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Abstract – The objective of formative assessment is to allocate or assign a value to the student, identify the 

student’s learning deficiencies and make instructional arrangements to eliminate these deficiencies. This study 

employed a non-equivalent group pre-test and post-test design to investigate the effects of formative assessment 

on fifth-grade students’ academic achievement and their attitudes toward mathematics. The independent 

variables were formative assessment and level-determining evaluation methods. The dependent variables were 

students’ academic achievements and attitudes toward mathematics. The research group comprised fifth-grade 

students of a determined secondary school in the Pasinler district of Erzurum province. Through random 

assignment, 17 students were included in the experimental group and 13 in the control group. The data were 

obtained using the achievement test and attitude scale. This research was conducted in a secondary school fifth-

grade math class for 11 weeks. The mathematics teacher, the researcher, delivered lessons to both groups. The 

mathematics achievement of students in the experimental group was higher than the control group. However, the 

difference was not statistically significant. Similarly, no significant difference was found in the attitudes of 

students toward math. Various recommendations were made in light of the findings obtained in this study. 

Keywords: Formative assessment, mathematics education, mathematics achievement, attitude to mathematics, 

elementary education, secondary school. 
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Introduction 

Formative assessment is a method that entails collecting and utilizing data on student 

learning to offer continuous feedback and assistance toward achieving academic objectives. 

Black and Wiliam (1998a) characterize formative assessment as “the approach employed by 

educators and learners to identify and address student learning to enrich that learning 

throughout the instructional process.” Put differently, formative assessment strives to enhance 

the teaching and learning experience by conducting evaluations and providing feedback that 

aligns with learning objectives throughout the learning journey. If a student's understanding is 

not checked, it becomes impossible to know what they have learned from the lesson (Kültür, 

2021).  

Formative assessment is an essential tool for teachers and students. It enables instructors 

to recognize struggling students early, foster student engagement and motivation, and 

promote more profound learning. Therefore, it should be an essential component of any 

curriculum. By providing feedback on their performance and guiding them to identify areas 

where they require improvement, formative assessment can promote profound learning, boost 

student motivation and engagement, and facilitate realizing their maximum potential (Black & 

Wiliam, 1998a; Hattie & Timperley, 2007; Sadler, 1989).  

While formative assessment is recognized as a valuable tool for learners at all stages, 

fifth grade represents a crucial period in students' academic development. Students’ transition 

from elementary foundational learning to more complex cognitive tasks at this stage, making 

it an ideal time to examine how formative assessment can support this critical phase. Research 

has shown that formative assessment is especially effective in promoting student engagement 

and improving outcomes during this developmental stage, where the demands of the 

curriculum increase and students are expected to demonstrate higher-order thinking skills 

(Black & Wiliam, 1998a). Therefore, focusing on fifth-grade students allows the study to 

address this critical juncture in learning, providing valuable insights into how formative 

assessment can facilitate academic achievement during a pivotal time in students' educational 

trajectories. 

Features of Formative Assessment  

As noted by Black et al. (2003), formative assessment comprises four fundamental 

elements: (i) Clarifying learning objectives and achievement criteria, (ii) Promoting the 

quality of questioning/dialogue, (iii) Improving the quality of scoring/feedback/record 
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keeping (iv) Using peer and self-assessment. The “big idea” is to leverage insights into 

student learning to adapt instruction for enhanced responsiveness to individual student needs. 

In other words, instruction is adaptable to the student’s learning needs.  

Clarifying learning objectives and achievement criteria is fundamental to effective 

teaching and learning practices. Learning objectives refer to the goals students should achieve 

at the end of a lesson or unit, while criteria for achievement refer to the standards or 

expectations for achieving those objectives (Black & Wiliam, 1998a; Rodriguez & Albano, 

2017). Hattie (2009) contends that the effective communication and clarification of learning 

objectives and achievement criteria for students represent a robust pedagogical strategy for 

improving student achievement. More recent studies, such as those by Brookhart (2017), have 

expanded on this by emphasizing that clear criteria improve academic outcomes and foster 

student autonomy.  

Questioning and dialogue are essential components of formative assessment (Hodgson 

& Pyle, 2010; Walsh, 2022). Borich (2014) suggests that in a typical primary or secondary 

school class hour, 50 or more questions may be asked and that up to 80 percent of classroom 

time can be devoted to questioning and answering. Through meaningful dialogues, educators 

and learners can engage in an interactive exchange of ideas to resolve misunderstandings and 

promote a more profound level of learning (Black & Wiliam, 1998a; Heritage, 2007). Walsh 

and Sattes (2016) highlight that high-quality questioning promotes engagement and fosters 

metacognition, as students reflect on their thinking processes.  

For formative assessment to be practical, improving the quality of scoring, feedback, 

and record-keeping is imperative. As Hattie and Timperley (2007) emphasize, feedback is a 

central formative assessment component. Andrade et al. (2015) contend that the efficacy of 

formative assessment depends on the quality of feedback given to students regarding their 

learning progress and teachers regarding their instructional practices. Feedback on formative 

assessment wields a significant influence on both learning and achievement. Some researchers 

even state that feedback is the most crucial element of students' learning (Bell, 2007; Brown, 

2018; Shavelson et al., 2008; Wiliam, 2018).  

Self and peer assessment are other effective formative assessment components (Nicol & 

Macfarlane-Dick, 2006). The responsibility for offering feedback is not exclusive to teachers. 

When properly instructed and guided, self and peer assessments can also provide students 

with valuable feedback focused on learning (Andrade, 2019; Andrade et al., 2015; Huisman et 
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al., 2019; Panadero et al., 2018). Peer assessment or feedback involves students providing 

comments on the work of their peers (Topping, 2009). 

Formative Assessment in Mathematics Education 

The literature highlights that formative assessment is a powerful tool in mathematics 

education, as it facilitates active engagement and provides real-time feedback, both of which 

are essential for learning (Black & Wiliam, 1998b; Hattie & Timperley, 2007). However, a 

deeper exploration into what has been written specifically about formative assessment within 

the context of mathematics education is necessary. Research emphasizes that mathematics 

plays a pivotal role in developing critical problem-solving abilities and logical reasoning 

skills, which are crucial for academic and real-world success (Boaler, 2016; Schoenfeld, 

2013). Given the abstract nature of many mathematical concepts, formative assessment 

provides a scaffold for students to make connections between different concepts and correct 

their misunderstandings before they become entrenched (Swan, 2006). 

Despite its significance, many students may face significant challenges with 

mathematics, leading to poor academic performance, decreased self-efficacy, and lower 

motivation (Pajares & Graham, 1999; Wigfield & Eccles, 2000). Therefore, by providing 

regular feedback and helping teachers adjust instruction based on students’ progress, 

formative assessment has been proven to support learning in this field (Black & Wiliam, 

1998a; Wiliam, 2011).  

In mathematics, formative assessment practices include a variety of strategies such as 

diagnostic questions, exit tickets, and real-time quizzes, which allow teachers to gather data 

about student progress. These tools help identify common misconceptions (Fennell, 2011) and 

provide an opportunity to differentiate instruction, ensuring that all students receive the 

support they need to succeed (Clarke, 2005). However, this study needs to further engage with 

what previous studies have specifically revealed about formative assessment in mathematics 

to underscore its contribution to the existing body of knowledge. 

Studying formative assessment in mathematics is crucial because it addresses academic 

and affective challenges students face in this subject. The cyclical process of data collection, 

analysis, and instructional adjustment inherent in formative assessment (Black & Wiliam, 

1998a) is particularly beneficial for mathematics, where frequent misconceptions can hinder 

students’ understanding. Recognizing these misconceptions and addressing them promptly 

can significantly improve learning outcomes. Since mathematics is a cumulative discipline, 



 

Akbaş, Ç. & Ozan, C.  355 

 

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education   

early identification of gaps through formative assessment can prevent future difficulties and 

enhance students' problem-solving and logical reasoning abilities. The study’s focus on the 

practical application of formative assessment techniques such as problem exploration, group 

assessments, and peer collaboration (Lee, 2006) shows how tailored feedback and 

instructional adjustments can lead to better outcomes in mathematics education. These 

techniques highlight formative assessment's potential to foster a deeper understanding of 

mathematics and its relevance to ongoing educational reforms. 

While there is substantial research supporting the benefits of formative assessment for 

student achievement in mathematics (Black & Wiliam, 1998a; Hattie & Timperley, 2007; 

Heritage et al., 2009; Sadler & Good, 2006), this study adds value by addressing specific 

strategies and tools that can be used to identify students' learning gaps in real-time. 

Furthermore, by focusing on formative assessment’s impact on students’ self-efficacy 

(Schiefele et al., 2012), problem-solving skills (Cavanagh et al., 2016; Kramarski & 

Michalsky, 2009; Beatty & Gerace, 2009), and motivation (Hounsell et al., 2008), this study 

extends understanding of how formative assessment can influence not only academic 

outcomes but also students' emotional and cognitive engagement with mathematics. The 

present study emphasizes that formative assessment is not just about improving test scores but 

about fostering a growth mindset and creating a more inclusive learning environment that 

supports diverse learners. The findings of this research will help bridge the gap between 

theory and practice, offering educators practical tools to enhance students’ learning 

experiences in mathematics classrooms. 

Research Questions  

This research investigates the influence of fifth-grade students’ formative assessment on 

mathematics achievements and attitudes toward mathematics in secondary schools. To 

address this objective, this study outlines the following research questions: 

1) Is there a significant difference between the control group’s pre-test and post-test 

mathematics achievements? 

2) Is there a significant difference between the experimental group’s pre-test and post-

test mathematics achievements? 

3) Is there a significant difference between the control group’s pre-test and post-test 

attitudes toward math? 

4) Is there a significant difference between the experimental group’s pre-test and post-

test attitudes toward math? 
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5) Is there a significant difference between the experimental and control groups’ post-

tests? 

Method  

Research Design  

In this research, we utilized a non-equivalent group pre-test and post-test design. This 

design is classified as experimental because it allows for comparing outcomes between an 

experimental group that receives the intervention (formative assessment) and a control group 

that does not. According to Campbell et al. (1963), pre-test and post-test measures help 

establish a baseline for assessing the effectiveness of the intervention while controlling for 

pre-existing differences between groups. 

Due to logistical constraints, it was not feasible to randomly assign individuals to either 

the experimental or control groups. However, we made every effort to ensure that participants 

were assigned to the groups as randomly as possible, thereby minimizing potential biases and 

confounding factors (Shadish et al., 2002). This approach aligns with the principles outlined 

by Creswell (2014), emphasizing the importance of quasi-experimental designs when random 

assignment is impractical, yet the need for causal inferences remains. 

Study Group 

The study group consisted of fifth-grade students enrolled in a secondary school located 

in the Pasinler district of Erzurum province, Türkiye. The selection of the study group was 

based on the researcher's accessibility and the possibility of attending mathematics classes and 

extracurricular activities with the group on an individual basis. The researcher's presence 

throughout the application process enabled the observation of students' interests, attitudes, and 

behaviors. Although the study group's district is not particularly large, it can be described as 

having a low-to-middle income level in general. Most students in the study group have a 

middle-income level, while their parents' education levels are mainly at the primary school 

level. The average class size throughout the county is currently 16. A total of 30 students 

participated in this study, with 17 from the 5/B class and 13 from the 5/C class in the school 

representing fifth-grade students in the county. Demographics of the study group are shown in 

Table 1. 
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Table 1 Demographics of Study Group 

Gender Control Experimental Total 

Female 5 10 15 

Male 8 7 15 

Total 13 17 30 

 

The results regarding whether there was a significant difference between the 

mathematics achievement and attitude scores of the experimental and control groups before 

the experimental procedures are shown in Table 2. 

 
Table 2 Results of Pre-tests  

Group n 𝐗̅ SS sd t p 

Control (achievement) 13 4.61 1.98 
28 1.830 .078 

Experimental (achievement) 17 5.88 1.79 

Control (attitude) 13 3.78 .37 
28 2.798 .009 

Experimental (attitude) 17 4.22 .49 

 

As shown in Table 2, it was determined that there was no significant difference between 

the mathematics achievement scores of the experimental and control group students (t(28) = 

1.830; p > .05). A significant difference was found in the mathematics attitude scores between 

the experimental and control groups (t = 2.798; p < .05). The attitude scores of the 

experimental group were significantly higher before the experimental procedures. 

Process 

This research was conducted over the course of 11 weeks in a fifth-grade mathematics 

class at a secondary school. The lessons were taught by the mathematics teacher, the 

researcher, to both groups. It should be noted that formative assessment practices were only 

applied in the experimental group, while no such practices were implemented in the control 

group. The lessons in the experimental group were designed with the intention of achieving 

the same learning outcomes, while also incorporating formative assessment applications. The 

teacher who conducted the practices in this study is a graduate student. Before the 

experimental procedures began, the teacher received weekly guidance from the thesis advisor 

on formative assessment practices. This training lasted one hour per week throughout the 

entire semester, ensuring that the teacher had a clear understanding of how to implement 

formative assessment techniques during this study effectively. However, it is recommended 

that more comprehensive and structured professional development programs be provided to 

teachers before such studies to enhance their capacity to apply formative assessment 

effectively. 
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Black et al. (2003) identified four key elements of formative assessment: (i) the 

clarification of learning objectives and criteria for achievement, (ii) the promotion of the 

quality of questioning and dialogue, (iii) the improvement of the quality of scoring and 

feedback, and (iv) the utilisation of peer and self-assessment. The teaching process of Ozan 

and Kıncal's (2018) research included the following practices within the framework of the 

four fundamental components of formative assessment: 

The Clarification of Learning Objectives and Criteria for Achievement 

This study employed the following strategies to elucidate the learning objectives and 

achievement criteria: (i) The teacher introduced the learning objectives of each lesson and 

engaged in a discussion with the students about the expected learning outcomes. (ii) The 

teacher frequently reminded the students of the learning objectives throughout the lesson. (iii) 

After completing the lesson, the teacher discussed with the students what they had learned and 

how it related to the learning objectives. (iv) The criteria for achievement in the activities that 

students would undertake in the classroom were made clear, including the necessary actions 

and the means of attaining them. (v) The criteria for completing homework assignments 

successfully were also made known to the students. 

The Promotion of the Quality of Questioning and Dialogue 

This study employed the following strategies to enhance the quality of questioning and 

dialogue: (i) Collaborative group work was employed to facilitate student dialogue. (ii) The 

teacher formed groups heterogeneously, considering factors, such as gender, academic 

performance, and affective traits of the students. The study groups consisted of four groups 

with four students each and one group with five students. (iii) At the conclusion of each unit, 

the students were assigned to new groups through random selection. Students were 

encouraged to provide feedback to each other during group work. (iv) The teacher employed 

high-level thinking skill questions throughout the course. (v) Students were allotted time to 

reflect before answering questions, with the amount of reflection time varying from 3 to 25 

seconds, based on the complexity of the question. (vi) As part of assessing their higher-level 

thinking abilities, students were given the opportunity to engage in peer discussions. (vii) The 

"No Hands Up" strategy was employed to the teacher's questions. This strategy aimed to 

enhance the participation and engagement of all students by prohibiting them from raising 

their hands, thereby requiring each student to contemplate the answer and participate in the 

lesson. 
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The Improvement of the Quality of Scoring and Feedback  

This study employed the following strategies to enhance the quality of scoring, 

feedback: (i) Instead of assigning grades or points, the teacher primarily provided students 

with immediate feedback on their classwork or homework. (ii) Students were given the 

opportunity to amend their work in accordance with the feedback provided by the teacher. (iii) 

Quizzes were administered at the conclusion of each topic and unit to identify students' 

learning gaps and provide feedback. (iv) Students were provided with feedback on their 

weaknesses following the quiz. (v) Based on the feedback students received on their quizzes, 

assignments, and activities, adjustments were made in the classroom. Many arrangements 

were made to address the identified weaknesses, including small group work, individual 

activities, re-explaining, worksheets, teaching by showing and doing, internet research, 

clarification of assessment criteria, additional reading, and concept mapping. Efforts were 

made to create a learning-oriented classroom culture with student-centered practices in which 

students are active. (vi) Both summative and formative assessment data were recorded when 

assessing students. Student names were converted into codes. (vii) The assessment data on the 

students' performance were shared with the following year's teacher to ensure continuity in 

their learning. (viii) Rewards were given to recognize and encourage students' progress. (ix) 

The awards were not used to reward students by comparing them with each other but by 

considering their development levels. Rewards were provided to students who demonstrated 

individual progress in quizzes. 

The Utilization of Peer and Self-assessment 

This study incorporated the following methods for utilizing self and peer assessment: (i) 

The regular integration of self and peer assessments into the lessons. Self-assessment and peer 

assessment activities were carried out after each unit. (ii) Guidelines were presented for each 

activity, and students were educated on performing self and peer assessments. (iii) The 

completed assignments were discussed among the students to assess whether they met the 

expected standards.  

The control group’s instructional sessions followed the standard curriculum without 

incorporating formative assessment strategies. As a result, several key elements typically 

associated with formative assessment were absent. For example, no cooperative group work 

was facilitated, and high-level thinking questions were rarely posed. Additionally, there were 

no short quizzes to gauge student understanding regularly, no awards or incentives were 

provided to motivate student performance, and self-assessment and peer assessment activities 
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were not part of the instructional process. This traditional approach focused on delivering the 

material as per the curriculum guidelines without the additional scaffolding formative 

assessment provides. 

Data Collection Tools 

Mathematics Achievement Test 

 The Mathematics Achievement Test was used to measure the mathematical 

achievement of students in the experimental and control groups. The test was developed based 

on the learning outcomes delineated in the "Mathematics Curriculum," published by the 

Republic of Türkiye Ministry of National Education (MoNE, 2017). The test encompassed 37 

questions about 17 learning outcomes. The opinions of three mathematics educators from the 

same educational institution and a curriculum and instruction expert were sought to ensure the 

test’s reliability. Following careful consideration, the experts concluded that no changes were 

required. The test was administered to sixth-grade students who had received mathematics 

education the previous year. Item analysis was performed after a preliminary application of 

the test to 22 sixth-grade students, and item difficulty and discrimination levels were 

determined. We created 27 percent lower and upper groups to calculate item discrimination. 

Table 3 shows the item difficulty and discrimination indexes of the pre-application test. 

Table 3 Pre-application of the Achievement Test’s Degree of Item Difficulty and Discrimination 

Item 

number 

Difficulty 

index 

Discrimination 

index 
p 

Item  

number 

Difficulty 

index 

Discrimination 

index 
p 

1 0.90 -0.16 .25 20 0.13 -0.16 .35 

2* 0.63 0.66 .00 21* 0.68 0.66 .00 

3 0.50 0.33 .00 22 0.54 0.33 .00 

4* 0.77 0.5 .00 23 0.31 0.16 .28 

5 0.22 0.33 .00 24* 0.50 0.33 .00 

6* 0.31 0.33 .00 25 0.45 0.33 .00 

7* 0.27 0.33 .00 26* 0.09 0.33 .00 

8 0.04 0.16 .30 27 0.18 -0.16 .30 

9* 0.18 0.50 .00 28 0.27 0 .40 

10 0.50 0.33 .00 29* 0.59 0.50 .00 

11* 0.63 0.33 .00 30 0.40 0.16 .20 

12 0.22 0.16 .27 31 0.54 0.16 .15 

13* 0.27 0.66 .00 32 0.63 0 .50 

14 0.22 0 .40 33* 0.50 0.50 .00 

15* 0.68 0.83 .00 34* 0.72 0.50 .00 

16 0.54 0.50 .00 35 0.77 0.50 .00 

17 0.77 0.33 .00 36 0.81 0.50 .00 

18* 0.22 0.50 .00 37* 0.72 0.66 .00 

19* 0.5 0.50 .00     
*Items taken to the final test 
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According to Table 3, the degree of item discrimination varied from 0.16 to 0.83. Items 

with discrimination of less than 0.30 were excluded from the test. When selecting one 

question from each learning outcome based on their high degrees of discrimination, the 

discrimination values of the 17 selected items ranged from 0.33 to 0.83. The mean 

discrimination of the 17 selected items was 0.50. Each item in the test was assigned a point 

value, and the total score ranged from 0 to 17. The reliability of the achievement test was 

assessed by calculating the KR-20 reliability coefficient, yielding a value of 0.71. Tests with a 

KR-20 coefficient greater than 0.7 were considered reliable. Therefore, the achievement test is 

reliable. 

Attitude Scale toward Mathematics 

The assessment of shifts in students' attitudes toward mathematics before and after the 

intervention relied on the utilization of “The Attitude Scale towards Mathematics” (ASTM), 

formulated by Önal (2013). This scale comprises 22 items and four factors: anxiety, interest, 

necessity, and work. There are 11 negative items on ASTM. The scale items are presented 

utilizing a 5-point Likert scale format, where respondents can choose from options such as 

“strongly disagree,” “disagree,” “undecided,” “agree” and “strongly agree.”  

The overall scale demonstrated a Cronbach’s alpha of 0.90. The Cronbach's alpha 

coefficients of the dimensions of anxiety (5 items), interest (10 items), necessity (3 items), 

and working (4 items) were 0.74, 0.89, 0.70, and 0.69, respectively (Önal, 2013). In this 

research, Cronbach’s alpha for the overall scale was 0.82. 

Data Analysis  

The normality of the data collected from the control and experimental groups was 

assessed using the Shapiro-Wilk normality test. The Shapiro-Wilk test is known for its high 

sensitivity in detecting deviations from normality, making it particularly effective for small 

sample sizes (Razali & Wah, 2011). Table 4 shows the Shapiro-Wilk results.  

Table 4 Shapiro-Wilk Results 

Test Group Statistic p 

Mathematics achievement pre-test Control 0.960 .75 

Experimental 0.939 .31 

Mathematics achievement post-test Control 0.894 .11 

Experimental 0.954 .52 

Mathematics attitude pre-test Control 0.949 .58 

Experimental 0.910 .10 

Mathematics attitude post-test Control 0.922 .26 

Experimental 0.960 .63 
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The Shapiro-Wilk test results indicated that both the control and experimental groups 

exhibited normality in their mathematics achievement and attitude scores for both pre-tests 

and post-tests, as all p-values were more significant than 0.05. After confirming that the 

collected data showed normal distribution and had equal variance, we used independent 

samples t-test to compare the mean differences between the control and experimental groups 

in terms of mathematics achievement and attitudes toward mathematics and analysis of 

covariance (ANCOVA) to compare the mean differences between the control and 

experimental groups post-tests. ANCOVA helps assess the effect of the treatment while 

accounting for the initial differences in pre-test scores, thereby providing a clearer 

understanding of the impact of formative assessment on the students' achievements and 

attitudes (Tabachnick & Fidell, 2019). 

Threats to Internal Validity in Experimental Designs 

In this study, the authors acknowledge that the research design may be considered weak 

due to the use of non-equivalent groups. Non-equivalent groups can introduce threats to 

internal validity, including selection bias, maturation effects, and history effects. To address 

these potential threats and enhance the robustness of the findings, the authors implemented 

several strategies: 

1. Selection Bias: Although random assignment to groups was not feasible due to 

logistical constraints, efforts were made to ensure that participants were assigned to 

groups as randomly as possible within the given classes. This minimizes the 

likelihood that pre-existing differences between the groups would confound the 

results. 

2. Maturation Effects: To control potential maturation effects, the study was conducted 

over a relatively short duration (11 weeks). Additionally, pre-test scores were used 

to assess the initial equivalence of groups, allowing for a more accurate comparison 

of post-test outcomes. 

3. History Effects: The authors took measures to reduce the impact of external events 

that might influence student learning. By conducting the study in a controlled 

classroom environment and maintaining consistent teaching practices across both 

groups, the authors aimed to limit the influence of outside factors on the students' 

achievement and attitudes toward mathematics. 



 

Akbaş, Ç. & Ozan, C.  363 

 

Necatibey Faculty of Education Electronic Journal of Science and Mathematics Education   

4. Regular Monitoring and Feedback: Throughout this study, regular assessments were 

conducted to monitor student progress and provide feedback. This ongoing 

evaluation helped identify any unforeseen issues affecting internal validity, allowing 

for timely interventions. 

Findings 

Table 5 shows descriptive statistics regarding the scores of both groups, along with the 

pre-test and post-test scores derived from the Achievement Test and ASTM. 

Table 5 Descriptive Statistics 

 Groups n Mean Adjusted mean 

Achievement  

(Pre-test) 

Control 13 4.61  

Experimental 17 5.88  

ASTM  

(Pre-test) 

Control  13 3.78  

Experimental  17 4.22  

Achievement  

(Post-test) 

Control 13 7.61 7.69 

Experimental 17 9.58 9.01 

ASTM  

(Post-test) 

Control 13 3.75 3.99 

Experimental 17 4.09 4.00 

 

As indicated in Table 5, the control group students exhibited a pre-test achievement 

score of 4.61, which showed an increase to 7.61 in the post-test. In contrast, the experimental 

group students started with a pre-test achievement score of 5.88, demonstrating an 

improvement to 9.58 in the post-test. In terms of the ASTM scores, the control group students 

began with a pre-test score of 3.78, rising to 7.61 in the post-test.  

There was a significant difference in the mathematics achievement scores among the 

control group students in favor of the post-test (t(12) = -2.98; p < .05). There was no 

significant difference in the attitude scores toward mathematics among the control group 

students (t(12) = 2.67; p > .05). 

There was a significant difference in the mathematics achievement scores among the 

experimental group students in favor of the post-test (t(16) = -5.370; p < .05). There was no 

significant difference in the attitude scores toward mathematics among the experimental 

group students (t(16) = 1.284; p > .05). The statistical significance of the difference in 

students' post-test achievement scores was investigated using ANCOVA, with the results 

detailed in Table 6. 
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Table 6 Post-test Scores of Achievements 

Source Sum of squares df Mean square F p 

Corrected Model 85.920 3 28.640 2.979 .050 

Intercept 88.559 1 88.559 9.212 .005 

Pre-test  32.858 1 32.858 3.418 .076 

Group 10.810 1 10.810 1.125 .299 

Error 249.946 26 9.613   

Total 2624.000 30    

Corrected total 335.867 29    

 

Table 6 shows no significant difference between the post-test achievement scores of the 

groups (F(1, 26) = 1.125; p > 0.05). As a result, the implemented procedures did not yield a 

statistically significant difference in the achievement of the experimental group students 

compared to the control group students. Table 7 shows the ANCOVA results for ASTM post-

test scores. 

Table 7 Post-test Scores of Attitudes 

Source Sum of squares df Mean square F p 

Corrected model 4.176 3 1.392 8.773 000 

Intercept .305 1 .305 1.925 .177 

Pre-test  2.757 1 2.757 17.377 .000 

Group .271 1 .271 1.705 .203 

Error 4.125 26 .159   

Total 476.017 30    

Corrected total 8.301 29    

 

There was no significant difference in the post-test scores regarding the attitude toward 

mathematics between the groups (F(1, 26) = 1.705, p > 0.05). 

Conclusion, Discussion and Recommendations 

In the present study, the observed difference was not statistically significant despite the 

experimental group, where formative assessment interventions were implemented, 

demonstrating higher mathematics achievement than the control group. In the literature, 

several studies have shown that formative assessment and feedback positively affect students' 

achievement. These studies include systematic reviews or meta-analyses studies, such as those 

by Black and Wiliam (1998a), Hattie and Timperley (2007), Shute (2008), and Kluger and 

DeNisi (1996). Moreover, recent studies have also focused on the effects of formative 

assessment on specific skills and subjects (Bulunuz et al., 2017; Gedikli, 2018; Kıncal & 

Ozan, 2018; Kültür, 2021; Ozan & Kıncal, 2018;  Sönmez, 2020; Unaş, 2021).  

In this study, the authors recognize that the absence of a significant difference in student 

achievement and attitudes toward mathematics may be attributed to several factors. First, the 
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literature reveals that some studies indicate no significant effect of formative assessment on 

student achievement (Andrews, 2011; Collins, 2012; King, 2003; Tuominen, 2008; Yin et al., 

2008). This suggests that the effectiveness of formative assessment can vary depending on 

various contextual and instructional factors. 

One major challenge in the effective implementation of formative assessment is its 

integration into classroom instruction. Successful enactment requires that teachers understand 

effective formative assessment practices and have access to the necessary resources and 

support. The authors emphasize that teachers must receive adequate training to utilize 

formative assessment effectively (Black & Wiliam, 1998b; Earl, 2003; Heritage, 2007; 

Popham, 2008; Ruiz-Primo et al., 2008). 

Furthermore, implementing formative assessment can demand additional time and effort 

from teachers, which may not always be feasible within the existing curriculum constraints. 

For example, the authors noted that for students with lower overall achievement to benefit 

from formative assessment fully, the time allocated to subjects might need to be increased. 

In addition, the lack of access to essential technologies, such as smart boards and 

internet resources in classrooms, may further hinder the development of effective formative 

assessment practices. Without these tools, teachers may struggle to create engaging and 

interactive learning environments conducive to formative assessment, which could explain the 

lack of significant differences observed in the study's findings. By highlighting these 

challenges, the authors underscore the complexity of implementing formative assessment in 

educational settings and suggest that further research is needed to explore these dynamics. 

Despite incorporating formative assessment practices within the experimental group in 

this study, no statistically significant difference was observed in the mathematics achievement 

of students when compared to the control group. Similarly, no significant difference was 

noted in the attitudes of students in the experimental group toward math than those in the 

control group. It is crucial to recognize that the pivotal components of formative assessment 

encompass feedback and self-assessment. In line with the feedback given to students within 

the scope of formative assessment, students must make various arrangements and try to guide 

themselves in line with their self-assessment. Students need time to develop these skills. 

Achievement did not increase at a statistically significant level in this study because the 

students needed to follow the regulations adequately after the feedback given by the teacher 

or the duration of one semester required to be increased. Koçak (2021) conducted a study with 

geography teachers and found that while teachers' attitudes toward formative assessment were 
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positive, there were deficiencies in theoretical and practical terms, and students could not be 

sufficiently motivated to this assessment without grade concern. The existing education 

system's focus on result-oriented assessment approaches was also stated as a difficulty in 

practice.  

The math curriculum issued by the Ministry of National Education in Türkiye (MoNE, 

2017) includes only cognitive gains, and it is challenging to achieve affective gains for math 

in a curriculum that does not give place to affective gains. Students in Türkiye mostly think 

that mathematics is a complex subject, which creates anxiety and a negative attitude toward 

the subject. Baykul (2005) suggests that changing students’ attitudes towards math is not 

straightforward and is a long-term process. Therefore, implementing formative assessment 

practices over an extended period and not only for certain subjects but also for all the subjects 

in the curriculum with a formative approach may be more effective in changing students' 

attitudes toward the lesson. 

The main shortcomings of formative assessment are time and resource limitations 

(Black & Wiliam, 1998a; Brookhart, 2013; Heritage, 2010; McMillan & Hearn, 2008; 

Popham, 2011; Sadler, 1998). Formative assessment can be dysfunctional when teachers 

cannot devote sufficient time to student feedback. In this case, teachers may be unable to 

adequately assess students’ performance or provide feedback. Another notable limitation is 

the teachers’ insufficient knowledge and experience regarding formative assessment methods. 

In this case, teachers may not assess students correctly or give incorrect feedback (Chappuis, 

2009). 

This study highlights the critical role of formative assessment in enhancing students' 

learning outcomes and improving teaching practices. Formative assessment has the potential 

to elevate student performance by providing real-time feedback and insights into their 

understanding. However, this study found no statistically significant differences between 

groups, suggesting that the effectiveness of formative assessment may depend on various 

contextual factors. 

The absence of statistically significant differences in this study may stem from several 

factors. First, the limited training and teachers’ knowledge in implementing effective 

formative assessment strategies can hinder its impact. Additionally, logistical constraints, 

such as insufficient time for providing feedback and inadequate resources like access to 

technology, may have affected the implementation process. Moreover, the small sample size 
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and the non-equivalent nature of the groups could also limit the generalizability of the 

findings. 

Several limitations may influence the study's results. The non-equivalent group design 

poses a threat to internal validity, as it does not control for pre-existing differences between 

the experimental and control groups. The reliance on self-reported data for attitudes toward 

math may also introduce bias. Furthermore, the researcher’s dual role as the teacher may lead 

to potential biases in assessment and feedback. Finally, external factors, such as classroom 

dynamics and students' home environments, were not controlled for, which could have 

impacted the outcomes. 

For further research, it is recommended that studies explore the long-term effects of 

formative assessment on student achievement and attitudes across diverse educational 

contexts. Additionally, investigating the impact of teacher training programs on the effective 

implementation of formative assessment could provide valuable insights. Further studies 

should also consider using a larger sample size and random assignment to strengthen the 

validity of the findings. Finally, examining the role of technology in facilitating formative 

assessment practices could be beneficial, particularly in addressing the challenges of 

accessibility and engagement. 

In conclusion, while formative assessment is a powerful tool for enhancing learning and 

teaching, its effectiveness is contingent upon proper implementation, adequate training, and 

supportive resources. By addressing the identified limitations and building on the study's 

findings, educators and researchers can better harness the potential of formative assessment in 

educational settings. 

 

 

 

 

 

 

 

 



 
368 The effects of formative assessment on student achievement and attitudes in math 

NFE EJSME Vol. 18, No. 2, December 2024   

Compliance with Ethical Standards 

Disclosure of potential conflicts of interest 

No conflict of interest. 

Funding 

None. 

CRediT author statement 

The article was collaboratively written by two authors, with each contributing equally to 

its content. 

Research involving Human Participants and/or Animals 

The ethics committee permissions were obtained with the letter dated 11.11.2021 and 

numbered 12/10 of the “Social and Human Sciences Scientific Research and Publication 

Ethics Committee of University Institute of Educational Sciences.” 

 

 

 

Matematik Eğitiminde Biçimlendirici Değerlendirmenin Öğrencilerin Akademik 

Başarı ve Tutumlarına Etkisi 

Özet: 

Biçimlendirici değerlendirmenin amacı öğrenciye bir değer biçmek değil, öğrencinin öğrenme eksikliklerini 

belirlemek ve bu eksiklikleri gidermeye yönelik öğretimsel düzenlemeler yapmaktır. Araştırmanın temel 

amacı, matematik öğretimi sürecinde biçimlendirici değerlendirmenin beşinci sınıf öğrencilerinin akademik 

başarıları ve matematik dersine yönelik tutumlarına etkisini incelemektir. Bağımsız değişken, biçimlendirici 

değerlendirme ile düzey belirleyici değerlendirme uygulamalarıdır. Bağımlı değişkenler ise öğrencilerin 

akademik başarıları ve matematiğe karşı tutumlarıdır. Araştırmanın çalışma grubunu Erzurum ili Pasinler 

ilçesinde belirlenen bir ortaokulun beşinci sınıf öğrencileri oluşturmaktadır. Yansız atama yoluyla deney 

grubunda 17, kontrol grubunda 13 öğrenci yer almıştır. Verilerin elde edilmesinde başarı testi ve tutum ölçeği 

kullanılmıştır. Çalışma, ortaokul beşinci sınıf matematik dersinde 11 hafta boyunca yürütülmüştür. Dersler 

hem kontrol hem de deney gruplarında aynı zamanda araştırmacı olan matematik öğretmeni tarafından 

verilmiştir. Araştırma sonuçlarına göre, biçimlendirici değerlendirme uygulamalarının olduğu deney 

grubundaki öğrencilerin matematik dersi başarıları, kontrol grubundaki öğrencilere göre yüksek bulunmuştur 

ancak elde edilen fark istatistiksel olarak anlamlı değildir. Benzer şekilde, kontrol ve deney grubunun 

matematik dersi tutumlarında da anlamlı bir fark bulunmamıştır. Araştırma sonucunda çeşitli önerilerde 

bulunulmuştur. 

 

Anahtar kelimeler: Biçimlendirici değerlendirme, matematik eğitimi, matematik başarısı, matematik tutumu, 

ortaokul eğitimi, ortaokul. 
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