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 University entrance exams (UEEs) play a crucial role in higher education admissions worldwide, influencing 

curriculum design and teaching practices. This study examines the mathematics questions in UEEs in Iran, Turkey, 

and the USA from 2021 to 2024, comparing their content based on National Council of Teachers of Mathematics 

strands and Cognitive Demand Level framework. The results of the study showed that algebra comprised a higher 

percentage of questions compared to other content areas across all the countries. Additionally, the UEEs 
questions in all three countries predominantly consisted of procedural-level questions (either procedures without 

connections or procedures with connections). Based on these findings, suggestions and recommendations were 

provided to enhance the balance of question types and promote deeper conceptual understanding in 

assessments. 
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INTRODUCTION 

One significant type of assessment across many countries is university entrance exams (UEEs). These assessments are 

administered nationwide in many countries and affect the school education system (Borji & Sánchez, 2019; Otaç, 2019; Zhang, 

2016). After high school, students in many countries must take UEEs to qualify for admission into higher education (Coles et al., 

2023; Göloglu Demir & Kaplan Keles, 2021). In some places, like China (Jiang et al., 2019; Zhang, 2016), Iran (Borji & Sánchez, 2019), 

Turkey (Otaç, 2019), and Japan (Watanabe, 2015), these exams are the primary or sole criterion for university acceptance. While 

the USA does not have a standardized national UEE comparable to those countries discussed, many postsecondary institutions 

consider students’ performance on high-stakes tests (e.g., scholastic aptitude test [SAT]) in their admission process (Moore et al., 

2019). With the high importance of these exams on students’ admission to universities, sample questions from previous years’ 

UEEs are often used as key resources for students to practice problems and prepare effectively for the exam (Ontong & Bruwer, 

2020).  

Institutions aim to admit students with the highest potential to meet the demands of their programs, and admitted students 

are expected to achieve strong outcomes upon program completion. From an institutional standpoint reliable admission tools are 

essential for making valid decisions about student selection (Akış, 2020). However, the overemphasis on standardized exams 

brings the risk of narrowing the curriculum and putting teachers under pressure to focus on preparing students for the exam rather 

than focusing on critical thinking and conceptual understanding of the mathematical ideas (Coles et al., 2023; Göloglu Demir & 

Kaplan Keles, 2021). Furthermore, numerous scholars have emphasized the importance of students’ conceptual understanding of 

mathematics, leading to various efforts aimed at improving their mathematical thinking skills (e.g., Henningsen & Stein, 1997; 

Hurrell, 2021).  

Given that assessment tasks influence teachers’ instructional practices (Coles et al., 2023; Göloglu Demir & Kaplan Keles, 2021) 

and that the selection of assessment tools plays a crucial role in shaping students’ learning, this study examines how UEE 

questions in Turkey, Iran, and the USA require students to engage in mathematical thinking and problem-solving. It also explores 

the similarities and differences in the types of questions used in these exams, highlighting variations in cognitive demand across 

the three countries. 
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Research Questions 

This study explores the types of questions and the cognitive demand level (CDL) of the questions used in these countries. 

Below are the research questions we aim to address in this study: 

1. Which mathematics topics were included in the UEEs in Iran, Turkey, and the USA? 

2. What are the CDLs of questions in UEEs in Iran, Turkey, and the USA from 2021 to 2024?  

3. What, if any, are differences in the cognitive demand of UEE questions across the three countries and shifts from 2021 to 

2024? 

LITERATURE REVIEW 

Global Perspective on Curriculum Reform in Mathematics Education 

Globalization has become increasingly prominent in mathematics education, shaping educational discourse and curriculum 

changes. According to the Peterson Institute for International Economics (2024), globalization refers to the increasing 

interconnectedness of economies, cultures, and populations through trade, technology, investment, migration, and information 

exchange. Adjustments made in one country or region are often mirrored in other countries within a few years (Atweh & Clarkson, 

2002; Hossain, 2022). 

The growing interconnectedness driven by globalization, often fueled by technological advancements, has also intensified the 

focus on educational practices and outcomes across nations. International comparative studies like TIMSS and PISA have raised 

awareness among countries about each other’s mathematics curricula as well as highlighting the global strengths and weaknesses 

in student performance (Shimizu & Vithal, 2023). These results significantly influenced curriculum reform in various ways across 

different countries. These school mathematics reforms are often conducted with changes in all different aspects of the curriculum 

such as mathematics content, pedagogical approaches, and assessment and examinations including but not limiting to UEEs 

(Shimizu & Vithal, 2023). In Iran and Turkey, UEEs have been influenced by international assessments and curriculum changes, 

while the TIMSS performance is seen as one of the driving forces in curriculum changes (Bartolini Bussi et al., 2023; Eren, 2024). In 

Turkey, similar to Iran, 2015 PISA results showed that these two countries might have low-performing schools (Atac, 2019), while 

The TIMSS 2023 results show a decline in USA math scores and improvements in Turkey. The result of this assessment affected the 

education system in many countries. For example, in Turkey, the content of the college examination system has altered over the 

recent years (Atac, 2019) and it has included skill-based questions in UEEs to increase success in international exams (Eren, 2024). 

While TIMSS and PISA provide important international benchmarks, UEEs remain the most decisive factor in university admissions, 

making them the primary focus of student preparation. Given their significance, understanding how these exams align with 

broader curriculum reforms is essential to evaluating their role in shaping students’ mathematical competencies. 

Learning in Mathematics 

As curriculum and assessment reforms continue to shape educational systems, increasing attention has been given to 

students’ conceptual understanding of mathematics and their ability to think, reason, and solve problems effectively (Eren, 2024; 

Henningsen & Stein, 1997). These changes reflect a broader shift in mathematics education, emphasizing the development of 

deeper cognitive skills rather than the memorization of procedures). The education vision document, which emphasizes 21st 

century skills, highlights the need for students to develop problem-solving and critical-thinking skills (Eren, 2024, p. 47). Similarly, 

educational priorities in many countries have shifted toward active and creative learning processes, instead of viewing 

mathematics as a static collection of facts and procedures (Joklitschke et al., 2022). There has also been a greater emphasis on 

conceptual knowledge, as seen in various reform efforts worldwide (Crooks & Alibali, 2014; Hussein & Csikos, 2023). Recent reform 

efforts in the USA, such as the standards from the National Council of Teachers of Mathematics (NCTM) and the common core state 

standards (CCSS), have emphasized the importance of students developing both conceptual understanding and procedural skills 

(Crooks & Alibali, 2014). This perspective shapes not only what students should learn but also the activities that both students and 

teachers should engage in. It also determines what students are required to be assessed on and how they are prepared to enter 

higher-level education in colleges.  

Importance of Mathematical Tasks 

The importance of implementing high-quality mathematical tasks has never been more evident, as they not only shape 

students’ learning opportunities (Feldman et al., 2016; Hsu & Yao 2023; Smith & Stein, 1998) but also serve as key tools for 

classroom instruction to enhance students’ learning (Shimizu et al., 2010). Tasks that involve deep mathematical thinking, 

including tasks that require analysis and synthesis, give students chances to develop mathematical skills such as problem-solving, 

critical thinking, and creativity (Paredes et al., 2020; Yeo, 2007). Research also shows that people who understand the concepts 

behind a procedure are more likely to successfully generalize it and apply it to new and unfamiliar problems (Crooks & Alibali, 

2014). 

Building on Doyle’s (1988) work, Stein and Smith (1998) proposed the task analysis guide comprised of four categories of tasks 

that create different learning opportunities for students; thus tasks that are at different levels of cognitive demand:  

(1) memorization,  

(2) procedures without connections (PwoC),  
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(3) procedures with connections (PwC), and  

(4) doing mathematics.  

According to this framework, memorization tasks involve producing previously learned facts, rules, formulae, or definitions. 

There is no need to use even a procedure to solve memorization tasks. It is highly dependent on memorizing the previously learned 

information. PwoC tasks require using procedures that are specifically called for or that are highly obvious based on previous 

instructions. These tasks do not require students to understand how the procedure works or to explain their thinking but focus on 

producing correct answers by using the procedure being called. These two levels of tasks are named low-level tasks. The next two 

levels of cognitive demand comprise high-level tasks. In the PwC tasks, although there may be some suggested pathways, there is 

not an explicit procedure to follow. These tasks require a deeper understanding of mathematical concepts and a higher level of 

cognitive effort to provide an answer. Doing mathematics tasks require complex and non-algorithmic thinking. Students explore 

and understand the nature of mathematical concepts, processes, or relationships.  

Therefore, studies have shown that higher-level cognitive demand tasks are associated with deeper learning (Gilbert, 2016; 

Paredes et al., 2020) and the ability to transfer knowledge to new situations (Henningsen & Stein, 1997). Students who are exposed 

to tasks with high CDL demonstrate greater mathematical proficiency and problem-solving skills (Paredes et al., 2020; Silver et al., 

1995). Conversely, low-level tasks often lead to a limited understanding of mathematical concepts (Boaler, 2002). Yeo (2007) stated 

that procedural tasks and word problems in which students practice what they have been taught earlier are not mathematically 

rich tasks. Considering the importance of implementing high-quality mathematical tasks, analyzing CDLs of the tasks lies in their 

impact on students’ mathematical learning and understanding. One aim of the current study is to assess the level of cognitive 

demand of the tasks that students are assessed on in the UEE, which plays a significant role in shaping students’ preparation for 

higher education. By examining these tasks, we aim to better understand how they contribute to students’ mathematical 

development and whether they align with the standards of deep learning and problem-solving emphasized in contemporary 

educational reforms. For this study, we focused on three countries: Iran, Turkey, and the USA Additionally, we discuss university 

entrance assessments in other countries to provide a broader international perspective. The following section provides more 

details about the types of assessments in these countries. 

University Entrance Exams in the Iran, USA, and Turkey  

Every year, millions of high school students in different countries take the national UEEs, and their results are the main factor 

determining entry into universities (Borji & Sánchez 2019; Hong & Choi, 2011; Kusayanagi, 2013). 

Iran’s UEEs are conducted twice a year by the National Organization of Educational Testing and include questions on topics 

covered in high school textbooks, such as literature, science subjects (e.g., physics, chemistry, and biology for science tracks), 

religious studies, language, and mathematics specialized subjects are also covered depending on the chosen track (Parviz, 2023). 

The mathematics portion consists of 40 multiple-choice questions out of approximately 200 total questions (Borji & Sanchez, 

2019). Due to the limited number of spots in top universities, these exams are extremely competitive, with students often preparing 

for years. 

In the USA, institutions use different tests depending on the state where they are located (Koretz et al., 2016). SAT is one of 

these tests that has long been a key element of college admissions, serving as a standardized assessment of academic readiness 

(Krishnaveti & Rawat, 2024). The SAT exams in the USA were recently revised to focus more on what students learn during high 

school (Koretz et al., 2016). A study by Krishnaveti and Rawat (2024) showed a “significant decrease in the difficulty of the SAT 

math section over time, alongside a decline in students’ math performance” (p. 1) from 2018 to 2023. Furthermore, this study 

revealed that before 2016, the key focus areas of SAT were “arithmetic, numbers and operations, algebra, functions, geometry and 

data analysis” (p. 6) and later it included questions related to trigonometry and complex numbers. After the 2016 versions, the 

penalty for incorrect answers was eliminated and there was a reduction in the number of math sections from three to two while 

the number of questions increased from 54 to 58 (Krishnaveti & Rawat, 2024). The College Board (2015) explained,  

The redesigned SAT will be better and more clearly aligned to best practices in classroom instruction so that the most 

effective preparation for the SAT is the development of the ELA/literacy and math skills taught in great courses across the 

disciplines … No longer will the SAT stand apart from the work of teachers in their classrooms (p. 13). 

In contrast to countries such as Iran and Turkey, in the USA, the significance of SAT exams is relatively low since students’ 

scores are considered alongside “admission essays, high school grades, and extracurricular activities” (Watanabe, 2015, p. 84). 

The UEE system in Turkey, known as the Higher Education Institutions Exam (YKS), is a standardized test administered by the 

Measuring, Selection and Placement Center (ÖSYM). It serves as the sole pathway for students to gain admission to universities 

within the Turkish education system. Candidates’ scores from the exam are combined with their high school GPA to determine 

university placements. Participation in the exam has steadily increased over recent years, with 2,607,715 high school graduates 

taking it in 2021, 3,243,334 in 2022, and 3,527,443 in 2023 (Dogru Tercihler, 2024). The exam content is based on the curriculum 

taught to students throughout their basic and secondary education in Turkey (Otaç, 2019, p. 14). The YKS consists of three main 

sections: The Basic Proficiency Test (TYT), the Field Proficiency Test (AYT), and the Foreign Language Test (YDT). The first session, 

TYT, comprises 125 questions, including 40 math questions. The AYT features 166 questions, including 40 math questions. Both 

sections are multiple-choice exams, with each question offering five answer options. The initial phase of the exam, the Basic 

Proficiency Test (TYT), is common to all students, regardless of their academic focus, and includes questions on Turkish, social 

sciences, basic mathematics, and science.  
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Types of Assessments in Other Countries 

UEEs play a major role in shaping mathematics education in many countries (Hong & Choi, 2011), yet there has been a limited 

number of studies examining these types of examinations (Borji & Sánchez, 2019; Watanabe, 2015).  

In their study of the Korean college entrance examination, Hong and Choi (2011) describe the characteristics of the 

mathematics questions. This exam, which includes 30 questions–21 multiple-choice and 9 constructed-response questions–

covers topics in high school–level mathematics “such as precalculus (e.g., trigonometry, functions, equations, and inequalities), 

differential and integral calculus, discrete mathematics, and probability and statistics” (p. 209). Additionally, questions that assess 

reasoning and problem-solving are rewarded with 3 or 4 points, compared to 2 points for questions that assess computation and 

understanding. This study also showed that the type of problem-solving and reasoning questions in these exams requires students 

to make connections between different mathematics topics, as categorized in PwC level tasks in Smith and Stein (1998) 

framework. Figure 1 shows two examples of the types of questions in the Korean college entrance examination mentioned in 

Hong and Choi (2011).  

In their analysis of the UEEs in Iran and Spain Borji and Sánchez (2019) found that most UEE questions in both countries 

focused on algebraic representation and a very small percentage focused other representations and their relationship.  

THEORETICAL PERSPECTIVE 

This study utilizes the framework developed by Smith and Stein (1998) to analyze the CDLs of UEE questions. Building on 

Doyle’s (1988) work, Stein and Smith (1998) proposed the task analysis guide comprised of four categories of tasks at different 

levels of cognitive demand:  

(1) memorization,  

(2) PwoC,  

(3) PwC, and  

(4) doing mathematics.  

These levels are used to describe the complexity and cognitive effort required to complete mathematical tasks.  

Memorization tasks are not ambiguous, require minimal cognitive effort, no deep understanding of mathematical concepts, 

and no connection to mathematical ideas, and involve recalling formulas, facts, rules, or definitions. There is no need to use even 

a procedure to solve memorization tasks. It is highly dependent on memorizing the previously learned information. PwoC tasks 

involve performing routine procedures, do not require understanding the underlying concepts, and require limited cognitive 

demand. Tasks at this level require using procedures that are specifically called for or that are highly obvious based on the previous 

instruction. These tasks do not require students to understand how the procedure works or to explain their thinking but focus on 

producing correct answers by using the procedure being called. Students do not make connections to mathematical concepts at 

this level. PwC tasks involve procedures that are linked to conceptual understanding or the use of the procedure to develop a 

deeper level of understanding. Although there may be some suggested pathways to solve a problem, there is not an explicit 

procedure to be followed. These tasks require some reasoning and understanding of the relationships between mathematical 

ideas and require some degree of cognitive effort. Doing mathematics requires non-algorithmic thinking and problem-solving. 

These tasks involve exploring, conjecturing, self-monitoring, and solving non-routine problems. They often require considerable 

cognitive effort, and students need to analyze the tasks.  

 

Figure 1. PwC questions in Korean UEEs (Hong & Choi, 2011) 
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Smith and Stein (1998) categorized memorization and PwoC tasks as lower-level cognitive demands, while PwC and doing 

mathematics tasks were classified as higher-level cognitive demands.  

METHODS  

This study is part of a broader research initiative aimed at examining UEEs and the associated mathematics curricula across 

multiple countries. The present research focuses on the UEEs of three countries: Iran, Turkey, and the USA. These countries were 

chosen due to the authors’ expertise in their educational systems and linguistic familiarity. The analysis spans three consecutive 

years (2021, 2022, and 2023) for the Iranian and Turkish UEEs, while for the USA, the latest publicly released SAT practice test (test 

1, test 2, and test 3) by the College Board (2015) was employed, given the restricted access to actual SAT exam content. 

The total number of questions analyzed from the UEEs was 145 for Iran, 120 for Turkey, and 162 for the SAT. Iranian UEEs 

showed a decreasing trend in the number of questions each year, starting with 55 in 2021, reducing to 50 in 2022, and 40 in 2023. 

Conversely, Turkish UEEs consistently included 40 multiple-choice questions per year, while the SAT practice test contained 54 

items comprising both multiple-choice and short-answer questions. The coding of Iranian UEEs questions was conducted by the 

first and third authors, while the Turkish exam questions were coded by the next two authors due to their proficiency in the 

language. SAT questions were reviewed collaboratively by all authors to ensure a balanced and comprehensive analysis. 

To categorize the questions, the NCTM strands were utilized, organizing them into numbers and operations, algebra, data 

analysis and probability, geometry, and measurement. The analysis framework was designed to capture variations in the 

representation of these strands across the UEEs of the three countries. While the majority of the questions aligned with the 

established NCTM categories, certain advanced topics that extended beyond the traditional strands were grouped under “other 

topics.” These included set theory, graph theory, and logic.  

The study then applied the task analysis guide by Smith and Stein’s (1998) to analyze the complexity of the questions across 

all strands, and questions were categorized into the four levels mentioned by them: Memorization, PwoC, PwC, and doing 

mathematics. To maintain coding reliability, the authors jointly analyzed a 10% random sample of the questions, achieving high 

inter-rater reliability (87.5% for Iran, 86.67% for Turkey, and 84.61% for SAT). Discrepancies were resolved through collaborative 

discussion. 

After coding the data, descriptive statistics were applied to summarize the distribution of topic coverage across the UEEs of 

the three countries and to categorize questions according to the task analysis guide. This quantitative analysis was complemented 

by a qualitative exploration of the questions, focusing on their CDLs to identify patterns, differences, and similarities across the 

countries.  

RESULTS 

In this section, we present the results of the data analysis for the UEE questions from Iran, Turkey, and the USA in 2021-2023. 

The findings are structured according to the research questions. First, we provide an analysis of the content covered in the UEE 

questions based on the NCTM strands. Following this, we compare the CDL required by the UEE questions in the three countries. 

We then analyze the types of connections present in the PwC-level questions, and we offer examples to illustrate the differences 

in question types at the PwC and doing mathematics levels in two tables. 

Mathematics Question Content 

Table 1 shows the content covered in the UEE questions based on the NCTM strands. The total number of questions in Iran 

UEE decreases by five each year, whereas in Turkey and the SAT exams, the number of questions remains constant. 

Regarding the total number of questions in each category through all three years, it was shown that algebra comprised a higher 

percentage of questions compared to other content areas across all the countries, with 41.1% in Iran, 45.8% in Turkey, and 70% 

in the SAT exams. The SAT exams, in particular, included more algebra content questions than the exams from the other two 

countries. Geometry was the second most dominant category in Iran and the USA, accounting for 20% and 8.64% of the questions, 

respectively. In the Turkish and USA UEEs, categories other than algebra had nearly the same percentage of questions. In Turkey, 

Table 1. Comparison of the number of questions in each NCTM content strand 

Strands from NCTM 
Iran Turkey SAT USA 

2021 2022 2023 Total % 2021 2022 2023 Total % Test 1 Test 2 Test 3 Total % 

Numbers & operations 12 7 3 22 15.20 4 5 9 18 15.00 5 2 2 9 5.56 

Algebra 23 21 16 60 41.40 20 20 15 55 45.80 39 38 37 114 70.37 

Geometry 13 8 8 29 20.00 7 5 6 18 15.00 4 6 4 14 8.64 

Measurement 0 3 3 6 4.10 6 7 7 20 16.70 3 3 6 12 7.41 

Data analysis & probability 4 5 4 13 9.00 1 1 1 3 2.50 3 5 5 13 8.02 

Other topics 

Set theory 1 3 3 7 4.80 1 1 1 3 2.50 0 0 0 0 0.00 

Graph theory 2 2 2 6 4.10 0 0 0 0 0.00 0 0 0 0 0.00 

Logic 0 1 1 2 1.40 1 1 1 3 2.50 0 0 0 0 0.00 

Total 55 50 40 145 100 40 40 40 120 100 54 54 54 162 100 
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measurement, geometry, and numbers and operations each represented about 15%-16%, while in the USA, geometry, 

measurement, and data analysis and probability each accounted for approximately 7%-8% of the questions. The distribution of 

questions in the Iran UEEs varied drastically across different categories. 

Furthermore, data analysis revealed that 10.34% of the questions in Iran’s UEEs and 5% of the questions in Turkey’s UEEs fall 

into content areas not covered by the NCTM strands. Specifically, Turkey’s UEEs included questions on set theory and logic, and 

Iran’s UEEs included questions on set theory, graph theory, and logic. 

Cognitive Demand Levels in UEEs 

Table 2 shows the comparison of the CDL required by the UEE questions in the three countries. As Table 2 shows, in the USA 

UEEs, the majority of questions were categorized in lower levels; comprising over 65% of the total number of questions in 

memorization or lower-level procedural questions (62.3 % PwoC and 3.7% Memorization). Additionally, the UEEs questions in the 

USA predominantly were procedural-level questions (either PwoC or PwC), 95.6% of the total with questions involving PwoC being 

a substantial portion (62.3% of all questions). In Iran and Turkey, there was a noticeable emphasis on higher-level cognitive 

demands, with approximately 90% and 85% of questions, respectively, falling into PwC or doing mathematics level. In both 

countries, a high percentage of the higher CDLs were concentrated in the PwC category. Table 2 does not reflect students’ 

performance levels; they only indicate the level of cognitive demand required to solve the questions. One might assume that 

Iranian and Turkish students would typically perform better in mathematics, yet data from various global tests suggest otherwise, 

revealing a different trend.  

To understand the underlying causes of this disparity, we delved into the nature and construction of the test questions in 

Table 3 and Table 4. Our focus on Table 3 was primarily on PwC questions for two reasons:  

(a) they constitute the majority of questions in both Iran and Turkey, accounting for over 50% of the total and  

(b) as defined by Smith and Stein (1998) they are designed to connect with multiple contents and representations, among 

other elements.  

In Table 3, we compare questions with the same CDL, PwC, and the same content within the NCTM strand. Algebra was 

selected for this analysis due to its predominant representation across all three assessments, making it a key area for comparison. 

Linear Equations which were categorized in the Algebra strand were chosen to show that questions in the USA were more in real-

world scenarios but did not interconnect multiple contents, whereas Turkey and Iran questions connected multiple concepts. In 

Table 4, we provide examples of doing mathematics-level questions in three countries to illustrate the variations in these 

assessment approaches and highlight the differences in question styles and formats.  

As Table 4 shows, the questions in Iran and Turkey at doing mathematics-level are non-routine problems that require students 

to apply their knowledge in multiple concepts creatively and persistently to arrive at a solution. Doing mathematics level 

questions from the USA requires students to apply their understanding to select the correct contextual interpretation of the slope.  

CONCLUSION AND DISCUSSION 

The results of this study revealed that algebra accounted for a larger proportion of questions compared to other content areas. 

Researchers highlight that readiness for college-level math and technical jobs depends on students acquiring a fundamental 

understanding of algebra by the end of high school (Loveless, 2013). A study by Otten et al. (2024) showed that 91% of the tasks 

Table 2. Number of the questions in each CDL in three countries 

CDL of all questions 

SAT USA Iran Turkey 

Test 1 Test 2 Test 3 
Total % 

2023 2022 2021 
Total % 

2023 2022 2021 
Total % 

n (%) n (%) n (%) 

Low 

level 

Memorization 3 (5) 2 (4) 1 (2) 6 3.7 1 (3) 0 (0) 0 (0) 1 1.0 0 (0) 0 (0) 0 (0) 0 0.0 

PwoC 32 (60) 35 (65) 34 (63) 101 62.3 8 (20) 5 (10) 1 (2) 14 10.0 9 (22) 4 (10) 5 (12) 18 15.0 

High 
level 

PwC 19 (35) 17 (31) 18 (33) 54 33.3 23 (57) 25 (50) 33 (60) 81 56.0 29 (73) 23 (58) 25 (63) 77 64.0 

Doing mathematics 0 (0) 0 (0) 1 (2) 1 0.6 8 (20) 20 (40) 21 (38) 49 34.0 2 (5) 13 (32) 10 (25) 25 21.0 

Total 54 54 54 162 100 40 50 55 145 100 40 40 40 120 100 
 

Table 3. Example of questions with the PwC CDL and the same NCTM strand with different connection types 

Country Example of linear equations Type of the connection 

Iran (2021, 

Q54) 

If the two lines x + y = 1 and x - y = 3 are the diagonals of a circle and the line 4x + 3y + 5 = 0 is 

tangent to it, what is the closest distance of the point (4, -2) from the circle? 

Connection of system of linear 

equations to geometry-coordinate 

plane and measurement 

Turkey 
(2023, Q38) 

On the perpendicular coordinate plane, the line 2x + y = 12 and a line d intersect at point A (4, 

4). These two lines divide each circle, whose center is point A (4,4), into four regions of equal 
area. Accordingly, which of the following is the equation of line d? 

(A) -2x + y = -4 (B) x - 3y = -8 (C) 3x + y = 16 (D) x + 2y = 12 (E) x - 2y = -4 

Connection of system of linear 

equations to geometry-coordinate 
plane and measurement 

USA 

(practice 

test 1, Q8) 

A teacher is creating an assignment worth 70 points. The assignment will consist of questions 

worth 1 point and questions worth 3 points. Which equation represents this situation, where x 

represents the number of 1-point questions and y represents the number of 3-point questions? 

(A) 4xy = 70 (B) 4(x + y) = 70 (C) 3x + y = 70 (D) x+ 3y = 70 

Connection to the real-world 

situation 
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implemented in algebra class lesson plans in the USA, across a wide variety of school districts and a diverse group of teachers, fall 

in the category of PwoC and there was a grand total of 0.2 % in doing mathematics tasks. Thus, we can conclude that all three 

UEEs can serve as a good benchmark for the knowledge required from students for college-level mathematics. 

Considering the emphasis of the standards and research on the importance of developing both conceptual understanding and 

procedural skills in students (Crooks & Alibali, 2014), the findings of this study suggest including more PwC questions or doing 

mathematics in the UEEs. Especially since, as mentioned in the results for the SAT exams, most of the questions were categorized 

at the PwoC-level. This stands in contrast to recent reform efforts in the USA, such as the standards put forth by the NCTM and the 

CCSS which emphasize the importance of fostering students’ conceptual understanding alongside their procedural skills (Crooks 

& Alibali, 2014). 

One suggestion regarding the level of the questions is that questions about reasoning and problem-solving could have more 

weight than those focused on computation and memorization, similar to Korea’s UEE (Hong & Choi, 2011). This approach would 

result in exam evaluations that better represent students’ skills in conceptual understanding and reasoning. Future studies could 

also further explore the types of connections emphasized in the questions.  

The results of our analysis suggest that Iran and Turkey had a higher proportion of high-level CDL questions in their UEEs. 

However, despite the presence of these higher-level questions, student performance in these countries remains relatively low. 

This discrepancy indicates that the complexity of test questions alone does not necessarily correspond to higher student 

achievement. One possible explanation is that, in the USA, the level of questions in textbooks is more closely aligned with those 

in the UEEs, potentially providing a more effective assessment tool. This hypothesis prompted further comparative analysis of the 

alignment between textbook questions and UEE questions across different countries, aiming to explore its potential impact on 

student performance. 

Further studies need to be conducted to explore how the mathematics questions in the UEEs align with the goals of the 

designers and planners of textbooks and curriculum, as well as how effectively these exams prepare students for the college-level 

curriculum by examining students’ performance on UEEs. Moreover, as studies such as Henningsen and Stein (1997) show, 

classroom-based factors can affect maintaining the level of the task, and students’ engagement with mathematical tasks that 

Table 4. Comparing doing mathematics level questions in UEE in three countries 

 Example of the question in doing mathematics Level 

Iran (2022, Q24) 

The intersection of the asymptotes of the homographic function 𝑦 =
𝑎𝑥+3

(𝑎+1)𝑥+(𝑎−1)
 is the minimum point of the function 𝑦 =

3

2
𝑥2 + 𝑥 +

5

6
. At what point does the graph of this homographic function cross the x-axis? 

(A) 3 (B) -3 (C) 
3

2
 (D) −

3

2
 

Turkey (2022, 

Q32) 

Laser devices A and B are placed on a wall where a painting exhibited in a museum hangs. Each of these devices sends its first 
beam along the wall surface, perpendicular and upward from the ground, and each time it turns to a fixed angle specific to that 

device, it sends its next beam along the wall surface. As shown in the figure below, device A moved clockwise, device B moved 

counterclockwise, and after each device rotated a total of 180°, it sent its last ray and stopped. 

 
Note. “ışın” means “ray” in English. 

The 2nd ray coming out of device A and the 3rd ray coming out of device B are perpendicular to each other; The 8th ray coming 

out of device A and the 5th ray coming out of device B are perpendicular to each other. Accordingly, what is the total number of 

rays coming out of device A? 

SAT (practice 

test 3, Q9) 

 

 
The graph represents the total charge, in dollars, for an electrician for x hours of work. The electrician charges a onetime fee 

plus an hourly rate. What is the best interpretation of the slope of the graph? 

(A) The electrician’s hourly rate 

(B) The electrician’s onetime fee 
(C) The maximum amount that the electrician charges 

(D) The total amount that the electrician charges 
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were set up to encourage high-level mathematical thinking can decline during their classroom experiences (e.g., Agterberg et al., 

2022).  

Furthermore, our analysis revealed that some of the questions in Iran and Turkey’s UEEs fall into content areas that were not 

covered by the NCTM strands. This discrepancy highlights a potential misalignment between the international national curricula 

and the content assessed in these exams. These findings are aligned with the findings of other research such as Borji and Sánchez 

(2019) that showed that UEEs in Spain cover topics such as “vectors, matrixes, systems of equations, equations of lines and planes, 

dot and cross products” (p. 7) which is not part of the content covered by the NCTM strands. Also, a study by Hong and Choi (2011) 

showed Korean UEEs cover topics in trigonometry, “differential and integral calculus, discrete mathematics, and probability and 

statistics” (p. 209) which is not the expectations from SAT. Moreover, our results are aligned with the results of other studies which 

show that the SAT puts an increase “focus on data analysis, graphs, and word problems and puts a smaller focus on geometry-

related questions” (Krishnaveti & Rawat; 2024, p. 6). 

In the USA, the SAT plays a less significant role in college admissions (Watanabe, 2015) compared to countries like Japan, Iran, 

and Turkey. Thus, further research is needed on other exams, such as the common admission test, as well as additional admission 

factors in the USA, such as GPA, extracurricular activities, and personal statements, to make comparisons with other countries 

more comprehensive and meaningful. 

Preparation for UEEs in Iran and Turkey is highly stressful, as these exams are the primary factor in university admissions, 

unlike the USA, where holistic evaluations reduce the weight of standardized tests like the SAT. This difference raises equity 

concerns and highlights the impact of high stakes testing on students’ well-being. Future research could examine factors such as 

socio-economic background, access to resources, and preparation strategies, as well as how these influence student performance 

and quality of life during the critical years of preparing for the tests. 
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