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Abstract  

Pre-service elementary teachers often make errors in educational research and problem-solving, 

highlighting the need to examine the nature and causes of these errors. This study employed a 

qualitative descriptive case study design to identify the types of errors made by Elementary 

School Teacher Education (ESTE) students in solving educational research statistics problems 

and to examine the factors contributing to these errors. The participants were 58 ESTE students 

enrolled in a statistics course at a private university in Indonesia. Data were collected through 

problem-solving tests, interviews, and classroom observations. The test instrument was used to 

assess students’ understanding of statistical concepts, while interviews and observations 

explored cognitive and contextual factors influencing error occurrence. The findings indicate 

that conceptual errors occurred in 17% of cases and procedural errors in 22%. Conceptual errors 

were primarily due to difficulties interpreting statistical software outputs, whereas procedural 

errors were associated with inaccuracies in applying formulas and performing calculations. 

These findings contribute to a clearer theoretical understanding of conceptual and procedural 

errors in statistics learning and highlight the need for instructional approaches that balance 

conceptual and procedural aspects in educational research statistics.  
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Introduction  

Statistics is an important tool in research, especially in education. Statistical mastery supports 

data-based decision-making in education (Vetten et al., 2023). Educational research requires a 

systematic approach to collecting, analyzing, and interpreting data using statistics (Rohimah, 

2024). Through statistical reasoning, individuals can analyze data objectively, draw valid 

conclusions, and communicate research findings effectively (Abu-ghalyoun, 2021; Radke et 

al., 2023; Thanheiser & Mamolo, 2024). For students engaged in research, particularly those 

completing thesis research, mastery of statistics is essential to ensure accurate data processing 

and meaningful interpretation of results, which ultimately determine the quality and credibility 

of educational research.  

However, inadequate mastery of statistics often leads to errors in its application, hindering 

students’ ability to use statistical methods effectively. According to Legesse et al. (2020), Errors 

in statistical learning can be categorized into two main types: conceptual and procedural errors. 

Conceptual errors occur when students do not understand basic statistical concepts, while 

procedural errors occur when students make mistakes in mathematical steps during calculations 

or when using formulas. This aligns with Winarso and Toheri (2021) conceptual errors, namely 

the inability to determine and apply the correct theorem to solve a problem. At the same time, 

procedural errors occur when the rules used in the solution process are misapplied. In addition, 

external factors such as exam anxiety and lack of basic mathematical mastery also influence 

these errors (Mendes et al., 2024; Dodeen & Alqawasmi, 2025). Errors that emerge during 

statistical problem-solving reflect a gap between theoretical understanding and practical 

application, which may subsequently affect the quality of future classroom instruction (Shimizu 

& Kang, 2025).  

Previous research consistently shows that errors in solving statistical problems stem from 

cognitive factors, such as difficulty understanding formulas, inaccurate calculations, and 

trouble interpreting statistical results (Leng & Meng, 2023; Silva & Sarnecka, 2025). These 

errors often appear as misunderstandings or mistakes with procedures, particularly when 

applying formulas or interpreting software output (Nisa & Dahlan, 2025; Sardareh et al., 2025). 

For pre-service teachers, affective factors like statistical anxiety often worsen these difficulties 

by negatively affecting reasoning and problem-solving accuracy (Romero et al., 2023). 

Furthermore, students frequently make errors in selecting appropriate statistical tests, 

interpreting tables and graphs, applying formulas, and drawing valid conclusions (Pallauta et 

al., 2021; Parks & Yeh, 2021; Lakshmanan, 2022). However, most of these studies focus on 

general statistics learning or on students in secondary and higher education, with limited 

attention to pre-service elementary teachers and the specific demands of educational research 

statistics. In addition, prior research tends to discuss statistical errors in broad terms, without 

explicitly examining how conceptual and procedural errors manifest in research-oriented 

statistical tasks or how they relate to the use of statistical software. 

Addressing these gaps, the present study offers a focused analysis of conceptual and 

procedural errors made by Elementary School Teacher Education (ESTE) students in solving 

educational research statistics problems. The novelty of this study lies in its explicit 
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differentiation between conceptual and procedural errors in a research-statistics context, as well 

as its integration of cognitive and affective factors that influence error occurrence. By 

examining errors in both statistical software interpretation and formula-based calculations, this 

study seeks to extend existing theoretical frameworks on statistical learning errors and to 

provide empirical insights relevant to pre-service teacher education. 

The study aims to identify the types of conceptual and procedural errors ESTE students 

make in educational research statistics problems. It also examines the factors that contribute to 

these errors. The findings are expected to inform the design of statistics instruction in teacher 

education programs. They should support instructional approaches that balance conceptual 

understanding and procedural fluency, thereby improving future classroom instruction. 

Methods  

Research design 

This study employed a qualitative descriptive case study design to identify the types of 

cognitive errors made by Elementary School Teacher Education (ESTE) students when solving 

statistics problems, as well as the factors contributing to these errors. A qualitative approach 

was chosen because the study aimed to gain an in-depth understanding of students’ reasoning 

processes, error characteristics, and learning experiences. The case study design enabled a 

detailed exploration of error patterns within a specific instructional context, particularly 

statistics learning for educational research (Shamsuddin et al., 2021; Lian et al., 2022; 

Prameshti et al., 2024). The study was conducted at one university offering an ESTE program 

and involved students enrolled in a statistics course. Participation was voluntary, and 

confidentiality and anonymity of responses were ensured. The reported percentages of 

conceptual and procedural errors serve as descriptive indicators of the relative occurrence of 

each error type and are not intended as inferential statistical measures.  

Participants and sampling 

The participants in this study were 58 seventh-semester Elementary School Teacher Education 

(ESTE) students, comprising 6 males and 52 females, enrolled in an educational research 

statistics course at a private university in Indonesia. The main data source was students’ 

responses to a course-based statistics assessment used as a problem-solving test for error 

analysis. The assessment consisted of essay-type questions designed to evaluate students’ 

conceptual and procedural understanding of core topics in educational research statistics, 

including fundamental concepts and roles of statistics in education, data concepts and quality 

criteria, measures of central tendency and data presentation, measures of dispersion, standard 

scores and Z-scores, inferential statistics, hypothesis formulation, and tests of normality and 

homogeneity. Using a course-based assessment ensured that the identified errors reflected 

authentic student performance in an academic learning context. 
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Instruments and data collection 

The research instrument consisted of six essay questions (Table 1) designed to measure 

students’ understanding of basic statistical concepts, including Measurement Scale (Q1), 

Frequency Distribution (Q2), Measure of Data Centralization and Measure of Data Location 

(Q3), Standard Score (Q4), Normality Test (Q5), and Homogeneity Test (Q6). The instrument 

was validated by experts in educational statistics and linguistics based on content relevance, 

language clarity, and alignment with the research objectives (Ismail et al., 2025; Sugiyono, 

2017).  

Data collection in this study employed three complementary methods: tests, observations, 

and interviews. The test instrument was used to assess students’ understanding of statistical 

concepts and their ability to solve statistics problems, while observations were conducted 

concurrently to examine students’ problem-solving processes. In-depth interviews were 

conducted with five selected students to explore the underlying reasons for their errors, using 

guiding questions such as “How did you interpret this statistical output?” “What difficulties did 

you encounter when applying the formula?”, and “How confident were you when answering 

this question?” The integration of tests, observations, and interviews supported data 

triangulation and enabled a comprehensive analysis of students’ cognitive processes and error 

patterns in solving statistical problems. 

Validity and reliability 

Data validity was ensured through triangulation by comparing data from multiple sources, 

namely tests, interviews, and classroom observations, to obtain a more comprehensive and 

accurate understanding of the findings (Sugiyono, 2017). To further enhance credibility, peer 

debriefing and member checking were conducted by discussing preliminary interpretations with 

colleagues and confirming them with research participants. Data reliability was maintained 

through an audit trail, which systematically documented the data collection and analysis 

processes to ensure transparency and consistency, allowing the research procedures to be traced 

and reviewed (Miles et al., 2014).  

Data analysis 

Data were analyzed inductively using thematic analysis. Students’ written responses were first 

read holistically and then coded based on the type of error identified. Coding focused on three 

main categories: conceptual errors, procedural errors, and factors causing errors. For example, 

a response in Q1 that incorrectly classified interval and ratio scales was coded as a conceptual 

error, while an incorrect calculation of the mean in Q3 was coded as a procedural error. 

Interview data explaining difficulties due to time pressure or exam anxiety were coded under 

the factor 'causing errors'. Similar codes were subsequently grouped into broader themes to 

identify recurring error patterns and contributing factors. The results of the coding and thematic 

interpretation were presented in tables and diagrams to enhance clarity (Miles et al., 2014). 
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Table 1. Statistics questions 

Code Questions (in Bahasa) Questions (in English) 

Q1 Lengkapilah tabel berikut dengan skala pengukuran 

yang sesuai (nominal, ordinal, interval dan rasio) 

 

Complete the table along with the scale-

appropriate measurements (nominal, ordinal, 

interval, and ratio) 

 

Q2 Berikut ini adalah nilai Ujian Akhir Semester suatu 

mata kuliah dari 25 mahasiswa di PGSD di 

Universitas A: 

 

Dari data tersebut buatlah: 

a. Tabel distribusi frekuensi 

b. Histogram 

c. Diagram lingkaran 

The following are the Final Semester Exam scores 

for a course from 25 students in ESTE at University 

A: 

 

From this data, create: 

a. Distribution table frequency 

b. Histogram 

c. Pie chart 

Q3 Berikut ini data tinggi badan 25 mahasiswa (dalam 

centimeter) yang diambil secara acak. 

 

Tentukan:                                                           

a. Mean                                                   

b. Median     

The following is data on the height of 25 students 

(in centimeters) taken randomly. 

 

Determine: 

a. Mean 

b. Median 
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Code Questions (in Bahasa) Questions (in English) 

c. Kuartil ke-tiga    

d. Percentil 10                                         

e. Std. Deviasi 

f. Varians 

c. Third quartile    

d. 10th percentile 

e. Std. Deviation 

f. Variance 

Q4 Hasil ujian dua kelompok yang berbeda diperoleh, 

kelompok 1 memperoleh rata- rata 25 dan 

simpangan baku 4. Sedangkan kelompok 2 

memperoleh rata-rata 30 dan simpangan baku 3. 

Rahman adalah siswa dari kelompok 1 memperoleh 

skor 33, dan Bayu dari kelompok 2 memperoleh skor 

33. Siapakah yang memperoleh   skor baku lebih 

tinggi? 

Test results of two different groups obtained, group 

1 obtained an average of 25 and a deviation of 

standard 4. Meanwhile, group 2 obtained an 

average of 30 and a deviation of standard 3. 

Rahman is student from group 1 obtained a score 

of 33, and Bayu from group 2 got a score of 33. 

Who gets   the score standard moretall? 

Q5 Tabel berikut ini nilai ujian statistika antara kelas A 

dan kelas B di Universitas B. Penelitian dengan 

menggunakan sampel sebanyak 20 responden yang 

diambil dari kelas A dan kelas B. Kelas A sebanyak 

8 orang dan kelas B sebanyak 12 orang. Data-data 

yang didapat sebagai berikut. 

 

Tentukanlah: 

a. Hasil uji normalitas kelas A 

b. Hasil uji normalitas kelas B 

The following table shows the statistics of test 

scores between class A and class B at University B. 

Research using a sample of a total of 20 

respondents was taken from class A and class B. 

Class A has 8 people and Class B has 12 people. 

The data obtained are as follows. 

 

Determine: 

a. Normality test results class A 

b. Normality test results class B 

Q6 Tabel di bawah ini merupakan data Nilai hasil 

belajar dengan menggunakan Metode Ceramah 

(Kelas A) dan metode diskusi (Kelas B): 

The table below shows the learning outcome values 

using the lecture method (Class A) and discussion 

method (Class B):  
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Code Questions (in Bahasa) Questions (in English) 

 

Ujilah apakah dua kelompok data di atas memiliki 

varians yang homogen dengan menggunakan = 

5%! 

 

Test whether the two groups of data above have 

homogeneous variance by using a = 5%! 

Results  

Based on analyses of test results, observations, and interview data from 58 Elementary School 

Teacher Education (ESTE) students, two major categories of errors were identified: conceptual 

and procedural errors. Conceptual errors refer to misunderstandings of fundamental statistical 

concepts, whereas procedural errors involve incorrect application of formulas, methods, or 

statistical software procedures. Conceptual errors were found in the answers to questions Q1, 

Q4, and Q6, while procedural errors were found in the answers to questions Q2, Q3, and Q5. 

Conceptual errors 

Conceptual errors were found at an average of 17%. Conceptual errors refer to students’ 

misunderstandings of fundamental statistical ideas, definitions, or interpretations. These errors 

occur when students fail to correctly grasp the meaning of a concept. In this study, conceptual 

errors were in Q1 (Measurement Scale), followed by Q4 (Standard Score) and Q6 

(Homogeneity Test). 

Conceptual errors in Q1: Measurement scale 

Conceptual errors in Q1 were found in 27%. These errors mainly involved incorrect 

classification of variables into nominal, ordinal, interval, and ratio scales. Figure 2 presents a 

representative student response illustrating this type of error. 

 

Translation: 

1. ratio 

2. ordinal 

3. nominal 

4. nominal 

Figure 2. Student misclassification of measurement scales 

Figure 2 shows one student’s answer that illustrates a conceptual error in identifying 

measurement scales. In this response, the student misclassified variables such as nutritional 

status, GPA, disease severity, and inflation rate, indicating confusion in distinguishing between 

nominal, ordinal, interval, and ratio scales. These errors suggest that the student relied on 
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surface features or intuitive judgments rather than the defining properties of each scale, such as 

the presence of order, equal intervals, and meaningful zero points. This misclassification 

highlights a lack of understanding of measurement scale theory. 

Conceptual errors in Q4: Standard score 

Conceptual errors in Question 4 were identified in 10%. This question was designed to assess 

students’ understanding of standard scores (z-scores) and their interpretation when comparing 

scores from different groups with different means and standard deviations. Figure 3 shows a 

sample of a student’s written response that illustrates this conceptual error. 

 

Translation: 

4. Group 1: Average = 25, Standard Deviation = 4 

Group 2: Average = 30, Standard Deviation = 3 

• Rahman (group 1) score = 33 

• Bayu (Group 2) score = 33 

Solution: 

Calculate Rahman's Standard score 

                 = (33-25)/4 = 8/4 = 2 

Calculate Bayu's score 

                 = (33-30)/3 = 3/3 = 1 

Conclusion Rahman has a Standard score of 2 

Bayu has a Standard Score of 1 

Figure 3. Conceptual error in standard score interpretation 

The responses in Figure 3 reflect a conceptual error in interpreting standard scores. The 

student treated the standard score merely as a calculated value, without demonstrating an 

understanding of its meaning as a relative position within a distribution. The conclusion was 

stated without conceptual justification regarding what the standard scores imply about each 

student’s performance relative to their respective groups. This indicates that the student did not 

fully grasp the underlying concept of standardization and its role in making meaningful 

comparisons across different distributions.  

Conceptual errors in Q6: Homogeneity test 

Conceptual errors in Question 6 were identified in 14% of students. This question aimed to 

assess students’ conceptual understanding of the homogeneity of variance test, particularly their 

ability to interpret the output from Levene’s Test generated by SPSS. Figure 4 presents a 

representative student response illustrating this conceptual error. 
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Translation: 

Conclusion: The calculated F 

value (1.12) < F table (3.18) 

therefore, H0 is accepted. This 

means that with 5%, both groups 

of learning outcomes using the 

discussion method and learning 

outcomes using the lecture method 

have homogeneous variance.  

Figure 4. Conceptual error in interpreting homogeneity test results 

The response shown in Figure 4 indicates a conceptual error in statistical decision-

making. The student based the conclusion on a comparison between the calculated F value and 

the F table value, revealing a misunderstanding of the decision rule used in SPSS-based 

hypothesis testing. In Levene’s Test, conclusions should be drawn from the significance value 

(Sig. or p-value), not from manual F-value comparisons. Although the student reached the 

correct conclusion regarding variance homogeneity, the reasoning reflects an incorrect 

conceptual framework, indicating a misunderstanding of the underlying principles of 

hypothesis testing rather than a purely procedural or technical error. 

Procedural errors 

Procedural errors refer to mistakes in applying formulas, performing calculations, and 

following correct solution steps. In this study, procedural errors were identified in Q2, Q3, and 

Q5, with an overall average of 22%.  

Procedural Errors in Q2: Frequency Distribution 

Procedural errors in Question 2 were identified in 16%. In this question, students were required 

to construct a frequency distribution table, a histogram, and a pie chart based on a given dataset. 

This task assessed students’ ability to correctly apply procedural steps in organizing data and 

transforming it into appropriate statistical representations. Figures 5a and 5b present two 

student responses that illustrate common procedural errors in constructing pie charts. 

 

 

(a)                                        (b) 

Figure 5. Procedural errors in constructing Pie Charts (a, b) 
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The responses in Figures 5a and 5b show procedural errors in constructing pie charts. The 

students did not follow the correct steps for converting data into proportional sectors, such as 

grouping data and calculating frequencies or angles. One pie chart was constructed using 

unequal sectors without proportional calculations, while the other was divided into many equal 

parts based on raw data.  

Procedural errors in Q3: Measures of central tendency and data location 

Procedural errors in Question 3 were the most frequent, occurring in 29% of students. This 

question required students to compute measures of central tendency, data location, and 

variability based on the given dataset. Figure 6 presents a representative student response that 

illustrates errors in applying formulas and following the required calculation procedures. 

 

Translation: 

3) a. Mean 

        Female: 161.07 

        Male: 167.91 

    b. Median 

        Female: 161.50 

        Male: 168.33 

    c. Third Quartile 

        Female: 165 

        Male: 170 

    d. 10th Percentile 

        Female: 154.50 

        Male: 162.13 

    e. Standard Deviation 

        Female: 4.463 

        Male: 4.011 

    f. Variance 

        Female: 19.918 

        Male: 16.091 

Figure 6. Procedural Errors in Applying Descriptive Statistics Formulas 

The student's answer in Figure 6 demonstrated procedural errors in performing the 

required statistical calculations. Although the question required analyzing the data as a whole, 

the student unnecessarily separated the data by gender, leading to incorrect application of 

formulas and calculation steps. This demonstrates difficulty following correct procedures and 

instructions, such as selecting the correct formula and applying it consistently. These errors 

reflect weaknesses in procedural implementation. 

Procedural Errors in Q5: Normality Test 

Procedural errors in Question 5 were identified in 22%. This question required students to 

perform and interpret a normality test using SPSS output. Figure X presents a representative 

student response that illustrates procedural errors in selecting and using the appropriate SPSS 

results. 
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 Figure 7. Procedural errors in selecting SPSS output for normality testing 

The responses in Figure 7 demonstrate procedural errors in performing normality tests. 

Instead of using the appropriate normality test output (such as the Kolmogorov–Smirnov or 

Shapiro–Wilk test), students were presented with frequency tables and histograms. This 

indicates that students did not follow the procedural steps required to correctly perform and 

report normality tests in SPSS. Although students appeared to understand the purpose of 

normality testing, they encountered difficulties in carrying out the technical procedures, 

reflecting procedural errors. 

Factors contributing to students’ errors 

The analysis of students’ written responses, observations, and interview data indicates that 

students’ errors were influenced by both internal and external factors. In-depth interviews were 

conducted with five selected students, and representative excerpts are presented to explain the 

dominant sources of error identified in the test results. 

Internal factors emerged as the most dominant contributors to students’ errors, 

particularly their limited understanding of fundamental statistical concepts. This limitation was 

evident in students’ inability to differentiate between closely related measurement scales, such 

as interval and ratio scales. The following interview excerpt exemplifies this conceptual 

difficulty. 

R  : Why did you categorize GPA as an ordinal variable? 

M25 : Because GPA is numerical and shows levels of achievement, I thought it could 

be ordered, so I classified it as ordinal. 

The response demonstrates a clear conceptual misunderstanding of measurement scales. 

The student relied primarily on the numerical and ordered nature of GPA, while overlooking 

the defining characteristics of measurement scales, particularly the concept of an absolute zero 

point that distinguishes ratio data. This indicates that the error stems from insufficient 

conceptual knowledge rather than from procedural misapplication, highlighting a fundamental 

weakness in students’ understanding of statistical measurement theory. 
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Procedural factors were also identified as contributors to students’ errors, particularly in 

tasks that required the use of statistical software. Several students experienced difficulties in 

selecting and interpreting appropriate SPSS outputs to answer statistical questions. This 

procedural challenge is illustrated in the following interview excerpt with Student M8: 

R  : What output did you use to answer Question 5? 

M8 : I used a frequency table and a histogram because I assumed these outputs 

represented the results of a normality test 

The interview excerpt indicates that the student conflated descriptive statistical outputs 

with inferential test results. While the student demonstrated an awareness of the need to assess 

data normality, the reliance on frequency tables and histograms reveals a procedural error in 

navigating and interpreting SPSS output.  

In addition to internal factors, external factors such as exam anxiety and time pressure 

also contributed to students’ errors. Several interviewed students reported that limited time 

during the test led them to rely on intuitive reasoning or shortcut methods instead of applying 

appropriate statistical procedures. These external pressures exacerbated existing conceptual and 

procedural weaknesses, leading to a higher incidence of errors. Overall, the findings suggest 

that students’ errors arose from an interaction among insufficient conceptual understanding, 

limited procedural proficiency, and external constraints during assessment. 

Discussion  

The findings of this study indicate that ESTE students experience persistent difficulties in both 

conceptual understanding and procedural application when solving statistical problems. These 

difficulties cannot be viewed merely as isolated mistakes, but rather as reflections of how 

students construct and apply statistical knowledge. From the perspective of conceptual and 

procedural knowledge theory (Hiebert, 2013), The errors identified suggest that many students 

rely on procedural knowledge that is weakly connected to underlying conceptual understanding. 

Conceptual errors, such as misclassifying measurement scales or misinterpreting hypothesis 

testing outputs, reveal that students often rely on surface-level characteristics of data rather than 

underlying statistical principles. This supports previous international studies that highlight 

weak conceptual structures as a major source of error in statistics learning (Legesse et al., 2020), 

although the present findings further show that such weaknesses are particularly evident when 

students are required to interpret results rather than perform routine calculations. 

These results further illustrate how students struggle to operationalize statistical 

knowledge in problem-solving contexts. Procedural knowledge, as defined by Hiebert (2013), 

includes both the use of formal symbolic representations and the algorithms or rules required 

to complete mathematical tasks. The procedural errors observed in this study—such as incorrect 

application of formulas, unnecessary data stratification, and inappropriate selection of SPSS 

outputs—indicate that students often execute procedures mechanically without fully 

understanding the conditions, assumptions, or purposes underlying those procedures. This 

pattern supports findings from previous studies showing that procedural errors are frequently 

linked to weak conceptual foundations rather than mere carelessness or lack of practice (Layn 
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et al., 2023; Ikram & Rosidah, 2024). In this sense, the present findings reinforce recent 

international evidence suggesting that procedural proficiency in statistics cannot be developed 

independently of conceptual understanding, as insufficient conceptual foundations tend to result 

in fragmented and ineffective procedural execution (Lenz et al., 2024). 

These findings can also be interpreted through Nooijen et al. (2024), Ouwehand et al. 

(2025), who argue that excessive cognitive load exceeds the limited capacity of working 

memory and interferes with effective learning of complex knowledge. In tasks involving 

statistical software, students are required to simultaneously interpret output tables, recall 

statistical concepts, and make statistical decisions, which places a high cognitive demand on 

working memory. When students’ conceptual understanding is fragile, the additional cognitive 

load imposed by software navigation and output interpretation can overwhelm cognitive 

resources, resulting in incorrect conclusions. This contrasts with findings from studies 

conducted in learning environments that provide extensive scaffolding in software use, 

suggesting that instructional design plays a critical role in determining whether technology 

supports or hinders students’ statistical reasoning (Arifin & Aprisal, 2020; Pujiarti et al., 2024). 

In addition to cognitive factors, affective and contextual factors such as exam anxiety and 

time pressure were found to exacerbate students’ errors. Consistent with affective–cognitive 

interaction frameworks, anxiety consumes cognitive resources that would otherwise be 

allocated to conceptual reasoning and procedural execution, prompting students to rely on 

intuition or shortcut strategies during assessments (Ferreira et al., 2025; Uğraş, 2025). While 

some prior studies emphasize repeated practice as a primary solution for reducing procedural 

errors, the present findings suggest that practice alone is insufficient unless accompanied by 

explicit conceptual clarification, reflective activities, and supportive learning environments, 

particularly in technology-assisted statistical tasks. 

Overall, this study contributes to the literature on statistics education by demonstrating 

that students’ errors arise from an interaction between limited conceptual understanding, 

procedural difficulties, cognitive load, and affective constraints. For prospective elementary 

school teachers, these findings highlight the importance of instructional approaches that 

integrate conceptual explanations with procedural practice, provide structured guidance in the 

use of statistical software, and address affective factors such as anxiety and time management. 

Strengthening these aspects is essential not only for improving students’ statistical 

performance, but also for preparing them to teach statistical concepts accurately and confidently 

in future classroom contexts. 

Conclusion  

This study identified conceptual and procedural errors made by Elementary School Teacher 

Education students when solving statistics problems, indicating persistent difficulties in 

understanding fundamental statistical concepts and in accurately applying appropriate 

procedures. Conceptual errors reflect weaknesses in students’ comprehension of core statistical 

ideas, while procedural errors indicate challenges in executing formulas, calculations, and 

statistical software procedures. These findings show that students’ statistical problem-solving 
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performance is influenced not only by technical skills but also by the quality of their conceptual 

understanding. 

This study contributes to statistics education research by clarifying the interaction 

between conceptual and procedural errors in the context of pre-service elementary teacher 

education. The findings provide important implications for curriculum design in teacher 

education programs, highlighting the need to integrate conceptual explanations with procedural 

practice, offer structured guidance in the use of statistical software, and consider affective 

factors such as test anxiety and time pressure. Although conducted within a single institutional 

context, this study offers insights that can inform efforts to improve statistics instruction and 

better prepare future teachers to understand and teach statistical concepts effectively. 
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