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Keywords: through consultations with two mathematics education academics and five
secondary school math teachers pursuing doctoral studies. A total of 328 pre-

Algebr hin . ) . L0 .
gebra teaching, service teachers at a Turkish public university's elementary school mathematics

Algebraic knowledge, teaching department were administered form A (14 questions, 29 items) and form
Adaptation study, B (12 questions, 27 items) at a one-week interval. Psychometric analyses revealed
Preservice Teachers high reliability (KR-20: A=0.712, B=0.735; Lord reliability: A=0.733, B=0.756),

and strong correlations (rpni) with the original English forms, indicating suitable
adaptation. Item difficulties analyzed using a one-parameter Item Response Theory
model showed a normal distribution, affirming the tests' validity for assessing pre-
service teachers' algebra teaching knowledge in Tiirkiye.

MKT-PFA.

1. INTRODUCTION

Mathematics education is a field that requires interaction between teachers and students in
classrooms, professional knowledge, and reasoning to invite students to the learning process of
mathematics (Ball et al., 2008). This teaching process, which consists of interactions between
teachers and students, helps students act as critical thinkers and develop their reasoning (Cohen,
2011). The teacher's interactions with students in the classroom begin and are developed
through the "teaching job". This “teaching job” allows students to reason, interpret, criticize
textbook practices on specific topics, use representations correctly, and create examples of
mathematical concepts, algorithms, or proofs (Hill et al., 2005). Therefore, teachers should
possess certain competencies, such as mathematical knowledge for teaching, interactions with
students, technology integration, and understanding of student diversity, to structure their
mathematics instruction effectively (Ball et al., 2005; Ma, 1999). These competencies can equip
mathematics teachers with the essential skills and knowledge required to enhance their students’
achievement and foster positive attitudes toward mathematics. This study focuses on
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Mathematical Knowledge for Teaching (MKT), one of the competencies identified in the
literature, for teachers and preservice teachers to structure the ‘teaching job'.

The theoretical basis of mathematical knowledge for teaching (MKT) in instruction is grounded
in the idea that what teachers need to know is determined by what teachers do in their teaching
practice (Ball, 1990). Studies in the literature (An et al., 2004; Ma, 1999) draw attention to the
quantity and quality of teachers' mathematical knowledge for teaching. Additionally, these
studies have identified significant differences in mathematics teaching across different
countries. This situation is crucial in understanding how teachers acquire mathematical
knowledge and apply it in teaching mathematics in varying countries (Ball & Hill, 2008; Hill
et al., 2005). MKT assists us in comparing teaching and learning processes across countries
(Knipping, 2003). This study presents an adaptation study of the algebra teaching knowledge
test for measuring the algebra knowledge for teaching future teachers.

1.1. Mathematical Knowledge for Teaching (MKT)

The knowledge that a teacher should have in the teaching process can be classified under two
main headings: Pedagogical content knowledge and subject matter knowledge (Shulman,
1986). The former is concerned with presenting the knowledge in the relevant field to the
student by transforming it into a teachable structure while the latter is the knowledge about the
basic principles, concepts, laws, and theories stipulated by the curriculum of the field. The
components of these types of information are given in Figure 1.

Figure 1. Domain of MKT (Ball et al., 2008, p.403; Shulman, 1986).
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In Figure 1, there are three sub-fields under the title of pedagogical content knowledge; namely,
"knowledge of content and teaching, knowledge of content and students, and knowledge of
content and curriculum™ (Ball et al., 2008). Under the title of subject area information, there are
three sub-fields: "common content knowledge, specialized content knowledge, and horizon
content knowledge". Although this division can be used to analyze subfields, it is intertwined
with teaching practices (Kim, 2016; Koellner et al., 2007).

The details of the teaching information vary according to the course. Mathematical knowledge
for teaching comes to the fore for the mathematics course (Hill et al., 2005). This information
is essential for realizing mathematics teaching (National Mathematics Advisory Panel, 2008).
However, the required pedagogical information can vary according to the learning objectives
of the mathematics course. One of the learning areas in mathematics is algebra, a field of
mathematics that involves developing rules to represent functional expressions and relations,
expressing these rules with symbols, writing and solving equations, and making generalizations
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from calculations with numbers (Lew, 2004; Welder & Simonsen, 2011). Some researchers
(Kieran et al., 2018; Lew, 2004) focus on the abstract features that distinguish it from arithmetic
in the definition of algebra and define algebraic thinking as "the ability to operate on an
unknown quantity as if the quantity is known, as opposed to arithmetic reasoning involving
operations on known quantities” (Langrall & Swafford, 1997, p. 2). Some others (Driscoll,
1999; Zazkis & Liljedahl, 2002) have noted the critical importance of functions that play in
algebra, which is characterized as the capacity to represent quantitative situations in algebraic
thinking. In both cases, they are part of algebraic thinking which is aimed to be improved in
algebra teaching. In the algebra teaching process, students are expected to be taught algebra and
gain algebraic thinking skills (Schmittau, 2005). Charalambous (2008) concluded that there is
a potent relationship between teacher knowledge and teaching performance. Therefore, the fact
that teachers need to know how to teach the basic concepts of algebra may cause students to
have difficulty learning algebra. For this reason, Hill and Ball (2009) developed the 'patterns,
functions, and algebra’ test to measure teachers' and preservice teachers' algebra knowledge for
teaching. Within the scope of this study, the adaptation of the test developed by Hill and Ball
(2009) was carried out in Turkish. Thus, with the adaptation of this achievement test, the algebra
knowledge for teaching preservice teachers can be assessed. Consequently, based on the levels
of algebra knowledge for teaching among preservice teachers, mathematics educators can
enrich the scope of the algebra teaching course as specified by the Council of Higher Education
(CoHE (YOK: Yiiksekdgretim Kurumu), 2018). Teachers go through the candidacy process to
gain competence in the professional context. Morris et al. (2009) mentioned that preservice
teachers could define mathematical concepts but could not spontaneously apply planning or
assessment of teaching and learning in line with their learning objectives. Huang and Kulm
(2012) indicated that preservice teachers need more knowledge about the place of the term of
function in the curriculum, its teaching, and content knowledge. In particular, the study
concluded that the flexibility of the preservice teachers in the use of different representations
and the weakness in the selection of function perspectives. He also recommended that the
teacher training program should provide content areas that are consistent with the curriculum.
Strand and Mills (2014) stated that preservice teachers used the "guess and check" strategy
while using variables to represent unknown numbers in algebra problems and then writing
numbers instead of variables while solving. Thus, preservice teachers are in different thinking
processes to confirm their ideas.

1.2. Mathematics Teacher Education Program in Turkiye

The General Competencies for the Teaching Profession, which outline the knowledge, skills,
and attitudes necessary for effectively and efficiently fulfilling the teaching profession, were
updated in 2017. In addition, the Teacher Strategy Paper was published in 2017. In the men-
tioned documents, new goals and expectations, as well as new competencies related to teaching,
are included. In addition, some official documents such as the 10th Development Plan (2014-
2018), the Strategic Plan of the Ministry of National Education (2015-2019), Turkiye's higher
education qualifications framework, educational sciences field qualifications, and teacher train-
ing have been published over time (CoHE (YOK), 2018). Considering the developments re-
quired in teacher training, as well as the structural changes in the Turkish education system,
societal demands, and social needs, the necessity of updating teacher education undergraduate
programs has emerged. (CoHE (YOK), 2018). In this direction, the elementary education math-
ematics teacher undergraduate program was changed in 2018. While field courses such as al-
gebra, differential equations, and elementary number theory were intense in the curriculum be-
fore 2018, since 2018, mathematics education, such as teaching algebra, geometry and meas-
urement, numbers, statistics, and probability has begun to be given more place.

To determine the mathematics teaching knowledge of teachers and preservice teachers, tests
are developed specifically for various learning areas. However, using these tests directly to
assess the situation in different countries may not yield reliable results. In this context, it is
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necessary to adapt the developed measurement tool for each country to be applied, so much so
that many studies have revealed that the characteristic features of the teaching systems they
examine are influenced by culturally located teaching practices (Delaney et al., 2008; Knipping,
2003; Ma, 1999; Stiegler & Hiebert, 1999; Wilson et al., 2001).

In the field of mathematics education, the Learning Mathematics for Teaching (LMT) project
has developed MKT tests to measure teachers' knowledge of mathematics teaching (Ball & Hill,
2008; Hill & Ball, 2004; Hill & Ball, 2009). Adaptation studies of MKT tests developed in the
USA to different languages and cultures were carried out. Some of these are the following:

- Delaney et al. (2008) adapted the forms developed for the learning domains of numbers
and operations, algebra, and geometry from MKT tests for use in Ireland. They found that
some lIrish teachers were unsure of the meaning of certain terms and suggested changes to
the general cultural context for adaptation.

- Mosvold and Fauskanger (2009) determined that there was a need for significant changes
in the process of adapting the form developed for the geometry learning domain from the
MKT scales to Norway. For example, it has been observed that some concepts in the scale
are not found in the Norwegian curriculum. Some changes have been made to make it more
usable, valid, and reliable for Norwegian teachers.

- Ng et al. (2012) found some contextual problems and differences in teaching practices and
representations in the process of adapting the form developed for the geometry learning
field, one of the MKT scales, to Indonesia.

- Cole (2012) found cultural incompatibility between America and Ghana in the questions
in the form developed for the learning domain of numbers and operations from MKT
scales.

- Kim (2020) conducted a study on adapting the form developed for the algebra learning
field from the MKT scales. In the study, it was determined that Korean teachers had a high
rate of answering the MKT test correctly, but the relationship between teaching methods
and algebraic reasoning was low.

- Esendemir and Bindak (2019) adapted the geometry teaching knowledge scale, which is a
learning area of mathematics, of secondary school mathematics teachers into Turkish.

When the studies on the adaptation of MKT in the literature above are examined, it is seen that
there are fewer adaptation studies of forms measuring algebraic knowledge for teaching.
Regarding the field of algebra learning, Delaney et al. (2008) observed that Irish teachers
examined their algebraic knowledge for teaching and adapted it to their own culture. Similarly,
Kim (2020) observed that Korean teachers adapt their algebraic knowledge for teaching to their
own culture to measure it. Within the scope of this study, the Mathematical Knowledge for
Teaching-Elementary Patterns Functions and Algebra Content Knowledge (MKT-PFA) forms
given in Hill and Ball (2009) were adapted to measure the algebra teaching knowledge of pre-
service teachers. When the literature is examined, there is no Turkish adaptation of an algebra
teaching tool used internationally. In this respect, these achievement tests measuring algebraic
knowledge for teaching preservice mathematics teachers in Turkiye are expected to contribute
to the literature.

2. METHOD

The study is aimed to adapt the MKT-PFA test which was developed in English by Hill and
Ball (2009) within the scope of the ""Learning Mathematics for Teaching Project” carried out at
the Michigan University, into Turkish. Both qualitative and quantitative methods were used in
the adaptation process of the test (see Figure 2).

Qualitatively, to adapt the test items to Turkish, analysis was conducted as a result of interviews
with field experts in line with the adaptation framework in the Delaney et al. (2008) study. The
adaptation framework proposed by Delaney et al. (2008), which was used in the present study,
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was also used in adaptation studies conducted to measure mathematical knowledge for teaching
of teachers and preservice teachers in different countries (Esendemir & Bindak, 2019; Kim,
2020; Mosvold & Fauskanger, 2009; Ng, 2012; Ng et al., 2012). In this respect, this framework
was considered to be sufficient. Quantitative data were analyzed using psychometric methods.

Figure 2. The adaptation process of MKT-PFA.
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2.1. Algebraic Knowledge for Teaching Test

With the A and B equivalent forms of the MKT-PFA test, it was aimed to measure the algebraic
teaching knowledge of teachers and preservice teachers in the United States. The tests were
developed to examine the structure of teachers' and preservice teachers’ teaching knowledge
(Hill et al., 2004), how teachers learn to teach mathematical knowledge (Hill & Ball, 2004),
and how teacher knowledge is related to achievements in students' mathematics achievement
(Ball et al., 2005). There are 14 questions in Form A of the MKT-PFA test. In this form,
participants are asked to evaluate the options of the 4th, 9th, 14th, 20th, and 22nd questions
within the scope of "yes, no and I'm not sure” options. Form B has 12 questions. In this form,
participants are asked to evaluate the options of the 6th, 13th, 16th, 19th, and 25th questions
within the scope of the "yes, no and I'm not sure™ options.

2.2. Adaptation Process of Algebraic Knowledge for Teaching Test

A review of the related literature reveals that, for the adaptation studies of the scales, (i) the test
items should be translated into the language to be adapted, (ii) the items should be culturally
adapted, (iii) the test should be applied to the relevant sample group, and (iv) validity and
reliability studies should be done (Delaney et al., 2008). In this study, these stages were
followed within the scope of adapting the items in the A and B forms of the MKT-PFA test to
Turkish to determine the algebra teaching knowledge levels of preservice elementary school
mathematics teachers in Tirkiye.

2.2.1. Translation of test items into Turkish

In the first stage of the adaptation studies, the items in the A and B forms of the MKT-PFA test
were translated from English to Turkish. An English education expert was consulted during the
translation process of the test items. The cultural conformity of the terms has not been taken
into account when translating the texts. For this reason, it was assumed that the test items did
not undergo any changes in this process. Thus, without changing the mathematical substance
of the test items, a one-to-one translation was made from English to Turkish.
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2.2.2. Cultural adaptation of test items

In adaptation studies, intercalarily to the translation process into another language, the available
test should also be culturally adapted. Materials devoid of cultural components may cause
participants to focus on another thing (Hambleton, 1994). This distraction may negatively
influence the success of the attendees regarding the items (Yen, 1993). In order to determine
whether it reflects the situations that would arise in the classrooms in Turkiye, interviews were
conducted with a group of 7 participants. Two of the participants were mathematics educators
and five were elementary school mathematics teachers with doctoral degrees in mathematics
education, and taught algebra and algebra teaching. During the interviews, the items were
adapted according to the following four criteria: (i) changes in the general cultural context, (ii)
changes in the context of the school culture, (iii) changes in the mathematical structure, and (iv)
changes in the language structure (Delaney et. al., 2008). The group discussed the changes to
be made to make each element suitable for Turkish culture. Eventually, a final judgment was
made for each change.

A critical question appears regarding the adaptability of a test developed in one country to
another: To what extent does the test match the algebra knowledge of elementary preservice
mathematics teachers in Turkiye, where the test will be adapted? It is thought that the best
mathematics educators and experienced mathematics teachers can answer this question.
Therefore, at the end of the interviews, this question was asked to the participants as it is, and
all participants agreed that each item in the forms was consistent with the content in Tlrkiye.

2.2.3. Application of A and B forms of the test to elementary mathematics preservice teachers

The sample sizes most frequently used in previous IRT studies were reviewed while deciding
on the sample sizes to apply the Algebra Teaching Knowledge test within the scope of the study.
Kline (1994) recommends a sample size of one-tenth (ten times as many participants as the
number of items). On the other hand, research in the literature (Pekmezci & Avsar, 2021; Sahin
& Anil, 2017; Yang, 2007) states that at least 150 samples can be created in tests with a single
parameter and the number of items between 20-30. Additionally, Sheng (2013) stated that as
the sample size increases, there is no significant change in model-data fit values under the
unidimensional theory. Additionally, AIC is commonly used as an information criterion for
statistical model selection (Burnham & Anderson, 2002). Moreover, AIC tends to perform
better with smaller sample groups (Boykin et al., 2023). Similarly, it was observed that there
was no significant change in the model-data fit values of the adapted test after 300 samples
(Pekmezci & Avsar, 2021). For this reason, the sample of the test to be adapted consists of
preservice mathematics teachers studying at the faculty of education of a state university in
Turkiye. It was applied to a total of 328 3rd and 4th-grade preservice mathematics teachers,
217 of whom were female and 111 of whom were male, taking the algebra teaching course.

2.3. Situation of Satisfying Item Response Theory (IRT) Assumptions

In Item Response Theory (IRT), the ability parameter that defines a respondent is not dependent
on a group of test items (Holmes & Brian, 2019). Another feature that is valid for all models of
IRT is that they must meet certain assumptions of IRT. The necessity of meeting these
assumptions varies according to IRT's models (Reyhanlioglu & Dogan, 2020). One-
dimensional IRT has two commonly accepted assumptions: unidimensionality and local
independence (Baker & Kim, 2017; Edelen & Reeve, 2007).

Unidimensionality recognizes that the achievement test has a single latent ability (Reyhanlioglu
& Dogan, 2020). What is sufficient and necessary for this assumption to be met is that there is
a dominant component or factor that is measured by the test items and affects test performance.
This dominant constituent or factor (element) is called the ability measured by the test (Crocker
& Algina, 1986; Hambleton & Swaminathan, 1985). In addition, when a one-dimensional test
is applied to all populations, the conditional distributions obtained from the test results are
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expected to be similar (Hambleton & Swaminathan, 1985). Researchers (Aryadoust et al., 2021,
Chou & Wang, 2010; Hambleton et al., 1991; Han, 2022) cited many analyses to show that the
test is one-dimensional. The main analytical technique is Exploratory Factor Analysis (EFA).
Before performing EFA, the KMO (Kaiser-Meyer-Olkin) statistic value was examined. For
form A, the KMO value was determined as 0.722 and the Bartlett's sphericity test statistical
value was determined as KMO and Bartlett's Test 1655.537 (sd = 406, p<0.05). For form B, the
statistical value of Bartlett's sphericity test was determined as 0.716 and KMO and Bartlett's
Test was determined as 1597.755 (sd = 378, p<0.05). If the KMO value is greater than 0.60 and
the Bartlett test results show a statistically significant difference, it means that the data is
suitable for factor analysis (Tabachnick & Fidell, 2012). Considering the KMO value and
Bartlett statistics, it can be said that the sample size is suitable for factorization. When the
eigenvalues of the factors for form A were examined, 3 factors were seen above 1. However,
while the eigenvalue for the first factor (3.020) is almost 3 times the eigenvalue for the second
factor (1.099), the eigenvalue for the second factor (1.099) is twice the eigenvalue for the third
factor (1.049). When the eigenvalues of the factors for form B were examined, 3 factors above
1 were observed. However, while the eigenvalue for the first factor (3.970) is almost 3 times
the eigenvalue for the second factor (1.155), the eigenvalue for the second factor (1.155) is
more than the eigenvalue for the third factor (1.132). Lord (1980) states that a single-factor
structure may exist in cases where the eigenvalue of the first factor is significantly greater than
the second factor and the eigenvalues of the second factor and the third factor are close to each
other. Furthermore, when EFA was conducted on both forms, it was observed that the item
loadings of the items in the forms were greater than .30. Upon reviewing studies in the literature
(Tabachnick & Fidell, 2012), it is seen that this is considered sufficient. It is seen that PCAR
(principal component analysis of residuals), one of these analyses, is used by the test
developers. One of these analyses, PCAR (Principal Component Analysis of Residuals),
appears to be used by test developers. For this reason, PCAR analysis was performed to show
that the adaptation of the MKT-PFA test is one-dimensional. PCAR of the adapted test was
obtained as 1.2. According to Smith and Miao (1994), since this value is less than 1.4, it
indicates that the adapted test may have one-dimensionality. For this reason, the adapted test is
one-dimensional. In addition, AIC (Akaike Information Criterion) and BIC (Bayesian
Information Criterion) are frequently used information criteria in statistical model selection
(Boykin et. al., 2023). Both AIC and BIC help in model selection by considering the fit and
complexity of a model. For a one-parameter model, BIC is lower than AIC because BIC
expresses the complexity of the model. In this framework, AIC and BIC values were calculated
in both forms. It was observed that the BIC values of both Form A (AIC: 7704.9 BIC:
7484.905) and Form B (AIC: 6442.714 BIC: 6237.891) were lower than the AIC value.
Therefore, it can be said that the tests are uniparametric. In addition, the developers of the MKT-
PFA test stated that the test is only aimed at the algebra knowledge for teaching of teachers and
preservice teachers.

Items are regressed according to the latent variable in the Rasch measurement; for this reason,
the fact that unexplained variances in the items are not related to each other is explained by
concept of local independence (Borsboom, 2005). Local independence is when individuals'
responses to different items of a test are statistically independent or unrelated to each other (Fan
& Bond, 2019; Hambleton & Swaminathan, 1985; Wright, 1996; Yen, 1993). However, for the
responses to the items to be statistically independent of each other, the ability measured by the
test items must be kept constant (Lord & Novick, 1968). Statistics such as Yen's (1993) 3rd
quarter are available to provide local independence assumptions. To ensure the assumptions,
the answer to a question in the test must not be a clue for the answer to the other question
(Borsboom, 2005; Hambleton & Swaminathan, 1985). Reyhanlioglu and Dogan (2020) stated
that it is sufficient for the measured structure to be one-dimensional to ensure the local
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independence assumption. Accordingly, it can be said that the adapted test meets the local
independence assumption because it meets the unidimensionality assumption of MKT-PFA.

2.4. Validity and Reliability

Three psychometric analyses are performed to examine the validity and reliability of the
adapted version of a test: Comparing the rpsi (rpbi are the correlation coefficients of the items
themselves), evaluating the item difficulties and item discrimination, and calculating the
reliability of the form (Delaney et al., 2008; Ng, 2012). In this context, the validity and
reliability of the adapted test need to be evaluated, entailing a comparison of the rpni between
the USA and Turkiye measurements, evaluation of the item difficulties and item discriminations
of the items in the A and B forms of the MKT-PFA test using a one-parameter IRT model, and
the evaluation of the MKT-PFA test. The reliability of the A and B forms was calculated. The
KR-20 value was calculated within the scope of the reliability of the test.

Point biserial correlation is used to examine how one item relates to all other items (de Ayala,
2013). The higher the point biserial correlation of an item, the stronger the relationship between
that item and the measured construct. In other words, the higher the roni of an item, the better it
can distinguish individuals whose quality under investigation is closer to each other (Delaney
et al., 2008; Ng, 2012; Marcinek et al., 2022). In the context of this study, rpsi With high scores
indicates that the items can distinguish teachers with closer algebra knowledge.

Negative rphi values of an item indicate that teachers with higher mathematics teaching
knowledge would probably answer this item incorrectly, and the item may not measure the
intended construct. Researchers analyzing LMT item properties evaluated all items with
negative rpni values as poorly functioning (Delaney et al., 2008; Esendemir & Bindak, 2019;
Fauskanger et al., 2012; Kim, 2020; Kwon et al., 2012; Marcinek & Partova, 2016; Marcinek
et al., 2022; Ng, 2012; Ng et al., 2012). In addition, some studies showed scatterplots (Kim,
2020; Kwon et al., 2012), performed a Fisher Z transform on rpsi values to place them on the
interval scale (Delaney et al., 2008; Marcinek et al., 2022), identified outliers (Ng, 2012; Ng et
al., 2012) and expressed correlations between the rpyi values of items in the USA and those used
in their own countries (Delaney et al., 2008; Esendemir & Bindak, 2019; Ng, 2012).

Items with rpni value of around zero show no relationship between how respondents answered
the item and their general mathematics teaching knowledge level. In other words, when we
remove such an item from the test, it cannot be said whether the teacher who gave the correct
answer was generally more successful than the teacher who gave the wrong answer (Hambleton
et al., 1991). Therefore, rpni predictive was able to examine the difficulty levels and the overall
reliability of the items in the context of the relationship between countries. If there is a
difference between these items, it means that these items perform differently between cultures
(Cronbach & Shavelson, 2004; Delaney et al., 2008).

A one-parameter IRT model was used to calculate the item difficulty values of the test.
Depending on the sample size of the data obtained from the pilot study, researchers can use
one- or two-parameter IRT models (Delaney et al., 2008; Ng, 2012; Esendemir & Bindak,
2019). When looking at item difficulty, O is considered to represent average teacher skill. Items
with a difficulty value of less than O are considered easier, and items higher than O are
considered more difficult (Ng, 2012). In addition, the test information curve maximum was
generated for each form to examine how useful the measures were. The test information curve
provides information on whether the measures were more difficult or less difficult for the
average preservice teachers, i.e., whether the measures can discriminate among preservice
teachers of different level of abilities (Baker & Kim, 2017).

Finally, after the final version of the PFA test was provided, the reliability of measurements for
Form A and Form B, which calculates how consistent respondents' scores are across multiple
items or tests, was computed. Test reliability measures the consistency of test takers' scores on
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more than one item (Delaney et al., 2008). A widely used reliability measure from classical test
theory is the KR-20. KR-20 is reported in the reliability of achievement tests evaluated as 0-1
(Cronbach & Shavelson, 2004). For the reliability of the test, the KR-20 value is expected to be
above .70 (Cronbach & Shavelson, 2004). In addition, Lord reliability is included in the
reliability of tests graded as 1 and 0 in IRT (Celen, 2008; Frary, 1989; Ozdemir, 2004). Lord
reliability is typically calculated based on item parameters obtained from IRT and individuals'
responses (Sireci et al., 1991). This measurement is used to assess the internal consistency of a
test and indicates the repeatability of an individual's performance on the test. In the literature,
it is also expressed as estimated reliability or reliability coefficient (Embretson & Reise, 2013).
Estimated reliability is a measure reflecting how accurately a test measures individuals' true
abilities. This reliability measure reflects the internal consistency of the test and indicates that
the test items measure consistently with each other (Embretson & Reise, 2013). For this reason,
Lord reliability, one of the reliabilities of the test’s IRT, is also included.

3. RESULTS

In this part of the study, the findings obtained from the cultural adaptation process and
psychometric analyses are included to examine the validity and reliability of the Turkish
versions of the A and B forms of the MKT-PFA test.

3.1. Cultural Adaptation of Test Items

In the first stage of the adaptation process, the A and B forms of the MKT-PFA test were
translated from English to Turkish. In this process, attention was paid to the direct translation
of the expressions in the original form. An example of item is given Table 1 in form A of the
MKT-PFA test and its translation into Turkish.

Table 1. An item in form A of the MKT-PFA test and its translation into Turkish.

Ms. Whitley was surprised when her students wrote
many different expressions to represent the area of the
figure below. She wanted to make sure that she did
not mark as incorrect any that were actually right. For
each of the following expressions, decide whether the
expression correctly represents or does not correctly
represent the area of the figure. (Mark REPRESENT,
DOES NOT REPRESENT, or I'M NOT SURE for
each.)

Zeynep Ogretmenin Ogrencilerinin agagidaki seklin
alanmi temsil etmek i¢in birgok farkli ifadeyi
gordiigiinde sasirdi. Zeynep 6gretmen gergekte dogru
olanlar1 yanlig olarak isaretlemediginden emin
olmak istedi. Asagidaki he bir ifade i¢in verilen seklin
alaninin dogru temsil edilip edilmedigine karar verin.
(Her bir segenek icin TEMSIL EDER, TEMSIL
ETMEZ veya EMIN DEGILIM siklarindan birini
isaretleyin.)

a 5 a 5
Correctly Does not , Temsil Temsil Emin
correctly I’m not sure car
represents Eder Etmez Degilim
represent
a) a*+5 1 2 3 a) a+5 1 2 3
b) (a+5)? 1 2 3 b) (a+5)? 1 2 3
c) a®+5a 1 2 3 c) a?+5a 1 2 3
d) (at+5)a 1 2 3 d) (a+5)a 1 2 3
e) 2a+5 1 2 3 e) 2a+5 1 2 3
f) 4a+10 1 2 3 f) 4a+10 1 2 3
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The sample statements regarding the changes in the general cultural context and the number of
changes are given in Table 2 from the interviews with a group of experts in the field, which
helps to determine whether the items reflect the situations that will arise in the classrooms in
Turkiye after the item selection is translated.

Table 2. Exemplars of general contextual changes to items and frequency of changes.

Type of change Example from original Example from Number of items changed
U.S. form adapted Turkish form  Form A Form B
Ms. Ashton Asya 6gretmen
People’s names Ms. Diaz Deniz 6gretmen 18 20
Leah Leyla
Earl Enes
Non-mathematical Baseball cards Oyuncu karti 5 5
language Mix contains Cerez

In Table 2, it is seen that the changes in the context of general culture are evaluated in the sub-
themes of "people’s names and non-mathematical language”. 18 changes were made in Form
A, and 20 changes were made in Form B, which was developed in the context of people’s
names. There were 5 changes in form A and 6 changes in form B, which was developed in the
context of non-mathematical language. Therefore, in this context, a total of 49 changes were
made in the context of general culture, 23 changes in A form and 26 changes in B form.

The second stage in the cultural adaptation process includes changes in the context of school
culture. Sample statements regarding the changes in this framework and the number of changes
are presented in Table 3.

Table 3. Examples of school contextual changes and frequency of changes in items

frequency of items

Changes’ type O%grlnqal Adapt?gr;urklsh changed
Form A Form B

Textbook Ders kitabi

School language Brainstorm B-eyiri vflrtlnam. 6 3

Ms. Hamid’s class Hatl'f:? ogrétm.e i
Ogrencileri
Kyle’s method Zeki’nin ¢6ziim yolu

Structure of Byron’s approach to the Burak’in problem 3 3

education system problem yaklasimi
Task Gorev

In Table 3, it is seen that the changes in the context of school culture are evaluated in the sub-
themes of "school language and structures of the education system". There were 6 changes in
form A and 8 changes in form B, which was developed in the context of school language. In
the context structures of the education system, 3 changes were made in the A form and 3
changes in the B form. Therefore, a total of 20 changes were made in the context of school
culture, including 9 changes in Form A and 11 changes in Form B.

The third type of change in the adaptation process involves changes in the mathematical
structure. Since the changes in this category do not disturb the mathematical structure of the
items, the probability of affecting the mathematical knowledge of the test takers is very low.
According to this, sample statements about the changes and the number of changes are
presented in Table 4.
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Table 4. Exemplars of mathematical changes to items and frequency of changes.

Tvoe of chanae Example from original Example from adapted Number of items
yp g U.S. form Turkish form changed
. . 50 percent %50
Symbolic notations pnth (;] 3 1
. Hexagon Altigen
Mathematical ——
TaneT: |eca Doubling its length Boyunun 2 kati 29 36
guag Area Alan
Units of A half Yarim 5 7
measurement 1 ounce 10 gr

In Table 4, it is seen that the changes in the mathematical structure are evaluated in the sub-
themes of "symbolic notations, mathematical language, and unit of measurement”. 3 changes
were made to the questions in the A form, and 1 change in the B form, which was developed in
the context of the symbolic notations. There were 29 changes in the questions in the A form
developed in the context of mathematical language and 36 changes in the B form. 5 changes
were made to the questions in the A form developed in the context unit of measurement, and 7
changes were made to the B form. Therefore, a total of 74 changes were made in the context of
the mathematical structure, 37 changes in the A form and 47 changes in the B form developed
within this scope. After the changes in the measurement units of the developed test, the
measurement units were converted to the metric units used in Turkiye. Thus, the adapted test
has been changed to suit the mathematics culture of Turkiye as a result of the changes in the A
Form and the B Form.

The fourth change in the adaptation process includes changes in the language structure.
According to this, sample statements about the changes and the number of changes are
presented in Table 5.

Table 5. Exemplars of language structure changes to items and frequency of changes.

Example from original Example from adapted Turkish Number of items changed

Type of change

U.S. form form Form A Form B
For each item Her bir madde igin
Language Sadece bir secenegi 2 2
structure Circle ONE answer . .g. &
isaretleyiniz

It is essential to ensure the intelligibility of the items due to the changes that may occur in the
language structure during the translation of the sentences or words in the test items into a
different culture. The expression “For each item” in the original test is translated into Turkish
as “her bir madde i¢in”. However, since the options in a multiple-choice test are expressed as
"s1k" in Turkish, the sentence is arranged as "her bir sik igin".

3.2. Validity and Reliability

In order to examine the validity and reliability of the adapted version of a test, point biserial
correlations were compared within the framework of psychometric analysis, item difficulty
values, and reliability values of the forms were calculated.

3.2.1. Point-biserial correlation results (rpbi)

In Classical Test Theory, rpsi was used to differentiate an item between respondents with higher
mathematics teaching knowledge and those with low mathematics teaching knowledge. rppi for
each item of the measurements of the A form of the PFA test in the Turkish context compared
with the sample from the US teachers is given in Table 6.
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Table 6. rppi for patterns MKT-PFA test (Form A and Form B) items ordered by estimates on Turkish
Algebraic Teaching for Knowledge test (Form A and Form B).

Turkish rpbi (Form A) U.S. rpbi (Form A) Turkish rpbi (Form B) U.S. i (Form B)
0.321 0.440 0.185 0.420
0.512 0.543 0.288 0.523
0.425 0.443 0.192 0.231
0.451 0.493 0.345 0.350
0.504 0.753 0.491 0.491
0.164 0.220 0.410 0.478
0.337 0.632 0.313 0.534
0.345 0.442 0.405 0.540
0.441 0.745 0.336 0.346
0.444 0.341 0.368 0.423
0.375 0.598 0.336 0.560
0.258 0.285 0.431 0.567
0.301 0.333 0.426 0.506
0.423 0.498 0.500 0.625
0.416 0.499 0381 0.602
0.450 0.696 0.479 0.747
0.384 0.575 0.492 0.762
0.264 0.489 0.414 0.755
0.404 0.433 0.368 0.848
0.402 0.775 0.275 0.286
0.358 0.694 0.434 0.634
0.394 0.700 0.513 0.659
0.321 0.670 0.453 0.595
0.362 0.428 0.323 0.328
0.418 0.554 0.356 0.709
0.414 0.595 0.242 0.379
0.338 0.513 0.427 0.588
0.134 0.131
0.343 0.342

For each item in form A of the PFA test, rppi was compared with the measurements in the
Turkish and US contexts. According to Hambleton et al. (1991) criteria the correlation between
rpbi 1S high (r=0.635; t=4,275; p<0.001). With this result, the test can measure the intended
characteristics of teachers and preservice teachers, as there is a high correlation between the
measurements in the USA and the measurements in Turkiye. The following additions were
made to the Results section: The correlation values of the 17th and 26th items in the adapted A
form and the correlation values of the 1st, 3rd, 21st, and 27th items in the B form were found
to be < .3. It is also noted that the correlation values obtained for the 26th item in the A form
and the 3rd and 21st items in the B form, when compared to the US version, were also < .3.

For each item in form B of the PFA test, rppi was compared with the measurements in the
Turkish and US contexts. According to Hambleton et al. (1991) criteria the correlation value
between rpvi is high (r=0.6381; t=4.1438; p<0.001). With this result, we can say that the test
can measure the intended characteristics of teachers and preservice teachers, as there is a high
correlation between the measurements in the USA and in Turkiye.
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3.2.2. One-parameter IRT results

In the study, item difficulty and item discrimination values for each item in the forms are given
in Table 8 by using a one-parameter IRT model to obtain the item difficulty of the items in the
A and B forms of the MKT-PFA test.

Table 7. Item difficulties and discriminations of the items in the A and B forms of the MKT-PFA test.

Form A Form B
Item  ltem difficulty Item discrimination Item Item difficulty Item discrimination
3 -2.474 913 1 -2.603 903
4a -1.033 782 2 2.970 927
4h -0.767 676 6a -0.954 .842
4c -1.326 .816 6b -2.016 .930
4d -1.888 927 6c -2.064 933
7 0.792 .636 6d -1.006 .869
8 -2.760 .959 8 -3.713 960
9a -0.413 572 13a -0.588 .796
9b -2.034 .945 13b 0.851 .830
9c -0.578 728 13c 0.603 903
9d -2.054 937 15 0.954 842
11 4.451 409 16a 2.063 .854
14a 2.222 461 16b 1.565 793
14b 1.788 779 16¢ 2.461 .892
14c 1.085 .682 16d 3.325 945
14d -2.762 .966 19a -1.851 .830
15 2.328 .837 19b -3.641 .958
17 3.102 .899 19c -3.325 945
18 1.612 757 19d -3.139 972
20a 5.133 974 21 1.150 272
20b 6.042 .986 25a 4.242 974
20c 6.639 991 25b 4.476 979
20d 5.813 .984 25¢ 4.043 970
22a -4.126 .948 25d 1.288 751
22b -2.558 .858 25e 3.325 945
22¢ -1.084 .828 27 1.071 715
22d -5.042 .985 28 -2.132 .908
26 -0.277 .549
27 1.261 .708

It is seen that the item discrimination indexes of the items are greater than .40. According to
Brennan and NCME (2006), it can be said that the discrimination of all items in forms A and B
is good. Item difficulty parameters reflect the differentiation states of the participants in the
item process (Baker, 2001; de Ayala, 2013). For this reason, the labels used to define the
discrimination of the substances in the MKT-PFA test can be associated with the value ranges
of the parameters, as indicated in Table 8:

Table 8. Item difficulty distribution of the items in the A and B forms of the MKT-PFA test.

Level of difficulty Form A Form B
Very easy (—4 = x) 4 4
Easy (-2 = x > —4)

Moderate (2 > x = —2)

Hard (4 > x > 2)

Very hard (x > 4)

Ul N~
Ul o N O
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When the item difficulties are examined, it is seen that the items in the A and B forms show a
normal distribution. The forms adapted to this distribution can distinguish those with high
mathematical knowledge in the sample from those with low mathematical knowledge.

3.2.3. Reliability results

The reliability of the A form and B forms of the MKT-PFA test, that is, the KR-20 values of
how consistent the scores of the respondents are over more than one item or multiple tests, are
given in Table 9.

Table 9. Reliability of MKT-PFA test.

Form Number of the items KR-20 values Lord reliability
PFA-A form N=29 712 733
PFA-B form N=27 735 .756

The KR-20 value of the A form of the MKT-PFA test data obtained as a result of the application
to the preservice teachers was calculated as .712, and the KR-20 value of the B form as .735.
The Lord reliability of the A form of the MKT-PFA test of the data obtained as a result of the
application to the preservice teachers was calculated as .733, and the Lord reliability of the B
form as .756. The measurements obtained from the test are reliable with this value obtained.
When Table 9 is examined, there is a difference between the reliabilities of Form A and Form
B. The reason for this is that the number of items in Form A is more than the number of items
in Form B.

3.2.4. Test Information Curve of A and B Forms of MKT-PFA Test

The test information curve expresses the level of knowledge at which the achievement test best
measures individuals. Figure 3 shows the test data curves for Form A and Form B. The x-axis
in the graphs is the scale score of the preservice teachers; 0 generally corresponds to the average
preservice teacher in the population studied; Negative scores indicate less knowledgeable
preservice teachers, and positive scores indicate more knowledgeable preservice teachers.

Figure 3. Test information curve of A and B forms of MKT-PFA test.

A Form Test Information Curve B Form Test Information Curve
o _] 2 _
© o -
§ o 5 o
T @
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o
2 v £ 7
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° 7 \ \ T \ ° 1 T T T
4 2 0 2 4 -4 -2 0 2 4
Ability Ability

Figure 3 presents that the adapted form A and form B provide less information for preservice
teachers who are 2.5 standard deviations above the mean and 1.5 standard deviations below the
mean. Therefore, it means that form A and form B of the adapted test better distinguish
preservice teachers with higher algebra knowledge for teaching from average or less algebra
knowledge for teaching.

4. DISCUSSION and CONCLUSION

This section discusses the results of the analysis with qualitative and quantitative approaches in
the adaptation process of the MKT-PFA test in the study. In this context, the cultural adaptation
in the qualitative approach of the adaptation of the MKT-PFA test was analyzed in 4 categories.
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The findings are discussed in each category. In the quantitative approach, the results obtained
within the scope of the rpbi, evaluating the item difficulties and reliability are discussed. Within
the scope of this study, the Turkish adaptation of the items in the A and B forms of the MKT-
PFA test was done by Delaney et al. (2008) following the steps given. Based on this research
and similar studies, it can be said that the process of adapting such tests to a culture different
from the one developed is arduous (Esendemir & Bindak, 2019; Marcinek et al., 2022; Ng,
2012; Ng et al., 2012).

4.1. Discussion of Studies in the Context of Cultural Adaptation of Test Items
The cultural adaptation process of the test items was carried out in four stages.

Changes in the context of general culture: The subject of general culture includes changing the
non-mathematical but using daily language names and words in the test in a way that is suitable
for the culture in question (Delaney et al., 2008). The use of food names in the question roots
or options of the adapted test in mathematical problems serves to adapt to the cultural context.
However, when adapting to a different country, the names of dishes or games in context may
mean something different for the participants to whom the test will be applied (Ng, 2012). For
this reason, cultural changes were made in this context in the study. While making changes, the
names of similar foods were found without changing the mathematical situation in the problem.
In addition, it was seen that changing the expression "baseball cards™ to "playing cards" in the
adapted culture in the adapted test did not make a semantic difference. For this reason, it did
not create a change in the mathematical situation. Similarly, Ng (2012) adapted the word "pie"
to their own culture as a cake or cake in their study.

Changes in the context of school culture: While adapting the items in the test, it was seen that
the way of addressing the teachers differed between cultures. In the Turkish context, the term
"teacher” is added next to the teacher's name, while in the Norwegian context, teachers are
generally addressed by their first names. In addition, the expression of students in classes or
groups is another matter of difference for different countries. For example, in Norway, there is
an official statement that “classroom” should not be used when referring to student groups
(Mosvold & Fauskanger, 2009). In addition to such differences in the context of school culture,
it is seen that there are significant differences in teaching practices between cultures (Stiegler
& Hiebert, 1999). In particular, the use of tangible materials as tools or models for representing
mathematical ideas is different from the US in that many developing country teaching
environments may not include physical manipulatives. For any of these manipulatives, for
example, "Pattern Blocks" in the current study are clarified by providing either a description or
a picture or both. While the context of the school culture is an important factor in determining
the mathematical knowledge of the instructors, other factors also affect the mathematical
knowledge required by the instructors.

Changes in the context of mathematical structure: Changes in the context of the mathematical
structure of the items in the adapted test have the potential to lead to changes in the difficulty
of the test (Delaney et al., 2008). Most symbolic expressions used in mathematics are
universally acceptable. However, there may be differences between cultures regarding
definitions or terminologies. Although technical terms such as “domino stones” or “mosaic” in
the mathematical language context of the MKT-PFA test are available in Tirkiye and the USA,
these terms are not used at the primary level. Instead, a more general term, such as “pattern”, is
used. Such changes do not affect the integrity of the test in measuring their mathematical
knowledge, as they are not the terms that teachers use in their teaching. For this reason, terms
that measure teachers' familiarity with certain technical words may be preferred instead.

Similarly, Ng (2012) changed the term “polygon” to a more familiar term for Indonesian
teachers, thus replacing it with “bangun datar segibanyak” meaning “multilateral flat shape”.
For Indonesian tutorials, this is a more descriptive term. Therefore, test items can be more
understandable and easily adapted when evaluating teachers’ knowledge of polygon definition.



Bozkurt & Ozmusul Int. J. Assess. Tools Educ., Vol. 11, No. 3, (2024) pp. 567-588

While these differences in mathematical language do not pose a problem in the Irish context
(Delaney et al., 2008), there are substantial variations within the context of mathematical
language in test items in the examples of Turkiye, Korea, Indonesia, and Norway. There are
also changes in the units of measurement. For example, while the unit of weight in the adapted
A form was “ounces” in the developed context, it was changed to “package number” in the
context of Turkiye.

Correspondingly, in the context of Indonesia and Norway, they expressed the measure of butter
in the MKT-G test as “sticks” or “number of cups”. The situation for items, including money,
is as follows: the fact that the difference between the currency in Tirkiye and US has created a
problem in terms of mathematical situations in the context of the items. For this reason, using
equivalent values of money does not make mathematical sense. These two contexts are nearly
impossible to translate into any of these languages without changing the entire context. This
incomparable context problem poses a serious threat to the equivalence of the adapted data
collection tool. Delaney et al. (2008) stated that there are relative similarities between the Irish
and US forms of MKT forms, but there are differences in mathematical language, representation
of concepts, measurement units, content and student knowledge. Although such differences can
be ignored as they are mathematically insignificant, they indicate that differences in teachers’
performance on some items are sensitive to seemingly minor changes in items. For this reason,
Delaney et al. (2008), Ng (2012), and Marcinek et al. (2022) stated that many changes can be
made in the items of tests adapted to different cultures since the methods of teaching
mathematics in cultures with different languages are significantly different.

Changes in language structure context: Delaney et al. (2008) stated minor language problems
in the process of adapting the MKT test to Norway. They stated that these changes would not
change the validity of the test items. However, additional explanations should be created to
avoid confusion that may make the explanations at the root of the question or item in the test
long and complex. As a result, all these factors should be considered when determining the
mathematical knowledge of teachers and preservice teachers in different countries (Delaney et
al., 2008).

4.2. Discussion of Findings Obtained from Psychometric Tests

After the cultural adaptation process for the items in the A and B forms of the MKT-PFA test
was completed, point biserial correlation was obtained for each item in the A and B forms. It
was concluded that rpni of the data was highly correlated between Tirkiye and the United States.
It was observed that there was a high level of correlation between the test adapted to Turkish
and the test developed in the USA. It is seen that the correlations of some questions in the test
adapted to Turkish are <.3. This situation also appears to be the case in the original form of
MKT-PFA. In addition, these correlations in the study may be higher when working with larger
sample groups. In addition, when we determine the subgroups in the low-correlation questions
in the adapted form A and form B and look at the relationship at the class level, it is seen that
the correlation value among the 4th grade preservice teachers is >.3. It was observed that there
was a high correlation between the test adapted to Turkish and the test developed in the USA.
In addition, using a one-parameter IRT model, it was seen that the distribution of the item
difficulty values obtained for each item in the forms could distinguish between those with high
mathematical knowledge in the sample and those with low mathematical knowledge in the
adapted forms. Additionally, when the discrimination values of the items were examined, it was
concluded that they were >.40. It can be said that form A and form B of the adapted tests can
distinguish between preservice teachers who have good algebra knowledge for teaching and
preservice teachers whose algebra knowledge for teaching is average or less. The test is reliable
with these values obtained according to the KR-20 and Lord reliability values obtained for both
forms of the MKT-PFA test. Finally, when the A form and B form Test Information Curve of
the adapted test are examined, it is seen that the form better distinguishes the preservice teachers
with higher algebra teaching knowledge from the preservice teachers with average or less
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algebra teaching knowledge. In the pilot study for US teachers who participated in California’s
Mathematical Professional Development Institute, the MKT-PFA test Form A, Form B, and
Form C provided maximum information for less knowledgeable teachers whose abilities are
one-half standard deviation below the mean (Hill, 2007). The adapted Form A and Form B
provide less information for preservice teachers who are 2.5 standard deviations above the mean
and 1.5 standard deviations below the mean. Therefore, it means that Form A and Form B of
the adapted test better distinguish preservice teachers with higher algebra knowledge for
teaching from average or less algebra knowledge for teaching.

In this study, the MKT-PFA test was adapted to examine the mathematical knowledge of
teachers and preservice teachers in Tirkiye. In the adaptation process, the results of adaptation
were included when translating test items from one language to another and for use in a different
environment than intended. Delaney et al. (2008) suggest that international comparisons of
teachers' mathematical knowledge should be evaluated in light of the differences that may exist
in teachers' mathematical knowledge used in each country. Thus, clear guidelines should be
developed to adapt the mathematical teaching information items. In addition, the differences in
the mathematical knowledge of teachers or preservice teachers between countries can be
explained by the differences in the mathematical knowledge used by teachers or preservice
teachers in the relevant countries (Mosvold & Fauskanger, 2009; Ng, 2012). When comparing
the knowledge of teachers between countries, it is insufficient to adapt the items from one
country alone. For this reason, our study will shed light on the studies comparing different
cultures with the Turkish context for the MKT-PFA test. Such research may lead to further
development of the theoretical structure of MKT and possible cultural differences related to
this structure. Additionally, Algebraic Knowledge for Teaching focuses on the knowledge and
skills required for teachers or preservice teachers to improve their ability to explain and teach
algebraic concepts to students. Ball et al (2008) discuss this special knowledge that teachers
should have and how they can guide students' understanding of algebraic concepts. It aims to
provide information to mathematics educators about the algebra teaching knowledge of
preservice teachers with the adapted algebra knowledge for teaching tests. In this way, they can
build "Algebra Teaching" courses aimed at the algebra teaching knowledge levels of preservice
teachers. In addition, different instructional designs can be applied to better understand the
relationship and interaction between mathematics teaching and MKT.

When we look at the results of the psychometric tests, the adaptation of the A and B forms of
the MKT-PFA test is generally appropriate based on the psychometric analyses. In other words,
a test developed to measure the mathematics knowledge of secondary mathematics teachers
working in schools in the U.S. was successfully adapted to the Turkish context.
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APPENDIX

Some released items from MKT - test

1. Zeliha ve 6gretmeni Zeliha’nin dogum giiniinde beraber kurduklar1 asagidaki problemi sinif
arkadaslarina sormuslardir:
Zeliha’min simdiki yasi erkek kardesinin yasimin iki katidir. Kag¢ yil sonra Zeliha nin yast
kardesinin yasinin yine iki kati olur?
Arkadaglart asagidaki cevaplart vermistir. Bu cevaplardan hangisini dogru olarak kabul
edersiniz? (Sadece bir sikki isaretleyiniz.)

A) Her 2 yilda bir olur.

B) Zeliha’nin yasina baglidir.

C) Zeliha’nin yasi, simdiki yasinin 2 kat1 oldugunda olur.

D) Bir daha asla olmaz.

2. Jale 6gretmen dersinde kullanmak i¢in su problemi hazirlamistir:
Asagidaki gibi bir satira yan yana 100 diizgiin altigeni dizerseniz olusan seklin ¢evresi ne olur?

Jale 6gretmen 6grencilerinden gelebilecek farkli ¢oziimleri gormek istemistir. Asagida verilmis
muhtemel 6grenci ¢coziimlerinden hangileri dogru cevaba gotiiriir? (Her bir sik i¢in evet, hayir
veya emin degilim se¢eneklerinden birini isaretleyiniz.)

Evet Hayir Emin Degilim
A) 4x100+2 1 2 3
B) (6x100)-2x99 1 2 3
C) 4x98+2x5 1 2 3
D) 6x100 1 2 3
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