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Foreword to special issue 

 

Dear Colleagues and Dear Readers, 

In this special issue, we are excited and honored to address the topic of "Technology-

Assisted Formative Assessment". This special issue, which focuses on the importance of 

technology-assisted formative assessment in the fields of education and psychology in 

order to evaluate and guide students' learning processes, will play an important role in 

shaping the learning methods of the future. 

Today, with the rapid development of technology, education and training processes are 

undergoing a major transformation. Technology-supported formative assessment tools 

and methods, which are used to monitor and support students' learning more 

effectively, have attracted great interest among educators and researchers. In this 

special issue, seven articles are included to address different aspects of this interesting 

topic. These articles provide important insights into how formative assessment is 

supported and enhanced by technology. 

The first article is titled "The Effect of Using E-Portfolios on The Self-Regulation Skills 

of Students: A Meta-Analysis Study", investigates the effect of e-portfolio applications 

on students' self-regulation skills. This study provides important information in terms of 

understanding how students develop their self-regulation skills using e-portfolios. 

The second article is titled "The Role of E-portfolios in Formative Assessment: A 

Systematic Literature Review". This literature review analyses the role and use of e-

portfolios in formative assessment in depth. 

The third article is titled "Examining Students' Formative Test-Taking Behaviours Using 

Learning Analytics". This study analyses students' formative test-taking behaviours 

using learning analytics in detail. 

The fourth article is titled "Design and Development of an Interactive Video Player for 

Supporting Formative Assessment in Online Learning", aims to design and develop an 

interactive video player to support formative assessment in online learning 

environments. 

The fifth article is titled "Investigation of the Effect of Online (Web-Based) Formative 

Assessment Applications on Students' Academic Achievement", investigates the effect 
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of web-based formative assessment applications on students' academic achievement. 

This study evaluates the contribution of technology-supported formative assessment 

to learning outcomes. 

The sixth article is titled, "Raising 21st Century English Language Teachers in Turkish 

Context: Development of a Technology-Enhanced Measurement Curriculum". This 

study explains how a technology-enhanced assessment curriculum was developed for 

the training of English language teachers with 21st-century skills in the Turkish education 

system. 

The seventh article is titled "Learning Analytics in Formative Assessment: A Systematic 

Literature Review" discusses how learning analytics contributes to formative 

assessment and analyses the existing research in depth. 

The articles in this special issue provide valuable information about technology-

supported methods and tools of formative assessment. We recommend that you read 

these articles with interest, which will contribute to a better understanding of the 

impact of technology-supported formative assessment on student learning processes 

and outcomes. 

We would like to thank the authors, reviewers, and editorial board members who 

contributed to the preparation of this special issue. We are grateful for your support for 

these studies to shape the future of technology-supported formative assessment. 

Best wishes, 

 

Special Issue Editors 

Ramazan Yilmaz, Bartın University, ramazanyilmaz067@gmail.com  

Ke Zhang, Wayne State University, bb2145@wayne.edu  

Nuri Dogan, Hacettepe University,  nuridogan2004@gmail.com  
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The Effect of Using E-Portfolios on The Self-Regulation Skills of 

Students: A Meta-Analysis Study 
 

Ceren MUTLUER* 

 

Abstract 

The change of self-regulation skills, one of the variables determining success in education, with measurement and 

evaluation techniques in the education process has been the subject of many studies. However, each research result 

leads to different results due to the planned situation and limitations. For this reason, e-portfolios used in the 

education process were examined with a meta-analysis study to evaluate whether they were effective on students' 

self-regulation skills from a more general point of view. The research is limited to published academic studies 

written in Turkish and English between 2000 and 2023. When the criteria determined in the research were 

examined, only 19 studies were found by these criteria. Theoretically, when the effect sizes in each study were 

examined, a meta-analysis was carried out with the random effects model. The analyzes of the research were made 

with the CMA version 3 program. As a result of the research, it was concluded that using e-portfolios greatly and 

significantly affect students' self-regulation skills. 

 

Keywords: e-portfolio, self-regulation, meta-analysis, random effects model 

 

Introduction 

The expression 'academic achievement' is commonly used to refer to education quality within the 

education system. Many studies have reported that academic achievement used in determining the 

effectiveness of education is positively related to self-regulation strategies (Eom & Reiser, 2000; 

Pintrich & De Groot, 1990; Trainin & Swanson, 2005; Üredi & Üredi, 2005). 

Performance for academic tasks is explained as academic achievement in the education process. Self-

regulation skills play an active role in the process of determining the goals in the process of revealing 

the work done by the individual in academic tasks, the feedback in the process of reaching the goals, 

and the evaluation process in terms of concrete products. While describing the notion of self-regulation, 

Zimmerman (1986) defines it as comprehending students as active contributors to an academic task in 

terms of cognitive, motivational, affective, and behavioral aspects. Therefore, identifying which self-

regulated learning strategies are important and which self-regulation strategies facilitate their use is 

essential to promote academic performance. 

Dent & Koenka (2016) focused on determining the relationship between learning and academic 

achievement according to the self-regulation strategy in their meta-analysis study. In the meta-analysis 

study, when the overall effect calculated for metacognitive processes and cognitive strategies for self-

regulation strategies was examined, it was seen that there was a significant and moderate effect. As an 

important variable affecting academic success, self-regulation skills are shaped by measurement and 

evaluation techniques. Measurement and evaluation processes, especially complementary measurement 

and evaluation techniques, focus on individuals' awareness of their characteristics. Personal choice and 

self-control are necessary for students to gain and develop self-regulation skills (Zimmerman, 1989).  

Gözüyeşil & Tanrıseven (2017) examined the effectiveness of alternative measurement and evaluation 

techniques in their study. In their study, it was determined that alternative measurement and evaluation 

https://orcid.org/0000-0002-3935-336X
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techniques increased academic achievement. In a detailed examination, the effect of portfolio 

applications on academic achievement was higher than other measurement and evaluation techniques. 

In this process, it is appropriate to use performance-based measurement and evaluation tools. The use 

of portfolios is preferred to monitor the initial and developmental processes in self-regulation skills. 

Portfolio applications provide an authentic and meaningful collection of student work and allow students 

to accurately demonstrate their success or development (Ekbatani & Pierson, 2000). 

As a reflection of technology in the educational process, the portfolio technique has also been moved to 

the electronic environment and names such as e-portfolio and web-based portfolios have been given. 

Electronic portfolios have also been promoted as the evolution of traditional portfolios. They have many 

advantages over paper-based portfolios. These are: 

• Easier, even more immediate, access to students' work can be provided by a wider audience, 

including peers, teachers, parents, and others (Barrett, 2006) 

• Increases information communication skills (van Wesel & Prop, 2009) 

• Fewer cultural barriers (Wanchid & Charoensuk, 2015) 

• Allows two-way communication (without time and place restrictions) (Barrett, 2006) 

• Faster feedback is received (Wanchid & Charoensuk, 2015). 

• Increases a greater sense of potential and a high sense of pride and achievement regarding 

the permanence of the content (Campbell & Schmidt, 2005). 

• Allows individuals to develop self-regulation skills with the support of technology. 

• Prevents the manual storage of portfolio materials. 

Due to these advantages, e-portfolio is used as one of the measurement and evaluation techniques of the 

education process. There are electronic portfolios as a technology-assisted formative assessment. The 

e-portfolios ensure ease of access, data storage opportunities, time-saving, contribution to teaching, and 

continuous monitoring of teacher performances. It assists in the collection, update, and management of 

data. It is a guide in terms of the effectiveness of the evaluation process (Polat & Köse, 2013). Apart 

from being an evaluation tool, it has been decided that an e-portfolio encourages students to learn, 

increases their motivation, changes their attitudes and perceptions positively, and increases their success 

in the process (Barış & Tosun, 2013; Chou, 2012; Demirli, 2007; Demirli & Gürol, 2010; Gülbahar & 

Köse, 2006).  

Many benefits can be mentioned when a literature review is done on the educational inputs, processes, 

and outputs of e-portfolios. Primarily, the tasks are received in feedback as they are shared with teachers 

and friends. In addition, E-portfolios support students' individual development by shaping learning 

materials (Kinash et al., 2012). Among other benefits, e-portfolios encourage students to develop their 

skills using multimedia components and to reveal all individuals' learning achievements and 

expectations. In the process of creating an e-portfolio, students are provided with the opportunity to 

reflect on their learning levels, teachers provide feedback and guidance, the continuity of students' 

development is ensured, participation in collaborative activities is ensured, and socialization, 

encouragement, and motivation are provided (Demirli & Gürol, 2010; Ghosh, 2003; Lorenzo & Ittelson, 

2005). E-portfolios assessment include the features of self-reflection, self-review, self-monitoring, and 

self-improvement (Bartlett & Sherry, 2006). 

In their study, e-portfolios’ benefits are listed under five headings by Jenson & Treuer (2014). These 

five topics are collection, self-regulation, reflection, integration, and collaboration. Jenson & Treuer 

(2014) explained these concepts as follows, taking into account the skills of the 21st century. 

• Collecting: Relevant artifacts that demonstrate learning outcomes.   

• Self-Regulating: Being aware of behavior, students can control and exercise that control for 

learning. 
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• Reflecting: Contextualizing the meaning and significance of learning, consistent with 

established goals and values. 

• Integrating: Synthesizing and transferring learning to any number of situations.  

• Collaborating: Participating in the community to build knowledge and skills based on 

existing knowledge.  

As one of the benefits mentioned above, the e-portfolio application has a great place in acquiring and 

developing self-regulation skills. Many studies in the literature use e-portfolios in the input, process, 

and process-oriented evaluation phase of learning environments. However, considering the differences 

in the number of study groups, their aim at different times, and the different target audiences, studies 

have yet to be decided to examine the effect of e-portfolios on self-regulation skills with a holistic 

perspective. Therefore, this study aims to examine the effect of using electronic portfolio (e-portfolio) 

in the literature between 2010-2023 on self-regulation skills in learning processes from a holistic 

perspective. In this study, a meta-analysis study was planned over the studies conducted in the literature 

between the years 2000-2023 using the variables specified in the purpose of this study. 

The meta-analysis is one of the first proposals to test the statistical significance of combined results 

(Hedges, 1992). Furthermore, a meta-analysis was felt to consider the research results holistically and 

form a common opinion (Mutluer, 2022). According to Borenstein et al. (2010), meta-analysis studies 

are studies that can be more generalized as a result of integrating the results of studies with the same or 

related purpose and reach results that many studies have confirmed. There are eleven sequential steps 

to conducting a quality meta-analysis (Borenstein et al., 2010; Field & Gillett, 2010; Şen & Yıldırım, 

2020): 

 

Figure 1 

The Steps of the Meta-Analysis Procedure 

 

 

The meta-analysis stages was interpreted in Figure 1. The overall effect of the meta-analysis should be 

interpreted in line with the specified stages. 

 

1
• Choose the subject

2
• Reviewing the literature

3
• Decide on inclusion criteria

4
• Decide on theme

5
• Decide on the research questions

6 • Coding

7
• Calculate the effect sizes

8
• Choose the model

9
• Do the heterogeneity test

10
• Calculate the overall effect

11
• Interpret
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Methods 

The statistical process used to reach a more general result than the results of studies conducted for similar 

purposes at different times is possible with meta-analysis. According to Glass (1976), meta-analysis is 

the statistical analysis of many analyses emerging from individual studies to integrate the findings. The 

effects of e-portfolios on the self-regulation skills of individuals have been examined with meta-analysis 

and the steps to be followed in the process are included. This section includes the criteria determined 

for the meta-analysis, the studies included in the meta-analysis, the process of dealing with publication 

bias, and the data analysis. 

 

Data Sources and Search Strategies  

Both published articles and theses were reviewed to obtain a wide range of available resources for meta-

analysis. The electronic search consisted of databases including JSTOR, ERIC, ScienceDirect, Wiley 

Online Library, SAGE Journals, ProQuest Dissertations, YÖK (Council of Higher Education) National 

Thesis Center, Web of Science, and Google Scholar. The primary search terms were ‘electronic 

portfolio’, ‘e-portfolio’, ‘digital portfolio’, ‘online portfolio’, ‘web-based portfolio’, ‘self-regulation’, 

‘self-regulation skills’, ‘self-regulation strategies’, ‘self-organizing’, and ‘self-reflective’. Considering 

these keywords, among the studies conducted between 2000-2023, ‘e-portfolios affect the self-

regulation skills’. The following criteria were used to select the studies included in the meta-analysis 

study: 

• To be examined the effect of e-portfolio on self-regulation, 

• To be published as Master's, doctoral thesis or article,  

• To be written only in English and Turkish, 

• To be decided the valid studies which were used an experimental design, 

• To be included sufficient information (sample size, mean, standard deviation) in studies to 

calculate the effect size. In the figure below, which studies were selected according to the criteria 

determined for the meta-analysis are summarized in stages. 

Publications were sorted by taking into account the criteria in the meta-analysis process. In the Prisma 

model in Figure 2, the number of publications in the meta-analysis process and the elimination process 

according to the criteria are given. 

 

Figure 2 

The Flowchart Shows the Selection of Included Studies (PRISMA) 
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When the literature was examined, the data extraction process started with 7410 studies in which the 

keyword was mentioned and continued by reducing it to 19 studies. 19 studies were selected by the 

criteria specified in the study. Information about the studies selected for the research is given in Table 

1. 

 

Table 1 

Descriptive Explanations for All Included Studies in This Study 
Study Year Author(s) Publication Type Effect Size 

1 2007 Cooney Thesis (Doctoral) 0,569 

2 2010 Meyer and others Article -0,03 

3 2010 Koç Thesis (Doctoral) 0,9 

4 2013 Cheng & Chau Article 0,497 

5 2013 Abrami & others Article 0,652 

6 2013 Alexiou & Paraskeva Article 0,839 

7 2014 Alexiou & Paraskeva Article 6,322 

8 2015 Tseng & Lin  Article 0,512 

9 2015 Nguyen & Ikeda Article 0,006 

10 2016 Liang & others Article 1,638 

11 2017 Sasai Article 3,411 

12 2018 Chang et al. Article 0,780 

13 2019 Karami et al. Article 0,553 

14 2019 Corta Article -3,396 

15 2019 Alexiou & Paraskeva Article 1,863 

16 2020 Akgün & Şahin Kölemen Article 0,539 

17 2021 Alhitty & Shathawi Thesis(Master) 1,801 

18 2021 Türkkaynağı Article 0,214 

19 2022 Lysenko et al. Article 0,116 

 

The table gives the year, publication type, author information, and effect sizes of 19 studies. When the 

research was examined, it was found that two studies (%10.5) in 2020, 2012, 2015, 2018, 2019, and 

2021 years were related to the subject title. In addition, three of the studies are dissertations. Of these 

theses, only the work completed by Türkkaynağı in 2021 is a master's thesis. Finally, while only three 

of these studies were written in Turkish, the remaining 16 studies were written in English. 

 

Publication Bias in the Meta-Analysis Process 

Conducting meta-analysis with only studies supporting a certain hypothesis in the research process 

causes publication bias. Therefore, publication bias should be determined in studies that meet the 

criteria. In this study, Funnel-Plot, Classic Fail-Safe N analysis, and Egger regression estimation 

coefficient were used for investigating publication bias. The results of these methods were evaluated 

together and it was decided whether there was a publication bias or not. 

 

Analysis of Data 

Firstly, the effect sizes were calculated. For this research, Comprehensive Meta-Analysis (CMA)-

Version 3 program was used to calculate both effect sizes and overall effects in the process.  

While investigating the effect of e-portfolios on students' self-regulation skills within the scope of the 

research, the comparison between pre-test and post-test scores was considered. Therefore, the following 
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equation of sample score means differences will be used for the difference between pre-test and post-

test scores. 

 

                                                                  D= X̅1-X̅2                      (1) 

                                                                          D= X̅𝐷𝑖𝑓𝑓 

The second equation below was used to calculate the variance for both measurements in the study. 

 

                                                                      VD=
𝑛1− 𝑛2 

𝑛1𝑛2
𝑆𝑝𝑜𝑜𝑙𝑒𝑑

2                                                             (2) 

 

In this context, the effect size can be calculated. 

               SED=√𝑉𝐷                                                                  (3) 

The Cohen D effect size was then converted to Hedge's g effect size. Hedge's effect size formula will 

be used to calculate the effect size in the research. In addition, the coefficient developed by Hedges 

(1982) will be used to calculate individual effect size values: 

 

Hedges’ g = (M1 – M2) / SDpooled                                                         (4) 

Choosing the appropriate model to determine the overall effect size is important when performing meta-

analyses (Srinivasjois, 2021). Where there is no heterogeneity between studies and there is a valid reason 

to assume that the true effect is constant, it is appropriate to use the fixed effects model (Harrer et al., 

2022). However, in cases where the studies will be generalized to a universe with different effects and 

characteristics, the random effects model should be used based on the assumption that the actual effect 

may vary from study to study (Hanji, 2017). Therefore, before the analysis, it was decided by the 

researchers to calculate the overall effect size using the random effects model. In addition, heterogeneity 

analysis was performed to determine the variability between the effect sizes of the primary studies 

included in the meta-analysis. 

 

Results 

 

Result of Publication Bias  

Including studies that defend and confirm only one hypothesis in the research process causes publication 

bias. For this reason, the process should be started by examining whether the meta-analysis has 

publication bias. 

In this study, Funnel-Plot, Classic Fail-Safe N analysis, Egger regression estimation coefficient were 

used to investigate publication bias. With Funnel Plot, the distribution of the effect sizes on the funnel 

plot is presented. The distributions of the effect sizes of all studies on the Funnel plot are given in Figure 

2 below.  
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Figure 3 

The Effect Size Distributions on the Funnel Plot  

 

 

When the Funnel plot above is examined, it is seen that the distribution around the funnel plot cone is 

homogeneous, although there is no perfectly symmetrical distribution. This distribution of the effect 

sizes of the funnel plot indicates the absence of publication bias (Rothstein et al., 2005; Sterne et al., 

2011). 

As the other analysis bias method, Classical Fail-Safe N value was examined. The overall effect will 

change significantly if more than 2135 studies are added to the research. Since the number of these 

studies is quite high, it has been proven again that there is no publication bias.   As the last bias analysis, 

Egger’s regression test was used. The regression intercept was insignificant (intercept = -2,664, p = 

.309). Therefore, the hypothesis was accepted to show that the regression constant did not deviate from 

zero significantly. 

 

Testing for heterogeneity 

Although heterogeneity is a process that needs to be analyzed statistically, it is a process that needs to 

be decided based on the actual literature. It is not a correct approach to determine a model based on only 

statistical results. To treat the heterogeneity situation hypothetically, it should be decided whether the 

effect in the universe differs according to the situations in the study. 

According to Borenstein et al. (2021), a fixed effects model was proposed if the real effect is unique in 

the universe and has a constant feature in all studies. In this case, homogeneity is achieved. According 

to the fixed effects model, each study's effect on the universe is the same as the real effect. Furthermore, 

it is stated that a single source of error in the fixed effects model is sampling error.  As an alternative to 

the assumptions of the fixed effects model, the fact that the effect in the studies is not equal to the general 

effect in the universe is explained with the random effects model. The effect in the universe may not be 

the same in all studies and there may be different subgroups. In this case, different effect sizes are 

mentioned. The actual effect varies from study to study. For example, the fact that a drug has different 

effects at different age levels causes different effect sizes to be calculated in the research results. In this 

model, it is desired to estimate the mean of the distribution of effects. It is not correct to accept a single 

effect size in the random effects model. According to this model, there are multiple effects in the 

universe. 

It is incorrect to test for heterogeneity in research and choose a model in this context. However, if it is 

known that there is more than one effect size in the study and the distribution of these effects is 

theoretically supported, the random effects model is recommended. In this study, the random effects 
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model was chosen because it was theoretically explained that the effect in the universe was different in 

all studies. Although the literature-supported model was chosen in the process, the heterogeneity tests 

in the research process are given in the Table 2 below as second evidence. 

 

Table 2 

Overall Effect Size and Confidence Intervals for Heterogeneity by Random Effect Model  
Number of 

the Studies 

Overall 

Effect Size 

df Q Se I2 

Tau square 

(2) 

Effect size and %95 confidence 

Lower limit Upper Limit 

19 0,925 18 559,201 0,233 96,781 0,955 0,469 1,381 

 

Although it has been stated that the effect in the studies differs in theory, the results are supported by 

looking at the statistical heterogeneity test for model selection. According to the heterogeneity table, the 

general effect is mentioned first. The forest-plot table also interprets the overall effect obtained from all 

effects. Interpreting the Q statistic alone is impractical. A value of Q-df > 0 was obtained. This proves 

the heterogeneity. Unfortunately, the number of studies (Borenstein et al.,2010; Borenstein et al., 2021) 

affects the Q value. The value of 2  is calculated by faulting Q. But independent of the Q value, the 

heterogeneity value is unaffected by the number of studies. It also allows estimation on the effect size 

scale (Borenstein et al., 2021; Hedges & Vevea, 1998). The examined 2 supports heterogeneity. The I2 

value is interpreted as the explained variance. 96.781% of the observed distribution of the self-regulation 

variable is explained through the effectiveness of the e-portfolio application considered for the research. 

According to the random effects model, the effect sizes vary between 0.469 and 1.382. The above 

heterogeneity analysis results, which are given as a second proof of the theoretically decided random 

effects model, also argue that the model selection is appropriate. 

 

Result of the meta-analysis 

All the effect sizes discussed within the scope of the research were analyzed over the CMA-Version 3 

program and the distribution of the effect sizes was given in the forest plot below. The overall effect 

size was obtained from 19 studies selected in accordance with the criteria in the study.  

 

Figure 4 

Forest Plot For All Included Studies 
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While the 0 point in the forest plot above shows that e-portfolios do not affect self-regulation, it is stated 

that the effect sizes on the left are significantly higher than the pre-test results of the post-test results 

and there are effect sizes of the studies showing that the e-portfolio application does not work. The effect 

sizes of the studies conducted by Meyer et al. (2010) and Corta (2019) are included in this section. The 

part to the right of the reference point summarizes that the post-test results show a significant change 

from the pre-test results. For the effect sizes on the right, it is seen that e-portfolios have significant and 

positive effects on self-regulation. Although the effect sizes of Nguyen & Ikeda (2015) were very close 

to 0 in their study, the effect sizes of 17 of 19 studies were in this area. 

It is thought that choosing studies that have effect sizes were higher than the reference point, that the 

independent variable causes the same effect in terms of the dependent variable. It will also cause 

publication bias. In this research, the inclusion of studies that are very close to the reference point, and 

studies that e-portfolios have no effect on self-regulation and have an effect are the strengths of the 

study. 

As considered in the heterogeneity decision part of the study, there wasn’t only one effect size was in 

the studies. This decision was supported by the literature and estimation was made according to the 

random effects model. As a result of the analysis, the overall effect of e-portfolios used in the education 

process on self-regulation is 0,925. When this value is compared with the effect size criterion values 

(Wide effect = 0,75 ≤ Effect size ≤1,10) suggested by Thalheimer & Cook (2002), it is seen that it has 

a very large effect. 

The overall effect value shows that the independent variable in the study has a significant effect on the 

dependent variable. And this effect size indicates that the e-portfolio application has a very large effect 

(Hedge's g = 0.925) on the self-regulation variable, which is determined as the dependent variable. 

 

Discussion and Conclusion 

There are many studies in which e-portfolio, one of the complementary measurement and evaluation 

techniques, is discussed. Among these studies, the focus was on studies conducted to examine the 

effectiveness of e-portfolios on self-regulation skills. Some of these studies reported that e-portfolio did 

not affect self-regulation, while others reported that it had positive effects. In line with the results of 

these studies carried out for the same purpose, the quantitative ratio of positive-negative or ineffective 

results will not give an accurate result. Therefore, Meta-analysis was used to reconsider the statistical 

results obtained from studies conducted under the same purpose and to interpret the overall effect. When 

examined with the criteria given in the method section for the research, 19 studies were found between 

the years 2000-2023 by these criteria. The meta-analysis conducted with 19 studies resulted in an overall 

effect size of +0.925. When this overall effect value is compared with the effect size scale, it is seen that 

it has a very large effect. 

The fact that the e-portfolio application has been found to be significantly effective, like many variables 

that may affect self-regulation skills, is in line with the result of the study conducted by Railean (2008). 

Railean (2008) explains this situation provided and activities suggested to help the learning develop 

meta-cognitive abilities. These are awareness and regulation of cognition (which includes planning, 

monitoring, and self-evaluation of learning). Romero et al. (2019) remarked that, especially in higher 

education, individuals adapt to online tasks regarding 21st-century skills and being active in self-

assessment and evaluation will increase the effect on self-regulation skills at a positive level. 

Van der Gulden et al. (2020) examined the effects of e-portfolios on the components of the concept of 

self-regulation in their studies. In line with the results of their research, the researchers positively 

affected the concepts of self-assessment, reflection, feedback, goal setting, planning, and monitoring. 

levels were found to be affected. Each of these concepts represents the basic characteristics of self-

regulation skills. The result obtained is consistent with the study of Van der Gulden et al. (2020). 
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Unfortunately, researchers only want to report their publications if the treatment, stated in studies based 

on a strategy, method or a technique trial, does not make a difference in post-tests. This study tested 

publication bias with very few studies stating that e-portfolios were ineffective on self-regulation skills. 

The study can be renewed with a larger sample number by changing the criteria and adding the remaining 

studies to the drawer. Especially in this age where education and training activities in the online 

environment gain meaning as one of the 21st century skills, the positive or negative effects of new 

measurement and evaluation techniques on the education process can be a new research topic.    
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Abstract 

In educational settings, formative assessment is used to determine the status of students and foster their 

development. Task, process, and feedback serve as the basis of formative assessments. Typically, tasks are 

introduced to lessons to facilitate student feedback. Due to their technological potential, ePortfolios are often used 

to help with assigning tasks, managing processes, and getting feedback. It is necessary to incorporate the findings 

from environments where ePortfolios are used for formative assessment into the literature. A systematic literature 

review was employed for this purpose. Three researchers reviewed 33 studies utilizing content analysis. The Fleiss 

kappa was used to determine inter-rater reliability. Quantitative analysis was performed on the articles' dependent 

or related variables, environments, research method, implementation period, evaluators, ePortfolio type, activity 

format, evaluation instruments, education level, and course categories. Among the qualitative findings of the 

studies were the prominent concepts of the use of ePortfolios, as well as the themes and codes of advantages and 

challenges. The findings indicate that the integration of ePortfolios into the formative assessment process, despite 

its challenges, provides significant advantages. It is expected that the study's findings will be useful for researchers 

as well as practitioners who intend to use ePortfolios for formative assessment processes. 

 

Keywords: ePortfolio, formative assessment, feedback, task, systematic literature review 

 

 

Introduction 

Assessment is a crucial component of education. Sometimes summative assessment is used to determine 

a student's grade, while sometimes formative assessment is used to support learning by disclosing the 

student's status in the learning process (Wiliam & Black, 1996; Bennet 2011; Van der Kleij, Vermeulen, 

Schildkamp, & Eggen, 2015; Box, 2019). Formative assessment can enlighten the learner, the teacher, 

and other educational stakeholders about the learner's developmental progress (Black & Wiliam, 1998; 

Chappuis & Stiggins, 2002; Black & Wiliam, 2010; Bennett, 2011; Fuller  & Dawson, 2017). With the 

acquired information, gaps can be identified as the process continues (Dunn & Mulvenon, 2009) and 

student-specific feedback and guidance can be provided (Bennett, 2011). Rather than evaluating the 

student or the learning outcome, the purpose here is to provide information about the student's 

circumstance and to assist in improving the quality of the learning process (Stobart, 2008). However, 

formative assessment requires more time and effort from teachers and students to implement (Black & 

Wiliam, 2010). For instance, assigning tasks to students, determining the assessment tools/criteria for 

these tasks, providing information on the use of these tools, establishing a feedback approach (self-peer-

tutor-mentor, etc.), and providing feedback on the tasks/products at specific intervals can result in a 

substantial amount of work. 

https://doi.org/10.1177/1469787415589532
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Technological advancements can contribute to this process and provide alternate solutions to the 

challenges encountered in both the administration of the formative assessment process and its 

constituent parts (such as sharing, feedback, etc.) (Irving, 2015). The ePortfolio approach, which enables 

both summative and formative assessment, is regarded as a key technology and paradigm for facilitating 

this challenging endeavor (Barrett, 2010; Vogel, 2018; Lam, 2022). ePortfolio systems facilitate the 

process of observing, monitoring, sharing, reflecting, and providing feedback on the learning processes 

and experiences of students (Barrett, 2006; Chang, Chou, & Liang, 2018). ePortfolio platforms also 

facilitate the creation, storage, and accessibility of formative assessment resources. Supporting the 

process of sharing these resources and providing feedback on development is another contribution (Fathi 

& Rahimi, 2022). ePortfolio systems also provide an opportunity to share and receive feedback with the 

creator of the artifacts for as long as desired (Bennett, 2011).  

Despite numerous studies in the literature on the educational effects of the ePortfolio frequently used in 

formative assessment processes (Barrett, 2006; Nicolaidou, 2013; Ebil, Salleh, & Shahrill, 2020; 

Beckers, Dolmans, & Van Merrinboer, 2022), ePortfolio use in formative assessment processes has only 

been discovered in a systematic study (Burner, 2014). The focus of the related research was limited to 

foreign language writing skills. In light of this, there is a need for literature review works that will 

broaden the scope and obtain recent studies. Furthermore, it is hypothesized that this research, which 

will additionally examine the outcomes of experimental investigations on the topic, would provide 

valuable insights for scholars and professionals in relation to the utilization of portfolios within the 

formative assessment procedure. 

 

Aim of the Study 

This study examines quantitative analyses that employ formative assessment in an ePortfolio 

environment in terms of dependent or related variables, environments, research methodology, 

implementation period, evaluators, ePortfolio type, activity type, evaluation tools, education level, and 

courses. Furthermore, based on the results derived from the qualitative study of the ePortfolio 

applications utilized during the formative assessment procedure, the prominent concepts and challenges 

encountered were presented in the existing literature. 

 

Background 

 

Formative Assessment 

According to a frequently cited definition, formative assessment is the organization of learning and 

teaching activities with feedback from teachers and/or students (Black & Wiliam, 2010; Asamoah, 

Shahrill, & Abdul Latif, 2022). Similarly, according to Ramsey and Duffy (2016), formative assessment 

is a process that supports instruction by providing both educators and learners with continuous and real-

time feedback. Pachler, Daly, Mor, and Mellar (2010) assert that formative assessment is distinguished 

from summative assessment by the presence of feedback. On the positive effects of feedback on 

learning, there is an extensive body of research, despite the existence of a few controversial studies with 

contradictory findings (Wiliam, 2011; Lui & Andrade, 2022).  The objective of the feedback should be 

to reduce the distance between the current and desired state of the learners (Andrade, 2010). All 

stakeholders in education, including teachers, students, parents, and mentors can provide feedback. 

Some information regarding the learning process is required for effective feedback and guidance 

(Schildkamp, Van der Kleij, F, Heitink, Kippers, & Veldkamp, 2020). According to Klenowski (2009), 

those required information can be gathered via assignments, tests, mini-examinations, dialogues, 

observations, and discussions. In addition to these, data obtained by individuals with tools such as 

structured criteria lists, guides, and rubrics (Kutlu, Doğan, & Karakaya, 2017) and data obtained 

automatically by computer systems (Karaoğlan Yılmaz, Yılmaz, & Öztürk, 2020) can be used to provide 

constructive feedback. Formative assessment differs from summative assessment in that it focuses on 

the learning process and the quality of this process rather than on the results (Stobart, 2008; Gezer, 
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Wang, Polly, Martin, Pugalee, & Lambert, 2021). The objective is to ensure that all stakeholders are 

aware of the process, rather than to evaluate it, and to provide educational environments with data so 

that enhancements can be made as needed. 

 

ePortfolio 

Portfolios are physical files in which the learning process is recorded systematically, including what 

students learn, their thinking, questioning, analyzing, and producing abilities, as well as their 

interactions with teachers and peers (Gibson, 2006; Stefani, Mason, & Pegler, 2007; Yancey, 2023). 

ePortfolios are electronic collections of every kind of data associated with the learning process (Barrett, 

2010; Törmala, 2021). There are challenges with storing, accessing, and updating physical portfolios 

(Heath, 2005). In addition to overcoming these issues, ePortfolios provide additional advantages, such 

as the ability for instructors and peers to provide immediate feedback and the offering of rich multimedia 

content (Barrett, 2006). In addition, ePortfolios have been reported to improve research skills (Demir & 

Kutlu, 2016), writing performance (Nicolaidou, 2013), vocabulary learning (Sharifi, Soleimani, & 

Jafarigohar 2017), self-directed learning skills (Beckers et. al., 2022), and engagement and self efficacy 

(Mason, Pegler, & Weller, 2004; López-Crespo, Blanco-Gandía, Valdivia-Salas, Fidalgo, & Sánchez-

Pérez, 2021).  

The literature classifies ePortfolios in a variety of ways. Himpsl and Baumgartner (2009) identified three 

kinds of portfolios: reflection, development, and presentation, whereas the Global Learning Consortium 

(2005) listed six types: assessment, presentation, learning, personal development, multiple-owner, and 

working. While classified in different categories, ePortfolios frequently emphasize process, reflection, 

assessment, and development.  

In the beginning, ePortfolios were stored on CDs and DVDs, but with the widespread use of the Internet 

and the development of Web 2.0 tools, they migrated to online environments. In addition, by adding 

ePortfolio components to learning management systems (Demir & Kutlu, 2016; Beckers et. al., 2022), 

existing blogs (Huang & Hung, 2010; Chang, Liang Tseng, & Tseng, 2014), Facebook (Kabilan, 2016), 

other social media platforms (Shepherd & Bolliger, 2011; López-Crespo et. al., 2021), or ePortfolio-

specific platforms (Chuang, 2010; Garrett, 2011; Yang, Tai, & Lim , 2016; López-Crespo et. al., 2021) 

ePortfolio has been developed and its use has become widespread. Platforms such as Mahara and Elgg, 

which support all the expected ePortfolio features, are frequently used for this purpose (Balaban & 

Bubas, 2010; Mgarbi, Chkouri, & Tahiri, 2022). The use of various forms of ePortfolios may be favored 

depending on the educational or instructional purpose. This situation may also result in the selection of 

various assessment instruments.  In the literature, it is frequently found that assessment types such as 

rubrics (Barbera, 2009; Chau & Cheng, 2010; Nicolaidou, 2013), checklists (Sánchez Gómez, Ostos, 

Solano, & Salado, 2013), questionnaires (Hung, 2012; Beckers et. al., 2022), content analysis (Huang 

& Hung 2010; Kabilan, 2016), and observation forms are frequently used in ePortfolios (Kutlu et. al., 

2017).  ePortfolios provide academic support for both assessment and the establishment of effective 

learning environments (Barrett, 2006; Chang & Kabilan, 2022). This support is enabled not only by a 

technological environment but also by its structure, which relies on the student-centered, active 

participation, and constructivist learning theories, encourages sharing, and facilitates the process of 

collaboration (Gülbahar, 2009). 

 

ePortfolio for Formative Assessment 

In the portfolio approach, not only the outcome or product but also the development and process that 

contribute to this improvement are significant (Barker, 2006; Kerr, 2007; Bennett, Knight, & Rowley, 

2020; Beckers et. al., 2022). Similarly, formative assessment does not emphasize product or evaluation 

but rather focuses on process awareness and development (Nitko & Brookhart,  2014; Morris,  Perry, & 

Wardle, 2021; Mashauri, 2023; ). ePortfolio broadens the perspective of a particular final product, 

thereby contributing to the development of process-quality knowledge (Barrett, 2003). This is an 

essential component of both the educational setting and the formative assessment procedure. The 
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ePortfolio approach enables students to make connections between "what they have learned" and "how 

they have learned" while creating artifacts and recognizing their development (Hallam & Creagh, 2010; 

Blaschke & Marin, 2020).  

Learners can access ePortfolios from anywhere, at any time, using a variety of devices, including 

computers, tablets, and mobile phones. In addition, the inclusion of social media components in 

ePortfolio platforms makes them familiar to users and facilitates their use (Oh, Chan, & Kim, 2020). 

Students can use these platforms, which require few technical skills, to share their portfolios with 

whomever they want and receive as much feedback as they require (Heinrich, Bhattacharya, & Rayudu, 

2007; Hegarty & Thompson, 2019). They can access the information in their shared ePortfolios 

whenever and with any devices they prefer. The core components of the formative assessment procedure 

are the mentioned sharing and feedback features (Black & William, 1998; Leighton, 2019). This process 

can be disrupted in non-digital or classroom settings due to factors that involve lack of time and access 

(Gamlem & Kari Smith, 2013). The ePortfolio approach can contribute to the perpetuation of the 

formative assessment process by offering numerous solutions to these challenges. 

 

Method 

In this study, a systematic literature review method was used. This method was chosen to acquire a 

structured and comprehensive synthesis of studies conducted on a particular topic according to specific 

criteria (Kitchenham, 2004). Systematic research is necessary because it enables researchers to disclose 

the similarity and diversity of studies on a topic and reveals the general trend to researchers who study 

or wish to study in the area of interest (Cohen, Manion, & Morrison, 2007).  

 

Search Strategies and Sampling 

The purpose of this study is to carry out a literature review on the use of ePortfolio environments for 

formative assessment. For this purpose, the following search was performed in the Web of Science 

database. This search was performed last on 15.10.2022. 

 

“Electronic portfolio (Title) or e portfolio (Title) or e-portfolio (Title) and "formative 

assessment" (Topic) and Article (Document Types) and Education Educational Research or 

Education Scientific Disciplines (Web of Science Categories) and English (Languages)” 

 

A total of 272 studies were identified at the end of the query. As there is so much research on the topic, 

it needs to set some criteria for the selection of publications (Heitink, Van der Kleij,Veldkamp, 

Schildkamp, & Kippers, 2016). For this reason, three researchers analyzed 17 articles via online sessions 

to create a consistent framework for reviewing the studies, and they defined the inclusion and exclusion 

criteria in Table 1.  It was decided to exclude 187 studies whose full texts were inaccessible, not indexed 

in SSCI, reviews, model and system development, book chapters and proceedings. 85 studies remained 

to be reviewed after the studies that were excluded. The researchers reconsidered 10 papers collectively 

during a second online discussion on the themes to be used in the data analysis. In these reviews, the 

researchers decided to exclude 52 studies that did not use ePortfolios for formative assessment or did 

not provide information on how they used them. 33 studies were ready to be analyzed after this exclusion 

criteria was followed. 
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Table 1 

Inclusion and exclusion criteria 

Inclusion Criteria Exclusion Criteria 

Using ePortfolio for formative assessment process Book chapters, reviews 

Full text was accessible model/system development and integration studies, 

proceedings 

Indexed in SSCI  not provide information/details on how tasks and feedback 

are carried out in the ePortfolio assisted formative 

assessment process 

 

Analysis, Validity, and Reliability 

The data underwent content analysis. Content analysis is a systematic method that transforms texts into 

categories based on some criteria (Stemler, 2000). Before conducting a content analysis, three 

researchers analyzed ten studies in collaboration to identify potential themes.To ensure consistency 

between the codings, they then collaboratively reviewed the studies according to these themes. Next, 

the researchers independently reviewed nine studies chosen at random. To determine the agreement 

between researchers, the Fleiss kappa coefficient was calculated as 0.93. This indicates a very high level 

of agreement among the experts according to Landis and Koch (1977). Contradictory instances 

encountered by the researchers during the analyses were discussed, and the themes were finalized 

collaboratively during online sessions. All procedures were clarified in detail to ensure the external 

validity (Guba & Lincoln, 1982). 

 

Findings 

 

The included studies were analyzed according to the following topics. These are dependent or related 

variables, environments, research method, implementation period, evaluators, ePortfolio type, activity 

format, evaluation instruments, education level and courses, prominent concepts, advantages, and 

challenges. 

 

Dependent or Related Variables 

The themes and codes that emerged from the dependent or related variables obtained from the 

quantitative analyses were created by taking into account only the studies that collected data with valid 

and reliable measurement instruments, and statistical analyses were conducted on these data. The themes 

are skills, learning and performance, cognitive domain, interactivity, usage and affective domain. It is 

observed that the codes related to these themes represent a diverse spectrum, and that a remarkably high 

proportion of significant results have been obtained in the context of these analyzed variables (Figure 

1). Themes indicate that more study has been conducted specifically on the topic of learning 

performance. Additionally, a similar amount of studies have been conducted on the topics of skills, 

interactivity, and usage. Writing performance (8.8%) and interaction (5.88%) are the most prominent 

categories.  
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Figure 1 

Dependent or related variables 

 

*studies with significant results, ^ increase but not significant 

 

Environments 

The environments/platforms utilized in the studies were analyzed and classified into four categories: 

social media/network, developed by researcher or organization, learning management system, and 

others. The social media/network topped the list among the environment theme to the analyzed studies 

(f=16), approximately 48%. Ten categories are included in the social media / network as Blog, Mahara, 

e pass, Elgg, Edmodo, PebblePad, Facebook, Google Sites, Google Groups, QQ.  Following the social 

media / network, the most frequent theme is developed by researchers or organizations. It corresponds 

to a total of 28.57% (f=8). Learning Management System and other themes are included in two studies. 

The environment could not be determined in five studies.  In addition, in 15.2% of the studies (f=5), the 

development platforms were not specified. 
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Table 2 

Environments 

Theme Environment/platform f % 

Social Media / Network 

Blog (Blogger, Wretch, wordpress based weblog 5 15.2 

Mahara 3 9.1 

e-pass 1 3.0 

Elgg 1 3.0 

Edmodo 1 3.0 

PebblePad 1 3.0 

Facebook 1 3.0 

Google Sites 1 3.0 

Google Groups 1 3.0 

QQ 1 3.0 

Developed by researcher or organization Private system 8 24.2 

Learning Management System 

BlackBoard 1 3.0 

Angel LMS 1 3.0 

Other PDA 1 3.0 

Microsoft Office OneNote Class Notebook 1 3.0 

Unspecified - 5 15.2 

Total  33 100 

 

Research Methods 

When the research methods are examined, it is seen that mixed methods are the most common (f= 16, 

48.5%). In addition, the studies also contain quantitative (f=9, 27.3%) and qualitative (f=8, 24.2%) 

methods.  

 

Table 3 

Research Methods 

Method f % 

Mixed 16 45.8 
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Table 3 

Research Methods (Continued) 

Quantitative 9 27.3 

Qualitative 8 24.2 

Total 33 100 

 

Implementation Period 

The implementation periods of the studies are classified under 3 themes (Table 4). Analyzing the article's 

implementation periods reveals that most implementations lasted one semester (f=20, 60.6%). Seven 

studies (21.2) were implemented for two semesters. The implementation periods of the 6 studies (18.2%) 

varied between 6 and 9 weeks.  

 

Table 4 

Implementation Period 

Week/Semester f % 

1 semester (14 weeks) 20 60.6 

2 semesters 7 21.2 

6-9 weeks 6 18.2 

Total 33 100 

 

Evaluators 

The majority of studies used a combination of self, peer, and teacher evaluation (45.5%) (Table 5). There 

were six studies (18.2%) in which both the student and the teacher became co-evaluators. The teacher 

was the single evaluator in three (9.1%), and the peer was the single evaluator in two studies (6.1%). 

Also, peers and teachers were in the evaluator role together in three studies.  There is only one study in 

which both the self and a peer served as the evaluator, and there is only one study that utilizes systems 

as an evaluator.  

 

 

Table 5 

Evaluators 

Theme f % 

Self-peer-teacher 15 45.5 

Self-teacher 6 18.2 

Teacher 3 9.1 
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Table 5 

Evaluators (Continued) 

Theme f % 

Peer-teacher 3 9.1 

Peer 2 6.1 

Self-peer-teacher-mentor 1 3.0 

Self-teacher-system 1 3.0 

Self-peer-teacher-parent 1 3.0 

Self-peer 1 3.0 

Self - - 

Total 33 100 

 

Also, only three studies examined the relationship between evaluators. Two of them analyzed the 

relationship between self-teacher, and one analyzed the relationship between self-peer-teacher.  

 

ePortfolio Type 

The distribution of ePortfolio types in studies is represented in Table 6. The most frequent type of 

portfolio is development (process) with 16 studies (48.5%). The assessment portfolio is the following 

type of portfolio that is also quite widespread (f=8, 24.2%). In addition, both types of development and 

assessment portfolios were used in 5 studies (15.2%).  Even though they are rare, some studies also used 

the showcase (f=2, 6.1%) and reflective (f=2, 6.1%) types of ePortfolio.  

 

Table 6 

ePortfolio type 

Type f % 

Development (Process) 16 48.5 

Assessment 8 24.2 

Development + assessment  5 15.2 

Showcase 2 6.1 

Reflective 2 6.1 

Total 33 100 
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Activity Format 

The majority of studies (f=13, 39.4%) employ a task and reflection combination, the most common 

activity type (Table 7). The studies that use tasks (f=9, 27.3%) are in second rank. Reflection was used 

as the activity format in four studies (12.1%). In addition, there are two studies that applied 

[task+discussion]  and  [task+project+discussion+reflection+presentation] activity types. Also, 

[Task+reflection+discussion], [Task+group project+reflection] and [Task+group 

project+reflection+presentation] activity types were each used in a seperate study.  

 

Table 7 

Activity Format 

Format f % 

Task + reflection 13 39.4 

Task 9 27.3 

Reflection 4 12.1 

Task + discussion 2 6.1 

Task + project + discussion + reflection + presentation 2 6.1 

Task + reflection + discussion 1 3.0 

Task + group project + reflection 1 3.0 

Task + group project + reflection + presentation 1 3.0 

Total 33 100 

 

Assessment Tools 

It is understood that mainly (f=12, 32.4%) rubrics are used as assessment tools (Table 8). Quizzes are 

the second most frequently employed assessment tool (f=4, 10.8%).  In a small number of studies, survey 

(f=2, 5.4%), criteria list (f=2, 5.4%),  rubric and survey (f=2, 5.4%), and content analysis (f=2, 5.4%) 

were preferred. It is surprising that 29.7% (f=11) of studies did not explain how electronic portfolios 

were evaluated. Standardized language testing and system-assessed tests were used in only one of them 

(f=1, 2.7%). 

 

Table 8 

Assessment tools 

Tools f % 

Rubric 12 32.4 

Quiz 4 10.8 

Criteria list 2 5.4 

Content analysis 2 5.4 
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Table 8 

Assessment tools (Continued) 

Tools f % 

Survey 2 5.4 

Rubric + Survey 2 5.4 

Standardized language testing 1 2.7 

Student reactions (System) 1 2.7 

Unspecified 11 29.7 

Total 37 100 

 

Education Levels and Courses 

Analysis reveals that ePortfolios are used for formative assessment at various educational levels and in 

a variety of course settings, including undergraduate, K-12, and graduate programs (Table 9). 

Undergraduate is the most preferred level of education (f =21, 58.3%). The number of studies conducted 

at K-12 is 8 (22.2%). In seven studies (19.4%), the education level is graduate or postgraduate. Despite 

the fact that the majority of studies are conducted in language education (f=13, 39.4%) and educational 

sciences (f=9, 27.3%), it is evident that they are conducted in numerous other fields, such as information 

and communication technology (ICT) and medical.  

 

Table 9 

Education levels and Courses 

 

Education Levels Courses f % 

 Undergraduate  Language Education 8  22.2 

Educational Science 7 19.4 

Medical Education 2 5.6 

ICT 2 5.6 

Technical and Vocational Education 2 5.6 

Sub-Total  21 58.3 
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Table 9 

Education levels and Courses (Continued) 

Education Levels Courses f % 

  

  

  

  

K12 

Language Education 4 11.1 

Science 2 5.6 

Research Skills 1  2.8 

ICT 1 2.8 

Sub-Total   8 22.2 

  

  

Graduate and Post- Graduate 

Medical Education 2 5.6 

Educational Science 2 5.6 

Analysis on Game Industry 1 2.8 

Language Education 1  2.8 

Science 1 2.8 

Sub-Total   7 19.4 

Total  36 100 

 

Prominent Concepts in Qualitative Analyses 

The concept of feedback (f = 9) is most prevalent in the qualitative results of the studies reviewed. At 

the end of the qualitative analyses, self-assessment (f=6) emerged as a prominent concept. The studies 

also emphasize that if ePortfolio environments are designed by considering real learning tasks, a 

community of practice and interaction, they can make positive contributions in components such as 

confidence, ownership, self-improvement, peer assessment, attitude, professional development, social 

learning, motivation, new experience, content knowledge/content enrichment, monitoring of progress, 

peer support, teacher assessment, and reflection. 
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Figure 2 

Prominent concepts 

 

 

Challenges 

In the qualitative findings of the studies, the challenges associated with the use of electronic portfolios 

in formative assessment processes were also examined. Internet connection was the most common 

difficulty encountered by the users (f=5), followed by anxiety caused by users following each other's 

work (f=4), the need to have ICT skills (f=4), time constraints (f=3), lack of experience, and system 

problems (f=2).  

 

Figure 3 

Challenges 
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Conclusions and Discussions 

It is expected that studies addressing crucial educational variables, such as perception, attitude, 

motivation, and satisfaction, will contribute to the body of knowledge. In addition, there have been 

studies conducted on a variety of important variables in the field of education. This result indicates that 

ePortfolios are perceived as environments for managing formative assessment in the context of various 

variables. Remarkably, there has been a limited number of studies have been conducted in the affective 

domain. Considering the significance of the affective dimension in education (Vankúš, 2021; Pierre & 

Oughton, 2007), it is anticipated that further studies in the subject will fill this gap in the literature. 

Since developing a new platform is costly, time-consuming, and labor-intensive, the consensus generally 

leans towards favoring existing systems for the majority of ePortfolio environments. However, there are 

only a few studies conducted using open-source and free platforms developed specifically for this 

purpose, such as Mahara and Elgg. This could be due to unfamiliarity with these platforms, the time-

consuming process of setting up and modifying these environments, or the need for knowledge, skills, 

and time to maintain them. The positive results of the usability and satisfaction analysis of the studies 

(Garrett, 2011; McLeod & Vasinda, 2009) indicate the reasons behind the preference for these 

environments. Another possible explanation is that researchers choose their existing or familiar systems 

and are unwilling to learn new ones. Investigating the reasons for the limited utilization of these free 

environments explicitly designed for ePortfolios could contribute to their wider adoption. 

Another result reveals that a majority of the analyzed studies employ mixed methods. In the social 

sciences, it is recommended to diversify analysis by combining quantitative and qualitative insights and 

opinions (Creswell, 2012). The results of analyzing different kinds of data can be used to enrich the 

literature. 

The effective implementation of formative assessment through ePortfolio depends on users' ability to 

adapt to the process (Hallam & Creagh, 2010). Considering the related tasks, measurement and feedback 

systems, and the process of becoming familiar with a platform, it is obvious that this will take time. It is 

clear that the analyzed studies complied with the required period of time. Segaran and Hasim (2021), in 

their meta-analysis study on ePortfolio and self-regulated learning, found similar findings regarding the 

utmost duration of the implementation. 

In six studies, both the student and the teacher took part as co-evaluators. This finding is significant in 

demonstrating that stakeholders are involved in the formative assessment and feedback mechanism. 

Since feedback and evaluation in ePortfolio environments require continuity, using alternative 

evaluators may be useful. There is only a single study that utilizes systems as an evaluator. This type of 

use may help to reduce the duties of teachers. It needs to be determined whether this is due to a lack of 

trust in student evaluations or other factors. Self and peer assessment and feedback may reduce a 

teacher's workload, especially in cases where the teacher may find it difficult to monitor the process, 

such as in massive online courses or large classes. Considering the developments in software, it is 

surprising to discover only a single study in which a computer system serves as the evaluator. The use 

of an automated system may reduce the workload of teachers. By integrating technologies like artificial 

intelligence, data mining, adaptive hypermedia, and intervention systems into educational platforms, 

evaluation and feedback performance can be enhanced. Although the positive effects of involving 

parents in educational settings are known (Hoover-Dempsey & Sandler, 1995), there is only one study 

in which parents were involved (Meyer, Abrami, Wade, Aslan, & Deault, 2010). When compared to the 

graduate and undergraduate levels, it makes sense for K–12 parents to participate in the evaluation 

process. In light of the fact that 22% of the reviewed studies were at the K–12 level, it would be useful 

to investigate the reasons why parents participated in only one study's evaluation process. Analyzing the 

relationships between evaluators in ePortfolios used for formative assessment can contribute to the 

literature on evaluator compliance and objectivity. 

It is an expected finding that the developmental portfolio was frequently chosen as the ePortfolio type 

because, in studies using formative assessment, portfolio types that focus on the process are mostly 

preferred. Our research includes only those studies that implement the formative assessment in terms of 

both keywords and scope. The use of assessment ePortfolio is also quite widespread. Studies that focus 
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on development aim to collect data about the process and provide appropriate feedback (Tillema, 2001) 

and guidance (Chetcuti, Buhagiar, & Cardona, 2011). Although not common, some studies also used 

the showcase type of ePortfolio. Despite the fact that showcase portfolios are product-oriented, process-

oriented practices were also observed in these studies by selecting the best of the products developed 

during the process to create showcase portfolios. 

Regarding the activity format, a small proportion of studies employ all activity categories including task, 

group and individual project, reflection, discussion, and presentation. This may be due to the fact that 

as the types of activities increase, so does the effort required by students to execute these activities and 

by teachers to manage them. Despite the fact that these numerous types of activities provide students 

with richer experiences and a multifaceted view of the studied context, they increase the workload for 

teachers and students. In addition, there are a lot of studies that use interactions such as group projects 

or group discussions. This preference is understandable, especially in educational settings designed in 

accordance with social, constructivist, and connectivist theories (Andrade et. al., 2023; Bryant & Bates, 

2015; Zhang, Olfman, Ractham, & Firpo, 2009). ePortfolio environments support educational 

environments by providing discussion forums, interactive whiteboards, synchronous and asynchronous 

tools for such group activities. It is thought that the main purpose of selecting these activities is to trigger 

the feedback process, which is an important part of formative assessment. Asking for reflections on the 

tasks leads to two products that can be given feedback. One of these feedback is related to the students' 

products, while the other is related to their reflections. Both feedbacks can be used to support the 

development of students during the formative assessment process (Wade, Abrami, & Sclater, 2005). 

According to examined research, the majority of assessment tools are rubrics which  frequently used 

instruments to measure development based on graded criteria (Contreras-Higuera, Martínez-Olmo, 

Rubio-Hurtado, & Vilà-Baños, (2016). Rubrics are also preferred for providing and analyzing self-peer-

teacher assessments, as well as examining their relationships (De Grez, Valcke, & Roozen, 2012; 

Barbera, 2009). The personal and structured nature of the rubrics can enhance the objectivity of the 

feedback. In a small number of studies, a criteria list and content analysis were chosen. It is surprising 

that some studies did not explain how electronic portfolios were evaluated. Another assessment strategy 

is to use tests at regular intervals to determine the status of students or to support their learning. In 

particular, the fact that multiple-choice tests can be evaluated easily by the system will increase the 

speed with which students receive feedback and reduce the teacher's workload. 

Another predictable finding is that formative assessment through ePortfolio environments are applicable 

to all levels and branches of the educational system (Sweet,1993). It is understandable that alternative 

tools, such as portfolios, reflections, and so on, are increasingly used to measure higher-level outcomes, 

particularly at the graduate and postgraduate levels. Given that ePortfolios facilitate reflection in 

numerous ways (Slepcevic-Zach & Stock, 2018), their prevalence at this level of education is not 

surprising. In addition, there are numerous opinions in the literature regarding the use of alternative 

assessment and evaluation tools, such as ePortfolios, at the K-12 level (Gülbahar, 2009; Meyer, Abrami, 

Wade, & Scherzer, 2011; Mitchell, Campbell, Somerville, Cardell, & Williams, 2021). Surprisingly, 

only a few of the studies were conducted in grades K-12. The fact that the number of research at the 

undergraduate level is higher than that of the graduate level can be explained by the number of students 

at these levels, but considering the number of schools and students at the K-12, it is confusing that the 

number of studies at this level. According to Barrett (2010), many ePortfolio applications are conducted 

at the undergraduate level. It is common knowledge that university-based academicians conduct the vast 

majority of academic research. It is believed that the prevalence of undergraduate-level research is due 

to the researchers' use of a convenient sampling method. Although the main concentration of study at 

each educational level is in the fields of language education and educational sciences, there are also 

studies in some other disciplines as well. ePortfolios are used extensively for reflection and process 

monitoring in language education and educational sciences. The lack of research in the social sciences 

and career development, where ePortfolios are commonly utilized, is notable. Thus, the use of 

ePortfolios for formative assessment in these disciplines can contribute to the literature. 
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The notion of feedback is predominantly observed in the qualitative findings of the studies examined. 

For students' success in the learning process, quality support and mentoring are essential, and feedback 

is an integral component of this (Peacock, Scott, Murray, & Morss, 2012). Peer feedback, for example, 

has been reported to reduce the need for teacher support in online environments (Shepherd & Bolliger, 

2011). In a similar vein, Gardner and  Aleksejuniene (2008) assert that formative feedback reduces the 

workload of both teachers and students and increases the possibility of producing high-quality 

assignments and outputs. It is apparent that user opinions reflect the benefits of feedback used in 

ePortfolio environments.  

As a result of the content analysis, it is revealed that other prominent concepts are self-assessment and 

self-reflection. Providing users with a chance to evaluate themselves and to follow and monitor their 

processes is shown as the benefit of ePortfolio environments that support these concepts (Ebil et. al., 

2020). ePortfolio environments facilitate self-assessment of self-directed learning skills (Beckers et. al., 

2022). In addition, these environments also provide users with the opportunity for self-reflection (Wang 

& Jeffrey, 2017). The studies also emphasize that if ePortfolio environments are designed by considering 

real learning tasks, community of practice, and interaction, they can make positive contributions in 

components such as confidence, ownership, self-improvement, peer assessment, attitude, professional 

development, social learning, motivation, new experience, content knowledge/content enrichment, 

monitoring of progress, peer support, teacher assessment, and reflection. In addition, it becomes 

apparent that ICT skills and anxiety levels must be taken into account for the useful administration of 

these environments. 

Studies identified slow Internet connections, lack of Internet access, installation problems, and system 

maintenance as major obstacles (Fathi & Rahimi, 2022; Hung, 2012). It is remarkable that these 

problems persist today. To avoid these issues, it is recommended to carefully organize the 

tasks/authorisations, the construction of the technical infrastructure, and the system's sustainability 

before starting the ePortfolio applications. Basic ICT skills are one of the competencies that must be 

considered for a successful ePortfolio process. Hung (2012) states that although technology plays an 

important role in the portfolio development process, it can create frustration for some users.Wang and 

Jeffrey (2017) state that users with low ICT skills show negative attitudes towards ePortfolio. Therefore, 

it would be beneficial to provide support in the form of fundamental ICT skills in order to reduce user 

anxiety and facilitate their participation in these processes. According to Kabilan and Khan (2012), 

despite the fact that students find the use of ePortfolios beneficial, they experience time constraints as a 

result of their responsibilities. It demonstrates that in the weeks that follow, students adopt negative 

attitudes, such as rephrasing the same comment, repeating what others say, and paraphrasing. 

Consequently, workload and time management are essential factors to consider in these environments 

(Stefani et. al., 2007). 

Despite some challenges, it is clear that the use of ePortfolios in formative assessment provides a very 

high rate of positive results. Therefore, it can be assumed that their use in educational environments will 

be beneficial. Adapting techniques such as AI-supported feedback and evaluation to these settings can 

enhance the ePortfolio's support for formative assessment by shortening the response time and reducing 

the teacher's workload. 
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Abstract 

In online learning environments, assessment is an important dimension and also one of the most challenging parts 

of the online learning process. So, to provide effective learning, analyzing students’ behaviors is important when 

designing online formative and summative assessment environments. In this study, students’ profiles were 

analyzed within an online formative assessment environment and compared with a summative assessment 

environment based on attempt count, overall time spent, first-attempt score, and last-attempt score metrics. The 

within-subjects design, cluster analysis, and the Kruskal Wallis-H Test was carried out for analyzing behaviors. 

As a result, it was shown in the data that there were three main clusters. Cluster 1 showed a high number of 

interactions, and an increasing trend was observed in “grades” over “attempts”. Additionally, Cluster 2 consisted 

of students who received the best grades in all other clusters, and finally, Cluster 3 consisted of students who 

interacted little and scored lower on formative assessments. 

Keywords: test-taking behavior analysis, learning analytics, formative assessment, assessment analytics 

 

Introduction 

Assessment is one of the primary components of the online learning process. Two of the main 

approaches used in assessment design are formative and summative assessment. While both assessment 

approaches are focused on student development and progress, their approaches differ. Harlen and James 

(1997) defined formative assessment as an “assessment for learning” that focuses on student learning at 

the current stage and supports learning for the next step. While summative assessment, also defined as 

an “assessment of learning”, is considered a more systematic and continuous recording of overall 

achievement. As a result, formative assessment focuses on the improvement of learning, whereas 

summative assessment focuses on providing information for accreditation and evaluation (Xiong et al., 

2018). In an online course based on a formative assessment approach, students are aware of their 

strengths and weaknesses, can be more engaged and motivated, and monitor their progress (Crisp & 

Ward, 2008; Wolsey, 2008). Additionally, formative assessment can help decrease students’ anxiety 

levels (Cassady & Gridley, 2005) and increase interaction between peers and instructors (Vonderwell et 

al., 2007). For this reason, the design of formative assessment is important in terms of providing 

information about how students perceive this process. 

https://doi.org/10.1177/1469787415589532
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Technology use during the formative assessment process is especially seen as a pillar of tracking 

students’ learning and performance within 21st-century learning environments (Shin et al., 2022). 

However, due to the nature of the formative assessment process, students sometimes tend to put less 

effort into these tests, which can ultimately cause poorer results compared to the summative assessment 

process (Wise, 2006; Yildirim-Erbasli & Bulut, 2022). The effort shown during test-taking is an 

important dimension of the formative assessment environment and allows the documentation of student 

engagement (Wise et al., 2013; Yildirim-Erbasli & Bulut, 2020). Test-taking frequency (Blondeel et al., 

2023; Palmen et al., 2015; Shin et al., 2022) and response time and patterns (Man et al., 2018; Yildirim-

Erbasli & Bulut, 2020; Wise & DeMars, 2006) are also indicators of students’ engagement and 

motivation within the formative assessment process.  

It is essential to investigate students' behaviors during the self-assessment process to find patterns that 

have a negative effect on learning (Yang et al., 2022). Also, revealing test-taking behavior allows for 

the identification of students' trial-and-error patterns and cheating activities (Man et al., 2018) and 

provides timely feedback for maintaining mastery of learning (Hui, 2023). It also enables researchers 

and/or administrators to gain greater insight into the processes and behaviors that lead to a specific test 

outcome (Stadler et al., 2020). Investigation of formative assessment behaviors also helps to make 

intervention possible and can significantly impact student interests and achievements (Rakoczy et al., 

2019). Typically, these scales have been employed by researchers to examine exam-taking behaviors; 

however, self-report measures are weak against many forms of bias, and at times these scales can be 

quite limited, as they only provide fundamental information regarding a student's motivation towards 

test taking. Additionally, it can be hard to know how accurately test takers complete the scale (Wise & 

Gao, 2017). Thus, log data analysis can provide important information regarding students' behavior in 

formative online assessments for both professionals and educators (Guo, 2021). This data can also be 

useful for detecting differences in students’ aberrant behavior in real time (Han & Kang, 2021) because 

it is a reliable predictor of the ability to be tested (Stadler et al., 2020). For example, students' interactions 

during the evaluation process are typically stored in log data. Some of these metrics include the number 

of student attempts, number of question views, number of hints viewed, number of submissions (Yang 

et al., 2022), response time data, total scores (Guo & Ercikan, 2021), test scores and submission times 

(Hui, 2023), individual mean item response times (Lee & Haberman, 2016), omitted items (Sarac & 

Loken, 2022), time-on-task and the number of interactions (Stadler et al., 2020), and flagged, reviewed, 

changed, or omitted items (Wise & Gao, 2017). These studies show that the trial scores, response time, 

and trial numbers are the most often used metrics. However, the pre-processing of data obtained from 

several assessment tools is seen as a limitation, and as a result, obtaining the necessary metrics from 

commonly used learning management systems can contribute to the literature and provide important 

insights into students' test-taking strategies and student profiles. 

One test-taking performance study by Silm et al. (2013) focused on performance in low-stakes tests. 

According to their aim, they specifically searched for the number of items test-takers attempted to solve, 

the number of correct answers, overall time spent, and the speed of their accomplishments. The research 

was focused on 327 first-year students attending a higher education institution. It was found that when 

the difficulty levels of items are similar, the number of items solved and the mean time for each item 

can predict performance in low-stakes tests and short response times signal low-test scores. It was also 

discovered that the mean time for incorrect answers was shorter than the mean time for correct answers. 

Additionally, in another study using responses and response times for computer-based reading 

assessment, Yildirim-Erbasli and Bulut (2020) evaluated the effect of students' test-taking efforts on 

their reading growth. A quick screening tool was designed and applied to 7602 students over an 

academic year to monitor and assess their reading ability. They found that rapid guessing and slow 

responses can be helpful when calculating and interpreting students’ growth estimates. In a large-scale 

test, Programme for International Student Assessment (PISA) 2012, Lundgren and Eklöf (2020) focused 

on test-takers' within-item behaviors from a self-reported and behavioral effort perspective. Essentially, 

they analyzed time on task, time to first action, number of actions, unique routes, repeated wrong routes, 

and actions per minute variables with self-reported data by using math test scores. Thus, they determined 

that low levels of effort before completing a task may not be diagnostic of test-taking motivation, 
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although low levels of effort before taking a test appear to be below the level of effort put in prior to 

giving up on a task. So, these variables/metrics provide important information when analyzing and 

interpreting the formative assessment results.  

Clustering is employed for profiling purposes due to the clustering technique's interpretable insights 

regarding the relationship between test administration decisions and student performance profiles (Shin 

et al., 2022). Profiling test-takers or profiling students’ test-taking behaviors are two of the primary 

approaches in clustering studies. For example, Yang et al. (2022) used cluster analysis to analyze how 

students interacted during formative assessments, which were given as a post-class self-evaluation. In 

the results, three distinct student profile clusters were determined. The students in Profile 1 were those 

who engaged the assessment system and hinted at it sparingly. While in Profile 2, students participated 

in exams, reviewed questions, and struggled to answer them. On the other hand, students in Profile 3 

were those who successfully remembered information and used the exam system most. Therefore, 

according to these findings, students who completed online tests after class typically scored higher than 

those who did not, and those who engaged in non-standard behavior during the test did not increase their 

performance. Tempelaar et al. (2018) demonstrated that different at-risk groups might be identified by 

clustering several interaction data items including formative assessments. They highlighted that 

appropriate interventions are available by identifying these profiles. Additionally, Guo (2021) found 

four distinct student profiles in online exams taken at home or testing centers. Test-takers in only certain 

clusters tended to spend the majority of their time solving items, whereas, in other clusters, they were 

to have read the exam instructions for a significant portion of the time. In another study, Stenlund et al. 

(2018) clustered test-takers into groups and discovered three distinct student profiles: moderate, calm 

risk-taker, and test anxious risk-averse profile. Furthermore, in group difference studies, it was revealed 

that in terms of test performance, the calm risk-taker profile was the most successful, while the test 

anxious risk-averse profile was the least successful. Another approach in profiling studies is clustering 

individual test attempts rather than clustering an average over modules or students. Hui (2023) also 

stated that possible differences between scores and test types could be clustered and analyzed separately. 

Thus, computer-based techniques can be utilized to detect students who do not exhibit normal patterns 

by revealing behavior patterns through clustering. For example, Liao et al. (2021) claimed it is 

challenging to identify "item harvesters" who memorize or share test items. Thus, they offered a two-

stage solution to identify this behavior, which, in the end, appeared to make tests less reliable. As a 

result, the initial phase should include cluster analysis to identify learners’ test-taking behaviors, and 

then, abnormal behaviors must be marked for further investigation. 

The clustering technique provides valuable information within a learning analytics framework to detect 

these general behaviors. It was shown in the presented literature that especially test-taking effort, 

engagement, and motivation play important roles in online formative assessments. When focusing on 

these dimensions, researchers worked in particular with the number of items that test-takers attempted 

to solve, the number of correct answers, overall time spent, and response time. Importantly, these user 

metrics had not been previously found to be analyzed by comparing summative and/or online formative 

test environments. Therefore, in the current study, students’ profiles were analyzed within an online 

formative assessment environment and then compared with the summative assessment environment 

based on the metrics of attempt count, overall time spent, first attempt score, and the last attempt score.  

Research Questions: 

1. How many different groups are students divided into according to the metrics of taking 

the formative test? 

2. Is there a significant difference between students in different groups in terms of their 

summative test scores? 

Method 

In the current study, a within-subjects design was used, and comparisons were made of the test-taking 

behaviors of participants in the weekly quizzes (formative assessment) and mid-term exams (summative 
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assessment). Features related to the test-taking behaviors of students were extracted from the database 

through data mining methods. Also, cluster analysis and the Kruskal Wallis-H Test were used to test 

whether there was a statistically significant difference in test-taking behaviors of students for the online 

formative and summative tests. 

Participants 

This study was conducted at a state university with 66 vocational school students enrolled in Web 

Programming II courses as part of the Computer Programming and Internet and Network Technologies 

Distance Education Programs. The students’ ages ranged from 18-45 years old, and the group included 

51 males and 15 females. The duration of the course lasted approximately 14 weeks, and the theoretical 

transfer and implementation of the course were conducted online. Finally, the mid-term and final exams 

in this study were administered in a face-to-face setting.  

Procedure 

The research process was carried out between the sixth and eighth week of the course. Students had 

access to the formative assessment test following the lecture in week six until week eight when the mid-

term exam was held. This process involved the formative assessment design that included the processes 

of "finding and handling information" and "assessment" in the Learning Design Taxonomy (Toetenel & 

Rientes, 2016). The formative test was structured using a question bank containing questions that had 

previously been used for the mid-term exam in the previous semester. Importantly, the question bank 

included subjects relevant to the mid-term examination and was systematically categorized into distinct 

units. Notably, the distribution of questions across units within the question bank was found to be 

uneven. Nonetheless, during the examination process, each student uniformly encounters an equivalent 

number of questions from each unit. To illustrate, each student has posed four questions sourced from 

both Unit 1 and Unit 2. These questions might manifest either as a duplicate or exhibit some variation 

amongst themselves. In each attempt of the formative test, the students were randomly assigned 20 

questions from the question bank. The students were then asked to answer the questions they had been 

provided within 30 minutes. At the end of each attempt, the question itself, the students’ answers, and 

feedback regarding the correct or not correct answers were shown. Furthermore, the students were not 

shown the correct answers to any of the questions. When the students did answer a question incorrectly, 

they were expected to peruse the course resources themselves to determine the correct answer as well 

as review the instructor's lecture recordings and discuss what they had learned.  

The summative assessment was comprised of a total of 20 multiple-choice questions, and all students 

engaged in the examination under uniform conditions. Additionally, the examination was administered 

according to a specific online framework. Also, students were diligently supervised by an instructor 

through an online live virtual classroom. Furthermore, the students' interactions within the web browser 

were subject to scrutiny via the implementation of a Proctoring Moodle Plugin. As a result, following 

the conclusion of the examination, analysis of the test items was carried out and indices related to the 

item difficulty spanned a spectrum from 0.23 to 0.78. Therefore, the reliability coefficient of the items, 

as assessed through Cronbach's alpha measure, was determined to be 0.695. 

Data Analysis 

In answering the first research question, students' formative exam-taking behaviors (digital traces during 

the exam) were analyzed using the four metrics mentioned in Table 1. Cluster analysis was used to group 

the students based on their exam-taking behaviors, and with this analysis, it was determined there were 

common exam-taking behaviors among the students. Due to there being no prior insight into the number 

of clusters, the number was determined automatically using the Silhouette metric. Thus, the k-Means 

algorithm in Orange data mining software was used for the cluster analysis. Since the distributions of 

the data were not in a standard range, normalization was applied in the data pre-processing. Additionally, 

the Silhouette scores of clusters from 2 to 9 were calculated to determine the ideal number of clusters, 

and the number of clusters with the highest Silhouette score was considered as the ideal number of 

clusters. 
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Table 1. 

Metrics used in the clustering and their explanations 
Metric Description 

Attempt count Total number of attempts by the student in the formative assessment activity 

Overall time spent Total time spent by the student in formative assessment activities (min) 

First attempt grade Student's grade for the first attempt in the formative assessment activity 

Last attempt grade Student's grade for the last attempt in the formative assessment activity 

 

Next, to answer the second research question, a Kruskal Wallis-H test was used to compare summative 

test scores based on clusters. During this process, a non-parametric statistical analysis was also used due 

to the normality assumption not being met. 

 

Results 

In this study, students’ profiles were analyzed within a formative assessment environment and then 

compared with an established summative assessment environment by gathering several learning 

management system metrics. Thus, these metrics were used for clustering students and determining their 

test-taking behaviors. As a result, to analyze this situation in further depth, two research questions were 

studied. 

RQ1. How many different groups are students divided into according to the metrics of taking the 

formative test? 

 

When the Silhouette scores of clusters 2-9 were examined, it was recognized that the students were 

ideally divided into three clusters. When considering the cluster centroids provided in Figure 1, along 

with the descriptive statistics provided in Table 2, it was determined that the students in Cluster 3 (n = 

7) made fewer attempts (Mdn = 2) and spent less time (Mdn = 10 min) in the formative assessment 

activity than students in the other cluster. Additionally, when the first and last attempt grades were 

examined, it was noteworthy that both were found to be low, and there was a negligible score increase 

within students’ last trial compared to their first trial.  

Next, students in Cluster 1 (n = 20) were those who made the most attempts (Mdn = 11) and also spent 

the most time in the formative assessment activity (Mdn = 194 min). As a result, according to the median 

trial numbers presented in Table 2, students within this group made four times more attempts than those 

in Cluster 2 and six times more than those in Cluster 3. Similarly, considering the median time spent, 

students in Cluster 1 spent four times more time than those in Cluster 2 and 20 times more than those in 

Cluster 3. However, when their scores from the exams were examined, it was recognized that their first-

attempt grades were low, and their last-attempt grades were seen to be high. In other words, it was 

observed that there was a three-fold increase between their first and last attempt grades. 

On the other hand, students in Cluster 2 (n = 38) were found to fall in between Cluster 1 and Cluster 3 

in terms of the number of attempts (Mdn = 3) and time they spent (Mdn = 50 min) when considering 

their cluster centroids. However, despite fewer attempts, their first-attempt grades were determined to 

be higher than both clusters (Mdn = 15).  This value was two times higher than the median first-attempt 

grades of Cluster 1 and approximately three times higher than that of Cluster 3. Therefore, it was 

determined there was an increase of four points between the median grades of their first and last attempt. 
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Figure 1. 

Cluster Centroids 

 
 

Table 2. 

Descriptive statistics by clusters 
Cluster Statistics Attempt count Overall time spent First attempt grade Last attempt grade 

Cluster 1 

Mean 12.15 205.52 5.35 17.05 

N 20.00 20.00 20.00 20.00 

Std. Deviation 6.11 100.84 3.84 2.42 

Median 11.00 194.02 5.50 17.00 

Cluster 2 

Mean 3.28 55.18 10.69 15.00 

N 39.00 39.00 39.00 39.00 

Std. Deviation 1.88 36.19 4.68 2.47 

Median 3.00 50.30 11.00 15.00 

Cluster 3 

Mean 1.43 9.36 1.43 1.57 

N 7.00 7.00 7.00 7.00 

Std. Deviation .53 9.40 2.51 2.70 

Median 2.00 9.60 4.00 5.00 

 

RQ 2. Is there a significant difference between students in different groups in terms of summative 

test scores? 

When comparing the summative test scores according to clusters, the non-parametric Bonferroni 

Correction with the Kruskal Wallis-H Test was applied since Levene's Test statistic was significant (L 

= 5.890, df1 = 2, df2 = 59, p <. 01).  

Table 3. 

Kruskal Wallis-H Test results 
Clustera Mean N SD Median Mean Rank Chi-Squareb df p 

Cluster 1 35.500 20 11.34 35.00 23.05 

8.747 2 .013c 
Cluster 2 49.359 39 18.36 40.00 36.67 

Cluster 3 33.333 3 5.77 30.00 20.67 

Total 44.113 62 17.28 40.00  

a. Kruskal Wallis-H Test 

b. Grouping Variable: Cluster, Dependent Variable: Summative Grade 

c. Significant: Bonferroni Correction 
𝜌

𝑛(𝑛−1)/2
 = .05/3 = .01667  ⇒  .013 < .01667 
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According to the results from the Kruskal Wallis-H Test (Table 3), it was determined that there was a 

significant difference between clusters in terms of summative test scores (Chi-Square = 8.747; df = 2, < 

.0167). Thus, learners in the high-scoring group with fewer attempt counts in the formative test (Cluster 

2, Mean: 49.359, Mean Rank: 36.67) achieved higher success within the summative test than those from 

the other two clusters. As a result, a significant difference was found to be present only between Cluster 

1 and Cluster 2 in terms of summative assessment scores (U = 220, W = 430, Z = -2.734, p = .006, Adj. 

p = .016). Furthermore, no significant difference was found between Cluster 3 - Cluster 1 (U = 29, W = 

35, Z = -0.93, p = .830, Adj. p = 1.00) and Cluster 3 - Cluster 2 (U = 27, W = 33, Z = -1.545, p = .137, 

Adj. p = .411).  

 

Discussion  

Analysis of learning progressions in exams, along with the dimensions of task design, trustworthiness, 

and fairness, is one way to take advantage of the potential of assessment analytics (Gašević et al., 2022). 

In the current study, the formative exam metrics collected from distance education students and students' 

test-taking behaviors in formative assessment were investigated through cluster analysis. As a result, it 

was revealed through the cluster analysis that three distinct student profiles were present via the 

assessment analytics. 

Additionally, students in Cluster 1 showed a high number of interactions; while receiving low scores in 

their first attempts, they increased their scores in further attempts. When considering the first attempts, 

these students exhibited low achievement, but after making some effort, their scores improved. 

Furthermore, as a strategy, they may have reviewed the questions and then attempted to solve them by 

taking the exams again. Liao et al. (2021) discovered a similar behavior pattern in their studies and 

mentioned them as “item harvesters” who tended to remember, record, and then share items included in 

the test among their peers. Interestingly, these students caused security concerns within the high-stakes 

exams. On the other hand, the students could have discovered this pattern for themselves within the 

formative assessment process. Hui (2023) also determined similar patterns, stating some students 

exhibited developing patterns for discovering potential correct answers. In the current study, students in 

Cluster 1 made several attempts, received low scores on their first attempts, and then increased their 

scores in subsequent attempts. As a result, this may be evidence of a pattern related to formative 

assessment item harvesting via memorizing test items along with options for further attempts. 

Importantly, possible reasons for this may be a sense of curiosity, the goal of being more successful, 

and/or learning by trial-and-error. Hui (2023) stated in their findings that some students with high scores 

submitted the exams earlier with the aim of having additional time in case help was needed. Again, in 

the current study, students in the first group started their formative exams earlier than those in the other 

groups. This may have also indicated that their aim was to identify any misconceptions they may have 

had and correct those misconceptions within a sufficient amount of time required for the summative 

assessment. Students in Cluster 1 were also found to be the ones who spent the most amount of time on 

exam trials in terms of total time spent. Thus, as a result of the high number of trials, it was expected 

that the total time would increase as well. However, this could also be proof of their effort by considering 

their correct answers in subsequent attempts. As a result, students in this profile included those who 

were found to have the highest number of exam attempts. The fact that these students took the exams a 

considerable amount of time before the summative exam and regularly took the formative exams enabled 

them to increase their scores throughout this process. According to Hui (2023), trials that do not lead to 

progress in scoring can be described as trial-and-error, and trials that increase scores over time can be 

described as effortful improvement. Similarly, students with low scores show more random guessing 

behavior than those with high scores (Stenlund et al., 2017). In this respect, we can assume that students 
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in Cluster 1 exhibited some form of trial-and-error or random guessing behavior as part of their first 

trials and then likely worked to show effortful improvement progressively. 

Next, Cluster 2 consisted of students who received the highest scores among all the clusters. In the 

formative exam, their first-attempt scores were higher, yet their subsequent attempt scores were lower. 

Importantly, the number of trials was low, along with the number of interactions being lower than that 

of other students. Students who studied and desired to assess themselves prior to the final exam might 

have been part of this group. Furthermore, according to their behavior, they tended to wait until the last 

day, just before the final exam. Interestingly, this pattern resembled a similar pattern from Stadler et al. 

(2020), which demonstrated that higher-ability students spent more time in the problem-solving process 

but interacted less than others. The fact that these students earned high scores, more recently tested 

themselves, and showed little interaction indicated having a higher level of ability. Also, we can 

conclude that students in this group were successful due to more likely knowing what they wanted and 

not needing to make further attempts and/or spend further time due to their earning high scores on the 

first attempt. This pattern was also similar to the result of Hui (2023) in which students with high scores 

did not make any subsequent attempts and ultimately stopped making attempts. Additionally, Hui (2023) 

explained that these students did not benefit from additional time and, as a result, should not make 

further attempts during this period due to the exam being too easy for them and, therefore, not needing 

to carry out additional work. The fact that students in Cluster 2 earned high scores on the formative 

exam on their first attempt and that their scores decreased in the next application followed a similar 

pattern. On the other hand, Yang et al. (2022) stated that students who frequently participate in formative 

assessment following the lesson receive higher scores from the summative exam than those who do not. 

A similar pattern was also observed in the current study when students from Cluster 2 received high 

scores for both the formative and summative exams. 

In Cluster 3, students who had limited interaction were found to also score lower on formative 

assessments. Additionally, several students in this subgroup did not complete the final exam. Hui (2023) 

claims that some students may struggle to understand course material, which causes them to lose interest. 

This could be what caused the students to disengage as well as preventing them from completing the 

final exam. Importantly, a risk of dropping out of this course was present for students from this cluster. 

In this regard, it is important to intervene and assist students who fail to participate and/or receive low 

scores in their formative assessment, and this group of students should be considered at-risk for drop-

out students.   

 

Conclusion, Limitations, and Future Research 

In the current study, the formative assessment test-taking behavior of students was analyzed along with 

investigating the student profiles. Clustering was applied to the metrics collected from formative 

assignment interactions, and then these were compared with the metrics in terms of the differing student 

profiles. Importantly, meaningful differences were found between students’ formative assessment test-

taking behaviors and summative test scores. Additionally, the research outcomes can enrich the literature 

by showcasing learners' interactions with the unique formative assessment design of the study and by 

discussing parallels with distinct test-taking profiles evident within only a limited body of work. 

Therefore, researchers and practitioners should be able to recognize the profile of Cluster 1 as a 

behavioral model that necessitates instituting precautions with high-risk assessments or as a trial-and-

error behavioral model where interventions within the assessment design have the potential to enhance 

learning performance. Conversely, the profile of Cluster 2 can be appraised as students’ being self-

directed learners capable of overseeing their own learning progress. Thus, to incentivize these learners 

to attain a higher level of performance, assessment designs featuring progressively more challenging 

questions for each attempt can be implemented. On the other hand, in the literature, the Cluster 3 profile 

can be assessed as learners at risk of dropping out and awaiting solutions. As a result, to mitigate drop-

out occurrences and increase engagement within the learning process, interventions such as support for 
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countering demotivation, provision of diverse tasks, and adaptation of assessment and content should 

be employed among students in this profile. 

One of the limitations of the current study, in regard to generalizability, was the small sample size. 

Features of clusters should be compared with research results from large-scale samples, along with also 

confirming the comparison of summative assessment performance among clusters. Another limitation 

was related to the features used in clustering. In particular, by deepening the time metrics (response time 

for each question), clusters with divergent test-taking profiles can be obtained within the formative 

assessment. In the current study, students were encouraged through the formative test to increase their 

efforts toward learning. This may be due to the formative assessment being structured in a way that 

creates equivalent exams for students regarding each subject it covers. However, although it cannot be 

guaranteed that students take exams of equal difficulty in each attempt, validity and reliability concerns 

of the formative tests can be mitigated due to the random selection of questions. 

Finally, in future studies, students within at-risk groups should be identified, and appropriate 

interventions should be applied to assist them. As a result, students can behave similarly to the successful 

students found in other clusters, and the contribution of these interventions can lead to further 

investigations. Additionally, more advanced metrics can be revealed for formative assessments held in 

the Moodle learning management system. Thus, due to these metrics, more detailed information can be 

obtained, especially in regard to the student test-taking strategies found in Clusters 1 and 2.  
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Abstract 

In this study, the aim was to design a video player with embedded quizzes to enhance students' interactions with 

video learning materials and enable them to derive maximum benefit from these materials. The developed tool is 

integrated into the Moodle learning management system and presents questions from a question bank to students 

at predetermined time intervals set by the instructor. Additionally, it records interactions between the student and 

embedded quizzes, such as the number of attempts and the number of correct or incorrect answers. Furthermore, 

students' video interactions, encompassing actions like play, pause, and seek, are also stored in the database. The 

tool allows instructors to export 15 features related to students' videos and embedded quiz interactions. 

Consequently, students can assess their comprehension of the content they are viewing and receive immediate 

feedback, while instructors can access summary reports for all students. This enables them to find out how many 

students have watched the videos and their responses to the questions before or after the class. This paper explains 

the development process of the tool and presents findings from a pilot study utilizing the tool. The results of the 

pilot study revealed that students' video-watching behaviors in interactive videos differed from those in non-

interactive videos. An interactive video player that allows embedding quiz questions to support formative 

assessment in online learning environments, can be advantageous for researchers, instructors, and learners. 

 

Keywords: video analytics, in-video quizzes, interactive videos, video-based learning, online learning 

 

Introduction 

Due to the prevalence of mobile devices, the increasing number of Internet users, and the frequent 

utilization of online learning, video technology in education has advanced faster than ever (Sablić et al., 

2020). According to Lacey and Wall (2020), utilizing video-based learning materials can improve 

student satisfaction (Üstün, 2023), student learning (Yoon et al., 2021), provide helpful feedback 

(Dohms et al., 2020), and increase student engagement (Mohammadhassan & Mitrovic, 2022). 

Additionally, using these materials can prepare students for real-world examinations (Lacey & Wall, 

2020; Weeks & Horan, 2013), reduce test anxiety (Tripodi, 2018), enhance performance (Weeks & 

Horan, 2013), and lead to successful learning outcomes (Zaneldin et al., 2019). The importance of video 

materials is increasing for both students and teachers in flipped classrooms (Bakla & Mehdiyev, 2022; 

Rose et al., 2016; Xiu et al., 2018), hybrid, or distance learning environments (Barut Tugtekin & Dursun, 

2022). 

Crook et al. (2012) reported that students who only engage with video materials often need help 

receiving feedback. Furthermore, Montayre and Sparks (2018) have also found that they complain about 

the lack of interaction. Therefore, the students must understand if they have achieved the course 

objectives and need tools to test their knowledge. Furthermore, instructors need to know their students' 

level of interaction and progress to plan learning activities effectively. In-video quizzes offer an 

engaging and interactive way to learn new information (Cummins et al., 2016). Integrating formative 

assessment components into video materials can help learners improve their learning scores (Rice et al., 

2019). In a way that is challenging in a traditional classroom environment, receiving immediate and 

individual feedback (Mirriahi et al., 2021) can make hybrid or online learning more effective. 

https://orcid.org/0000-0003-4369-587X
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The instructors can use interactive in-quiz videos and integrate video interaction data to track students' 

progress in video-based learning. Researchers use video analytics to measure students' viewing 

behaviors, including the frequency of seeking, playing, and pausing (Yürüm et al., 2022). This data is 

analyzed to understand their viewing strategies (Akçapınar & Bayazıt, 2018; Yoon et al., 2021) and 

engagement with the course materials (Ifenthaler et al., 2023; Mohammadhassan & Mitrovic, 2022). 

Students may alter their approach to watching educational videos depending on their goals. As a result, 

their viewing strategies may vary (Yoon et al., 2021). Video analytics metrics, such as play, pause, seek, 

etc., can visually represent quantitative interaction data for a specific video timeline. Visual cues can 

help instructors improve their video material by identifying areas where students must review missed 

knowledge or replay a section for clarity (Kim et al., 2014). Furthermore, utilizing video analytics 

metrics can help develop a predictive model that identifies students at risk of underperforming (Mubarak 

et al., 2020).  

In summary, educational videos are commonly used in education because they facilitate visual learning 

(Chen, 2020; Mohammadhassan & Mitrovic, 2022), improve comprehension (Coakley et al., 2020), and 

promote memory retention (Seo et al., 2021). Incorporating video-based learning into students' academic 

experiences can be beneficial, as they serve as multimedia learning tools (Park, 2022) and support 

asynchronous education (Choe et al., 2019). Students prefer video materials because they connect 

theoretical knowledge and practical application (Dohms et al., 2020; Evi‐Colombo et al., 2022) while 

fostering essential skills like problem-solving and reflection (Liu et al., 2021), critical thinking, and 

reasoning (Chen, 2020; Gartmeier et al., 2019). By supporting various designs, they can be utilized to 

educate individuals in different fields. An example is the diverse learning objectives and content, 

including lecture lessons, hands-on programming tasks (Atapattu & Falkner, 2018), surgery training 

with a head camera and narration (Ahmet et al., 2018), and presentation recordings (Chorianopoulos, 

2018). To support active learning, videos should be designed to be more effective and interactive. 

Adding questions to videos can help students evaluate their readiness, track their progress, and identify 

misconceptions. Furthermore, analyzing student interactions through video analytics can offer 

comprehensive insights into the efficacy of video designs and the learning methods utilized by students. 

Therefore, this study aims to design and develop an interactive video player for online courses. The rest 

of the paper explains the development process of the tool and presents findings from a pilot study 

utilizing the tool. 

 

Literature Review 

Formative Assessment and Learning Analytics 

Formative assessment is an ongoing, dynamic, and informal evaluation process used in education to 

track and evaluate students' learning progress (Bell & Cowie, 2001). It provides feedback for students 

to understand their progress and improve, while also giving teachers insights into the teaching process 

(Nicol & Macfarlane-Dick, 2004). Therefore, summative assessments are called “assessments of 

learning” while formative assessments are called “assessments for learning” (Kulasegaram & 

Rangachari, 2018). Formative assessment can take several forms, including quizzes, discussions, 

surveys, peer assessments, or self-assessments. 

Learning Analytics (LA) enhances learning by analyzing data during education and follows four stages 

(Clow, 2012). Learners improve their knowledge and skills by engaging in diverse applications across 

multiple environments. Various sources provide data, such as LMS, online platforms, assessments, 

digital resources, and student demographics. Machine learning algorithms and statistical methods 

analyze the data to identify patterns, trends, and relationships (Üstün et al., 2022). Personalized learning 

and identifying at-risk students are crucial to maintaining student success. 

LA can enhance the potentialities of formative assessment, such as by creating materials with automatic 

formative assessment and creating collaborative activities for students (Barana et al., 2019). LA can 

enhance the eliciting of students' conceptions, and for investigating these strategies, formative 

assessment tasks can be used (Stanja et al., 2023). An early warning system can be designed for at-risk 
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students, or personalized assignments based on student errors can be given (Rodríguez‐Martínez et al., 

2023). 

 

Video Analytics Tools 

Video analytics give insight into the teaching and learning process (Giannakos et al., 2015). Student 

engagement, interest, and behavior data can be measured through metrics such as the number of video 

view, play and seek (Bakla & Mehdiyev, 2022; Brinton et al., 2016; Seo et al., 2021). Using video 

timeline data, students get personalized content recommendations based on their interactions and 

preferences (Belarbi et al., 2019). Video analytics also offers automated assessment and feedback (Chatti 

et al., 2016). By analyzing video interactions, instructors can provide individualized feedback to students 

based on their challenges, assess the effectiveness of their videos, or understand the learning gaps.  

Previous studies investigated the students' video interactions to understand the students’ learning 

strategies, learner profiles, engagement with the materials, active learning processes, and performance 

predictions. For example, Liao and Wu (2023) analyzed the video log data of 47 graduate students. Four 

learner profiles were examined based on their learning improvements: the Advanced, the Diligent, the 

Indifferent, and the Persistent. Students who were diligent and persistent took frequent self-paced breaks 

to take notes. Advanced students had a high seeking backward frequency, and indifferent students had 

the highest ratio for seeking backwards, indicating distraction problems. As a result, video-based 

interactions are a reliable measure of learning motivation. Similarly, Yoon et al. (2021) analyzed student 

profiles during video-based online learning. Four behavior patterns were found: browsing, socializing, 

seeking info, and environment setup. These led to two clusters. Active learners, the first cluster, are 

frequently engaged in social interaction, information seeking, and environment configuration. The 

second cluster, passive learners, mainly browsed. The study found that active learners achieved higher 

learning outcomes than passive learners. Zamzuri (2022) analyzed YouTube videos based on student 

interaction metrics in another study. On average, students only watched one-third of the total video 

duration. However, they paid more attention during the demonstration sessions, primarily when the 

whiteboard was used and visualizations were included in the materials. Video analytics can assist in 

identifying the segments of videos that students tend to watch more frequently. Consequently, this 

information can be used to make inferences about video design. Yürüm et al. (2022) conducted a quasi-

experimental study to examine how interactive videos affect students' engagement and satisfaction. 

After controlling for motivation, they discovered students were significantly more satisfied with 

interactive videos. Additionally, students were less likely to revisit essential points and more likely to 

skip unimportant ones in interactive videos. Their findings suggest that interactive video lectures can 

convert videos into interactive ones. This research indicates that including formative assessment features 

in videos can enhance their effectiveness. Combining self-reports and video analytics metrics like play, 

pause, seek, and question interaction could provide a more comprehensive outcome. In a quasi-

experimental study, Mohammadhassan and Mitrovic (2022) examined data from a platform 

incorporating note-taking, peer-reviewing, and personalized prompts. They compared levels of 

engagement, such as the number of videos watched and comments, as well as learning gains. The results 

indicated that visual LA in videos encouraged constructive behavior and enhanced learning outcomes. 

Various factors, such as time and purpose, can influence video viewing strategies. For example, Seo et 

al. (2021) showed that students tend to perform more searches within the video during exam weeks and 

when rewatching videos. After analyzing video analytics tools utilized in previous research, we 

summarized their advantages and disadvantages for students and instructors in Table 1. 

 

 

 

 

 

 

Table 1.  
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Video platforms used in educational video analytics studies 

Tool Metrics LMS/MOOC 

integration 

Video 

Markers 

Assessment 

Features 

Tracking 

Scope 

Vimeo Views, 

finishes, time 

watch 

Embed Yes multiple-choice Video 

Panopto Play, pause, 

seek, 

LTI No multiple-choice User 

Youtube Views, 

duration 

Embed No No Video 

SocialSkip Play, pause, 

seek, 

Not supported No multiple-choice, 

true/false 

User 

 

Vimeo provides paid options with advanced analytics and the ability to include quiz questions. The 

system cannot directly match with LMS users, only through embedding. This restriction makes it 

difficult to conduct further investigations. Panopto provides valuable insights into video engagement for 

businesses and can be integrated with Moodle using the LTI plugin. While it has limitations in matching 

student IDs and numbers, it does allow for quizzes. However, more information is needed on adding 

markers to question areas. When analyzing student interactions, YouTube videos only provide video-

focused reports and visualizations. Adding quiz questions through Google Classroom can help, but there 

needs to be a marker in the sections linked to the questions. Integrating with an LMS is possible through 

embedding, but collecting and analyzing student-based data has challenges. SocialSkip is a helpful plug-

in that enables the collection of student interaction data. SocialSkip offers free access to various question 

types but must be fully integrated with Moodle. 

Various educational video analytics tools support collecting metrics such as play, pause, and seek. These 

tools are typically commercial, with different prices depending on the number of users and videos. Some 

tools need to be able to connect to Moodle and require separate memberships for data collection. Adding 

a formative assessment item to a different system while keeping it in a pool in the existing question bank 

is impractical. Integrating LMS interaction data and video analytics data in the future may be complex 

due to incomplete user account integration. 

 

Method 

This is a tool development study, so from this perspective, details of the tool development process are 

reported in the method section. The purpose of the developed tool is to provide students with formative 

assessment during their video-watching sessions so that students can assess their comprehension of the 

content they are viewing and receive immediate feedback, while instructors can access summary reports 

for all students. 

 

Components of the Tool 

In this study, we designed and developed an interactive video player for supporting formative 

assessment in the Moodle environment. Moodle is one of the most widely used LMS for blended 

learning (Üstün et al., 2021; Ustun & Tracey, 2021), distance education, flipped classrooms (Üstün et 

al., 2022), or other online learning purposes in schools, universities, and other sectors.  

The tool's video player component was created using JavaScript and HTML5. Using MySQL queries, 

interaction data is written to the database. The PHP programming language facilitates data transfer 

between the server database, assessment items, and video player. Multiple-choice questions in the 

Moodle question bank can be added using the tool at any point in the video timeline. Markers indicating 

specific questions can be added to the video timeline, specified in seconds. The student can view each 

question by directly clicking on a marker. The video pauses at the question marker on the timeline. 
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Questions associated with the Moodle question bank are displayed with options on the screen below the 

video (Figure 1). Thus, students can answer the formative assessment items and receive immediate 

feedback such as "correct answer, congratulations" or "wrong answer, try again". Students can answer 

the question repeatedly until they provide the correct response. The students' attempts to answer the 

questions are saved as a log, including interactions such as video play, pause, or seek. Instructors can 

view all student interactions and their performances in video-based assessments. Teachers and students 

must sign into the Moodle LMS to create interactive video materials. The multiple-choice questions in 

the Moodle question bank are listed on a page, including question texts, choices, correct answers, related 

video material names, and question display time. Teachers can edit the linked videos and the times when 

the questions are shown by clicking the question name. 

 

Figure 1.  

Interactive video player question bank interface 

 

 

The interactive video player is embedded in the student interface. The tool generates a random ID 

number for the files submitted to the server to prevent students from accessing video materials through 

external links. Once students log in to the Moodle LMS, they can access the video link through the 

weekly course view. In the tables in the Moodle database, video file information, user information, and 

session information are recorded during the video viewing process. Teachers can also export students' 

item interactions and video-watching behaviors from the Moodle database as log files. 
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Figure 2. 

Interactive video player student interface  

 

 

 

The Interactive Video Player interface consists of three main parts; (1) the video player section where 

the video player and markers are located, (2) the section where the formative assessment items 

associated with the video markers are located, (3) the instant feedback area based on the selected options 

(Figure 2). The video player section allows users to watch videos, view the video duration and the current 

video time, and use video controls such as play, pause, adjust volume and screen size. In addition, it 

enables the students to seek forward or backwards while watching a video or to view the assessment 

items by directly jumping to the question time (by clicking on the marker). The question display area 

shows the student the items in the question pool at video time. In the feedback area, the answers to the 

questions are given with the knowledge of whether they are right or wrong. Based on the feedback, the 

student can either press the "play" button to keep watching the video or seek over the timeline to try to 

clear up any misunderstandings. 

In summary, the tool that is integrated works with Moodle LMS and makes sure that the assessment 

items in the question bank show up at the correct times on the timeline in the student video-watching 

tasks. So students can receive instant feedback and increase their interaction. The teachers can 

investigate students' interactions with videos and their responses. 

 

Interaction Data 

The Interactive Video Player records students' formative assessment and interaction behaviors with 

videos in a new table created in the Moodle database by adding a single-line record for each behavior. 

These log records include the Moodle user ID, date and time stamp, interaction type, detailed 

information about the interaction, and video ID. Each interaction performed represents one row in the 

related table. In the interaction detail, information about question attempts and video interactions is 

provided (Figure 3).  
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Figure 3.  

Interactive video player log data 

 

 

The raw dataset must be processed to identify the students' strategies during their interactions with the 

video tasks and assessment items. For this purpose, a data preprocessing tool was developed for the raw 

data exported. During the data pre-processing, first, the duplicate records were removed. Then, the tool 

transforms the interactions into quantitative features including the number of video views of the 

students, video watching behaviors shown in different sessions, video timeline interactions such as play-

pause, seek, or marker clicking, number of wrong answers, number of correct answers, and number of 

question item views. As a result of the preprocessing, the following metrics were discovered regarding 

the students' interactive video player behaviors: 

n_Session: Total number of sessions for watching videos. 

n_QuestionMarkerAutoPause: Number of automated pauses by reaching the formative assessment item 

at a time on the video timeline. 

n_QuestionMarkerClick: Number of question views by clicking the marker. 

n_QuestionAnswerCorrect: Number of correct answers given to the formative assessment item on the 

video timeline. 

n_QuestionAnswerWrong: Number of wrong answers given to the formative assessment item on the 

video timeline 

n_TotalAction: Total number of interactions (play, pause, seek, etc.) performed on the video. 

d_Time: Total time spent watching videos. 

n_diffVideoCount: Number of unique video views. 

n_VideoLoad: Total number of views of the video page. 

n_VideoPlay: Total number of plays obtained by pressing the play button of the relevant video or 

clicking on a paused video. 

n_VideoPause: Total number of pauses obtained by pressing the pause button of the relevant video or 

clicking on the playing video. 

n_VideoSeek: Total number of seeks forward or backward on the video timeline. 

n_ForwardSeek: Total number of seek forward behavior on the video timeline. 
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n_BackwardSeek: Total number of seek backward behavior on the video timeline. 

Pilot Study 

The pilot study was conducted with second-year medical school students in an elective introductory 

programming course. The students were given a homework assignment that required them to watch 

videos and submit their code files. They were given a week to complete each assignment. Students were 

asked to watch two videos via the developed video player. One with embedded formative assessment 

questions and the other without interactive features (standard video). The students were first asked to 

watch a standard video and complete the task of developing a calculator application using Python. The 

following week, they were asked to watch the interactive video and develop a simple game. Formative 

assessment items were added to the video timeline for the second task. The game development video 

has 12 multiple-choice formative assessment questions on the video timeline. The students (N=12) who 

participated in this pilot study provided 3502 lines of interaction data. Descriptive statistics of the 

interaction data related to interactive video are given as an example in Table 2.  

 

Table 2.  

Sample descriptive statistics of student interaction in the interactive video 

Interaction Metrics Mean Median SD 

n_Session 1.58 1 .79 

n_QuestionMarkerAutoPause 3.42 2.00 4.14 

n_QuestionMarkerClick 4.42 2.00 5.90 

n_QuestionAnswerCorrect 20.08 20.00 6.42 

n_QuestionAnswerWrong 7.25 7.50 4.16 

n_TotalAction 123.58 111.50 41.77 

d_Time 53.00 50.00 16.17 

n_diffVideoCount 1.00 1.00 .00 

n_VideoLoad 2.58 2.50 1.17 

n_VideoPlay 40.92 31.00 23.43 

n_VideoPause 40.67 31.50 23.78 

n_VideoSeek 3.25 2.00 4.64 

n_ForwardSeek 1.83 .00 4.30 

n_BackwardSeek 1.17 .50 1.40 

 

Students were given a single video; therefore, a different video count metric is one (diffVideoCount). 

Students typically finish the task in one or two sessions (n_Session). Regarding formative assessment 

items, it may be claimed that students engage with them frequently (n_QuestionAnswerCorrect, 

n_QuestionAnswerWrong). While some students see the questions immediately by clicking the marker 

(n_QuestionMarkerClick), others wait until the video pauses automatically 

(n_QuestionMarkerAutoPause). In addition, students showed more playing and pausing (n_VideoPlay, 

n_VideoPause) behavior than seeking forward or backward (n_ForwardSeek, n_BackwardSeek). 

Students tend to watch coding video tasks linearly because these tasks often use the 

demonstration strategy. 

The watching behaviors of the paired students (N=9) in the two videos were compared in terms of the 

main metrics (play, pause, seek). As a result of the Wilcoxon Signed-Rank test (see Table 3), there is a 

significant difference in the seeking backward variable from the main metrics, such as video play, pause, 

and seeking forward and backward. The number of seeking backwards in the interactive video task is 

greater than the number of seeking backwards in the non-interactive videos (z = -2.88, p = .02). As a 

result; the Interactive Video Player provides essential information about the monitoring processes for 

students' videos containing formative assessment. Analyzing the data makes it possible to identify 

students' video-watching behaviors, make comparisons, and determine their strategies. 
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Table 3.  

Comparison of interaction metrics in interactive and non-interactive video players 

Metrics 
Non-Interactive Video Player Interactive Video Player   

Mean Rank Sum of Ranks Mean Rank Sum of Ranks z p 

n_VideoPlay 3.25 13.00 6.40 32.00 -1.13 .26 

n_VideoPause 3.50 14.00 6.20 31.00 -1.00 .31 

n_ForwardSeek 4.83 14.50 5.08 30.50 -.95 .34 

n_BackwardSeek 1.50 1.50 4.93 34.50 -2.32 .02 

 

Discussion 

The objective of researchers is to enhance the interactivity of classroom video materials to engage 

students better and facilitate their learning. (Fatima et al., 2019; Seo et al., 2021; Yürüm et al., 2022). 

Including video assessment segments can enhance the learning experience and provide valuable 

feedback (Mirriahi et al., 2021). Supporting these processes with video analytics can help develop 

individualized learning environments, identify students' learning strategies (Akçapınar & Bayazıt, 

2018), and experience a more effective learning process. Within the scope of this study, a tool has been 

designed and developed to track the students' question-answering and video-watching behaviors in the 

video-based learning tasks. Furthermore, this tool is integrated with Moodle LMS question pools and 

user information. Using the developed script, it is now possible to incorporate formative assessment 

items from the Moodle LMS question pool into the video timeline. Educators and researchers can also 

take advantage of this tool. 

The tool that has been developed comprises various interaction metrics like play, pause, number of 

views, and seeks. These metrics are similar to those used to collect video interaction data on Vimeo, 

Panopto, YouTube, and SocialSkip platforms. It includes formative assessment features like other video 

analytics tools and superior, unique features that surpass them. First, it contains a video marker and can 

dynamically add it to the video table for each added question. Thus, different approaches can be revealed 

while examining video-watching strategies, such as linear watching, progress with direct formative 

assessment, or watching by seeking forward or backwards. Furthermore, by analyzing the collected 

metrics, we can evaluate how the strategies are impacted based on whether the questions' answers are 

accurate. Another note is that this tool was created using PHP programming as an open-source project 

and seamlessly integrated with Moodle tables. It is possible to incorporate questions from the Moodle 

question pool into a video uploaded to the Moodle server. This allows for monitoring student interactions 

and opens avenues for exploring various tasks and evaluation methods Moodle offers in future studies. 

A significant limitation of the tool is that logging is not possible on the iOS operating system due to its 

player. 

Based on the pilot application results, it was found that student engagement with videos significantly 

increased when formative features were added to the materials. This indicates that incorporating 

assessment features can enhance student interaction with educational videos. The findings align with 

Zamzuri’s (2022) study, which noted that active learners engaged more with videos than passive 

learners. Therefore, we can infer that incorporating formative assessments and videos can promote 

active learning. Furthermore, Yürüm et al. (2022) noted that students often re-watch key sections in 

interactive videos. This may have led the students in the pilot study to consider these sections significant 

based on the feedback they received, resulting in increased interaction. According to Yoon et al. (2021), 

students with active learner profiles tend to engage with videos and display the behavior of seeking 

information. In our study, we observed that students tended to watch interactive videos with greater 

interest and sought less compared to standard non-interactive videos. This suggests that the interactive 

features of the videos served as a motivating factor for active learning. 

In further studies, we will explore how students approach their studies by analyzing their formative 

assessments and video interactions. Our goal is to understand how these materials aid the learning 

process and investigate the impact of video-based feedback on their behavior and learning outcomes. 
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To achieve these objectives, we plan to integrate our tool with different question types (such as matching 

and filling in the blanks) in Moodle's question pool. This will provide a broader range of questions for 

students to engage with. Additionally, we will incorporate reporting features for video usage and 

formative assessments on Moodle. This will enable students to receive automatic feedback based on 

their learning objectives and progress compared to their peers. 
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Abstract 

The purpose of this research is to examine the effects of providing resources for learning disabilities by the 

system and providing feedback regarding learning disabilities by the teacher within the scope of an online (web-

based) formative evaluation application for 10th grade secondary school students in mathematics course 

quadratic equations on students' success. In the research, a quasi-experimental design was used. Pre-test - post-

test achievement tests and follow-up tests were used. The research was conducted in the 2022-2023 academic 

year with a total of 302 students selected from 4 schools and 12 branches in Göksun and Andırın districts using 

the stratified, random cluster sampling method. Data were examined by one-way analysis of variance (ANOVA) 

and analysis of covariance (ANCOVA). According to the research results, it was determined that there was no 

statistically significant difference between the pre-test averages of the groups, but a statistically significant 

difference emerged in the post-test. Providing resources for learning disabilities by the system applied to the 

Experiment-2 group and Cognitive Diagnostic Modeling (CDM) for learning disabilities by the teacher. 

Providing detailed feedback according to the system, providing resources for learning disabilities by the system 

applied to the Experiment-1 group, and normal teaching applied to the Control group; It was determined that the 

system applied to the Experiment-1 group provided resources for learning disabilities and was more effective 

than the normal teaching applied to the control group. In addition, according to the results of the experimental 

process, Experiment-2 showed a higher level of improvement than Experiment-1 and Experiment-1 between the 

pre-post test averages of the Control group. 

 

Keywords: Online Formative Assessment, Cognitive Diagnostic Model, Academic Achievement 

 

Introduction 

Although evaluation has no standard use, it can be done in many different ways, in many different 

contexts, and for many different purposes. However, in general terms, assessment can be defined as 

the process of collecting information about student achievements (Phye, 1997). According to Black 

and Wiliam (2006), the first and most important purpose of evaluation in education is to support 

learning (Cited by Yan & Cheng, 2015). Formative assessment, on the other hand, contains features 

that will meet the needs of teachers, as it provides valuable information to both students and teachers 

(Cauley & McMillan, 2010). 

The main purpose of formative assessment is to provide feedback that can be used to increase the 

student's content knowledge, skills, and understanding. Strategies for obtaining meaningful feedback; 

The router should be response-specific, targeted, continuous, and delivered immediately (Shute, 2008). 
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Preparing a formative assessment application is a laborious and time-consuming task. In addition, 

extra time is needed outside the curriculum to give immediate feedback to the student after the 

assessment. Whereas, feedback for web-based formatting is usually embedded in the system. 

Evaluation for web-based formatting can be defined as evaluation practices in which the processes of 

evaluation and feedback to the learner are carried out through information and communication 

technologies. It is seen that there are many studies in which positive results are obtained for the 

learning process of the learner with formative assessment applications integrated into web-based 

learning environments (Brewer, 2004; Buchanan, 2000; Gardner, Sheridan, & White, 2002; Henly, 

2003; Justham & Timmons, 2005; Khan, Davies, and Gupta, 2001; Peat and Franklin, 2002; Velan, 

Kumar, Dziegielewski, & Wakefield, 2002). Web-based assessment makes it possible to evaluate 

independently of time and place. In addition, all interactions of the learner can be recorded and then 

this information can be directed to the learner (Bayrak & Yurdugül, 2015). Evaluation tools for web-

based formatting can be designed and used in order to eliminate time and space problems, contribute 

to the learning processes of learners, and provide immediate feedback to the learner (Cukusic et al., 

2014). 

Tekin (2010) determined that formative assessment has positive effects on success, attitude and 

remembering what has been learned in mathematics lessons. Formative assessment, which provides 

students with the opportunity to evaluate themselves and monitor their individual development, also 

contributes to the development of students' metacognitive awareness (Jones, 2007). 

Formative assessment helps to achieve individual and specific goals in the mathematics learning and 

teaching process (Ginsburg, 2009). The use of formative assessment in mathematics teaching 

contributes positively to the success of students (Tempelaar et al., 2012; Tekin, 2010). In addition, 

formative assessment positively affects students' attitudes towards mathematics and the permanence of 

the knowledge they have acquired (Tekin, 2010). 

Pierce and Ball (2009) recommend the use of technology in structuring mathematics-related 

assessment processes. By using technology in formative assessment in mathematics lessons, instant 

and individual feedback can be given to students (Stacey and Wiliam, 2013). Since formative 

assessment is a time-consuming practice for teachers and requires extracurricular work (Tekin & 

Özdemir, 2014), the use of technology in this process is important. 

With this research, a different way is proposed to determine student knowledge and skills. It may be 

possible to identify the learning deficiencies in students and obtain profiles regarding the subjects in 

which students are weak and strong. In the literature review, it was seen that formative evaluation 

studies have been carried out historically in the past (İnaltun 2018; Tor and Bektaş 2023). It has been 

determined that online measurement and evaluation studies have been carried out later, and in recent 

years, online formative evaluation studies have been carried out. Arslan and Yetkin (2020) stated the 

studies conducted in a content analysis study on the use of online evaluation systems in education. 

If we look at the studies carried out in recent years; In his study, Alır (2015) determined that he 

examined secondary school students' acceptance structures of the web-based formative evaluation 

system and their interactions with the feedback in the system. In 2016, Cabı examined student 

perceptions on e-assessment in distance education. It was observed that Demir (2017) discussed the 

effects of feedback given through computer-assisted formative assessment on the transfer of learning. 

Again, Başokçu et al. (2018), in their project study, realized the effectiveness of the cognitive 

memory-based monitoring model in order to increase Turkey's mathematics success in international 

large-scale exams. It was determined that another researcher, Hotaman (2020), conducted a study on 

the importance of formative assessment in terms of the success of online education. 

In addition, in this study, online (web-based) formative assessment application and monitoring tests 

were prepared according to Cognitive Diagnostic Modeling, and after the monitoring tests, teachers 

provided detailed feedback according to Cognitive Diagnostic Modeling. In Cognitive Diagnostic 

Modeling, instead of the total scores and questions in the test, each individual taking the test is 

measured regarding their possession of each feature/qualities and sub-features/qualities that are tried to 
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be measured in the questions, and the opportunity to give feedback based on this measurement is 

provided. For this reason, tests developed with Cognitive Diagnostic Models also serve to determine 

the educational needs of each student and provide feedback (Cheng and Chang, 2007). 

By looking at the studies conducted, it has been determined that the research on students' weak and 

strong knowledge levels and skill levels is quite limited and very few studies have been conducted in 

Turkey. In addition, it has been determined that such a study has never been conducted to determine 

learning deficiencies in the field of mathematics in order to monitor the development of success by 

providing detailed feedback according to Cognitive Diagnostic Modeling through online (web-based) 

formative assessment application. For this reason, it is thought that the results of this study will make 

important contributions to the literature. In the light of the information to be obtained by this method, 

an alternative assessment application will be presented for teachers. With the formative evaluation 

application, students will not be evaluated only according to level or result, but an evaluation that is 

not intended for grading will be made during the process. Teachers' information and technology 

literacy will increase, and there will be an opportunity to monitor the development of students' success 

and identify students' learning deficiencies by providing feedback through online (web-based) 

formative assessment application. 

In this study, Student/Teacher Support System (ÖDS) and Education Information Network (EBA) 

platforms created by the Ministry of National Education (MEB) were used. It is thought that the 

implementation of our study in a national infrastructure created by the Ministry of National Education 

(MEB) will provide easy applicability throughout the country, will not impose a lot of burden on 

practitioners, will be economical in terms of implementation, will be easily accessible, and will be a 

useful infrastructure application due to all these situations. In addition, implementing this study in a 

national infrastructure created by the Ministry of National Education (MEB) will provide a more 

reliable application infrastructure. 

It is thought that our study can contribute to policymakers in making decisions about the teaching 

process and curriculum and provide important information to researchers in their studies. 

The purpose of this research is to examine the effects of providing resources for learning disabilities 

by the system and providing feedback regarding learning disabilities by the teacher within the scope of 

an online (web-based) formative evaluation application for 10th grade secondary school students in 

mathematics course quadratic equations on students' success. 

In this research, the answers to the following sub-problems will be sought: 

1. How are the proficiency levels of the experimental and control group students in the field of Second 

Degree Equations learning before the experiment? 

2. How are the proficiency levels of the experimental and control group students in the field of Second 

Degree Equations learning after the experiment? 

3. Is there a difference between the pre-test and post-test results of the experimental and control group 

students in the field of Second Order Equations learning? 

 

Methods 

 

The research was conducted using a semi-experimental design. Semi-experimental designs are usually 

the best type of design that can be used in field studies where a person wants to make causal 

inferences. In the process of applying the semi-experimental design, the process of determining the 

groups is important. It is necessary to try to equalize the groups in which the research will be 

conducted as much as possible in terms of the variables subject to the research (Christensen, Johnson, 

& Turner, 2015). 

Information about the research design and data collection process is presented in Table 1. 



Journal of Measurement and Evaluation in Education and Psychology 

____________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 

 

348 

 

Table 1 

Research Design and Data Collection Process 

Group Pre-Test Experimental Procedure Final Test 

Experiment-2 İDDT 

Within the scope of the formative assessment application, the system 

provides resources for learning disabilities with a total score, detailed 

feedback by the teacher on learning disabilities according to CDM 

İDDT 

Experiment-1 İDDT 
Within the scope of the formative assessment application, the system 

provides resources for learning disabilities with the total score. 
İDDT 

Control İDDT No action will be taken İDDT 

İDDT: Second Degree Equations 

 

Table 1.as can be seen in the research, the experimental process of the research will be conducted 

through three groups in the form of Experiment-1, Experiment-2 and control group. The experimental 

groups were divided into two different groups within the research. Before the experimental procedure, 

the “Second Degree Equations Test (IDDT)” was applied as a preliminary test. The experiment-1 

group consists of 104 students; Experiment-2 consists of 102 students; and the control group consists 

of 96 students. As a result of the monitoring tests applied to the Experiment-1 students, the total score 

obtained by the system within the scope of the formative assessment application was indicated and 

resources for learning disabilities were presented. On the other hand, Experiment-2 students were 

given detailed feedback from the teacher for learning disabilities in accordance with the CDM, as well 

as the system's overall score as part of the formative assessment application as a result of the 

monitoring tests applied. According to the CDM, detailed feedback was made according to the 

characteristics and sub-characteristics that students wanted to acquire in the Mathematics course on 

Second-Degree Equations.  

Only pre- and post-tests were applied to the control group students. Experiment-1 and Experiment-2 

were created by the teacher to determine the effect of giving feedback according to CDM; the control 

group was formed to determine the effect of both monitoring tests and feedback. The “Second Degree 

Equations Test (IDDT)” was applied to all groups as the final test at the end of the experimental 

process. 

 

Working Group 

In the research, using the stratified, random cluster sampling method, a total of 302 students selected 

from 4 schools in Göksun and Andırın districts and 3 branches from each school and 12 branches were 

determined as the sample of the research. According to the design, the determined sample was divided 

into Experiment-1, Experiment-2 and Control groups in each school. Experiment-1 group consisted of 

102 students from 4 branches of 4 schools; Experiment-2, from a total of 104 students in 4 branches of 

4 schools; The control group consisted of 96 students in 4 branches of 4 schools. 

 

 

Application Process 

The research was carried out in a Science High School, two Anatolian High Schools and an Anatolian 

Imam Hatip High School located in Göksun and Andırın districts of Kahramanmaraş province. A total 

of four Mathematics teachers, one from each of the schools mentioned in the research, worked. During 

the experimental process of the research, three follow-up tests were applied to the 10th Grade 



Akpınar, Ş., & Çetin, B. / Investigation of the Effect of Online (Web-Based) Formative Assessment Applications on 

Students' Academic Achievement 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575 Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 

 

349 

Experiment-1 and Experiment-2 groups on the subject of Second Degree Equations in the 

Mathematics course for an average of 6 weeks. A pilot application of the test was carried out before 

each follow-up test application. In order to prepare the monitoring tests, they were created from the 

question pool in ÖDS (Student-Teacher Support System) affiliated with the Ministry of National 

Education, based on the achievements in the secondary school mathematics course curriculum, and 

opinions were received from mathematics teachers working at the school and experts in the fields of 

measurement and evaluation for the content validity of the questions. An achievement test was created 

by randomly selecting questions from the pool to measure each achievement. 

The prepared follow-up tests were sent to the relevant groups via ÖDS (Student-Teacher Support 

System) at 2-week intervals, according to the subject achievements. IDAT (Quadratic Equations test) 

was used as pretest and posttest at the beginning and end of the application. Figure 1 shows the screen 

where students can enter the ÖDS system. 

 

Figure 1 

STUDENT/TEACHER SUPPORT SYSTEM (ÖDS) Login Screen 

 

 

During the implementation process, after a lesson was taught approximately every two weeks and the 

relevant achievement was given, the monitoring test was uploaded to the ÖDS system and the 

necessary sharing and information was provided for the students to access the questions. Students 

logged into the system using their computers, tablets or smartphones. Then, the students solved the 

follow-up tests whenever and wherever they wanted. An example of a screen showing the total scores 

students received after their answers and the resources for their learning disabilities is shown in Figure 

2. 

 

Figure 2 

ÖDS Assignment Result Screen 
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At the end of the application, the follow-up test results for the Experiment-2 group were examined one 

by one through the ÖDS system. For each student's learning disabilities, detailed feedback and 

assignments were made by the teacher according to CTM (Cognitive Diagnostic Modeling) over the 

EBA system, which is also a different application. According to CDM, detailed feedback was given 

according to the characteristics and sub-features that students wanted to gain in the Mathematics 

lesson Second Degree Equations. These feedbacks were given to the same students by the same 

teachers after three follow-up tests with two-week intervals. Experiment-1 and Experiment-2 group 

students were advised to watch the lesson videos suggested by the system before each viewing test, 

but their viewing status could not be followed. It was thought that making a force on this subject 

would create forcing results for both the practice teachers and the students of the experimental groups.  

An example of a screen showing the message sent by the teacher via the EBA system is presented in 

Figure 3. 

 

Figure 3 

EBA Message Screen 

 
 

Data Collection Tools 
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As a data collection tool, the “Second Degree Equations Test (IDDT)” was applied as a pre-test and 

post-test before and after the experimental process. 

 

Second Degree Equations Test (IDDT) 

 

The Second Degree Equations Test “IDDT” was used to measure the pre- and post-application 

knowledge levels of the students in the experimental and control groups about second degree 

equations. In order to develop the test, a question pool was created based on the achievements in the 

secondary mathematics curriculum for the validity of the questions, opinions were obtained from 

mathematics teachers working in schools and experts in the field of educational programs and 

teaching. The questions from the pool were randomly generated to measure each win. The pilot 

application of the test was carried out before the application of the Second Degree Equations Test. 

Item analysis was performed after the pilot application. As a result of the analyses carried out after the 

pilot application and in accordance with the expert opinion, an 18-question Second-Order Equations 

Test was created. The KR-20 value of the test is 0.89. According to this result, IDDT is reliable. 

 

Analysis of the Data 

Before the statistical analyses, it will be tested whether the quantitative data meet the prerequisites of 

the analyses. In this context, loss value analyses, normality test and homogeneity of variances were 

checked. 

In the study, whether the differences between the pre-test score averages of the groups were significant 

was examined by one-way analysis of variance (ANOVA). 

Covariance analysis (ANCOVA) is one of the most frequently used analyses in experimental designs 

using pre-post test. In this analysis, in which the pre-test scores are taken as covariates, the differences 

between the groups are calculated by checking the pre-test scores Decently. According to the fact that 

the pretest scores did not differ between the groups in the research design, they were examined by 

covariance analysis of the experimental process. 

 

Results 

Pre-Test Variance Analyses for the Proficiency Levels of Research Groups in the Field of Second 

Degree Equations Learning Before the Experiment 

The results of the analyses conducted to decipher whether there is a significant difference between the 

group averages of the pre-test scores of the students in the research groups are given in Table 2 and 

Table 3: 

 

Table 2 

Descriptive Statistics of the Pre-Test Total Scores 

Group N x̄ s Skewness 

Control   96 4.00 1.66 .33 

Experiment1(System) 102 4.06 1.79 .22 

Experiment2(Feedback) 104 3.92 1.58 .13 

Total 302 4.01 1.67 .24 
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When Table 2 is examined, it is seen that the total pre-test scores of the research groups are between 

the deciency coefficients of -1.1 for all groups. These results mean that not all groups showed 

excessive deviations from the normal distribution (Leech, Barrett, & Morgan, 2007). However, the 

Levene statistic shows that the variances of the groups are homogeneous (.525, p>0.05). This indicates 

that the data set meets the assumptions of ANOVA analysis. 

Table 2 shows the differences between the pre-test score averages of the research groups when 

examined .06, .08 and .it is seen that it is 14. One-way analysis of variance (ANOVA) was applied to 

determine whether these differences were significant. The results of the analysis are given in Table 3. 

 

Table 3 

ANOVA Analysis of the Pre-Test Scores of the Groups 

 
Sum of  

Squares 

 
sd Mean Square F P 

Between Groups       .96      2   .48 .17 .85 

Within Groups 845.03  299 2.83   

Total 845.98  301    

 

When Table 3 is examined, no significant difference was found between the pre-test scores of the 

research groups (F(2-301) = .17, p>.05). These findings show that the pre-test scores of the research 

groups are equal. 

 

Post-Test Analysis of Variance for the Proficiency Levels of the Research Groups in the Field of 

Learning Second Order Equations after the Experiment 

 

The results of the analyses carried out to reveal whether there is a significant difference between the 

group averages regarding the post-test scores of the students in the research groups are given in Tables 

4 and 5: 

 

Table 4 

Descriptive Statistics of Post-Test Total Scores 

Group N x̄ s Skewness 

Control   96 8.44 3.40 .72 

Experiment1(System) 102 10.16 3.33 .57 

Experiment2(Feedback) 104 12.11 4.04 .92 

Total 302 10.28 3.90 .16 

 

 

When Table 4 is examined, it is seen that the total pre-test scores of the research groups are between 

the deciency coefficients of -1.1 for all groups. These results mean that not all groups showed 

excessive deviations from the normal distribution (Leech, Barrett, & Morgan, 2007). However, the 

Levene statistic (.09, p>0.05) shows that the variances of the groups are homogeneous. This indicates 

that the data set meets the assumptions of ANOVA analysis. 
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When Table 4 is examined, it is seen that the differences between the decal-test score averages of the 

research groups are 1,719, 1,949 and 3,668. One-way analysis of variance (ANOVA) was applied to 

determine whether these differences were significant. The results of the analysis are given in Table 5. 

 

Table 5 

ANOVA Analysis of the Post-Test Scores of the Group 

 
Sum of 

Squares 

 
sd Mean Square F P η2 Groups Difference 

Between Groups   674.13      2 338.06 25.85 .00 .15 Exp-2-Exp-1;  

Exp-2-Control; 

Exp-1-Control 

Within Groups 3898.95  299   13.04    

Total 4573.08  301     

 

When Table 5 is examined, there is a statistically significant difference between the post-test scores of 

the research groups (F(2-301)= 25.85, p>0.05). The significance of the difference in the group effect 

(η2 = .12), it can be stated that it is of medium effect size. The differences between the groups were 

examined by the Bonferroni tes According to the results of the Bonferroni test, the mean of the final 

test of Experiment-2 group (M=12.11, s=4.04) is statistically higher than the mean of Experiment-1 

(M=10.16, s=3.33) and the Control group of final tests (M=8.44, s=3.40). In the same way, it was 

found that there was a statistically significant difference between the post-test averages of the 

Experimental-1 group and the control group in favor of the Experimental-1 group.  

 

3. Covariance Analysis of the Experimental Process 

 

Another analysis that is frequently used in experimental patterns using pre-post test is covariance 

analysis (ANCOVA). In this analysis, in which the pre-test scores are taken as covariates, the 

differences between the groups are calculated by checking the pre-test scores decently. Although it 

was seen that the preliminary test scores did not differ between the groups in the research pattern, it 

was found that the experimental process should be examined again by covariance analysis taking into 

account the sample size. ANCOVA results for final test scores are given in Table 6. 

Table 6 

ANCOVA Analysis of the Final Test Scores 

 
Sum of 

Squares 

 
sd Mean Square F P η2 Groups Difference 

 Pre-Test    2080.42      1 2080.42 340.92 .00 .534 Exp-2- Exp -1;  

Exp -2-Control; Exp -1-

Control 

Group       724.29      2 362.14   59.34 .00 .285 

Error    1818.53  298 6.10    

Total  36497.00  302     

 

According to the analysis results in Table 6, when the differences between the pre-test scores of the 

groups were controlled, it was found that the differences between the post-test scores of the groups 

were significant. (F(2,302) = 59.34, p=.00). The Deciency between which groups the difference was 

significant was examined by the Bonferroni test. According to the analysis results, it was found that 

there was a significant difference in favor of Experiment-2 Deciency between Experiment-2 
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(M=12.22) and Experiment-1 (M=10.05) and Control (M=8.43) groups. At the same time, the average 

of the Experimental-1 group is also statistically significantly higher than the control group. 

The change in marginal averages is given in Figure 4. 

 

Figure 4 

Marginal Group Averages 

 
 

When Figure 4 is examined, the change in the averages of the groups between the pre and post test is. 

The difference between the pre- and post-test in each group was found to be statistically significant. 

However, considering the common effect, it is observed that the average final test score of the 

Experiment-2 group increased statistically at a higher level than both groups, and the Experimental-1 

group increased statistically higher than the Control group. 

 

Discussion and Conclusion 

The purpose of this research is to examine the effects of providing resources for learning disabilities 

by the system and providing feedback regarding learning disabilities by the teacher within the scope of 

the online (web-based) formative assessment application of secondary school 10th grade students in 

mathematics course quadratic equations on the students' success.  

According to the results obtained, it was determined that there was no statistically significant 

difference between the pre-test averages of the groups, but a statistically significant difference 

emerged in the post-test. The post-test average of the Experiment-2 group was higher than the post-test 

average of the Experiment-1 and Control groups; The post-test mean of the Experiment-1 group also 

showed a statistically significant difference from the post-test mean of the control group. In addition, 

according to the results of the experimental process, Experiment-2 showed a higher level of 

improvement than Experiment-1 and Experiment-1 showed a higher level of improvement between the 

pre-post test averages than the Control group. 

According to the results of the research, the system applied to the Experiment-2 group provided 

resources for learning deficiencies and the teacher provided feedback regarding learning deficiencies, 
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the system applied to the Experiment-1 group provided resources for learning deficiencies, and the 

normal education applied to the Control group; It has been determined that the system applied to the 

Experiment-1 group and the provision of resources for learning disabilities are more effective than the 

normal education applied to the Control group. 

When the literature related to the study is examined, results that support our research results are seen.  

Baleni (2015) stated in his study that effective online formative assessment can foster student and 

assessment-centered focus through formative feedback and enrich student engagement with valuable 

learning experiences. Ongoing reliable assessment tasks and interactive formative feedback have been 

identified as important features to deal with intimidations towards rationality and reliability in the 

online formative assessment environment. 

Başokçu et al. (2018) in their project study, no difference was observed between the pre-test averages 

between the Experiment-1 group, which was given detailed feedback, and the Experiment-2 group, 

which was given feedback only on the total score, and between Experiment-2 and the Control group, 

which was not given any feedback, while the final significant differences were detected in the test 

averages. 

In the study of Hotaman (2020), it was evaluated that formative assessment, which can provide 

students with the necessary rapid feedback during online courses, will become important for success. 

Hotaman's study is parallel with our research result, showing that the Experiment-2 group, receiving 

feedback from both the system and the teacher, and the Experiment-1 group, receiving feedback from 

the system alone, were more effective than the Control group, which received no feedback. 

In their study, Karadağ and Özgür (2021) stated that more feedback should be given to learners 

regarding the learning and evaluation process. Additionally, Demir (2017) stated in his study that the 

average scores of students who received detailed feedback increased more than other groups. Both 

Karadağ and Özgür (2021) and Demir (2017) found that the Experiment-2 group, receiving feedback 

from both the system and the teacher, performed better than the Experiment-1 group, which received 

feedback from the system alone. 

Pekcan and Toraman (2022) stated in their study that measurement and evaluation in distance 

education is useful in detecting learning deficiencies and increasing the quality of learning. The result 

stated by Pekcan and Toraman (2022) supports the conclusion that we obtained as a result of our 

research that the average of the groups in which online formative evaluation was applied is more 

effective than the average of the group in which online formative evaluation was not applied and 

student success is higher. 

Hannah, James and Williams (2014); Shirley and Irving (2015); Reeves, Gunter and Lacey (2017); 

Faber, Luyten and Visscher (2017); In their study, Pemberton (2018) concluded that technology-

supported formative assessment practices in mathematics education have a positive effect on student 

success. All these results are parallel to the result we obtained form our research that online formative 

assessment application increases students mathematics achievement. 

The following recommendations are made according to the experiences gained during the study and 

the results of the study.  

In this study, the Student/Teacher Support System (ÖDS) system created by the Ministry of National 

Education (MEB) was used. Since the teacher does not have a link to send messages to students in the 

ÖDS system, the Education Information Network (EBA) created by the Ministry of National 

Education (MEB) was used. According to the results of our study, the provision of resources for 

learning disabilities by the system applied to the Experiment-2 group and the feedback provided by the 

teacher for the learning disabilities differed statistically significantly from the system applied to the 

Experiment-1 group and the normal teaching applied to the control group showed a higher level of 
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improvement among the pre-post test averages. Considering this result, it will be a more useful system 

if a message link is added to the ÖDS (Student/Teacher Support System) by the Ministry of National 

Education (MEB). 

Again, in the studies carried out during the study process, a sufficient amount of question and solution 

videos were found for the subject studied in the ÖDS system. However, in the examination of other 

courses and topics, it has been determined that some courses and topics do not have enough questions 

and solution videos. It is recommended to increase the questions and solution videos of all the lessons 

and subjects in the ÖDS system in a sufficient amount in order to contribute more to the scientific 

studies to be made and to the students. According to the results of our study, the Experiment-2 group, 

which was given detailed feedback and assignment according to CDM (Cognitive Diagnostic 

Modeling) through the EBA system by the teacher for the learning disabilities of each student, differed 

significantly from the other groups and showed a high level of improvement from the other groups. . 

In addition, it has been determined that the online (web-based) formative assessment application also 

increases the academic success of the students. Considering these results, it is recommended that our 

teachers use online (web-based) formative assessment applications and, in particular, provide detailed 

feedback and assignments according to CDM (Cognitive Diagnostic Modeling). 

As a result of our study, it was determined that the online (web-based) formative assessment 

application increased the academic success of the students. It can be interpreted that the source of the 

change in this result is the process-based, non-grading, online (web-based) formative assessment 

application that has no time and place limitations, as well as detailed feedback on more specific sub-

features under the outcome, not just based on the outcome. Considering the result of our study, it is 

thought that increasing the studies on online applications and using CDM in giving feedback will 

serve to make clearer sentences on this subject. 
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Abstract 

A case study that included 26 English Language teacher candidates was designed to develop an evidence-based 

measurement curriculum in Turkey, examining teacher candidates’ experiences on the newly developed course 

and taking remedial actions to update the syllabus if needed. Data was collected using multiple sources: a pre-

course survey, a weekly discussion board on Edmodo and a post-course survey. Survey data obtained from rating-

scale items was analyzed using descriptive statistics and data visualization packages embedded in R. Open-ended 

survey data and discussion board data were content-analyzed using MaxQDA software. The results revealed that 

students had limited awareness regarding assessment for learning concepts and digital tools that could be used for 

assessment for learning purposes at the beginning of the course. Course content, in-class activities and projects 

helped them develop hands-on skills in developing sound language assessments as well as raised their awareness 

with respect to the importance of computer-based language assessment.  

 

Keywords: Digital literacy, Language assessment, Computer-based assessment, Language assessment literacy, 

English language teaching 

 

Introduction 

Digital literacy is an important 21st century skill for teacher candidates. The idea of literacy practice in 

the 21st century has been dramatically impacted by the technological revolution and globalization, 

which highlights the necessity for educators to implement effective teaching strategies that include or 

blend traditional and emergent literacies (Yang et al., 2022). They can discuss the learning material in 

greater depth and provide more sophisticated knowledge in the context of daily life (Comeaux, 2002). 

Technology improves teaching and assessment capacities and opens doors for growth and variety in 

how learners are evaluated, including textual communication skills, cooperation, teamwork, and 

reflective thinking (Eyal, 2010; Liang & Creasy, 2004). Additionally, by assigning assessment activities 

and allowing students to progress at a speed that suits their needs, digital environments can address the 

diversity of learners (Alderson, 2000). The use of digital technologies in assessment becomes even more 

important for domains where performance-based skills (i.e., speaking) are at the forefront, necessitating 

English Language Teaching (ELT) teachers to utilize technology to design and conduct effective 

performance-based assessments. However, the Turkish ELT programs’ curriculum lacks supporting 

teacher candidates to gain the needed skills for planning and implementing technology-enhanced 

assessment.  

Since English is the most widely used language for commerce and international communication, many 

non-English speaking nations have long been affected by English on a global scale, and Turkey is no 
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exception (Balıkcıoğlu Akkuş & Altay, 2023). Consequently, it has become necessary to adopt modern 

educational policies and procedures in order to stay up with the most recent advancements in foreign 

language education. Learning English is viewed as a necessity for university students to achieve 

academic success and to have better career chances in the future, along with the rise in partly-English 

and fully-English departments in higher education (Doğançay-Aktuna & Kızıltepe, 2005). As a result, 

there is a lot of work being done to help learners acquire the language skills they need and to enhance 

their communicative and linguistic proficiency, but this process is not without its challenges 

(Balıkcıoğlu Akkuş & Altay, 2023). 

It is clear that technology is employed in every course in educational settings nowadays. Technology, 

which is employed in many courses for various reasons and methodologies, not only enhances the 

lectures for students but also has a good impact on their achievement. The student whose course 

achievement rises also has a favorable view of their learning, gets more engaged in class, and gains self-

assurance towards learning. The ability to acquire knowledge in only a few seconds is one of 

technology's greatest contributions to learning environments. In addition to books, like in traditional 

teaching, platforms with various software and features based on the internet are also used to gain the 

knowledge and skills linked to numerous themes in different classes; nevertheless, it is also crucial to 

note that this method of learning is not the only one (Arslan, 2023). 

According to Vähäsantanen (2015), curriculum change is viewed as a dynamic and multifaceted reality 

in teachers' professional lives. To effectively support the objectives of curriculum reform, EFL teachers 

must continuously improve their professionalism (Jiang and Zhang, 2021). However, the cultivation of 

teachers' new roles as well as ongoing learning are both essential to the professional growth of EFL 

teachers (Jiang, 2022; Lei & Medwell, 2022; Lei & Xu, 2022; Tao & Gao, 2017; Vähäsantanen & 

Eteläpelto, 2009; Yang, 2015). 

Uzun (2016) explained that teacher training programs (TTP) in Turkey have undergone extensive 

investigation and modification since institutions and faculties of education were established. This has 

resulted from the innovative approaches to and models of teaching that have been suggested by the 

trends and findings of the time. However, despite a willingness to adopt international patterns, the 

Turkish educational system has had significant issues bridging theory and practice.  

The challenges to technology integration that instructors perceive have been the subject of numerous 

research (Atman Uslu, 2022). According to Mercader & Gairin (2020), barriers such as a lack of 

education, ignorance of digital technology teaching methods, a lack of planning, an excessive workload, 

a lack of time, the generational divide, technophobia, a lack of evaluation and incentives were given 

priority by university teachers. According to a study done with Indonesian instructors, there are 

significant challenges, including a lack of expertise and experience in ICT education, a lack of time and 

resources, and a bad Internet connection (Muslem et al., 2018). 

This study intends to investigate the development of a technology-enhanced measuring curriculum for 

training English language instructors for the twenty-first century in Turkey. As technology presents 

several chances to improve teaching efficacy, engage students, and promote authentic language 

acquisition, its integration into language instruction has grown in importance (Greenier et al., 2021). 

However, effective technology integration calls for teachers to have a firm grasp of both language 

pedagogy and technological resources (Jiang, 2022). 

The suggested curriculum places a strong emphasis on the measuring side of teaching languages, 

acknowledging the crucial role that evaluation and assessment play in determining how best to teach 

and keeping track of student progress (Lei, 2022). It seeks to provide English language instructors in 

Turkey with the knowledge and abilities required to successfully plan, carry out, and assess 

technologically enhanced exams. 

This curriculum intends to enable instructors to use technology in their teaching practices while also 

assuring the validity, reliability, and fairness of assessment procedures by addressing the unique 

demands and challenges faced by English language teachers in the Turkish setting (Arslan, 2023). The 

curriculum is made to give instructors awareness of a range of technology resources and tools that might 
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improve measurement, enabling them to build fun and interactive tests that accurately reflect students' 

language (Atman Uslu, 2022). 

In conclusion, developing a technology-enhanced measuring curriculum for English language 

instructors in Turkey is an essential first step in preparing teachers for the opportunities and difficulties 

of the 21st century. Teachers can use technology to develop relevant evaluations that support good 

language learning outcomes by including it in the measurement process. This curriculum aims to 

empower English language instructors by giving them the knowledge and abilities they need to 

successfully navigate the digital world and deliver high-quality instruction to their students in a society 

that is continually changing (Arslan, 2023). 

 

Curriculum Innovation in ELT  

The term "curriculum evaluation" is a set of actions used to gather data on how policies, programs, 

curricula, courses, educational software, and other instructional resources operate and have an impact 

on students (Gredler, 1996). The creation, implementation, and maintenance of curricula depend on 

curriculum evaluation. The goal of curriculum assessment is to ascertain the advantages and 

disadvantages of the curriculum before implementation as well as the efficiency of its delivery following 

implementation. The health of education and its programs depends on evaluation (Ornstein & Hunkins, 

2014). Moreover, Posavac and Carey (2003) explain six purposes of program evaluation which are to: 

 

a. assess unmet needs,  

b. document implementation,  

c. measure results,  

d. compare alternative programs,  

e. provide information to maintain and  

f. develop quality and detect negative side effects.  

 

Peacock (2009) claims that establishing a causal link between expectations and results is no longer the 

only emphasis of program assessment. Instead, it is increasingly used to make program decisions based 

on a range of systematic data collecting and analysis methods that are related to effectiveness, efficiency, 

value, and appropriateness. 

The Council of Higher Education (CoHE) decided on, reorganized, and introduced ELTTP in Turkey in 

the 2006–2007 academic year. The package program is used consistently throughout Turkey's English 

Language Teaching (ELT) Departments, despite possible minor variations in course titles, content, and 

methods among various universities. The technical courses in the proposed curriculum were designed 

to advance knowledge in the specialized field of English language (EL) instruction. Thus, the technical 

courses concentrated on additional EL education-related topics (such as linguistics, pragmatics, syntax, 

discourse analysis, etc.) as well as on related fields that could aid in the implementation of EL teaching 

and/or learning (such as computers, English literature, scientific research methods, testing and 

evaluation, materials development, etc.). The development of 21st-century skills that may be strongly 

linked to successful ICT use can naturally be anticipated to benefit from and be assisted by these types 

of courses. There are 18 total technical courses throughout the whole curriculum (49 credits-75 ECTS). 

Sixteen instructional courses make up the entire program's total (59 credits-81 ECTS). 

Since the CoHE revised the curricula of the education faculties in 2018 to be responsive to the shifting 

demands and needs of the social, educational, and political domains as well as local, national, and 

international requirements, the current ELT program has been in use. The new program comprises a 

great number of obligatory and a few elective courses. The program's components include general 
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knowledge, field knowledge (linguistic competence), teacher education (pedagogic competence), and 

teaching practice. The new curriculum (Seferoğlu, 2006) appears to place greater emphasis on teaching 

technique and practice components than the previous one, which was in operation from 1998 until 2006. 

The courses have a total of 175 class hours, of which 143 hours are spent on theory-based coursework 

and 32 hours on practice-based coursework such as teaching techniques, computer skills, unique 

teaching methods, and so on. 

 

Essential Characteristics of English Language Teachers  

According to Nunan (2003), an ideal teacher should have the following four types of essential qualities: 

a general level of education, subject competence (a certain level of English proficiency is required), 

professional competence (such as planning and management skills), and positive attitudes and beliefs. 

In addition, Selvi (2010) mentioned cultural competency among the teaching competencies and subject 

skills should be attained to a greater degree before joining the faculty so that trainees may focus more 

on learning how to teach English and spend less time studying English. 

Shulman (1987) recommends creating three more knowledge domains in addition to these three, namely 

knowledge of learners and their characteristics, knowledge of educational environments, and 

understanding of educational purposes (as cited in Grenfell & Jones, 2003). Technology should be 

incorporated into the curriculum, according to Nunan (2003). In this approach, teacher candidates might 

be informed about contemporary technology and their instructional applications. Nevertheless, the 

curriculum (Karakas, 2012) covers these areas of expertise excessively. 

The distribution of pedagogical and linguistic courses may change because only three elective courses 

are available at the institutions' discretion, but language assessment courses are unaffected because 

elective courses are primarily made up of field-related subjects. As a result, the general distribution of 

the courses in the standardized program would remain roughly the same. If more technologically 

informed educational processes are incorporated in the courses that will teach both innovative 

knowledge of the subject and how these may be embedded in creative classrooms, teachers can increase 

both their pedagogical abilities and also their technical skills. 

 

Some Studies on Educational/Language Program Evaluation 

Early studies focused on debating certain ideological, social, and political issues, helping aspiring 

language teachers find the best and most suitable training programs, or creating new models that adopted 

preexisting program evaluation models and modified them for the evaluation of educational and 

language programs (e.g., Collins, 1992; Grosse & Benseler, 1991; Lynch, 1990). Interest in this field 

has grown as the potential of evaluation and assessment has been identified and proven in educational 

environments. There has been an enormous amount of research into the evaluation of educational 

programs, both internationally (e.g., Angell et al., 2008; Dunworth, 2008; Fox & Diaz-Greenberg, 2006; 

Harris, 2009; Lee et al., 2008; Llosa & Slayton, 2009; Lozano et al., 2002; Lozano et al., 2008 Luke & 

Britten, 2007; Peacock, 2009; Rivera & Matsuzawa, 2007; Rolstad et al., 2005; Romeo & Dyer, 2004; 

Sullivan, 2006) and in Turkey (e.g., Biyik, 2007; Coskun, 2009; Er, 2006; Erdem, 2009; Güven & 

Demirhan Iscan, 2006; Oguz, 2009; Uslu, 2006; Yildiz, 2003; Yilmaz, 2005; Zehir Topkaya & Kücük, 

2010). None of the aforementioned studies, however, looked at the ELTTP from the perspective of the 

current study, that is, whether the program meets and satisfies the needs of the teacher trainees and to 

what extent each course in the ELTTP has been helpful in terms of the sufficiency and efficiency of the 

lecturers/instructors, the contents of the given courses, and their practicality. In order to fill this vacuum 

in the literature, the current study explores these elements from the perspective of the students. 

 

Curriculum Innovation and ICT Integration in Language Assessment   

Turkey made various changes to its educational system to improve educational monitoring. ICT 

integration into instruction was one of the main goals of the 2005-launched curriculum reform 



Şentürk, B., Aksu Dünya, B.  & Demir, M. C. / Training 21st Century English Language Teachers in Turkish 

Context: Development of a Technology-Enhanced Measurement Curriculum 

___________________________________________________________________________________ 

 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 

363 

initiatives, which attracted the attention of numerous stakeholders while significantly altering the whole 

national curriculum. One language testing and assessment (LTA) course is being offered as a required 

course at the eighth semester of the fourth year of undergraduate education, and a measurement and 

evaluation course (MEC) related to general testing and assessment in education is being taught in 

Turkish in the sixth semester, according to the curriculum created and revised in 2009 by the CoHE in 

Turkey. 

Currently, it appears that there is no parallelism between the semesters in which the ELTEC and MEC 

are taught when looking at the course catalogs of EL teacher education programs in Turkey. Intriguingly, 

some universities (such as Bahçeşehir and Maltepe Universities) only include a measurement and 

evaluation course taught in Turkish, where terms and principles of testing and assessment in education 

are taught in general, not specifically relating them to language teaching and learning, while other 

universities (such as Boğaziçi and Istanbul Bilgi Universities) offer specific language testing and 

assessment courses. The language assessment literacy development of pre-service EFL teachers and the 

teacher educators who are in charge of preparing these future EFL teachers to conduct accurate and 

appropriate assessment practices when they start their careers are likely to face difficulties as a result of 

these inconsistencies among the EL teacher education programs in Turkey. In order to fully understand 

ELTEC in Turkish EL teacher education programs, it is important to include the perspectives of ELTEC 

instructors and pre-service EFL teachers. This will help to create a thorough image of the organization. 

Aiming to fill this gap, we initiated an elective course titled “Computer-Assisted Educational 

Measurement” that can be modeled by other ELT programs. This study has two purposes: a) Presenting 

curriculum development stages for the program and b) conducting an impact analysis to revise the 

curriculum and take remedial actions if needed. To address these objectives, the following research 

questions were examined: 

 

Pre-course questions: 

1. To what extent were the student teachers aware of the various digital tools in language assessment at 

the beginning of the course?  

2. What are the student teachers’ perceptions regarding the potential drawbacks of using computers and 

digital tools in order to design language assessments?  

3. What are the initial survey results suggested for the elective course curriculum? How is the final 

course curriculum that was designed based on stakeholder data? 

 

Post-course questions: 

4. Which digital assessment tools do the student teachers plan to use in their future teaching?  

5. What does the student teachers’ survey data suggest in terms of student perception change through 

the semester? 

6. What remedial actions should be taken on the course curriculum and activities for a similar course? 

 

Methods 

 

Research Design 

This study employed a single case study approach to examine teacher candidates’ experiences on a 

newly developed course. Case studies help researchers deeply understand similar cases such as a class, 

course, school, or a community (Cohen et al., 2007). The study was conducted over the course of the 



Journal of Measurement and Evaluation in Education and Psychology 

____________________________________________________________________________________ 

___________________________________________________________________________________________________________________ 

ISSN: 1309 – 6575Eğitimde ve Psikolojide Ölçme ve Değerlendirme Dergisi 
Journal of Measurement and Evaluation in Education and Psychology 364 

2021-2022 academic year after obtaining ethical approval from the institutional research board. The 

course titled “Computer-Assisted Educational Measurement” was offered for the first time as an elective 

course in the ELT program at a public university that can be modeled by similar ELT programs in the 

future. The course’s main objective was to train ELT teacher candidates in using technology while 

assessing second language skills effectively in different language domains.  

 

Participants 

The study included 26 sophomore (equivalent to the 3rd year in the program) ELT teacher candidates 

who were identified through convenience sampling at a public university. They were admitted to the 

program based on a nationwide standardized large-scale assessment. Despite not having previously 

enrolled in any digital literacy or technology courses within the program, the participants successfully 

completed the fundamentals of assessment course, which is a standard, mandatory course offered in 

College of Education programs in Turkey. The convenience sampling approach was chosen due to its 

suitability for the research context. This particular approach was selected because one of the researchers 

had the opportunity to offer the course within the ELT program with the aim of designing an innovative 

and need-based course. Thus, the researchers were able to access a readily available pool of participants 

who were directly involved in the program, enhancing the relevance and practicality of the study's 

findings. 11 (42.3 %) of the students were female and 15 (57.7 %) of the students were male. Before the 

semester started officially, all sophomore ELT teacher candidates in the department were invited to 

participate in a pre-course survey. After analyzing survey data, the researchers finalized and announced 

the course syllabus to the faculty’s course offering catalog. The course syllabus is presented in Appendix 

A. All the sophomore ELT students (n=26) registered for the elective course. In addition, one student 

from the Psychological Counseling Department registered for the course due to his personal interest in 

the subject matter.  

 

Course Procedure 

The class met weekly at a regular time through Zoom (2022) since it allowed file-sharing, group activity 

in small rooms, interaction with peers and with the instructor as well as effective video-conferencing. 

The course instructor, whose expertise is assessment and measurement, offered this specific class for 

the first time due to the existing gap in ELT teacher education programs.  The class was held over 13 

weeks by following a traditional flipped learning approach. Each week, the instructor posted course 

materials that included short tutorials, videos, articles, and a discussion board question relevant to the 

associated week’s topic. The discussion board activity consisted of an integral part of the formative 

assessment in the class since it promoted students to conduct their own research before coming to class, 

reflect on the topic and interact with their peers. The rubric that was used to evaluate students’ 

performance on the discussion board is presented in Appendix B. The synchronous course activities 

included Kahoot and Edmodo quizzes, pools over Edmodo, and brainstorming activities on Zoom, 

followed by the weekly lecture. 

 

Data Collection and Analysis  

The data collection and analysis procedures can be dissected into four phases as presented in Figure 1. 

First, students’ initial perceptions, needs and awareness were examined through a pre-course survey and 

an initial discussion board activity. Their course participation, engagement with the subject matter and 

changing expectations were tracked through weekly discussion board activities, two large-scale projects, 

and self-evaluation activities. In the last phase of the study, course effectiveness, student change and 

prospective updates on the curriculum were evaluated through post-course surveys and learning 

management system (LMS) user data. The details of each study phase are presented below. 
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Figure 1 

Phases of the Study  

 

Diagnostic Assessment for Evidence-Based Curriculum Development: Data Collection and Analyses  

A survey was designed and implemented before the semester started to understand students’ awareness, 

perceptions and needs in terms of computer-assisted language assessment. The survey consisted of a 

total of 26 rating-scale items asking about students’ previous computer-based assessment (CBA) 

experiences and expectations from the course. The design of the survey was informed by existing 

literature on computer-assisted language assessment in order to determine the key elements of the 

concept. Once the survey items were developed, they underwent expert reviews conducted by two 

specialists, including a measurement expert and a language expert. These efforts contributed to the 

content validity evidence. 

The data was collected by the teaching assistant through the course LMS before the instructor introduced 

herself in order to eliminate any social-acceptability bias effect. Data analyses included the calculation 

of item-by-item descriptive statistics. In addition, a discussion board activity was held before the first 

week in order to understand what some key concepts such as CBA and assessment for learning (AfL) 

refer to the students, as seen in Figure 2. The qualitative data obtained through the discussion board was 

content-analyzed in order to enrich the survey results. The trustworthiness of qualitative data is a crucial 

aspect and can be ensured through various methods, including triangulation (Stahl & King, 2020). In 

this study, triangulation of qualitative data sources was employed to establish consistent and identifiable 

patterns related to the research questions. By observing similar outcomes across multiple data sources, 

such as discussion board data, self-assessment data and open-ended survey data, it was possible to 

enhance the trustworthiness of the findings. The triangulated results from the diagnostic assessment and 

the open-ended survey data helped the finalization of the course syllabus. 

 

Figure 2 

First Discussion Board Query for Finalizing Syllabus 

 

 

Formative Assessment: Data Collection and Analyses 

Students’ progress and changing perceptions as measures of course effectiveness were tracked through 

a weekly discussion portal, an extensive midterm project on Padlet and self-assessment. Discussion 
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board data was extracted to MaxQDA (VERBI Software, 2019) and analyzed using content analysis. A 

midterm project was completed on Padlet by each student and their performance was evaluated based 

on an analytical rubric with 3 performance criteria and 4 number of performance levels (see Appendix 

B). The development of the rubric was guided by the course objectives and further validated through an 

external expert review from the assessment field. Students also completed a self-assessment form (see 

Appendix C) to elaborate on their own progress critically. Self-assessment data was collected 

periodically and analyzed using MaxQDA as supplemental evidence for RQs 4, 5, and 6.  

 

Summative Assessment: Data Collection and Analyses  

Data was collected via a post-course survey and an extensive semester project for the summative 

assessment part of the study. Students responded to the survey, which was composed of 27 rating scale 

items and three open-ended items. In a similar manner to the construction of the pre-course survey, 

expert reviews from the same two experts were employed to ensure content validity. The final project 

required each student to prepare a 12-week syllabus for an imaginary technology-enhanced language 

course that could be taught in K-12. The students were asked to design their syllabus so that each week 

would include at least one computer-based formative assessment activity (i.e., discussion board, forum, 

presentation, self or peer assessment using technology) embedded into the class. Analyses of survey 

data using descriptive statistics (i.e., frequencies, percentages) and data visualization packages 

(“ggpubr”, Kassambara, 2020; “ggplot2”, Wickham, 2016) in R (R Core Team, 2022) consisted of the 

evidence for student change, improvement, and course effectiveness.  

 

Results 

 

Results with Respect Pre-Course Questions 

The first research question was examined based on survey data (n=22) and the results were summarized 

in Figure 3 below.  As seen in Figure 3, most students were aware of Kahoot (95%) and Edmodo (63%) 

as tools for digital language assessment. However, tools such as Rubistar (95%), Flipgrid (91%) and 

Mentimeter (91%) were known by almost none of the students despite their practicality in formative 

language assessment and rubric design.  

 

Figure 3 

Students’ Digital Tool Awareness at the Beginning of the Course 
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Students’ perceptions regarding computer-based language assessment were further elaborated through 

a discussion board activity where the instructor asked the students to discuss the potential drawbacks of 

CBA in their context (RQ2). As presented in Table 1, the teacher candidates’ discussion data revealed 

four initial codes: computer literacy, software-hardware issues, cheating, and lack of interaction.  

 

Table 1 

Perceived Drawbacks of CBA 

Themes  Codes Keywords 

Differential 

opportunity  

Computer literacy Judgmental peers, experience, familiarity  

Software and hardware issues 
Power shortage, rural areas, connectivity, camera, and 

microphone  

Random error Easier cheating 

Traditional habits  Lack of interaction 
Human-mediated assessment, human-by-human 

interaction 

 

As summarized in Table 1, the identified concerns can be categorized into two primary themes: disparate 

access and traditional practices and habits. Participants expressed their concerns regarding uneven 

access to technology, varying levels of digital literacy, and potential sources of error that pose risks to 

online assessments, such as cheating. Additionally, they traditionally viewed human-mediated 

assessments as more beneficial than computer-mediated assessments. 

Specifically, teacher candidates presented their worries in computer-assisted language assessment due 

to variations in their access to and readiness to utilize technology. Furthermore, they perceived 

computer-assisted language assessment as challenging to implement across various language domains, 

primarily due to the inherent nature of the construct being measured. One student stated that: 

S5: “The language learning and assessment process, which is especially communication-oriented, will 

still be a disadvantage with computers since there is no interaction as in the classroom.” 

Students’ responses to the potential drawbacks alerted the instructor to introduce various computer-

based tools for assessing different language skills (especially in more interactive skills such as speaking 

and listening) and help students experience them throughout the course. The third research question was 

examined first by elaborating students’ previous experiences and formal preparation related to 

computer-assisted assessment. As seen in Figure 4, almost 91% of the course-takers had taken a 

computer-based language exam earlier. Yet, more than half of them (54.5%) had not taken any 

assessment-related course before.  
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Figure 4 

Students’ Previous Assessment-Related Experiences* 

 

*Q1: Have you ever taken any computer-assisted/based exam (e-YDS, TOEFL, online test etc.) ? 

Q2: Have you ever taken any assessment or measurement-related course, seminar or webinar? 

Q3: Have you ever used any computer-assisted/based assessment tool for your teaching? 

 

Despite lack of enough formal preparation in terms of assessment and measurement, the discussion 

board data revealed that the students were able to define CBA appropriately: 

S1: “The delivery and assessment processes completed through computers” 

Few students viewed CBA as a cure for pandemic conditions: 

S2: “Computer-based assessment should be used for online education, especially during a pandemic.” 

while a large number of students stated that computer-based language assessment is a necessity for 21st 

century teachers: 

S3: “In order to grow as skilled prospective teachers, learning skills for conducting computer-based 

assessment is crucial for our generation of teachers, so it represents a necessity to me.” 

Another discussion board activity that was designed to deeply investigate students’ understanding of the 

purpose of formative assessment revealed that students had a novice understanding of these two distinct 

concepts. Some students defined AfL as a process that could only be conducted during class time while 

only few students were able to distinguish their purposes appropriately: 

S4: “Assessment for learning is done throughout the teaching period to identify necessary improvements 

and adjustments and to observe students' progress. Assessment of learning is done at the end of the 

teaching period to evaluate students' understanding of the taught subject” 

Given the evidence based on both survey and discussion board data, the researchers concluded that the 

students were aware of the concept of CBA although many of them perceived that CBA could be used 

for summative assessment solely. In addition, students had noticeable misconceptions on AfL and 

formative assessment concepts. This finding urged the researchers that the syllabus must have emphasis 
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on the use of computer-based/assisted strategies for formative assessment and AfL in language 

classrooms.  

As a result of the interpretation of multiple data sources, four stages were planned to form the syllabus. 

In the first stage, students were going to be prepared to use CBA in their future teaching by presenting 

the rationale to adopt computers for assessment. Then, students were going to be trained to develop 

technological as well as assessment literacy through activities, group projects, self-assessment, and 

systematic feedback. Each week in the syllabus included hands-on activities for this purpose. Then, two 

extensive projects (one midterm and one final) were added to the syllabus to transform the students into 

confident users of computers for assessing different language skills by considering methods to ensure 

validity and reliability. Therefore, a student who completed this course would be a competent user of 

technology who could integrate assessment and digital skills for designing effective language 

assessment. Table 2 provides an overview of the primary tools and technologies employed in the course 

content, aligning them with the designed rubric. These tools significantly enhanced the assessment 

capabilities, particularly in terms of formative assessment/AfL, as highlighted in Table 2.  

 

Table 2 

Major Tools Utilized for AfL in Class  

Tool Which aspect of formative assessment was the tool utilized for? 

Edmodo Discussion board activity, self and peer assessment 

Kahoot In-class quizzes, end-of-class recap, gathering feedback and course evaluations 

PaperRater Peer and self-assessment of writing 

iRubric Creating and editing rubrics for performance assessments 

EDpuzzle Conducting quizzes embedded into instructional videos 

Rubistar Creating customizable rubrics for performance assessment 

Padlet Creating personal and group digital boards, , creating e-portfolios, brainstorming, 

discussion board activity, peer assessment 

Mentimeter Live quizzes, creating word clouds and concept maps, 

 

Results with Respect to Post-Course Questions 

The students were exposed to various Web 2.0 tools, websites, and computer programs to design sound 

assessments in different language skills during the semester. As seen in Figure 5, among the tools 

practiced throughout the semester, students found Padlet (96.2%) the most effective, followed by 

Quizizz (92.3%) and iRubric (80.8%). It is noticeable that before taking the course, most of the students 

were not aware of the tools that were found the most effective (see Figure 5) at the end of the course 

(n=26).  
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Figure 5 

Students’ Perceptions on the Effectiveness of the Tools 

 

 

The RQ5 (What does the students’ survey data suggest in terms of student perception change through 

the semester?) was examined through pre and post-survey results and participation statistics for each 

formative assessment activity. The same set of 13 survey questions was presented to the students before 

and after the semester. The common questions in both survey forms can be seen below in Table 3. 

 

Table 3 

Survey Items  

# Item 

1 Using the computer-assisted/based assessment will improve my work. 

2 Using the computer-assisted/based assessment will enhance my effectiveness. 

3 I could complete an exam or homework task using the computer. 

4 I could complete an exam or homework using the computer if someone showed me how to do it first. 

5 I can navigate easily through the Web to find any information I need. 

6 Computer-assisted/based assessment tools that I know have clear instructions. 

7 Computer-assisted/based assessment questions that I have seen are easy to answer. 

8 Computer-assisted/based assessment tools that I know will be useful for my teaching. 

9 My personal preparation for the computer-assisted/based is sufficient. 

10 My performance expectations for the computer-assisted/based assessment are high. 

11 
Using computer-assisted/based assessment tools (online exams, online assignments, etc.) makes my learning 

enjoyable. 

12 Using computer-assisted/based assessment stimulates my curiosity. 

13 Using computer-assisted/based assessment will lead to my exploration. 

 

Figure 6 depicts the change in students’ perceptions throughout the semester. The largest change 

occurred on questions thirteen (Using computer-assisted/based assessment will lead to my exploration) 

and eight (Computer-assisted/based assessment tools that I know will be useful for my teaching). The 

general tendency of the change occurred towards positive regarding computer-based assessment, as seen 

in Figure 6. 
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Figure 6 

Students’ Perceptions Before and After the Semester 

 
 

An important objective of designing this study and collecting data from different sources was to update 

the syllabus if needed. RQ6 (What remedial actions should be taken on the course curriculum and 

activities for a similar course?) served for this purpose. Analyses of discussion forums and open-ended 

survey data revealed that students found the course extremely effective, useful and practical for learning 

time-saver applications. They suggested that integrating more applications and tools for language 

assessment into the syllabus would improve the course content: 

S7: “I will have the opportunity to create reliable activities for the students where both they are engaged 

and have fun, and I have the ease of evaluation, which is quite practical and time-saving.” 

S8: “The course would be improved by Integrating more tools, applications or websites to use. “ 

The discussion board data, as summarized in Figure 7, revealed that students’ most interacted with the 

topic of rubrics as followed by AfL concepts. Therefore, these two topics should be covered more in the 

syllabus. Given the students’ misconceptions on AfL at the beginning of the course and their interest in 

the topic on virtual discussion, it should be concluded that there would be a separate week on the syllabus 

allocated for the theory and applications of the AfL concept. That particular week might include 

strategies for AfL in language classrooms as well as similarities and differences between formative 

assessment, summative assessment and AfL.  

 

Figure 7 

Students’ Interaction with Discussion Topics 
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Discussion 

 

Assessment and Measurement courses are mandatory in Teacher Education programs in Turkey. A 

standard, theory-dominated curriculum was used for every undergraduate program although each 

program, particularly the applied ones such as ELT, Physical Education Teaching, Visual Arts Teaching 

are supposed to have differing needs and strategies in terms of assessment. As Atman Uslu (2022) stated, 

despite the latest changes in the curriculum of ELT in 2018, there is still a gap fulfilling the needs of the 

21st century language teacher candidates’ digital assessment literacies. The present courses are very 

limited in number and still lack a technology-integrated curriculum and practice for assessment. To fill 

this gap, the purpose of this study is to design an evidence-based second language assessment 

curriculum, apply it and evaluate its effectiveness through various data types.  

 The goal of the course was to help student instructors comprehend the advantages of implementing ICT 

in their future English classes. In order to promote technology-assisted assessment courses in EFL 

instruction, the course's student teachers were supposed to develop a variety of technology capabilities 

and pedagogical knowledge. The fact that they themselves had a positive experience with technology in 

the course of their language learning may be one of the most significant reasons for prospective teachers 

to incorporate technology as a part of their future teaching practice. In order to help Turkish EFL student 

teachers successfully apply their unique language testing experiences to their future careers as EFL 

teachers, this course attempted to first give students valuable personal language assessment experiences 

using ICT. 

This study aims to offer both a local view on language assessment literacy (LAL) implementation in the 

Turkish EFL educational context and a worldwide perspective on LAL. In this study, Turkish EFL 

student teachers who had taken technology-integrated courses showed a desire to use novel teaching 

methods going forward. The students, teachers in particular, could recognize that their experience in 

their language classes motivates them to integrate technology in their actual teaching environments. This 

finding supports Arslan (2023) in that using digital tools in their teaching and assessment practices 

motivated students. They could also understand how educational technology has affected how languages 

are learned and taught (Schmid & Hegelheimer, 2014). The possibility and driving forces for future 

change for LAL would be provided by their views on the effects of integrating ICT and digital 

technologies during the prospective teacher preparation period (Atman Uslu, 2022; Jiang, 2021; Schmid 

& Hegelheimer, 2014). 

As Arslan (2023) states, more possibilities should be provided for aspiring teachers to use ICT in the 

classroom. To successfully integrate technology, future teacher educators in EFL subjects need to update 

university curricula. This finding is in line with Lei (2022) since he claims that technology integration 

is crucial in teacher education curricula. Future teachers should learn how and why to employ technology 

to better their own language learning and future instruction in prospective teacher education courses 

(Arslan, 2023; Atman Uslu, 2022; Compton, 2009; Jiang, 2022). Institutions of higher learning that offer 

bachelor’s degrees in education ought to include at least a training course in the foundations of 

educational technology because incorporating technology into classroom instruction can aid EFL 

students (Arslan, 2023; Atman Uslu, 2022; Masood, 2010). 

Despite the ICT progress in Turkey, student instructors in the EFL educational context do not receive 

enough educational preparation about technology applications in their future teaching. This is in line 

with Uzun (2016) in that in today’s technological world, it has utmost importance for the teachers to be 

digital literate. Most of the faculty in the department of EFL teacher education are not digital natives; 

hence, neither are they capable of using ICT nor are they interested in doing so (Arslan, 2023; Uzun, 

2016). Additionally, during their years of academic study, student teachers themselves rarely 

encountered ICT integration (Uzun, 2016). For them to effectively employ technology in their future 

teaching, it was crucial to inspire and train them.  

This course attempted to assist aspiring educators in preparing for their upcoming students who are 

digital natives by giving them valuable and instructive experience. This study may have ramifications 

for how this technology-integrated EFL student-teacher preparation course can identify and close the 
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gap between the present and future state of education and testing in terms of the use of technology in 

Turkish EFL classrooms. Turkish EFL student instructors may understand how technology has 

improved their English language learning and testing through the technology-integrated teacher training 

course, and these experiences and beliefs would then be incorporated into their future classrooms (Jeong, 

2017). 

The current syllabus was found effective in increasing students’ technology-enhanced assessment skills 

and changing their perceptions, as evidenced by student data. However, it should be noted that the 

syllabus must be updated periodically since applications, tools, and technologies (i.e., natural language 

processing) are continuously developing/changing. For example, Edmodo, which has been a very 

popular and convenient tool for almost 15 years, has been shut down permanently as of September 2022 

(Edmodo, 2022).  

One key issue that affected students' perceptions of CBA was differential access to technology. The 

most recent literature on assessment in the pandemic also supports this finding (Kim & Padilla, 2020). 

Students who had inadequate access to technology, internet and computers struggled most in assessment 

during the pandemic. However, it is a fact that the problem is not related to the pandemic only since the 

issue was the same before the pandemic as well (Ahn & McEachin, 2017; Center for Research on 

Educational Outcomes [CREDO], 2015). The teacher education programs do not offer the necessary 

courses that includes digital assessment literacies. This need necessitated teacher education programs to 

offer this kind of course to fulfill their needs. Additionally, as students proposed, hardware and software 

accessibility should be reinforced in and out of the campus because technology-enhanced assessment 

must consist of two components equally for each student: hardware and adequate training to use them. 

Another finding related to the students’ concern about adopting CBA is that it is prone to cheating since 

it lacks real-time human interaction. However, the most recent studies stated that there is no difference 

in the perceived cheating behavior of the students in online and face-to-face education (Yazici et al., 

2022). This empirical evidence challenges the perception that CBA inherently enables more cheating 

compared to traditional assessment methods. Thus, these findings contribute to alleviating concerns 

surrounding cheating in CBA by highlighting that it may not be a substantiated issue. 

It is important to acknowledge and address certain limitations associated with the findings of the study. 

Firstly, it is crucial to recognize that this research is based on a case study, which inherently relies on 

specific contextual factors. Therefore, caution should be exercised when attempting to generalize the 

findings beyond the scope of this particular study. While the insights gained are valuable within the 

context in which they were obtained, further research is needed to validate and corroborate these findings 

across different educational settings. 

Furthermore, it is crucial to highlight that the curriculum utilized in this study was newly developed and 

implemented within the specific institution. As is customary with any implementation, there may be 

aspects that require further refinement. The experiences and feedback gathered during the initial 

application of the curriculum will serve as invaluable input for future iterations of the course. Continuous 

improvements will be made in response to student feedback, advancements in technology, and their 

suitability for enhancing EFL assessment practices. This iterative process ensures that the curriculum 

remains responsive and adaptable, keeping pace with emerging trends in the field.   

 

Conclusion 

 

This study has shed light on the implementation of technology-integrated language assessment literacy 

(LAL) in the English as a Foreign Language (EFL) educational context while also providing a global 

perspective on LAL. The findings of this research highlight the significance of integrating technology 

into language teacher education in assessment, as evidenced by the enthusiasm and desire demonstrated 

by EFL student teachers who had undergone the technology-integrated assessment course.   
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The practical implications of this study are significant. Firstly, it is imperative for higher education 

institutions and policymakers in Turkey to recognize the importance of equipping EFL student teachers 

with adequate assessment literacy and digital skills. By incorporating technology-enhanced assessment 

courses into teacher education programs, educators can empower future teachers to effectively assess 

their students' language proficiency and make informed instructional decisions based on accurate and 

reliable assessment data. Furthermore, providing student teachers with technology-integrated courses 

offers them an opportunity to explore innovative teaching methods and utilize digital tools to enhance 

language learning experiences for their future students, particularly in the era of artificial intelligence. 

 

Moreover, the findings of this study have implications for the global educational landscape as well. 

Language assessment literacy is not confined to the Turkish EFL context alone; it is a crucial aspect of 

language education worldwide. Therefore, the insights gained from this research can inform educators 

and policymakers in other countries to enhance the assessment literacy of their language teachers. 

Integrating technology into assessment courses can be a valuable strategy to foster the development of 

assessment literacy, as it not only enhances teachers' assessment competencies but also encourages them 

to embrace novel assessment approaches that promote active engagement and foster meaningful learning 

experiences for students.    
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Appendix A 

 

Computer-Assisted Educational Measurement 

  

Course Code: GKS-021 

  

Instructor: XXX 

  

Course Objectives: Developing students’ skills in digital assessment tools and computer-assisted language testing approaches 

that can be utilized in technology-enhanced ELT classrooms. 

   

Week Topic 
Pre-Course and In-class 

Activities 

1 
Introduction to the course. Warming up to course materials and syllabus 

Introducing Edmodo (Sign-up, usage) 
Sign up for the course on Edmodo 

2 
Introduction to language assessment: assessment types by purpose, formative 

and summative assessment methods  
Participate in Edmodo Discussion 

3 

An overview of strategies for using technology while measuring language 

skills: Online quizzes, discussion boards, mind mapping, peer and self-

assessment 

Participate in Edmodo Discussion 

  

In-class: Develop an online quiz on 

Kahoot 

4 

Benefits and drawbacks of computer-based assessment 

  

Large-scale computer-based language testing programs: TOEFL iBT, IELTS, 

DuoLingo, PISA Foreign Language Assessment, Global Test of English 

Communication for Students 

Participate in Edmodo Discussion 

5 

Performance assessments and rubrics: Rubric types, developing and revising 

rubrics using technology: 

● Computerized Rubric Building Tools: i.e., RUBISTAR, iRubric 

Participate in Edmodo Discussion 

6 

Assessing reading skills in computer-assisted environments: 

● Web 2.0 Tools: i.e., Socrative, Mentimeter, Quizziz, Padlet, 

Edpuzzle 

 

Participate in Edmodo Discussion 

7 

Assessing writing skills in computer-assisted environments: 

 

● Web 2.0 Tools (i.e., Padlet, Blogger) 

Participate in Edmodo Discussion 
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● Artificial Intelligence and Writing Assessment: Paperrater 

 

8 

Assessing listening skills in computer-assisted environments: 

● Web 2.0 Tools  

● Podcasts (i.e., Listen Notes. Synth, Spotify) 

● Text-to-Speech Read Aloud tools that can be plugged into Browser 

● TeachVid: Using YouTube for Listening Assessment  

Participate in Edmodo Discussion 

9 

Assessing speaking skills in computer-assisted environments: 

● Web 2.0 Tools: FlipGrid, Padlet, Google Classroom 

● Pronunciation tools (i.e., Accent Roise) 

● Using Web and Phone apps for informal speaking assessment (i.e., 

WhatsApp) 

Participate in Edmodo Discussion 

10 

Peer and self-assessment: Theory and application 

● Online tools: i.e., Blogger, Twitter 

● Web 2.0 Tools: i.e., Padlet, Edmodo 

Participate in Edmodo Discussion 

11 Rater-mediated assessments and rater effects in language testing Participate in Edmodo Discussion 

12 Introduction to computer adaptive testing Participate in Edmodo Discussion 

13 Recap and presentation of the final project   

  

 

Course Evaluation  

- Midterm and final projects: You will be expected to complete two projects. The midterm project will include designing a 

virtual classroom on a web tool (Padlet) and will compose 30% of your final grade. The final project will include creating a 12-

week technology-enhanced course syllabus. This will compose 60% of your final grade. The instructions will be posted later.  

   

- Weekly discussion forum: Every week, the instructor will initiate to post a comment such as an issue of the week or just a pep 

talk in order to support students both for their academic challenges and for affective challenges. Then students will be 

encouraged to respond to the posting, and in turn, they could also initiate posting a new issue. Participation performance in this 

activity will be counted towards 5% of your final grade.  

 

- Peer assessment practice: Each student will randomly be assigned to evaluate the midterm and final project of another student. 

Participation performance in this activity will be counted towards 5% of your final grade.  
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Appendix B 

 

Discussion Board Rubric* 

 

Criteria Excellent Good Fair Poor 

Timeliness and 

quantity of 

discussion 

responses 

Postings well 

distributed 

throughout the 

week 

Just one 

posting a week 

well before the 

due date 

Just one 

posting close 

to the due date 

Just one 

posting after 

the due date 

Responsiveness to 

discussion topics 

and demonstration 

of knowledge and 

understanding from 

assigned readings. 

Readings were 

understood and 

incorporated into 

discussion as it 

relates to the topic. 

Readings were 

understood and 

incorporated into 

discussion as it 

relates to the topic. 

Little use made of 

readings. 

Little or no use 

made of readings. 

Postings have 

questionable 

relationships to 

discussion 

questions and/or 

readings; they are non-

substantive 

The ability of postings 

to move discussion 

forward. 

Two or more responses 

add significantly to the 

discussions (e.g., 

identifying important 

relationships, offering 

a fresh perspective or 

critique of a point; 

offers supporting 

evidence). 

At least one posting 

adds significantly to 

the discussion. 

At least two 

postings 

supplement or add 

moderately to the 

discussion 

Postings do little to move 

discussion forward 

Points 4 3 2 1 

 

*Adapted from a rubric from Purdue Repository for Online Teaching and Learning 

 

 

 

 

 

 

 

 

 

https://www.purdue.edu/innovativelearning/supporting-instruction/portal/files/8.2_Sample_Discussion_Board_Rubric_LDT.pdf
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Abstract 

This systematic review examines the use of learning analytics (LA) in formative assessment (FA). LA is a powerful 

tool that can support FA by providing real-time feedback to students and teachers. The review analyzes studies 

published on Web of Science and Scopus databases between 2011 and 2022 that provide an overview of the current 

state of published research on the use of LA for FA in diverse learning environments and through different delivery 

modes. This review also explores the significant potential of LA in FA practices in digital learning. A total of 63 

studies met all selection criteria and were fully reviewed by conducting multiple analyses including selected 

bibliometrics, a categorical meta-trends analysis and inductive content analysis. The results indicate that the 

number of LA in FA studies has experienced a significant surge over the past decade. The results also show the 

current state of research on LA in FA, through a range of disciplines, journals, research methods, learning 

environments and delivery modes. This review can help inform the implementation of LA in educational contexts 

to support effective FA practices. However, the review also highlights the need for further research. 

 

Keywords: Learning analytics, formative assessment, assessment analytics, bibliometrics 

 

Introduction 

Formative Assessment  

In the learning process, it is vital for the teacher to ascertain what the student already knows and teach 

accordingly (Ausubel, 1968). In this sense, assessment is an essential factor in the learning process. 

Students’ performance and progress can be measured by assessment. Also, it shows what needs to be 

improved in the learning and teaching process. According to Lubinescu et al. (2001), assessment is a 

key factor for accreditation and evidence in the learning process. It occurs over the course of time by 

collecting evidence of learning in a systematic and planned way to determine whether a student achieved 

learning (Harlen et al., 2002). Two types of assessments encompassing assessment for formative and 

summative purposes have been emphasized in the literature. There is a distinction between these types 

of assessments. While summative assessment summarizes learning in order to make a decision related 

to recording, marking or certifying performance and achievements (Harlen & James, 1997), the 

formative assessment identifies aspects of learning by monitoring student learning during the learning 

process to provide feedback, modify learning and teaching activities and strengthen subsequent learning. 

Formative assessment is a continuous process of evaluating student learning to identify areas of student 

weakness and make adjustments to instruction for improving student outcomes (Black & Wiliam, 1998). 

It involves ongoing monitoring and gathering evidence of students’ progress during the learning process 

mailto:ke.zhang@wayne.edu
mailto:yilmaz04@gmail.com
mailto:ustun.ab@gmail.com
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(Yan et al., 2021). Based on collecting evidence of students’ progress, feedback is provided to students 

as a key factor of formative assessment (Black & Wiliam, 1998; Stobart, 2008). Evidence based 

feedback is a useful strategy to foster students’ learning outcomes in different circumstances. 

Furthermore, one way to extend formative assessment is to incorporate more technology into the 

process. For example, making online quizzes or assessments can provide immediate feedback to students 

and can help teachers identify areas of weakness more quickly (Karaoglan-Yilmaz et al., 2020; Ustun 

& Tracey; 2021). Additionally, using analytical tools in a learning management system (LMS) or any 

other smart system can allow teachers to track student progress over time and make data-driven 

decisions about instruction. This process can include the use of data from formative assessments, as well 

as data from other sources, such as data for demographic, student performance and student engagement 

(Karaoglan Yilmaz et al., 2022). By analyzing this data, educators can identify patterns and trends that 

can inform instruction and help to improve student outcomes. 

 

Learning Analytics 

The demand of extracting meaningful insights from high-volume data requires automated analytical 

analyses in order to strengthen and shape the learning environments and experience (Ustun et al., 2022). 

High-volume data should be turned into meaningful information about the learning and teaching 

processes through analytical analyses using statistical algorithms and mathematical techniques. 

Analytical analyses can be performed by Learning Analytics (LA) which provides information about 

students and the learning environment in order to “access, elicit, and analyse them for modelling, 

prediction, and optimization of learning processes” (Mah, 2016, p. 288). LA is an emerging field that 

potentially revolutionizes how we understand and improve learning. It can be defined as “the 

measurement, collection, analysis and reporting of data about learners and their contexts, for purposes 

of understanding and optimizing learning and the environments in which it occurs” (The Society for 

Learning Analytics (SoLAR, http://solaresearch.org/)). In other words, data that students generate can 

be collected, analyzed and reported to understand and optimize the teaching and learning process and 

the learning environment. Ultimately, LA uncovers students’ learning patterns and behaviors to predict 

student learning outcomes (Xing et al. 2015) and also discovering their learning patterns and behaviors 

provides opportunities for teachers to tailor education by offering more personalized experiences or 

adaptive learning materials (Ndukwe & Daniel, 2020; Siemens, 2013). 

One of the key benefits of LA is that it enables teachers to monitor student performance (Ustun et al., 

2022). Teachers can gain a complete picture of how students are progressing and identify areas where 

they may need additional support by collecting data on students' activity, engagement, and achievement. 

Providing personalized instruction is another key benefit of LA. Teachers can tailor instruction to meet 

the specific needs of each student by analyzing data on how individual students learn (Schumacher & 

Ifenthaler, 2018). Therefore, students can more easily adapt to the content, pace, or style of the 

instruction, and this potentially leads to more effective and efficient learning. LA can also be used in the 

identification of at-risk students. By analyzing student engagement and performance data, teachers can 

identify students who may be at risk of falling behind and provide early interventions for these students 

according to their learning preferences and abilities to help them stay on track. (Gašević et al., 2016). 

Finally, LA can be utilized to enhance the design of learning environments and resources. The way 

students interact with learning environment and resources can be analyzed to identify areas where they 

can be improved to better support student learning. For instance, according to analyzing how students 

interact with a particular LMS, the interface of the LMS can be redesigned to make it more user-friendly 

or add features that students have found helpful (Ustun et al., 2021; Ustun & Tracey, 2020). 

 

Assessment Analytics 

Assessment analytics (AA) is a burgeoning research field and is considered a subset of LA. Economides 

(2009) states that ‘like any other context-aware system, an AA procedure monitors, tracks and records 

data related to the context, interprets and maps the real current state of these data, organizes them (e.g., 

filter, classify, prioritize), uses them (e.g., decide adaptations, recommend, provide feedback, guide the 

learner) and predicts the future state of these data’ (as cited in (Papamitsiou & Economides, 2016, 
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p.118). In this sense, assessment analytics like LA is related to measuring, collecting, analyzing, and 

reporting data about students and environments in which learning occurs for the purposes of 

comprehension and optimization of the learning environments where data is extracted from assessment 

(Cooper, 2015). One of the major aims of assessment analytics is to support the assessment process in 

an effective and efficient manner (Papamitsiou & Economides, 2016) because assessment data has great 

potential for students to take advantage of them after meaningful results derive from analyses of 

assessment data (Ellis, 2013). The assessment analytics explicitly show what students need to invest 

their time to improve learning and lead teachers on what they need to modify and shape in the learning 

to improve learning processes. Assessment analytics can be used to predict student performance, 

improve the detection of students at risk and misconceptions, uncover gaps between what needs to be 

learned and what is already learned, and reveal students’ behavior, cheating, and guessing. 

 

Learning analytics and Formative assessment 

LA and FA are closely related, as both involve the use of data to inform instruction and improve student 

learning. LA and formative assessment can provide an entire picture of student learning. Combining 

these two concepts informs pedagogical decisions and practices such as providing feedback to students 

(Taras, 2008). LA can be used to support formative assessment by providing data and insights that can 

inform instructional decisions and help teachers understand how their students are learning and make 

more informed decisions about instruction. LA offers opportunities for educational progress and gives 

formative guidance to students or teachers (Gašević et al., 2022). Specially, using analytical tools help 

teachers to provide LA based personalized feedback (Pardo et al., 2019). LA and formative assessment 

can be used to create a more data-driven and personalized approach to instruction, one that is 

continuously informed by student data and tailored to meet the needs of individual learners (Merikko, 

2022). To gain a more comprehensive understanding of student learning, LA can be used in conjunction 

with formative assessment.  

 

Purpose of the study 

There are many studies on FA and LA in the literature. However, a gap exists in the literature in terms 

of reviews of research on applying LA in formative assessment. In order to fill this gap, the articles that 

were indexed in the Web of Science and Scopus databases and addressed the use of LA in the formative 

assessment were pinpointed and analyzed. The Web of Science and Scopus databases were chosen for 

the study because they provide access to the most relevant and prestigious publications in the related 

research area.  

This review aimed to sketch the current landscape of published studies on LA for FA in a variety of 

learning environments through various delivery modes. The following questions guided our review and 

analyses. 

1. Bibliometrics of the reviewed articles: 

 1.1. What were the descriptive bibliometrics like? 

 1.2. What journals were these studies published in?  

  1.3 What disciplines or professional fields were these studies conducted in? 

  1.4 What types of learning environments were these studies conducted in? 

 1.5. What delivery modes were utilized in these studies? 

2. Methodologies of the reviewed articles:  

 2.1. What research methods were employed in these studies? 

 2.2. What populations were studied with what types and sizes of participants?  
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Method 

This review focused on the research on learning analytics in formative assessment.  

 

Search and Selection: Criteria and Processes 

Multiple rounds of search were conducted. Web of Sciences and Scopus databases were identified and 

selected as the source databases to find related research publications on LA in FA, using the following 

keywords: “formative assessment” and “learning analytics”, “formative assessment” and “assessment 

analytics”.  

The article search process in the databases was carried out by searching the keywords throughout the 

entire paper. In the Web of Science database, 90 articles were found using the keywords "formative 

assessment" and "learning analytics" and three additional articles were found using the keywords 

"formative assessment" and "assessment analytics". In the Scopus database, 796 articles were found 

using the keywords "formative assessment" and "learning analytics" and 24 articles were found using 

the keywords "formative assessment" and "assessment analytics". Duplicates in the multiple search 

results were excluded. Retrieved articles were further screened by the researchers, in terms of suitability 

for the purpose of the study. As a result, 63 articles were included in the systematic review. The search 

process is shown in Figure 1. 

 

Figure 1 

Search process 

 

 

Considering the aims of this review, 63 articles were selected for further analysis. Multiple analyses 

were conducted, including selected bibliometrics (Okubo, 1997; Thelwall, 2008), a categorical meta-

trends analysis (e.g., Hung & Zhang, 2012; Thelwall, 2008; Zhang & Aslan, 2021), and inductive 

content analysis (e.g., Gao et al., 2012; Mogil et al., 2009; Zhang & Aslan, 2021).  

In order to find answers to the research questions, criteria were determined, and a form was created in 

the Microsoft Excel program according to these criteria, and the data obtained by examining 63 articles 

were processed into this form. Graphics and visuals have been prepared to make the data more 

understandable. Microsoft Excel and VOSviewer programs were used for these processes. 

 

 

 

 

 

 

 

 

 

 

Step 1

• Web of Science and Scopus databases were searched using the keywords "formative assessment" and "learning 
analytics", "formative assessment" and "assessment analytics"

Step 2
• The articles that were open to access and full text have been examined

Step 3
• Articles not intended for the use of learning analytics for formative assessment were excluded

Step 4

• 63 articles that were considered to be suitable for the purpose of the research were included in the scope of the 
review.
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Findings 

Descriptive Bibliometrics of the reviewed articles  

LA in FA Research Article by Year 

 

Figure 2 

The Distribution of the articles by publication years  

 
 

As illustrated in Figure 2, the first eligible research article in this review was published in 2011. Since 

then, in 12 years, the number of related research articles has increased from one in 2011 to 15 in 2022.  

 

Journals publishing LA in FA research articles 

 

Figure 3 

The distribution of the articles according to journals 
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A total of 44 journals have published articles on LA in FA. Most of these journals have only published 

one or two of such studies so far, while the following journals have published a few more, Computers 

in Human Behavior (n=5), Technology, Knowledge and Learning (n=5), Assessment & Evaluation in 

Higher Education (n=3), Journal of Computer Assisted Learning (n=3), Journal of Learning Analytics 

(n=3). 

 

LA in FA Research Article by discipline 

 

Figure 4 

The distribution of the articles according to the educational fields 

 

 

As seen in Figure 4, the articles on the use of learning analytics in formative assessment are mostly 

prepared on computer science (n=7), educational science (n=6), mathematics and statistics(n=5), and 

foreign language learning (n=5). Some studies have been conducted to include more than one discipline 

(e.g., Knight et al., 2020) or not to include any discipline (e.g., Barana et al., 2019). Therefore, the 

number of disciplines in which the research is conducted may differ in this respect.  
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LA in FA Research by technological learning environment 

 

Figure 5 

The distribution of the articles according to the learning environment 

 

 

As seen in Figure 5, the studies on the use of learning analytics in formative assessment were mostly 

carried out using LMS. In addition to LMS, it is seen that web-based learning environments, game-based 

learning environments and CSCL environments were also used in the studies. The descriptions of the 

learning environments expressed in Figure 5 are as follows: Learning Management Systems (LMS) are 

utilized for educational purposes, exemplified by platforms like Moodle. Web-based learning 

environments encompass dynamic or static web pages designed for educational purposes. Computer 

Supported Collaborative Learning (CSCL) environments are utilized for computer-supported 

collaborative learning activities. Computer-based learning environments operate without an internet 

connection. E-portfolio environments allow students to create e-portfolios, upload content, and share 

them with their peers. Massive Open Online Course (MOOC) environments offer a wide range of 

courses to a large number of participants such as Khan Academy. Online project-based learning 

environments allow students to plan, collaborate and structure project products online. 

 

LA in FA Research by delivery mode 

 

Figure 6 

The distribution of the articles according to delivery modes 
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As seen in Figure 6, the studies on the use of learning analytics in formative assessment were mostly 

carried out in the modes of Hybrid Learning (n=23) and Online Learning (n=20). 

 

Methodologies  

Methodologies used in LA in FA research 

 

Figure 7 

The distribution of the articles according to the research method 

 
 

As seen in Figure 7, the case study method was mostly used in studies on the use of learning analytics 

in formative assessment, with 38 out of 63 studies. In addition, there were also studies conducted using 

the methods of Review Study (n=19), Survey (n=2), Experimental Study (n=2) and Longitudinal Study 

(n=1). 

 

LA in FA research participants 

 

Figure 8 

The distribution of the articles according to the types of participants 
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Since the first LA in FA study was published in a Web of Science journal in 2011, the number of such 

publications has increased tremendously in the past decade. The 63 articles analyzed in this review 

represent the current state of research on LA in FA, through a range of disciplines, journals, research 

methods, learning environments, and delivery modes.  

LA in FA has been applied in various fields, including computer science (e.g., Yan et al., 2021), law 

(e.g., Knight et al., 2020), education (e.g., Merikko et al., 2022), engineering (e.g., Gasevic et al., 2017), 

pharmacy (e.g., Liu et al., 2021) and many more. Thus, journals that have published such studies are 

diverse as well. A total of 44 journals have published research on LA in FA since 2011. The following 

journals including Computers in Human Behavior, Technology, Knowledge and Learning, Assessment 

& Evaluation in Higher Education, Journal of Computer Assisted Learning and the Journal of Learning 

Analytics have published a few more such studies than other Web of Science journals.  

A wide range of applications of LA in FA was reported in these studies. For instance, LA is used to 

monitor the learning progress and learner engagement (e.g., Koc, 2017; O’Dowd, 2022; Nguyen et al., 

2016), identify learners at risk (e.g., Choi et al., 2018), generate adaptive testing (e.g., Yilmaz et al., 

2021), provide feedback for instructors and learners (e.g., Banihashem et al., 2022; Krull & Leijen, 

2015), predict academic performance (e.g., Bulut et al., 2023; Martin & Ndoye, 2016), detect learning 

strategies (e.g., Gasevic et al., 2017), facilitate peer assessment (e.g., Er et al., 2021) and provide early 

warning for potential dropouts (e.g. Choi et al., 2018).  

Most of the studies were conducted in either fully online or a hybrid delivery mode, which generate rich 

digital data ready for LA. More specifically, the research on LA in FA was implemented in learning 

management systems (LMS), web-based, game-based or CSCL learning environments. LA in FA was 

employed in higher education (e.g., O'Dowd, 2022) and high schools (e.g., Gomez et al., 2021). Thus, 

varied participants were recruited in related research, including teachers (e.g., Admiraal et al., 2020), 

high school students (e.g., Tempelaar et al., 2015), college students (e.g., Karaoglan Yilmaz, & Yilmaz, 

2020), and adult learners (e.g., Serrano-Laguna et al., 2014) to explore the effects and user experiences 

of LA in FA.  

A few different research methods are employed in these studies. Case study is the most often applied 

method in LA in FA studies, which allows deeply contextualized analysis of the practice. At the same 

time, the methodological limitation of such methods may also significantly limit the generalizability of 

the research findings. It is noteworthy though, that a small number of longitudinal (e.g., Martinez-

Maldonado, 2019) and experimental (e.g., Tan et al., 2017) studies are also available.  

LA techniques used in these studies include data mining, predictive modeling, and visualizations. The 

types of data analyzed in the studies include clickstream, log, and assessment data. The impact of LA in 

FA has been examined in terms of student learning outcomes, student engagement, and instructor 

feedback. 

The review has found that LA in FA increases the capacity of digital learning by providing timely and 

actionable feedback to students and instructors. These studies investigate LA in FA for different 

purposes, such as generating feedback for students, providing feedback for instructors, creating student 

profiling, facilitating peer assessment, monitoring student performance, detecting learning strategies, 

offering automatic instant corrections, and more.  

LA has become an essential area of education research. These reviewed studies provide further evidence 

for the educational benefits of LA in FA. LA provides instructors with data-driven insights into student 

learning (Karaoglan Yilmaz & Yilmaz, 2020). By leveraging LA, instructors can make informed choices 

about best supporting their students' learning progress. It can enhance student learning and engagement 

by providing personalized feedback and support while supporting instructor decision-making and 

promoting metacognitive development (Harindranathan & Folkestad, 2019). Besides, it can assist in 

identifying students who may be at risk of falling behind or encountering difficulties. By analyzing data 

related to behavior, participation, and student performance, instructors are able to intervene in advance 

and provide additional support to these students during the FA process. This proactive approach allows 

for timely interventions and can prevent academic setbacks. 
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The surge of AI technologies calls for creative ways to transform education and extend the educational 

landscape for more equitable and accessible education (Üstün, 2021; Zhang & Aslan, 2021). With the 

emergence of learning engineering as a new, interdisciplinary field (Zhang & Zhu, 2022), LA in FA 

becomes even more important as educators, educational technologies and educational researchers 

collaborate to transform digital learning. While LA focuses on the analysis of data to improve teaching 

and learning, learning engineering is concerned with the design, development and research of effective 

learning systems and technologies (Zhang & Zhu, 2022). LA in FA research can inform learning 

engineering by providing insights into student learning behaviors, preferences, and needs (Zhang & Zhu, 

2022). LA makes it possible to provide immediate feedback to both students and instructors during the 

FA process. Through data analysis, instructors are able to identify areas where students may be 

struggling or excelling and provide relevant and constructive feedback to guide their learning (Ustun et 

al., 2022). Students can also receive personalized feedback during the FA process and LA-based 

feedback enables them to understand their strengths and weaknesses and make necessary improvements. 

LA can help teachers tailor instruction to individual student needs. By analyzing learner-generated data, 

LA can identify patterns and trends (Hung & Zhang, 2008) that can be used to optimize learning design 

and delivery. By analyzing student data, instructors can identify knowledge gaps, learning styles, and 

preferences, allowing them to adapt their teaching strategies accordingly. For example, LA can be used 

to identify which instructional strategies are most effective for different types of learners, or which types 

of learning content are most engaging. This personalized approach enhances the effectiveness of FA by 

addressing specific student needs and promoting a more profound understanding. On the other hand, 

learning engineering can inform LA for FA by providing guidance on the design and development of 

effective LA tools (Zhang & Zhu, 2022). By designing tools that are tailored to the needs of learners 

and instructors, learning engineering can help to ensure that LA is actionable and scalable. For example, 

learning engineering can help to design LA tools that provide personalized feedback to learners (Ustun 

et al., 2022). 

For LA to be used effectively, it is crucial to integrate it into learning environments. Cavus Ezin and 

Yilmaz (2022) indicate that LA must be integrated into the learning environments to benefit from the 

potential of LA in both online and hybrid learning. While different strategies and approaches can be 

followed, integration can be planned with the following steps by considering the educational goals of 

LA in general: a) Setting learning goals, b) Monitoring the learning process, c) Personalizing the 

learning experience, and d) Improving the learning experience. 

a) Setting learning goals: LA can help instructors to set students' learning goals. Instructors can 

use student performance data to determine which areas students struggle or excel in. This 

information can assist them in setting goals and choosing appropriate activities to support 

students' learning. They should clarify the goals of lessons and what they want students to learn. 

These goals will help determine which data types and metrics to use for LA. For example, time-

related results can be obtained from log data to increase students' attendance time in online 

courses. It is also essential to determine which data will be analyzed by LA. Various methods 

can be used to collect data such as exam grades, assignment performance, online interactions, 

and class attendance. LMS log data, surveys, quizzes, and other digital tools are some of the 

tools that can be used to collect data. LA can help instructors better understand students' learning 

and teach them more effectively. This tool can contribute to developing students' self-efficacy, 

and students who have developed self-efficacy increase their active participation in the lesson 

and feel their learning is more exciting and effective (Karaoglan-Yilmaz et al., 2023). 

b) Monitoring the learning process: LA can be used to monitor students' learning progress. 

Instructors can use student performance data to track how students' learning progresses over 

time. This information can help instructors identify their needs and offer them sufficient support. 

Appropriate tools can be used to analyze the collected data. At this stage, the most frequently 

used data mining algorithms are decision trees, support vector machines, Naive Bayes, artificial 

neural networks, and regression methods (Tosunoğlu et al., 2021). At this stage, LA tools 

(dashboards, etc.) or data analysis software (R, Python, etc.) can be used to visualize data, 
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identify trends, and understand student performance. Students' progress, strengths and 

weaknesses, interactions, and other important factors should be considered when analyzing data 

in this process. 

c) Personalizing the learning experience: LA can be used to personalize students' learning 

experiences. Instructors can use student performance data to select activities that suit students' 

interests and needs. Hence, students' learning can be made more engaging and effective. 

Individualized feedback can be provided to students using the information obtained with LA. 

Suggestions can be made for students to improve their weaknesses while appreciating their 

strengths. This feedback can help them make their learning process more effective. 

d) Improving the learning experience: LA can be used to improve the learning experience. Using 

student performance data, instructors can improve their teaching methods and materials. This 

can make students' learning more effective. Each item mentioned above regarding the 

integration of LA into the learning process constitutes a stage of the formative evaluation 

process. Therefore, through the formative assessment process, LA enables data collection, 

reporting on the acquired information, and facilitating interventions based on these reports. This 

way, LA can effectively support the advancement of the learning process. The learning process 

can be adjusted based on the information LA provides. For instance, if LA results show that 

students have difficulty understanding a particular subject, they may devote more time to it or 

offer them additional learning materials. Interactive activities or discussions can be organized 

to increase student interest and participation. 

The above processes can be followed in integrating LA into the lessons. One of the essential points to 

be considered in this process is data privacy and ethical processes (Çetintav et al., 2022). Since LA 

results contain students' personal data, it is essential to pay attention to ethical processes in obtaining 

and using this data. LA results of a student should not be shared with other students in the class in a way 

that makes it  identifiable to whom they belong. 

 

Limitations of this review 

This review is limited in its scope, as defined and specified in the method section. The selection of the 

source database and the specific search engines used in this review have also contributed to its 

methodological limitation. Research publications that do not include the selected keywords/terms as a 

descriptor in their title, abstract, or keyword list, as well as those not indexed in the source database are 

not included in this review.  

 

Suggestions for future reviews  

Future reviews may extend the search scope to include other reputable databases, specialized journals, 

or peer-reviewed conference proceedings. In addition, applying different search strategies, keywords, 

selection criteria, and exclusion criteria may retrieve more relevant research publications for a broader 

review.  

 

Conclusion 

Research has explored some of the powerful potentials of LA in renovating FA practices in digital 

learning. Dynamic LA empowers educators by providing critical insights into students’ learning 

progress (e.g., Koc, 2017; O’Dowd, 2022; Nguyen et al., 2016), identifying struggling students (e.g., 

Choi et al., 2018; Saqr et al., 2017), and generating adaptive materials accordingly (e.g., Yilmaz et al., 

2021). Thus, effective implementation of LA in FA could result in increased learner engagement, 

improved learning outcomes, boosted teaching efficiency, and better retention rates. The potential 

benefits of LA for FA make it a worthwhile investment for educational institutions, together with 

technology advancement.  
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Through a systematic review of empirical studies published in Web of Science and Scopus databases, 

this article portrays the trends of LA in FA research in the recent decade, since the first study was 

published in 2011. It has also explored the learning environments, delivery modes, disciplines, and 

participants of these studies, to develop a macro, as well as a micro-view of LA in FA research. The 

findings provide a preliminary foundation for more, historical, or meta-analyses of the increasing body 

of research literature on LA in FA.  

To build a deeper understanding of the benefits as well as the challenges and issues of using LA in FA 

in digital education, more research is necessary. Different research methods are essential, and a larger 

number of participants are required for research on the scalable practice of LA in FA.  
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