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The inconsistency between curricular expectations and assessment
results

Hiilya Kilig, Oguzhan Dogan and Aysegiil Kili¢

Yeditepe University, Tiirkiye; hulya.kilic@yeditepe.edu.tr

To pursue high-ranked lycées in Tiirkiye, many eight grade students study for High School Entrance
Exam which takes place at the end of the middle school. The exam consists of 20 mathematics items
aligned with middle school math curriculum. In recent years, the exam has aimed to assess students’
mathematical thinking skills besides their mathematical knowledge. However, the mean scores
obtained on the test are below the curricular expectations. Therefore, we wonder how enacted
curriculum support eight grade students’ studies for the exam. We prepared a math exam consist of
8 items and handed it to 127 students from different schools. We analyzed 68 students’ papers who
got minimum score 4 out of 40. The analysis revealed that as aligned with national and international
assessment results, students could answer procedural questions. Still, they fail to answer questions
about reasoning, connections and problem solving skills.

Keywords: Mathematical thinking skills, middle school, curriculum, national and international
assessment.

Introduction

Curriculum reforms are triggered by changes in the philosophy of current education system, needs of
society, development of science and technology and other local or global issues that impact other
systems and people’s lives such as pandemic, wars and economic crises. As having four components,
namely, objectives, content, method and assessment, any inconsistency between the components of a
curriculum causes a failure in achieving desired learning outcomes (Ozmantar et al., 2018). Students’
performances in national and international standardized tests can be considered as a tool to check
whether curricular expectations are met or not for the particular level of education or subject matter
(Breakspear, 2012). In Tiirkiye, the first official middle school curriculum was launched in 1924 and
it was revised 14 times till 2018 (Ozmantar et al., 2018). More rapid changes took place after 2000s
such that the mathematics curriculum was revised 7 times since then. Although technological changes
and social needs are the major factors for such reforms, Turkish students’ poor mathematics
performance in both national and international tests is one of the factors behind the changes in recent
years (MoNE, 2019).

The latest curriculum reform in all grade levels was made in 2018 in Tiirkiye. In the same year, the
format of High School Entrance (HSE) Exam was changed. Previously, the math items were designed
to assess students’ understanding and application of simple procedures but nowadays, students’
mathematical thinking skills (reasoning, connections, problem solving, etc.) are aimed to be assessed
via contextualized problems (Kedikli & Katranci, 2022). Although fostering students’ mathematical
thinking skills was one of the major goals of mathematics curriculum since 1920s, such skills were
not specifically addressed in standardized multiple-choice exams till 2018. As noted in 2023
Education Vision report of the MoNE, scores obtained from recent PISA and TIMSS results forced
the national authorities to make changes in the standardized tests format (MoNE, 2019).
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In both PISA and TIMSS not only students’ procedural or algorithmic knowledge is measured but
also their reasoning, connections and problem solving skills are assessed. Therefore, national
authorities decided to modify math questions of HSE exam to address both curricular goals and
assessment criteria of TIMSS and PISA by allocating more items in the exam to assess students’
mathematical thinking skills (MoNE, 2019). As an initial step, modified versions of some released
PISA or TIMSS items are beginning to be used in the latest exams. For instance, Transit System
problem which was asked in 2003 PISA (OECD, 2003) was modified and asked in HSE exam in
2020.

In this paper, we identify procedural knowledge as applying algorithmic procedures to solve given
simple problems or doing calculations and mathematical thinking skills as ability to explore, justify
and make reasoning about given situations, understand, use and relate multiple representations,
understand and solve non-routine or complex problems (Stein et al., 2007). Moreover, mathematical
thinking skills are defined as a composition of problem solving, reasoning, connections and
communication skills in Turkish math curriculum (MoNE, 2018). For instance, in 2018 HSE exam,
the first question illustrated below entails procedural knowledge while the second question entails
use of connection skills. In the first question the student will rewrite given number in scientific
notation but in the second question student will use knowledge of area of a square, algebraic
expressions and binomial expansion.

Question 1: If 0.00013 - 10 is greater than 1000, determine the minimum integer value of a.

Question 2: (Question is shortened) If white-color strips are stacked to all faces of the cube as follows and the
remaining parts are painted, determine the area of painted region.
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Figure 1: Sample questions from 2018 HSE exam

Although HSE exam was reformed in 2018 by illustrating items to assess students’ thinking skills,
students still performed poorly in mathematics as in the previous years. In years between 2018 and
2022, students’ average in math test out of 20 questions were as follows: 6.99, 5.09, 9.36, 7.56 and
4.74 (e.g., MoNE, 2022). It seemed that students performed well in 2020 but it was because of
pandemic such that students were asked questions related to topics covered during the first semester
of the 8" grade. The lower scores in 2018 might not be surprising since items aimed to measure
students’ mathematical thinking were new for both students and teachers. Even though some sample
items have been released by MoNE in monthly base via official website (odsgm.meb.gov.tr) for each
academic year since then, the studies revealed that teachers were not supported enough how to
implement new curriculum nor how to guide students for HSE exam when the new curriculum was
launched (Erden, 2000). Because very limited and short-term professional development programs
were provided for teachers, they did not feel confident about how to modify their teaching practices
to support students’ mathematical thinking skills (Kertil et al., 2021). Teachers were informed about



what has changed in the curriculum in the form of a meeting organized by local authorities and then
they were suggested to attend professional development programs according to their needs provided
on-site or online. In other words, teachers were not given a compulsory workshop about how to
support students’ mathematical thinking skills, the volunteers participated in such workshops. In
Tiirkiye, although teachers are able to choose a professional development program or participate in
working groups provided by MoNE-Teacher Network Platform (oba.gov.tr), such programs are still
short-term programs. Even some new textbooks were written in line with new curriculum and HSE
exam context, teachers found that compulsory textbooks used in the schools did not cover enough
samples, therefore they had to recommend some other additional textbooks for practice for students
(Kertil et al., 2021). Despite of having limited resources for adapting new curriculum into lessons,
we still expect both teachers and students have learned about the new format of HSE exam and
perform better in the exam in each successive year. However, it was not the case such that students
obtained the lowest score in 2022 HSE exam.

In this paper, we want to explore how 8" grade students perform on problems entails both procedural
knowledge and mathematical thinking skills via HSE-exam like questions. We want to use our
findings as a basis for a large-scale study in which we investigate how to foster middle grade students’
mathematical thinking skills and their performance in national and international exams.

Methodology

Participants

In this study we used convenient sampling such that we asked our collaboration schools and former
graduates of our program whether they became volunteer to implement the math exam prepared by
us (the researchers) to their eighth graders. Totally, we applied the exam to 127 students (67 female,
60 male) from 6 different schools. Four of the schools were public schools and two of the schools
were private schools.

Data collection and analysis

We prepared a math exam in line with middle school math objectives that 8" grade students had
already covered. The test consisted of 8 items and graded out of 40 points. The points assigned for
questions varied between 4 points to 6 points. In terms of TIMSS item-type classification, Question
1 can be classified as knowing, Question 6 and 7 as reasoning and the rest can be thought as applying
type of questions. More specifically, Questions 2, 3 and 4 entail use of connections skills besides
procedural knowledge while Questions 5 and 8 require problem solving. Additionally, pictures and
tables are illustrated in questions 2, 4, 5 and 6 such that students need to use the given table in question
2 and the picture in question 6 to solve the problem. Moreover, the type of the problems in the test
aligned with the types in the latest HSE exams (Kedikli & Katranci, 2022) except our questions were
not in multiple-choice form but students need to show their calculations and explain their answers.
Some sample questions with their rubrics for scoring and explanation of related skills are given below.

Question 4. To keep documents in an office, different size (width) and coloured folders are used. The folders can be
arranged without leaving spaces on a shelf. By using the following information determine the size of each folder. (5p)

e The length of a shelf is 90 cm.
e  When 15 folders are put on the 2™ shelf, they occupy the half of the shelf.



e Total width of three folders put on the 2" shelf equals to total width of 2 folders put on the 3™ shelf.
e  When all shelves are full then the number of folders in the first shelf is 5 more than twice of the folders in the
third shelf.

Rubric: 1) Finding the width of the folder on the 2™ shelf (2p). Recognizing that s ghelf

there are 15 - 2 = 30 folders in total. Then size of one folder is 90 +~ 30 = 3 cm
(Procedural knowledge). 2) Finding the width of the folder on the 3% shelf (1p). 2™ shelf

Using given information that 3-3 =2-x then x =4.5 cm (Procedural 34 sl
she

knowledge and Connection skill: Converting verbal expressions into
mathematical operations) 3) Finding the width of the folders on the 1% shelf (2p). Using given information to find
number of folders in the 1% row and then determine its size. 90 + 4.5 = 20 folders on the 3" shelf (Procedural
knowledge). Then the number of folders on the 1% shelfis 20 - 2 + 5 = 45 . Finally, the width of the folder is 90 +
45 = 2 cm. (Connection skills: Setting up relationship between the number of folders, the length of the shelf and size
of the folder)

Question 7. In an amusement park, you can get either single coin to use a single vehicle or decide how many vehicles
you will use and purchase a pre-paid Fun-card for using the vehicles. The prices for each option are as follows:

Each coin: 5 TL

Fun-card: 10 TL for the card and additional 3 TL for each vehicle to be used
If Ali decides to go to the amusement park during the weekend, which offer should he choose? Why? (5p)

Rubric: Try different number of vehicles by showing calculations (2p) (Problem solving and reasoning: thinking
about different cases to make decision) and note that if Ali uses fewer than 5 vehicles then he should buy coins, if he
decides to use 5 vehicles, then he can choose either of them, if he wants to use more than 5 vehicles then he should
buy the card (1p for each). If students just estimate a number and make their decision accordingly then they deserve
2 points (problem solving: using trial and error strategy). An answer without explanation or justification no points.

The split-half reliability of the test was calculated as .87. Two researchers graded all the tests in line
with the rubric. We achieved full agreement on grading the students’ work. Although we applied the
test 127 students, we decided to analyze 68 students’ (39 female, 29 male) paper who obtained at
least 4 points in the test.

Results

We initially analyzed all data collected from 127 students to determine the cut off score for further
analysis since there were many students who received no credit from the test. Since the median of the

scores was 4, we decided to analyze papers of the students who received 4 points at minimum. The
mean and standard deviation of each item for 68 students is shown in Table 1.

Table 1: Descriptive analysis of achievement test

Mean Std. dev. Max. Min.
Q1 3.15 1.39 4 0
Q2 1.06 1.91 5 0
Q3 3.15 1.69 5 0
Q4 2.60 2.17 5 0
Q5 2.44 2.77 6 0
Q6 0.34 1.02 4 0
Q7 1.99 1.73 5 0
Q8 0.43 1.34 6 0
Total 15.15 8.56 34 4




To understand in which questions students performed well we looked the frequencies of the items
that students received full credit, partial credit or no credit as shown in Table 2.

Table 2: Frequencies of distribution of scores per item in the test

Full answer Partial answer No or wrong answer

01 43 17 8
(63%) (25%) (12%)

02 11 8 49
(16%) (12%) (72%)

03 9 47 12
(13%) (69%) (18%)

04 23 22 23
(34%) (32%) (34%)

05 22 12 34
(32%) (18%) (50%)

4 4 60
Q6 (6%) (6%) (88%)

07 10 38 20
(15%) (56%) (29%)

3 7 58
Q8 (4%) (10%) (85%)

Note: Due to rounding up numbers, total may not be 100% in some of the cells.

As seen in Table 2, the students’ performance on some of the questions highly varied. Therefore, we
decided to analyze whether students’ performance differed in terms of question types. We found
significant differences when we compared students’ performances in procedural questions (Q2, Q3
and Q4) versus problem solving (Q5 and Q8) (t67,05=6.902, p=.000) and procedural questions versus
reasoning (Q6 and Q7) (t67,.05=7.660, p=.000). Obviously, students’ performance in knowledge
question (Q1) was significantly higher than the rest of the test (ts7.05=9.854, p=.000). However,
students’ performance in problem solving and reasoning questions was poor and did not vary
significantly (t67,05=.199, p=.843). We want to illustrate some student work that students partially or
fully answered in the test.

As seen in Table 2, approximately, one third of the students could not answer Question 4 while one
third answered it partially. As shown in figure 2, one of the students found the sizes of the folders
correctly as 2 cm, 3 cm and 4.5 cm, respectively by applying appropriate procedures, doing necessary
connections in terms of length of a shelf and sizes of folders and utilizing correct calculations.
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Figure 2: A student’s full answer for Question 4



However, some of the students misinterpreted the given information and set up wrong relationships.
As shown in figure 3, one of the students (on the left) confused the terms “length” and “width” such
that he thought the vertical axis as the length of the row while another student (on the right)
mistranslated given statement into mathematics. Therefore, they both could not finalize their solution.
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Figure 3: Some students’ partial answer for Question 4

As explained in previous section, in Question 7 we want students to think about all possibilities for
given situation and make a decision accordingly. However, as shown in figure 4 students just thought
about a few cases to decide which offer will be better. The student used trial and error strategy to find
an appropriate answer, which was thought as an indicator of immature problem solving skill. A few
students thought all possible cases and gave full answer as shown in figure 5.
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Figure 4: A student’s partial answer for Question 7
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Figure 5: A student’s full answer for Question 7

As seen in the students’ papers, some students attempted to utilize mathematical operations to solve
given problems but they failed to finalize their solutions since they failed to understand given problem
statements or interpret given tables or charts correctly. That is, they had some procedural knowledge

about mathematics but they lacked of making connections between multiple representations,
reasoning and problem solving skills.

Discussion



In this study, we tried to explore how students performed on a mathematics test which consisted of
items aiming to assess students’ knowledge as well as their mathematical thinking skills. Although
our sample size was limited, some of our findings were compatible with findings of large-scale
national and international studies.

The students in our sample were better in answering algorithmic questions but they failed to answer
questions entails problem solving and reasoning. The analysis of 8" grade students’ performance in
previous HSE and TIMSS exams support this finding (e.g., MoNE 2022; Mullis et al., 2021). TIMSS
2019 report revealed that Turkish students’ mean score in problem solving questions was even lower
than their overall mean (Mullis et al, 2021). Even though improving students’ mathematical
knowledge and thinking skills is emphasized in the curriculum, students’ poor performance in
national and international tests raise a question about the difference between official and enacted
curriculum. Indeed, some teachers complained about having no or a few supports about how to
improve students’ mathematical thinking skills in the lesson (e.g. Erden, 2020). They noted that they
need a long-term professional development about how to enact the new curriculum in the school
otherwise, they continue in teaching their own ways (e.g. Kertil et al., 2021). Moreover, they stated
that teaching resources in terms of textbooks, teacher guides and materials should be available to
pursue and attain the learning goals of the curriculum (e.g. Kertil et al., 2021). Whenever the gap
between official and enacted curriculum gets larger, it will not be surprising to get similar student
performance in the exams (Stein et al, 2007) as we observed in our small-scale study. Therefore,
whenever major revisions are made in the curriculum of a specific subject or grade level, all
responsible teachers should be given a long-term and sustainable support to implement and adapt new
curriculum into their teaching practices.

Even though students performed better in algorithmic problems, their performance was still below
our expectations in relation to curricular goals. As noted above, some of the students partially
answered or failed to answer some procedural questions, e.g. question 4, because they failed to
understand the problem statement or illustrations (charts, pictures, etc.). Since reading and
understanding mathematical language and representations is related to mathematical literacy as well
as mathematical connection and communication skills, as seen in the results, students’ mathematical
literacy skills were also poor as noted in recent PISA reports (OECD, 2019).

Briefly, the main purpose of curriculum reform is to attain and improve the quality in education.
However, desired outcomes may not be achieved unless the reforms are addressed during the
enactment. Although we can achieve a perfect alignment between the written objectives and the
assessment items in standardized tests, we may still obtain low scores in the tests unless we do
required changes in our teaching and learning methods or resources. This seems to be one of the
reasons behind Turkish students’ failure in items require mathematical thinking skills in standardized
tests. They do not know or are not used to discuss how mathematical concepts are related to each
other or other disciplines or how mathematical fact is represented in different ways or what the
problem solving strategies other than calculating or solving equations are (Erden, 2020). Therefore,
mathematics teachers should be provided with enough professional support and resources about how
to improve students’ mathematical thinking skills in every stage of middle school and students should



be given more opportunities to use mathematics in their daily lives both in schools and at their homes
to achieve an increase in students’ performance in national and international standardized tests.
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