important points focused on in the subject of the concept of
early number and sense of number is cardinal value. The sample case prepared for the component
of identifying and interpreting the difficulties of the students regarding this point is presented in
Figure 1.
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[Insert Table 1 Here]
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Figure 1
The case about identifying and interpreting the difficulties of students

Bahar teacher, who is a pre-school feacher, went to the school gymnasium to play
games with her students. Bahar tfeacher asked her student Musa to bring 6 balls.
When Musa brought the balls, Bahar teacher asked "How many balls did you bring
Musa?2" She then observes that Musa counted the balls again. Evaluate the
knowledge of Musa on the concept of number. What do you think Musa knows/does
not know?

Other components of knowledge of content and students focused on explaining reasons for
student difficulties. The sample case prepared for these components of knowledge of content and
students is presented in Figure 2.

Figure 2
The Case about Explaining Reasons for Student Difficulties

The cases were presented to the review of the experts in terms of appropriateness and
language-meaning. The cases were examined by four academicians working in the field of
mathematics education and two middle school mathematics teachers. On the basis of the feedback
provided by the experts, the final form of the cases was given.

3.3. Data Sources and Data Collection

The data sources of the current study are the written records consisting of the cases that the pre-
service teachers worked on and the audio recordings that contain the pre-service teachers'
discussion processes about the cases. A tape recorder was placed on the table of each group and
discussion processes were recorded. The researcher also took field notes in the same process.
Within the context of the course, information was given on CRD in the first week. In the second
week, the place of numbers in the curriculum was discussed and the pre-service teachers were
asked to read the article by Erlwanger (1973). In the third week, it was discussed how the pre-
service teachers understood the concepts and the article by Erlwanger (1973), a seminal work in
the literature. From the fourth week onwards, the subjects were started to be studied and in some
part of the lessons, theoretical information was given to the pre-service teachers from the textbook
(Van de Walle et al., 2013). In the remaining part of the lesson, the pre-service teachers were asked
to work on the subject in groups. Moreover, the researcher walked in the groups to make
observations and took field notes, but no intervention was made. Each week, the theoretical part of
the lesson lasted for 60-90 minutes and 60-90 minutes were allocated for the pre-service teachers to
work on the cases. The cases related to the following content were given to the pre-service
teachers, and they were asked to work on and interpret them as a group. The content of the course
is presented in Table 2.

3.4. Data Analysis

The case papers the students worked on, the transcripts of the audio recordings containing the
discussions of the groups on the cases, and the field notes of the researcher were analyzed based
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Table 2
Content of the Course “Teaching Numbers”
Weeks Content

Week1  Informing about CRD

Week 2 Place of numbers in the curriculum

Week 3 Importance of understanding student learning

Week 4 The concept of early number and number sense

Week 5 Natural numbers and operations

Week 6 The concept of place value, developing strategies for calculations, estimating

Week 7 Factors and multiples, relatively prime numbers, prime factor, divisibility rules, GCD, LCM

Week 8 Fractions, operations with fractions

Week 9 Decimals

Week 10  Ratio-proportion, percentages

Week 11  Integers, operations with integers

Week 12 Rational numbers, operations with rational numbers

Week 13 Exponential expressions

Week 14  Square root expressions, irrational numbers

on qualitative and quantitative analysis methods (Creswell, 2009). Knowledge of content and
students of the pre-service teachers was evaluated around two basic components. These
components are identifying and interpreting student difficulties and explaining reasons for
student difficulties (An & Wu, 2012; Ball et al., 2008; Hartman, 2012; Takker & Subramaniam, 2012;
Tirosh, 2000). Within the framework of these components, mathematical details were determined
and scored while coding the changes occurred in the knowledge of content and students of the
pre-service teachers. For example, if the pre-service teachers were able to identify and interpret the
student difficulty both operationally and conceptually for each case, it was coded as "robust
evidence" and given 3 points. If they were able to identify and interpret the student difficulty only
conceptually, it was coded as "medium evidence" and 2 points were given. If they were able to
identify and interpret the student difficulty only operatively, it was coded as "low evidence" and 1
point was given. If they failed to identify and interpret the difficulty, it was coded as "no evidence"
and 0 point was given. For example, if the pre-service teachers did not make any comment on the
student difficulty in the case given in Figure 9, then it was coded as “no evidence” and if they only
operationally evaluated by stating “The student does not know that he/she needs to equate the
denominators in order to perform the addition operation in fractions.”, it was coded as “low
evidence”. If the pre-service teachers only conceptually evaluated the student difficulty by stating
“The student does not know that he/she has to work on the same whole in order to perform the
addition operation in fractions.”, then it was coded as “medium evidence and if they both
operationally and conceptually evaluated the student difficulty by stating “The student does not
know that in order to perform the addition operation in fractions, he/she needs to work on the
same whole and to do so, the denominators must be equated.”, then it was coded as “robust
evidence”. A similar analysis process was carried out for the other components of knowledge of
content and students. The analysis process regarding the components of knowledge of content and
students is given in Table 3.

The pre-service teachers' findings regarding knowledge of content and students during the
CRD process were coded within the framework of the themes mentioned above. The process was
completed by taking the arithmetic mean of the scores obtained for knowledge of content and
students component every week. The resulting arithmetic mean scores were defined as 0 < low <1,

1< moderate < 2, and 2 < high < 3. After the coding was completed, the process of defining the
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Table 3
The Framework of the Analysis
Evidence types/components  Identifying and interpreting student Explaining reasons for student
of knowledge of content and  difficulty difficulties
students
Robust evidence (3) Identifying and interpreting the Explaining the reasons for the
student difficulty both operationally student difficulty
and conceptually
Medium evidence (2) Identifying and interpreting the Explaining the reasons for the
student difficulty only conceptually student difficulty
partially /incompletely
Low evidence (1) Identifying and interpreting the Attributing the reasons for the
student problem only operationally student difficulty only to the
teacher
No evidence (0) Do not identify and interpret the Do not explain the reasons for the
student difficulty student difficulty

findings was started. Findings were interpreted and presented to the reader with direct quotations
where necessary. In order to establish the validity and reliability of the obtained data, the
researcher encoded the data in two different times points (2 times at two-month intervals) and the
intercoder agreement rate was 92%. Similarly, a mathematics educator working on knowledge of
content and students was asked to encode 30% of the data. The intercoder reliability was found to
be 88%. This makes it possible to say that the current study is reliable (Miles & Huberman, 1994).
The differences of opinion that arose were resolved through discussions.

In the current study, the first role of the researcher was to make the study environment suitable
for study and to determine participants. At the beginning of the study, the participants were
informed about the research process and then they were selected to be included in the study on a
volunteer basis. Moreover, before the study, the participants were informed about the research
process and that their names would not be used in the study. In addition to this, the researcher
provided guidance throughout the research process for the participants to help them cope with the
difficulties encountered and by asking facilitating questions, the researcher helped them overcome
these difficulties. The researcher also encouraged them to cooperatively fulfill the responsibilities
and implement the decisions made during the process of group discussions. The researcher
observed the work of the pre-service teachers but did not provide any direction or did not make
any comments on their decisions.

4. Findings

In this study, the changes in the knowledge of content and students of the pre-service teachers
were evaluated within the framework of the components of identifying and interpreting student
difficulties and explaining reasons for student difficulties. The findings were structured in a way
to emphasize four points within each knowledge of content and student component. First, the
change in the mean scores of the pre-service teachers from the first week they started working on
the cases to the last week was examined. Second, the changes between weeks were examined and
interpreted by determining the breaking points. Third, the similarities/differences between the
grade point averages of the pre-service teachers and the scores they received from the cases were
examined. Finally, every week, the points that were thought to be important about the pre-service
teachers were presented to the reader by summarizing them in general terms.

4.1. Pre-service Teachers’ Knowledge about Identifying and Interpreting Student Difficulties

The mean scores obtained as a result of the studies of the pre-service teachers on the cases
regarding identifying and interpreting the student difficulties experienced in the focused subjects
are presented in Table 4.



N. Yilmaz / Journal of Pedagogical Research, 6(1), 171-195 180

Table 4
Pre-service Teachers” Mean Scores about Identifying and Interpreting Student Difficulties

Group/ Week Week Week Week Week Week Week Week Week Week Week

Week 4 5 6 7 8 9 10 11 12 13 14
Upper 2 2 2 24 211 258 260  1.60 2 250 230
group 1

Upper 1.75 2 2 211 187 233 237 140 21 237 227
group 2

Middle ¢ 2 1.90 22 187 225 25 2 24 266 275
group 1

Middle -0 160 100 195 125 188 225 180 245 250 250
group 2

Lower 150 1.5 2 25 1.50 2 202 180 230 235 235
group 1

Lower 1.75 2 195 211 162 212 225 160 237 245 2
group 2

In addition, a line chart was created to observe the change more easily in the scores of the pre-
service teachers for identifying and interpreting student difficulties. In Figure 1, the time-varying
change of the arithmetic mean scores of the pre-service teachers for identifying and interpreting
student difficulties is given.

Figure 3
Time-Varying Change of the Pre-service Teachers” Mean Scores for Identifying and Interpreting Student
Difficulties

3
—&— Upper group 1
—— Upper group 2
——Middle group 1
—#—Middle group 2
1
—o—Lower group 1
0,5 Lower group 2
0 T T T T T T T T T T 1

Week Week Week Week Week Week Week Week Week Week Week
4 5 6 7 8 9 10 11 12 13 14

The mean scores of the pre-service teachers generally increased between the first week when
they started working on the cases and the last week. While the upper group 1 had a high mean
score at the beginning of the process, they kept their place in the last week. The other groups, on
the other hand, had a medium mean score at the beginning, but reached a high mean score at the
end. When all the groups were evaluated in general, there was a decrease in their mean scores in
the 8th, 11th, and 14th weeks. When the final mean scores of the pre-service teachers were
evaluated according to their grade point averages, there was no pattern. The ordering of the
increases in the percentages of the final mean scores of the groups in comparison to their first
mean scores is as follows: lower group 1> middle group 1> middle group 2> upper group 2 >
upper group 1> lower group 2.
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Although the pre-service teachers initially made comments on student difficulties, these
comments were sometimes wrong or incomplete. For example, in the 4th week, the pre-service
teachers were asked to interpret a case related to cardinal value.

Figure 4
The Case about the Student Difficulty in the Cardinal Value

Bahar teacher, who is a pre-school teacher, went to the school gymnasium to play
games with her students. Bahar teacher asked her student Musa to bring 6 balls.
When Musa brought the balls, Bahar teacher asked "How many balls did you bring
Musa2" She then observes that Musa counted the balls again. Evaluate the
knowledge of Musa on the concept of number. What do you think Musa knows/does
not know?

In the case presented in Figure 4, what was expected from the pre-service teachers was to say
that Musa could not gain the cardinal number value. However, emphasizing the conservation of
numbers, the lower group 1 commented that “Musa's number conservation has not developed because
he thinks that the number of objects changes when they are in different arrangements or depending on their
being scattered or amassed.”; thus, erroneously evaluated the student thinking. The pre-service
teachers were not aware of the fact that no comment can be made on the conservation of numbers
in this case. A similar situation was observed in the 5th week. The pre-service teachers were asked
to interpret the student difficulties regarding the different meanings of the number 0 (Figure 5).

Figure 5
The Case about the Different Meanings of the Number 0

The teacher Ali talks to his students about 0. One of the students, Seyda, defines 0 as follows:

“There were three toys on the table a short time ago. I put them all into the drawer.
Now I have no toy on the table. That is, I have 0 toy”

And then the teacher Ali completed the lesson by saying that

“Yes, isn’t it, children? What Seyda says is correct. Then, 0 means nothing?”

The teacher in the case only mentioned the nothingness meaning of zero. The pre-service
teachers were expected to state that this explanation was lacking and that the different meanings of
0 (being the starting point, the location of 0 in the elevator, 0 °C in the thermometer) should also be
mentioned; otherwise, students may have various difficulties. However, some of the pre-service
teachers had difficulties in this process. For example, the lower group 1 made the following wrong
explanation: “The teacher Ali wanted to hear that 0 means nothing, yet this explanation was incorrect.
Zero does not mean nothing. He misleads the children”. In another case given about the concept of 0,
the pre-service teachers had difficulty in interpreting the student difficulty (Figure 6).

Figure 6
The Case about the Different Meanings of the Number 0

You have seen that most of the students in the classroom answered as 0 when you asked the
result of 5/0.

v' Please evaluate the answer of the student. What does/doesn’t the student know? How

does he/she perceive the numbers?
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Here, the middle group 2 made the following comment: “A middle school student does not know
the concepts such as being undefined and eternity. In this case, this undefined statement may cause the
student to be confused. In our opinion, it is not right to direct this question to students." The lower group
1 interpreted student thinking erroneously by stating that “The student doesn't know that zero is
undefined. He/she knows that zero is nothing”. On the other hand, there were some groups correctly
interpreting the student thinking by stating that "He/she does the same thing in the division operation
by generalizing the nullifying element property of 0 in the multiplication operation" (lower group 2). As the
process progressed, the pre-service teachers were able to interpret students' thoughts more deeply.
For example, based on the case given on prime numbers also factors and multiples, which was
discussed in the 7th week, the pre-service teachers were asked to interpret student thinking
(Figure 7).

Figure 7
The Case regarding the Subject of Prime Numbers Also Factors and Multiples

The teacher Mehmet asked his students to factor the mimber 200 into ifs prime factors. While
he was observing what his students were doing, he saw that one of the students expressed the
prime factors as 10.5.4.

1. Evaluate the student’s answer. What does/doesn’t he/she know?

The middle group 2 were able to interpret the students” thinking as follows: “The student knows
how to factor the given number but confuses the concept of prime number. So, he/she did the factoring
wrong. He/she did not know that the prime factors should consist of prime numbers”. The progress in the
interpretation of the student thinking manifested itself in the last weeks of the process. For
example, this development could be observed concretely in the cases on rational numbers and
operations with rational numbers discussed in the 12th week (Figure 8).

Figure 8
The Case regarding the Determination of Rational Numbers

In the case given in Figure 8, the pre-service teachers were asked to interpret the difficulties
students experienced in determining rational numbers. The groups were successful in this subject
and were able to interpret the student responses. For example, the middle group 1 was able to
correct the student thinking correctly by stating that "0/1 is undefined, the student probably memorized
the division of a number by zero as undefined, and because he/she thought 0 was nothingness, he/she thought
that its division by 1 was undefined. The reason he/she says 0/1 is not rational is that the student does not
know that integers are also rational numbers."

The striking finding related to this component of knowledge of content and students is that
there was a decrease in the mean scores of the pre-service teachers regarding the cases given in the
8th, 11th, and 14th weeks. The pre-service teachers had difficulties in identifying and interpreting
student difficulties. For example, they proved inadequate in interpreting the meaning of fractions,
the comparison of fractions, and operations with fractions, which were discussed in the 8th week.
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For example, the pre-service teachers were asked to interpret the student difficulty regarding
addition with fractions (Figure 9).

Figure 9
The Case regarding Addition with Fractions

The teacher asked the result of the operation 1/3+1/4. Pelin responded as 2/7.

1. Ewvaluate the student’s answer. What does/doesn’t she know?

Here, what is expected from the pre-service teachers was them to say that it was necessary to
work on the same whole to be able to perform the addition with fractions. However, none of the
groups mentioned this. For example, the upper group 1 showed that they addressed the student
thinking largely operationally by stating that “The student knows that the numerators need to be added
but does not know that the denominators need to be equalized in order to perform the addition operation.” A
similar situation was observed in the 11th week when integers were handled. Regarding a case in
which the subject of operations in whole numbers was discussed, the pre-service teachers could
not interpret student thinking at the desired level (Figure 10).

Figure 10
The Case regarding Operations with Integers

When a 7™ grader was asked the result of the operation -4+4, he/she responded as 8

1. Ewvaluate the student’s answer. What does/doesn’t he/she know?

Here, while the pre-service teachers were expected to interpret the student difficulty by
establishing a relationship between negative numbers and the direction of numbers, the pre-
service teachers were found to be able to make limited comments with the subtracting operation in
natural numbers. For example, the middle group 2 made the following comment: "The student here
does not know that the negative value of the number means reduction in the addition process.” A similar
situation was also observed in the last week, and the pre-service teachers had difficulties in
interpreting student difficulties regarding irrational numbers and real numbers (Figure 11).

Figurell
The Case regarding the Determination of Irrational Numbers

The teacher Ayse asked the 8" grade students to think about this question “Are all the
rational numbers real numbers?” One of the students responded as follows: “each rational
mumber cannot be a real munber. For example, 23/17. 23/17 is a rational number because it
is written in_fractions. However, when I divide 23 by 17, the resulting number does not coime
to an end and the decimal part is progressing endlessly. This is an indication of irrationality.
Therefore, this munber cannot be real.”

1. Evaluate the student’s answer. What does/doesn’t he/she know?

In this case, the pre-service teachers themselves had difficulty in defining irrational numbers.
For example, the upper group 2 interpreted this sample case as follows: “The student knows that
rational numbers can be written as a/b. He/she considers every decimal number that does not end as an
irrational number. He/she knows that numbers infinite in decimals are irrational.” From here, it can be
inferred that the pre-service teachers cannot define irrational numbers because every number that
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goes to infinity in decimals is not irrational. Therefore, pre-service teachers have their own
difficulties regarding the concept.

4.2. Pre-service Teachers' Knowledge about Explaining Reasons for Student Difficulties

The arithmetic means of the scores obtained as a result of the pre-service teachers” work on the
cases to explain the reasons for the student difficulties regarding the focused subjects are presented
in Table 5.

Table 5
Pre-service Teachers” Mean Scores about Explaining Reasons for Student Difficulties

Group/ Week Week Week Week Week Week Week Week Week Week Week

Week 4 5 6 7 8 9 10 11 12 13 14
;ii‘: ; 1 15 2 2.2 2 290 280 250 266 275 27
;{’)ﬂ? ) 0 0.5 1 1.8 2 264 275 2 238 25 245
1;’;;‘111‘261 0 15 2 2 2 233 225 215 235 24 248
lg\fﬁl‘gez 0 0.75 1 12 1 17 190  1.90 2 21 205
;’c‘)’:’;r , 0 125 15 19 1 158 160 150 165 17 18
;fgfﬁz 125 160 175 1 166 175 166 178 175 175

In addition, a line chart was created to observe the change more easily in the pre-service
teachers' scores about explaining reasons for student difficulties. In Figure 12, the time-varying
change in the pre-service teachers' arithmetic mean scores for determining the reasons for the
difficulties experienced by the students is given.

Figure 12
The Time-Varying Change in the Pre-service Teachers” Mean Scores about Explaining Reasons for Student
Difficulties

3,5
3
25 —&— Upper group 1
) —4— Upper group 2
15 —>—Middle group 1
1 == Middle group 2
—o— Lower group 1
0,5 group
Lower group 2
0 A—{l T T T T T T T T T T 1
Week Week Week Week Week Week Week Week Week Week Week
4 5 6 7 8 9 10 11 12 13 14

When the data obtained were evaluated in general, it was noticed that the means of the pre-
service teachers increased from the first week they started working on the cases to the last week.
However, there are differences in the percentages of the increase. While the upper group 1 had a
medium mean score at the beginning of the process, they reached a high mean score at the end of
the process. While the upper group 2 and the middle groups 1 and 2 had a low mean score at the
beginning of the process, they reached a high mean score at the end of the process. While the lower
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groups 1 and 2 had a low mean score at the beginning of the process, they reached a medium mean
score at the end of the process. When all the groups were evaluated in general, there was a
decrease in their mean scores in the 8th, 11th, and 14th weeks. When the final mean scores of the
pre-service teachers were evaluated according to their grade point averages, it was observed that
there was no pattern. The ordering of the increases in the percentages of the final mean scores of
the groups in comparison to their first mean scores is as follows: Middle group 1> upper group 2>
middle group 2> lower group 1> lower group 2> upper group 1.

The pre-service teachers had great difficulty explaining reasons for student difficulties at the
beginning of the process. For example, in the 4th week, the pre-service teachers were asked to
comment on the reasons for the difficulty of the students regarding the conservation of numbers.
The other groups, except for the upper group 1, could not comment on the reasons for the
difficulty (Figure 13).

Figure 13
The Case regarding the Conservation of Numbers

The teacher Esra and her students are doing an activity gathered around the table. She puts 8
marbles first close to each other and then distant from each other and asks her students how
many marbles were there in each case. Two of the students respond as follows:

Niliifer: Teacher, when they are scattered, there are more marbles.
Veli: No, I think the numbers of marbles are equal in each case.

Evaluate the knowledge of Niliifer and Veli on the concept of conservation of numbers. What
do you think Niliifer and Veli know and do not know? What can be the reasons for the
difficulty experienced by the student?

In this case, while all of the groups were able to interpret the student difficulty, except for one
group, all the other groups could not comment on the reasons for this difficulty. The upper group
1 attributed this difficulty experienced by the student to the teacher and stated that "the teacher may
not have done many activities on the concept of number and have not devoted much time to the association of
it with daily life." In the later weeks, the pre-service teachers made more comments on the reasons
for the difficulties experienced by the students. For example, in the 5th week, the pre-service
teachers were asked to work on the case focusing on the meaning of 0 (Figure 14).

Figure 14
The Case Regarding the Different Meanings of 0

When you asked the result of the operation 5/0, you saw that most of the students responded
as 0.

What can be the reasons for the difficulty experienced by the student?

While some groups attributed this difficulty experienced by the student to the teacher, some
others pointed out that students' misconceptions may have caused this difficulty. For example, the
upper group 1 attributed the reason for the difficulty to the teacher by stating that “It may have
caused by the teacher using an incomplete expression while defining 0. For example, if he/she defined 0 only
as nothingness, this concept was understood incompletely by the student.” Another group, the upper
group 2, interpreted the difficulty by associating it with misconceptions as follows: “He/she may
have overgeneralized that zero is the nullifying element. He/she may have extended the nullifying element
property of 0 in the multiplication operation to the division operation.” In addition, as the weeks
progressed, the pre-service teachers could diversify the reasons for student difficulties. For
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example, in the 7th week, which focused on the rules of division with multiples, the pre-service
teachers were asked to work on the following case.

Figure 15
The Case regarding the Concept of Relatively Prime

When eighth grade students were asked whether the numbers 8 and 9 are relatively prime or
not between them, it was observed that one of the students said that these numbers were not
prime between them.

¢) What can be the reasons for the difficulty experienced by the student?

The groups were able to comment on this case on the student difficulty and even diversify the
reasons. For example, the group 1 diversified the reasons for the student difficulty by stating that
“Failure to associate the relatively prime with the concept of common factor may cause this difficulty.
Besides, the definition of the concept of relatively prime might have been directly memorized. He/she may
know the concept of relatively prime, but she may have responded without examining consecutive numbers
thinking that they are not prime between them.” Also, group comments that attribute the reasons for
the difficulties experienced by students to their misconceptions were also noticed. For example, in
the 9th week, when decimals were discussed, the pre-service teachers were asked to work on the
following case (Figure 16).

Figure 16
The Cases regarding Four Operations in Decimals

Students were asked to estimate the results of the operations 9 x 0.358 and 8 / 0.458. Some o}
the students stated that the result of the first operation is higher than 9 and that the result of
the second operation is lower than 8.

1. What can be the reasons for the difficulty experienced by the students?

The lower group 2 were able to comment on the reasons for the difficulties experienced by the
students by associating them with their misconceptions as follows: “Students can give this answer if
they have the misconception that multiplication always increases the number and division always decreases
the number.” A similar situation was observed in the 12th week. They were asked to work on the
following case on rational numbers and operations with rational numbers (Figure 17).

Here, they made explanations focused on misconceptions in relation to the reasons for student
difficulties. The upper group 2 made the following comment: “These two students may have
extended the identity element property of 0 in the addition and subtraction operations to the
division operation. Therefore, they may have thought that 0 would have no effect in the division
operation.”

The pre-service teachers had difficulty in commenting on the reasons for student difficulties
related to the subjects focused on in the 8th, 11th, and 14th weeks. In general, there were efforts to
attribute the reasons for student difficulty only to the teacher. For example, in the 8th week when
fractions and operations with fractions were discussed, the pre-service teachers were asked to
work on the following case (Figure 18).
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Figure 17
The Case regarding Operations with Rational Numbers

Figure 18
The Case regarding Operations With Fractions

The teacher asked the result of the operation 1/3+1/4. Pelin responded as 2/7.

1. Ewaluate the student’s answer. What does/doesn’t she know?

In relation to this case, the lower group 1 attributed the reason for the difficulty experienced to
only the teacher by stating that “It might not have been taught the student through discovery.” The
same is true for the lower group 2 that commented as follows: “It might have been taught the student
erroneously or incorrectly. The student might not have been provided with opportunities to internalize the
subject thoroughly.” The pre-service teachers had difficulties in explaining the reasons for student
difficulties experienced in the cases given on the subjects of irrational-real numbers in the last
week (Figure 19).

Figure 19
The Case regarding the Features of Irrational Numbers

The teacher Bahar asked her 8% grade students to evaluate the statement “There are both
rational and irrational numbers”. Below are given the evaluations made by two students on
this statement.

Student 1 “Yes, there are, for example the number w is both irrational and can be
written as rational”

Student 2 “Yes, I think root expressions that are perfect squares are both rational and
irrational, like 7 16.”

1. What can be the reasons for this difficulty experienced by students?

In relation to this case, the middle group 1 made the following comment “Using different values
of the number m led to misconception in the student. Since he/she evaluates the squared expressions by
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generalizing, he/she calls the perfect square numbers as irrational numbers.” The number i actually has
no different values here. The pre-service teachers revealed their own misconceptions by thinking
that taking the values such as 3 or 3.14 for ease of operation as if the number i had different
values.

The mean of the scores obtained by the pre-service teachers for their student information during
the 11-week period was taken as their general achievement score, and Table 7 and Figure 20 was
obtained by evaluating them on the basis of the groups and the components of knowledge of
content and students.

Table 7
The General Achievement Mean Scores Obtained From the Pre-service Teachers” Knowledge of Content and
Students

The components of knowledge of Upper Upper Middle Middle Lower Lower
content and students group 1 group2  Groupl Group2 Groupl Group?2

Identifying and interpreting

student difficulties 219 2.05 221 2 1.98 2.02
Explaining reasons for student 227 1.82 1.95 1.41 14 1.45
difficulties
Figure 20

The Pre-service Teachers” General Achievement Scores for Their Knowledge of Content and Students
2,5

2
m Identifying and
interpreting student
15 - difficulties
® Explaining reasons for
student difficulties
1 -
05 -
0 = T T T T T

Upper Upper Middle Middle Lower Lower
Group 1 Group 2 Group1 Group 2 Group 1 Group 2

According to the Figure 20, except for the upper group 1, all the groups had the highest mean
score from the component of identifying and interpreting student difficulties, followed by the
mean scores related to the component of explaining the reasons for student difficulties. The mean
score for the component of explaining reasons for student difficulties was found to be the highest
for the upper group 1, followed by the mean scores for the components of identifying and
interpreting student difficulties.

5. Discussion and Conclusion

In this study, researchers investigated how pre-service teachers” work on cases affected their
knowledge of content and students. The pre-service teachers were given cases on various concepts
in the learning area of numbers for 11 weeks and were asked to work on cases in groups of three or
four.

The findings showed that the pre-service teachers had difficulties in identifying and
interpreting student difficulties, explaining the reasons for these difficulties at the beginning of the
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process. While the pre-service teachers remained inadequate in identifying and interpreting
student difficulties, none of the groups, except for one group, expressed opinions about the
reasons for these difficulties. The reasons for these difficulties experienced by the pre-service
teachers can be evaluated under two headings. The first reason can be stated as the pre-service
teachers’ lack of content knowledge because when there is a shortage in the content knowledge,
this will negatively affect the pedagogical content knowledge of pre-service teachers. This
emphasis has been made in various studies, and attention has been drawn to the connection
between content knowledge and pedagogical content knowledge (Ball et al., 2008; Carpenter et al.,
1996). Another reason for the difficulties experienced by the pre-service teachers can be considered
as the lack of experience. Considering the content of undergraduate programs, although pre-
service teachers take various courses related to content education, the content of these courses does
not focus directly on student thinking. Although there is an implicit emphasis on knowledge of
content and students in the content of the courses, pre-service teachers not focusing on student
thinking may have triggered the emergence of such a result. In the literature, studies also stated
that pre-service teachers not gaining experience regarding knowledge of content and students may
cause a lack of knowledge (Bjuland & Mosvold, 2015; Heaton & Mickelson, 2002). Some research
results also show that pre-service teachers who do not have sufficient practical or theoretical
experience may have difficulty in analyzing cases and associating cases with the theoretical
knowledge they have learned (Mostert, 2007).

In the later stages of the process, the pre-service teachers were able to evaluate the reasons for
these difficulties as well as how the students would think and where they would have difficulties.
They generated more ideas about interpreting student difficulties, and they were able to diversify
the reasons for these difficulties. When the reasons for this development in the pre-service
teachers” knowledge of content and students are considered, a few points should be emphasized.
The first of these is that the cases were structured in such a way as to support the pre-service
teachers to feel like they are in a real classroom environment. In this way, the pre-service teachers
felt like a real teacher in the problem situations they encountered and tried to solve these
problems. In addition, they also learned about how the theoretical knowledge they learned
reflected in the application process; in other words, they were in a real classroom environment.
This can enable them to gain experience. In the literature, studies stated that pre-service teachers
and teachers who are new to the profession have difficulty in adapting to real classroom
environments (Dolk et al., 2002; Quek & Wang, 2010). At this point, it can be concluded that with
the current study, pre-service teachers can be supported to overcome this adaptation problem that
they may experience. Another point that fostered the development of the pre-service teachers
regarding knowledge of content and students can be stated to be them working as a group in this
process. The pre-service teachers' focusing on the problem involved in the case and revealing their
thoughts led them towards the solution of the problem. This fosters their understanding of the
complex structure of the mathematics teaching process and the formation of multiple perspectives
on this process (Lin, 2005). Particular attention was paid for the groups to be consisted of 3-4
people because some studies have shown that case discussions conducted in small groups yielded
more successful results (Norquist, 2008). When the literature is reviewed, studies stated that
analyzing and discussing cases in social environments triggers constructivist learning to occur and
this can contribute to the development of knowledge of content and students (Guskey, 2003; J.
Shulman, 1992). Another point can be considered that to promote the development of knowledge
of content and students in pre-service teachers is thought to be the duration of the teacher
education program. The current study lasted for 14 weeks, and the pre-service teachers carried out
applications that would allow them personally to employ their knowledge of content and students
for 11 weeks. These applications supported the pre-service teachers to internalize their knowledge
of content and students. As Smith (2001) emphasized, this effort and time devoted help learning.

Although there are improvements in terms of the points mentioned above, in some weeks, a
decrease was observed in the scores taken by the pre-service teachers for all the components of
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knowledge of content and students regarding the cases. the subjects that the pre-service teachers
had difficulty in commenting on the components of knowledge of content and students were
fractions and operations with fractions, integers, and operations with integers, and square root and
irrational numbers. The reasons for these difficulties experienced by the pre-service teachers can be
evaluated under several headings. The first of these is that the subjects mentioned contain some
epistemological difficulties. In the history of mathematics, studies stated that it was not easy for
people to accept irrational numbers and negative numbers. The fact that these number sets are
different from other frequently used number sets made it difficult to accept them (Guedj, 2006;
Sertoz, 2002). Therefore, it is not surprising that the pre-service teachers also experienced similar
difficulties in these subjects, which have been found to be challenging by people throughout the
history of mathematics. Another reason for these difficulties experienced by the pre-service
teachers can be considered as their lack of content knowledge. For example, their perception of
equating denominators as a rule in adding fractions and not knowing why may have caused them
to remain incapable of commenting on such difficulties of students and thinking about their
reasons. In the literature, attention is drawn to the issue that teachers/pre-service teachers’
deficiencies in their content knowledge may negatively affect their pedagogical content knowledge
(Charalambous, 2010).

When the development of the pre-service teachers’ knowledge of content and students is
holistically evaluated, at the end of the process, their mean score taken from the component of
explaining reasons for student difficulties is lower than the mean scores taken from the identifying
and interpreting student difficulties. This allows the interpretation that not all the components of
knowledge of content and students are improving at the same time. Learning is a complex process
and changes in the teacher's knowledge may be complex and may not often proceed in a linear
manner (Fullan, 1991; Van Es & Sherin, 2008).

Knowing and understanding students in increasing the effectiveness of the teaching process is
very important (Reynolds, 1992). In this regard, the current study contributed to the development
of the pre-service teachers” knowledge of content and students. Similar points are emphasized in
the literature, and the importance of pre-service teachers' working on cases is pointed out
(Hernandez-Serrano & Jonassen, 2003; Loughran, 2002; Putnam & Borko, 2000). The results
obtained show that CRD can be one of the important alternatives for the development of
knowledge of content and students in pre-service teachers. In this connection, results of this study
suggest that the courses in undergraduate programs should be structured in a way that they
include cases and designed in such a way as to make students realize the importance of knowledge
of content and students. Moreover, the current study focused on the learning area of numbers. In
future research, cases directed to the development of other learning areas (e.g., algebra, geometry)
related to pre-service teachers’ knowledge of content and students can be designed and
implemented.

5.1. Limitations

As in any study, the current study has some limitations. As the current study is limited to a
university in Turkey, it is thought that there is a need to investigate the knowledge of content and
students of pre-service teachers from different universities in Turkey as well as from universities
abroad through cases. Moreover, the current study is limited to third-year pre-service teachers and
the study was conducted over a semester period. Longitudinal studies to investigate the
development of pre-service teachers” knowledge of content and students when they are involved
in real classroom applications (e.g., teaching practicum) can be conducted.
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