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INTRODUCTION

In recent decades, formative assessment has been one of the most crucial elements of
educational evaluation. Formative assessment has shifted from measuring learning outcomes
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to facilitating learning (Brown, 2019). This shift has become possible because learner-
centered and constructivist approaches view learning as an active process of building
knowledge (Yan & Boud, 2021). From this perspective, assessment is an integral part of the
teaching and learning process, not just a tool for evaluating learners' achievements. It
enhances learning by improving instruction based on evidence about learners' performance
(Acuia & de DAavila, 2021). That is why many researchers and educational policy-makers have
studied the role of formative assessment in the educational process.

In the literature on evaluation in education, there are three different concepts of
“Assessment of Learning”, “Assessment for Learning” and “Assessment as Learning” that aim
at clarifying the varied functions of evaluation in the teaching-learning process (Schellekens
et al., 2021). The "Assessment of Learning" concentrates primarily on the measurement of
how far the learners have met the expected goals of education; in this case, it evaluates how
far the learners have met the set criteria. Conversely, assessment for learning uses evidence
to recognize learners’ needs, provide feedback, and inform instruction; therefore, beyond
assessing progress, its purpose is to facilitate improvement in the learning process (Brown,
2019). Assessment as learning focuses on the learner's active role in tracking their learning,
evaluating themselves, and reconsidering the learning process, and on the idea that
assessment is part of self-regulatory development (Yan, 2021; Yan & Boud, 2021). Although
different, the three assessment types mentioned above do not necessarily have to be
separate and may intersect. In this way, formative evaluation is closely connected to
evaluation for learning and may also include assessment as learning, depending on how it is

carried out (Brown, 2019; Schellekens et al., 2021).

The first mechanism in formative assessment is feedback that helps learners identify gaps
between their current learning and the desired outcomes and take steps to improve their
performance (Acufia & de Davila, 2021). Nevertheless, feedback efficiency depends not only
on providing information about the correctness of responses, but also on how students use
that information to change their learning strategies and future actions (Yan & Boud, 2021).
From this standpoint, formative assessment and self-regulation are linked in the learning
process, as feedback collected during evaluation can enable learners to reflect on their
learning experience, identify difficulties, and adjust strategies to meet their needs (Ren et al.,
2026).

Various studies have investigated the influence of formative assessment on student
learning in different aspects. For example, Al Breiki & Yahaya (2026) conducted a meta-
analysis on the influence of formative assessment through electronic gamification on
students’ academic performance. (Al Breiki & Yahaya, 2026). Moreover, Esomonu & Nduka
(2025) looked at the impact of formative assessment on academic performance in science
subjects (Esomonu & Nduka, 2025). Moreover, Wu & Yu (2025) explored the part played by
teachers’ emotional support in the association between formative assessment and academic
performance(Wu & Yu, 2025). Thus, research on formative assessment involves more than
analyzing its effect on academic performance; it has also considered other factors, such as
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the evaluation method used and the conditions under which it is implemented. However,
notable differences in context, evaluation methods, and outcomes analyzed call for periodic
review of the research process in this area.

In recent years, formative assessment research has expanded beyond its traditional focus
on classroom assessment. Formative assessment research in second language learning has
been done to find out how formative assessment contributes to language learning and the
development of learning among the learners (Nguyen & Nguyen, 2026; Vassiliou et al., 2022),
whereas science education research has emphasized the state of research and evaluation in
this field (Zhang et al., 2023). Formative assessment has also been emphasized in higher
education and special education (Nguyen & Nguyen, 2026; TING, 2025). In addition, advances
in digital technologies and artificial intelligence have opened new possibilities for research on
feedback and evaluation. For instance, studies have been conducted in the areas of using
learning analytics in formative assessment (Banihashem et al., 2025), providing feedback to
students using Al technologies (Burner et al., 2025), as well as the capabilities and issues of
formative feedback that is based on generative Al (Kasneci et al., 2023; Webb & Galamba,
2026). This expansion of topics and contexts has made formative evaluation a
multidisciplinary field that requires a systematic review of relationships among subjects,
researchers, and trends.

Despite the growing body of studies on formative assessment, earlier bibliometric
analyses have examined various aspects of the subject but not its publication characteristics,
knowledge structure, collaborative networks, and thematic evolution within a single
framework. For instance, Kara¢ép and inaltekin (2023) explored the dynamics of formative
assessment research in the educational literature from 2000 to 2021 using criteria such as
citation analysis, co-authorship, and author keywords (Karacdép & inaltekin, 2023).
Meanwhile, Sudakova et al. (2022) have focused exclusively on online formative assessment
in higher education (Sudakova et al., 2022). Sultan et al. (2024) analyzed formative
assessment literature cited in the Scopus database (Sultan et al., 2024). In contrast, Yilmaz
(2025) analyzed formative assessment in science education only. Although the above studies
provide valuable information on the area in question, it is challenging to form a common view
of the field based on either study because their thematic focus, databases, and study periods
differ (Yilmaz, 2025). Therefore, the current study seeks to integrate analyses of publication
and citation patterns, author collaborations, co-citations, and keyword co-occurrences to
create a research map of formative assessment indexed in the Web of Science Core Collection
from 2015 to 2026.

This problem becomes especially acute because areas such as learning analytics,
generative Al, and intelligent feedback have entered the sphere of formative assessment. For
instance, the critical review by Banihashem et al. (2025) has covered the aspects of
development, limitations, and future directions of applying learning analytics in formative
assessment, while recent studies have examined the use of generative Al for formative
feedback and the difficulties associated with connecting technology with educational goals
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(Banihashem et al., 2025; Prompiengchai et al., 2025; Webb & Galamba, 2026). The above
papers may help with specific areas. However, they cannot explain where new topics fit within
the established framework of formative assessment concepts, which research trends have
created the strongest connections, and how the field's thematic structure has evolved. In this
regard, an integrated approach to analyzing publication trends, collaboration, citation
networks, and keyword relationships may help reveal the field's knowledge structure and
identify key topics, connections between research areas, and research gaps.

This study investigates the knowledge structure and history of studies on formative
evaluation by analyzing scientific articles published in Web of Science from 2015-2026 using
a bibliometric approach. In this context, the annual trends in article publication and citation
practices are examined to determine the dynamics and scientific influence of research in this
field, authors, countries, organizations, and key journals, by means of scientific production
and citation indicators; the authorship and citation networks are studied to find out scientific
collaboration and intellectual connections that are typical of this research field. Keyword co-
occurrence and the dynamics of theme changes are also used to identify pivotal themes,
thematic clusters, and emerging research areas. Hence, the present study is intended to
answer four main questions:

1. What are the features of the publication and citation process of articles on the topic
of formative evaluation over the period from 2015 to 20267

2. Who are the prominent authors, countries, institutes, and journals in the scientific
production and citation process? Which works are the most cited, and who are their
authors?

3. What are the characteristics of the author and citation networks? Who are the
prominent authors and scientific sources that shape the intellectual and scientific
structure of formative evaluation research?

4. What are the prominent concepts and thematic clusters in formative evaluation
research? What topical areas should future research highlight based on bibliometric
findings?

In addressing the discrepancies between the coverage and analytical emphasis of the
previous bibliometric studies, the current research presents a synthesized analysis of the
publication and citation structure, the co-authorship networks, the co-citation relationships,
and the keyword co-occurrence structures of the bibliographic data of the formative
assessment research indexed in the Web of Science Core Collection from 2015 to 2026. Unlike
previous studies, the present research does not treat these indices as detached indicators of
research activity. The study integrates these indices to understand the volume and visibility
of research output, research collaboration trends, the field's theoretical roots, and the
research themes stressing the formative assessment discipline within the focused dataset.
The study aims to synthesize these dimensions of bibliometric analysis into a single study by
intentionally complementing previous studies with different subject orientations, database
coverage, or conceptual bases.
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RESEARCH METHOD

The study used bibliometric analysis to examine publication trends, citation patterns,
conceptual structure, and scientific collaboration networks in formative assessment.
Bibliometric analysis is a quantitative methodology for analyzing scientific output, including
publication trends, citation relationships, collaboration trends, and thematic structures (Aria
& Cuccurullo, 2017; Van Eck & Waltman, 2010). This study used bibliometric analysis to
examine the temporal development of formative assessment literature and the relationships
among scientific publications, scientists, and topics. The analysis was therefore organized into
five headings: publication trends, citations, keyword co-occurrences, co-citations, and co-
authorships.

Data Source and Search Strategy

This paper selected the Web of Science Core Collection as the search database. A search was
performed for the keywords “FORMATIVE ASSESSMENT”, FORMATIVE EVALUATION”, and
“ASSESSMENT FOR LEARNING” for the All-Fields category. The search was limited to 2015—
2026, and the results were restricted to Articles, English, and SSCI. The database was accessed
on 21 June 2026 at 22:44, and the search history and searched terms were recorded. The
search string was based on the search terms and inclusion criteria, but the exact Boolean
operators used could not be inferred from the search record, so the search string could not
be reconstructed.

Selection Criteria and Screening Process

Preliminary article selection was done in stages. We initially retrieved 3375 records; after
screening for English-language inclusion, 2302 records remained. From these 2302 records,
we selected 756 documents by limiting the search to journals in the Social Science Citation
Index, leaving 576 articles for abstract-level screening. Of these abstracts, 151 were excluded
because they did not address the study's scope and research questions on formative
assessment, leaving 425 abstracts for full-text screening. Initial screening was done on
abstracts, not full-text articles. Interpret the numbers and reasons for exclusion in light of the
search and screening histories provided.

Records were included in the analysis based on their relevance to formative assessment
and the breadth of research questions. The process involved screening abstracts for studies
that listed or discussed formative assessment, formative evaluation, or assessment for
learning, and that aligned with the article's focus. If the abstract did not sufficiently
demonstrate the study's relevance, the article was not included. Because this was an
abstract-level screening and the full text of these studies was not retrieved, the final list of
included studies reflects articles accessed through relevant bibliographic databases, in a
relevant language, and of the appropriate document type and indexing.

The research focused on journal articles only to ensure consistency in publication type, and
only articles were included in the bibliometric database; conference papers and other paper
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types were not considered. This limitation should not be mistaken for suggesting that
conference papers are in any way inferior to articles published in scientific journals.

Data Preparation and Analysis Software

We created citation, co-citation, co-authorship, and keyword co-occurrence networks by
analyzing bibliographic data extracted from the WoS Core Collection using VOSviewer
(version 1.6.20). The software used full counting and normalized association strength. Only
author-supplied keywords were used in the co-occurrence network, with a minimum of five
occurrences for each term. The software performed clustering using the default settings. The
analysis identifies the minimum number of occurrences selected for the co-citation and
bibliographic coupling networks and the units of analysis applied to each network, and
describes them separately.

Methods of Bibliometric Analysis
Trend Analysis of Publication

To investigate the temporal dynamics of the evaluative literature, we examined the number
of publications in each year. This approach allowed us to describe trends in publication
numbers over time and identify general increases or decreases in scientific output. Because
the data were collected on June 21, 2026, the 2026 data are incomplete.

Citation Analysis

To analyze citation patterns, we applied citation analysis to identify articles, authors, journals,
institutions, or countries with higher citation counts. We treated citation count as a measure
of citation impact within the analyzed sample, not as a measure of the paper's scientific value.
We also needed to account for different publication dates and citation potential.

Co-Occurrence Analysis of Keywords

A co-occurrence analysis was performed on keywords to identify associations and
connections between concepts and thematic clusters in the evaluations. Keywords with an
occurrence rate of at least five were considered. The resulting association and clustering
patterns reveal common topics and their relationships. Using this threshold, the results show
only the qualifying keywords in the dataset.

Co-Citation Analysis

Co-citation analysis analyzes citations among scientific publications or sources to uncover the
intellectual structure of the scientific literature. Co-citation analysis helps identify
publications that are cited together in the set of analyzed articles. Interpret the generated
network based on the actual citation process, not by attributing a theoretical position to a
publication solely because of its position in the network.

1049



Haidari et al., / The Evolution of Formative Assessment Research

Co-Authorship Analysis

Co-authorship analysis has been performed to demonstrate scientific collaboration patterns
in the selected papers. This analysis studies collaboration patterns among authors and, when
relevant units are considered, can also analyze collaboration among institutions/countries.
The findings from this part were used to define the scientific collaboration network and
collaboration among units.

Examination of Thematic Evolution and Emerging Topics

The discussion of theme evolution is based on patterns identified in the keyword network and
the temporal distribution of topics. In analyzing these patterns, we distinguished between
frequent topics, topics appearing at different points in time, and topics with insufficient
evidence to determine whether they are emerging. The infrequent occurrence of a keyword,
or its complete absence from the keyword network, does not necessarily mean a relevant
topicis absent from the research literature; factors such as word choice and the threshold for
including keywords in the study can affect this.

Therefore, determining new topics should be based on the analysis of observable data,
particularly time and networks. Without data analysis, topics like artificial intelligence,
evaluation fairness, and technology ethics cannot be declared new topics in this collection
based solely on their relevance to society.

Interpretive considerations and methodological limitations

The study's findings are based on articles from the Web of Science Core Collection, selected
based on criteria such as language, SSCI index, article type, time frame (2015 to 2026), and
thematic connection to the research topic. Thus, the findings must be analyzed against the
background of the selected sample of papers. Papers written in other languages, not covered
by the database, or not indexed in other databases may not be included in the final selection.
This is especially relevant for analyzing the geographical distribution of scientific publications.

Furthermore, 2026 was not yet complete when the data were collected; therefore, this
year's publication count is not appropriate for direct comparison with complete years. The
citation number indicates citation power. In addition, because the data were collected before
2026 ended, this year's publication count cannot be used for comparison. The citation
number refers to citation strength within the analyzed dataset range and does not alone
determine the article's scientific quality. Likewise, Total Link Strength (TLS) reflects a unit's
connection strength to others in the network but does not capture all aspects of centrality
and scientific influence.

It analyzes the dataset range and does not define an article's scientific quality on its own.
Similarly, the Total Link Strength (TLS) value represents a unit's connectivity to other units in
the network, but it does not capture all aspects of centrality or scientific influence.

In conclusion, the analysis of themes and emerging trends must account for factors such
as search restrictions, selection criteria, analysis thresholds, and database coverage. Hence,
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the study's findings reflect only a bibliometric analysis of the articles, not an absolute
reflection of all research in formative assessment.

Identifying records in the Web of Science Core Collection
3375
Before imposing language restrictions

Applying English language filter
2302

Limiting results to the SSCl index
756

Review and delete duplicate records
576
180 duplicate records deleted

Reviewing abstracts in terms of alignment with research
objectives and questions
576 currency evaluation completed

Selected Articles
425
Entered into VOSviewer analysis

Figure 1. Flow Diagram of the Article Identification, Screening, and Selection Process

FINDINGS

Annual Publication Trend: Formative Assessment (2005-2026)

of Documents

Number

2016 o7 08 2019 2020 2021
Year

Fig 2. Annual publication trend of formative assessment articles (2015 — 2026)

The trend in research publications from 2015-2026 appears positive overall, as most
papers were published during this period. The descriptive examination of the publication
trends might be summarized into four periods: 2015-2016; 2017-2020; 2021-2023; 2024-
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2026. The first period marks the beginning of the trends; the second period highlights
moderate development in the research area; the third period (2021-2023) may be more
positive, provided the 2021 data are accurate. Approach the last period (2024-2026) with
caution, as only 2026 data are fully available, while 2024-2025 data cover only certain months.
Overall, the literature database includes 425 articles with 8,411 total citations, averaging 19.8
citations per document. However, it is difficult to argue whether these numbers are high or
low because different disciplines use different measures of publication quantity and quality.

Table 1. Top Authors in This Field - Formative Evaluation

Rank Author TP TC ACP TLS
1 Yan, Z 9 253 28.1 12
2 Palm, T 5 202 40.4 5
3 Furtak, EM 5 143 28.6 12
4 Klieme, E 5 240 48.0 14
5 Andersson, C 4 151 37.8 4
6 Panadero, E 4 351 87.8 10
7 Archila, PA 4 54 13.5 12
8 Gotwals, AW 4 122 30.5 4
9 Hwang, GJ 3 120 40.0 7
10 Clarke-Midura, J 3 18 6.0 8
13 Rakoczy, K 3 129 43.0 8
14 Palmberg, B 3 55 18.3 5

Note. TP = Total Publications; TC = Total Citations; ACP = Average Citations per Publication; TLS = Total Link Strength. TLS
represents the cumulative strength of an item's links within the specific bibliometric network analyzed.
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Fig. 3. Author citation network map

The table and figure present research results on the most productive authors in
assessment studies across three aspects: scientific productivity (TP), citation impact (TC, ACP),
and network connectivity (TLS). By publication count, Yan appears to be the most productive
author in the chosen field, with nine assessment-related publications. However, by citation
impact, Panadero appears to be the most productive researcher, with 351 citations and an
ACP of 87.8. Among the remaining researchers, Klieme has the highest TLS (14). Palm, Hwang,
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and Rakoczy have higher ACP than the other researchers, suggesting moderate scientific
productivity. Based on this analysis, all three authors have a high level of scientific
productivity. Yan has the highest TP among the analyzed authors, Panadero has the highest
TC and ACP, and Klieme has the highest TLS. Thus, the three authors should be considered
the most productive and impactful in the chosen field of assessment. Nevertheless, scientific
productivity is not the only determinant of an author’s contribution to a topic, and
researchers should not be judged solely on those metrics.

Table 2. Top Institutions in the Field of Formative Assessment

Rank Institutions TP TC ACP
1 Education University of Hong Kong (EdUHK) 25 594 23.8
2 Universidad de los Andes (Colombia) 14 154 11.0
3 University of California System 14 432 30.9
4 Michigan State University 11 206 18.7
5 Umea University 11 312 28.4
6 Monash University 10 57 5.7
7 University of Hong Kong 10 498 49.8
8 University of Colorado System 10 430 43.0
9 Maastricht University 9 99 11.0
10 University of Colorado Boulder 9 399 443
11 Jilin University 9 51 5.7
12 University of London 9 208 231
13 University of Alberta 8 178 22.2
14 State University of New York (SUNY) System 8 283 35.4
15 University of Groningen 8 142 17.8

According to the table above, North America, Europe, and East Asia have the most
influential universities in this field. The university with the highest TP is the Education
University of Hong Kong, with 25 articles, followed by the University of Colorado Boulder and
the University of Colorado, with 22 and 18 articles, respectively. In terms of TC, the University
of Hong Kong is also the most productive one with 594 citations. For ACP, the most productive
universities are the University of Hong Kong, the University of Colorado Boulder, and the
University of Colorado, which have 49.8, 44.3, and 43 citations for each article, respectively,
indicating that for the number of published articles and the number of average citations, their
tendencies do not coincide.

The leading countries are Hong Kong, the USA, the UK, Sweden, the Netherlands, and
Canada. This distribution pattern is explained by the fact that the most productive or most
popular (by citations) institutions are concentrated in these regions. The representation of
these institutions should not be taken as evidence that the countries not mentioned do not
carry out important work in the field of formative assessment. To test this hypothesis, it is
necessary to quantitatively compare the number of published articles and citations across
countries. The same applies to the role of these organizations in forming theories and
methods: testing this hypothesis requires additional studies, such as analyses of co-citations,
keywords, or specific content. The productivity and citation patterns of these organizations
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differ significantly, providing an opportunity for joint research on the represented
organizations.
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Fig 4. Citation network map of Institutions

Table 3. 15 Top Countries in the Field of Formative Assessment

Rank Country TP TC ACP
1 United States 132 2855 21.6
2 China 53 1284 24.2
3 Netherlands 32 804 25.1
4 Australia 30 795 26.5
5 Spain 30 816 27.2
6 United Kingdom 29 485 16.7
7 Germany 26 655 25.2
8 Taiwan 17 418 24.6
9 Turkey 13 123 9.5
10 Canada 10 222 22.2
11 Norway 10 118 11.8
12 Switzerland 9 232 25.8
15 South Korea 7 142 20.3

The country analysis shows disparities in productivity, measured by publications and
citations in formative assessment research. The United States of America produces the most
articles (132 articles and 2,855 citations). It is followed by China (53 articles and 1,284
citations) and the Netherlands, Australia, and Spain, which produce the most publications.
However, the country that produces the most articles does not appear to have the highest
ACP. Spain has the highest ACP (27.2), followed by Australia (26.5), Switzerland (25.8),
Germany (25.2), and the Netherlands (25.1). The list of countries with the highest
productivity in quantity does not correspond to the list of countries with the highest ACP.
Turkey has the lowest ACP (9.5), followed by Norway (11.8), while the United Kingdom also
has a relatively low ACP (16.7).

The national distribution of contributing countries suggests that the most academically
productive and cited contributors listed in the table are mainly located in North America,
Europe, and East Asia. However, this table shows only a limited range of countries and does
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not necessarily imply a geographical gap for formative assessment research between
continents. ACP is merely a measure of average citation frequency, not a direct measure of
research quality. In sum, the findings differentiate national publication productivity from
mean citation impact and show that the two factors need not go hand in hand.
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Figure 5. International cooperation network of countries

Table 4. Top Co-Cited Authors and Journals in Formative Assessment Research

Rank Author Number of citations = Rank Journal Number of citations
1 Anonymous 755 1 ASSESS EDUC 514
2 Black 453 2 ASSESS EVAL HIGH EDU 482
3 Wiliam 184 3 COMPUT EDUC 478
4 Hattie 150 4 REV EDUC RES 377
5 van 149 5 J RES SCI TEACH 371
6 Furtak 137 6 SCI EDUC 288
7 Bennett 136 7 TEACH TEACH EDUC 218
8 Brown 136 8 J EDUC PSYCHOL 180
9 Panadero 126 9 EDUC ASSESS EVAL ACC 169
10 Lee 124 10 INT J SCI EDUC 158

The co-citation analysis highlights several authors and journals worthy of further
consideration. As shown in Table 1, Black is the most frequently co-cited author with 453 co-
citations, followed by Wiliam (184) and Hattie (150). Other frequently cited authors include
van, Furtak, Bennett, Brown, Panadero, and Lee. For each of these individuals, either further
study of their work is needed, or their articles are used extensively. In any case, these authors
are significant in formative assessment research. However, to fully understand their
contributions, readers must consult the published articles, as the current information
provides only general descriptions of their work. A content analysis would be required to
identify how these authors have contributed specifically to the assessment for learning field
and to understand their theoretical backgrounds.

At the journal level, the table shows that the Assessment in Education journal has the
highest co-citation frequency (514), followed by Assessment & Evaluation in Higher Education
(482) and Computers & Education (478). Other highly co-cited journals include Review of
Educational Research, the Journal of Research in Science Teaching, Science Education, and
Teaching and Teacher Education. These journals suggest that formative assessment practices
draw on literature from educational assessment, educational research, educational
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technology, science education, and teacher education. Altogether, the findings of the current
study can help identify a set of co-cited journals and authors that can provide a foundation
for later-stage comprehensive research in the field. However, the results of this study should
not be overinterpreted to suggest that the identified authors and journals are of higher
quality than others, and several sources cannot automatically define the field's development
or knowledge framework.
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Fig. 6. Overlay Visualization of Co-Cited Journals in Formative Assessment Research

Table 5. Top-Cited Studies and Their Citation Impact in Formative Assessment Research

Rank Article Title Authors Years Journal TC

1 FORMATIVE ASSESSMENT Graham, S; Hebert, M; 2015 ELEMENTARY SCHOOL 248
AND WRITING: A Meta- Harris, KR JOURNAL
Analysis

2 Formative and Summative Dixson, DD; Worrell, FC 2016 THEORY INTO PRACTICE 217
Assessment in the Classroom

3 The role of gamified e-quizzes  Zainuddin, Z; Shujahat, 2020 COMPUTERS & 206
on student learning and M; Haruna, H; Chu, SKW EDUCATION
engagement

4 Fusing self-regulated learning  Panadero, E; Andrade, 2018 AUSTRALIAN 179
and formative assessment: a H; Brookhart, S EDUCATIONAL
review RESEARCHER

5 The effect of automated Zhu, MX; Liu, OL; Lee, HS 2020 COMPUTERS & 144
feedback on revision behavior EDUCATION
and learning

6 The effects of a digital Faber, JM; Luyten, H; 2017 COMPUTERS & 127
formative assessment tool on  Visscher, AJ EDUCATION
mathematics

7 Formative self-and peer Wanner, T; Palmer, E 2018  ASSESSMENT & 127
assessment for improved EVALUATION IN HIGHER
student learning EDUCATION

8 Using Learning and Shepard, LA; Penuel, 2018 EDUCATIONAL 113

Motivation Theories to
Coherently Link Formative
Assessment

WR; Pellegrino, JW
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9 Formative assessment as Leenknecht, M; Wijnia, 2021  ASSESSMENT & 112
practice: the role of students'  L; Kbhlen, M; Fryer, L; EVALUATION IN HIGHER
motivation Rikers, R; Loyens, S EDUCATION

10 Automated writing evaluation  Ranalli, J; Link, S; 2017 EDUCATIONAL 107
for formative assessment of Chukharev-Hudilainen, E PSYCHOLOGY

secondary students

Citation analysis was used to identify articles on formative assessment. The search was
limited to the ten most cited articles. The articles analyzed covered writing assessment, the
impact of formative and summative assessment, gamified quizzes, self-regulated learning,
automated feedback, electronic-based assessment, peer assessment, student motivation,
and automated writing evaluation. The most cited article was ‘Formative assessment and
writing: A meta-analysis’ by Graham, Hebert, and Harris (2015), with 248 citations, and it
appeared to be the most influential. It was followed by another article, ‘Examining the role of
formative and summative assessment in the classroom’ by Dixson and Worrell (2016), with
217 citations, and another article on exam evaluation by Zainuddin et al. (2020), cited 206
times. The citation analysis suggests the articles are most frequently cited for their
contributions to writing assessment, classroom assessment, and technology-based
assessment practices.

The publication years and topicality in the table suggest that the most influential papers
cover various aspects of formative assessment, not just one research area. For instance,
several articles relate to computers and assessment and automated assessment; they include
digital gamified e-quizzing, automated feedback, digital assessment tools, and automated
writing evaluation. Other highly cited articles relate to self-regulated learning, peer
assessment, student motivation, and learning-assessment connection theory. Computers &
Education (3 times) and Assessment & Evaluation in Higher Education (twice) appear more
often in the most-cited papers, suggesting they may be among the most influential. In
general, the table above also shows that the most influential articles covered various issues
in the domain of most cited papers. However, it certainly does not prove the authority and
validity of this work, and it does not suggest that these are the fastest (or newest) growing
research topics and areas of study.

Table 6. Emerging Research Trends and Rapidly Growing Topics in Formative Assessment

Rank Emer_ging Course Course Rank Topics with the Course  Course Growth
topics 1 2 greatest growth 1 2
1 enactment 0 10 1 performance 17 35 +18
2 aTssessment 0 10 2 knowledge 9 25 +16
literacy
3 participation 0 7 3 perceptions 4 19 +15
4 validity 0 6 4 engagement 5 18 +13
5 experiences 0 6 5 learning analytics 2 15 +13
6 challenges 0 5 6 peer assessment 8 19 +11
7 game 0 4 7 instruction 3 14 +11
8 validation 0 4 8 self-efficacy 2 12 +10
9 reliability 0 4 9 gamification 1 9 +8
10 Student 0 4 10 Meta-analysis 6 13 +7

perceptions
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Table 6 below presents the emerging topics and keywords that increased the most in the
number of articles in which they appeared over the two periods. With a difference of 10
articles each, enactment and assessment literacy were the most prevalent emerging topics in
the second period but were not identified in the first. Other identified high-occurrence
keywords are participation (7), validity (6), experiences (6), and challenges (5). In sum, the
latter period's literature placed greater emphasis on assessment practices and assessment
literacy, learner participation in instruction, and outcome validity. In raw numbers,
performance increased the most (17->35; +18), followed by knowledge (9->25; +16) and
perceptions (4->19; +15). Engagement (+13), learning analytics (+13), peer assessment (+11),
instruction (+11), and self-efficacy (+10) also increased. The increases in learning analytics and
gamification indicate growing interest in learning analytics and technology-enhanced
assessment. In contrast, increases in peer assessment, engagement, and self-efficacy may
reflect growing interest in student agency. We should be cautious about these trends: they
describe only changes in how often keywords appeared in the dataset and say nothing about
the quality, validity, or depth of conceptual understanding in the work in these areas.

The keyword patterns can also inform unanswered research questions or areas that
require deeper investigation. For instance, future studies could explore how assessment
literacy, engagement, self-efficacy beliefs, and self-regulated learning interrelate within
formative assessment contexts. Learning analytics, gamification, and feedback are also crucial
areas to investigate further. For instance, future studies could examine how digital tools
support feedback, learning engagement, and the use of assessment evidence for instructional
improvement. Artificial intelligence-powered feedback mechanisms, generative Al, fairness,
the ethics of digital assessment, and adaptive assessments are also promising areas for
further research. However, researchers should not forget that Table 6 represents only
formative-assessment-related topics identified in the keyword network. Therefore, further
analysis should confirm whether the areas listed above are indeed under-researched. To
summarize, Table 6 outlines shifts in trends for certain research topics during the specified
timeframe. However, future studies need to examine the theoretical relationships between
these topics, their unanswered questions, and their practical implications.
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Fig 7. Keyword Co-occurrence Network of Research on Formative Assessment and Learning Outcomes
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DISCUSSION

This research examined the distribution of publications, citations, collaboration networks,
and article topics on formative assessment published in the Web of Science Core Collection
between 2015 and 2026. The results reflect the sample of studies analyzed and indexed in the
selected database, not a general statement about the quality and evolution of the entire line
of research. The distribution of publications also shows that this line of research is statistically
heterogeneous across authors, institutions, and countries. That is, the number and
percentage of articles from a country or institution do not necessarily reflect how many
studies were conducted on the subject in that country or institution. The present study also
includes only articles indexed in the Web of Science database, which may not reflect the
global distribution of research on the same topic. Additionally, because all articles analyzed
are in English, the results may not apply to research in other languages.

The publication trends may be explained by the previously mentioned articles (Karacop &
inaltekin, 2023; Sudakova et al., 2022; Sultan et al., 2024) and other formative assessment
and education-related articles. on formative assessment and other education-related articles.
However, because other articles differ in selected databases, time period, documents,
document selection algorithms, and research problems, a straightforward comparison is not
reliable. In particular, the choice of databases, publication years, documents analyzed, and
topics presented could significantly influence the results. Therefore, the consistency of the
present results with previous studies should be considered in the context of tendencies
recognized across different literature collections. Such comparisons should consider the
overall number of documents generated each year and their behavior over time. This study
shows research behavior on formative assessment within the scope established by the
authors. Each study's design methods should explain inconsistencies between the patterns
in this paper and those reported by others.

The citation analysis also reveals the intellectual concepts that illustrate how research on
formative assessment has evolved from related areas of educational research. The high
frequency of feedback, assessment for learning, and self-regulated learning in the analyzed
articles may reflect that these closely related concepts are central to discussions of how
assessment information supports instruction and learning. Feedback informs learners about
their status and provides guidance; assessment for learning underscores the importance of
using assessment information to guide further learning; and self-regulated learning
emphasizes learners' active role in regulating their learning. Together, these concepts might
serve as a theoretical construct for conceptual linkages in the literature. However, the
bibliometric linkages should not be understood as reflecting similar processes of using
feedback and assessment information across different educational settings, nor as causal
effects of feedback or assessment processes on learning. As the research states, the
interpretation aligns neatly with the predominant perspectives on assessment and learning
strategies espoused by Brown (2019), Yan and Boud (2021), and Schellekens et al. (2021).
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Still, to conclude whether the fit is perfect, it is necessary to examine the researcher’s facts
and statements that justify their position.

Moreover, keyword analysis highlights the range of subjects covered in the sample. As
shown in Table 6, assessment literacy increased from 0 to 10, engagement from 5 to 18, and
learning analytics from 2 to 15. Peer assessment increased from 8 to 19, self-efficacy from 2
to 12, and gamification from 1to 9, respectively. In absolute terms, the most-used topics were
performance (17-35), knowledge (9-25), and perceptions (4-19). The literature covered
aspects ranging from learning results and engagement to assessment literacy, learning
analytics, learner engagement, and technology use. This allows researchers to examine how
these aspects affect formative assessment goals and practice. This trend, however, does not
suggest either a large amount of research or a change in magnitude in education. Again,
researchers may have been working in different subjects at different levels, new terms may
have been created, and more articles may have been published each year.

These keyword patterns are not, by themselves, a research gap. However, increased focus
on assessment literacy and self-efficacy can be used as the basis for questions such as ‘what
is the relationship between teachers’ knowledge of assessment and learners’ beliefs about
learning and how does this influence formative assessment’ or ‘what is the relationship
between assessment literacy and classroom assessment practices’. Likewise, increased focus
on learning analytics and gamification can inform questions such as ‘what do learners think
about how digital technologies are incorporated into assessment and how do we assess the
effectiveness of this incorporation’. Empirical research to be done in the near future may
include questions such as ‘does feedback support self-regulated learning’, ‘under what
conditions’, ‘is assessment literacy associated with assessment practice’ or ‘do digital
assessment devices improve timeliness and quality of feedback’. While these questions are
suggested based on the bibliometric findings, a list of keyword frequency counts does not
allow us to judge their answerability.

Other potential avenues for further work are artificial intelligence-aided assessment,
adaptive assessment and personalized feedback. However, their apparent scarcity in these
analyses, if taken as evidence of commonality in keyword- and publication-level references to
these topics, would not necessarily indicate that these topics are lacking, underdeveloped, or
nascent in the literature as a whole. Many relevant works may use different terminology or
may not be captured in the database and/or selection criteria used in this study. A complete
account could involve temporal keyword analysis, a review of relevant publications, and
possibly comparisons with other databases. For these reasons, they remain potential lines of
inquiry rather than evidenced gaps.

Using all the indicators presented in the publication, citation, collaboration, and keyword
analyses allows for an understanding of trends in research on formative assessment in the
examined Web of Science database. While publication and citation indicators describe
general trends in volume and impact, collaboration analysis reveals the extent to which
researchers in the field cooperate, and co-citation and keyword co-occurrence analyses
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identify topics and trends. These measures serve different purposes, however, and are not
interchangeable as measures of research quality or impact. For example, citation behavior
doesn’t necessarily reflect sound assessment behavior, and while keyword relationships
indicate the language used in the research, they don't necessarily reveal causal relationships
between educational constructs. This paper is a first step toward pulling these perspectives
together and providing broad strokes of the structure and themes of the body of literature.
This characterization can inform research questions for a subsequent study; however, further
qualitative, quantitative, or theoretically based research is needed to explore the process
behind this pattern, as well as the educational function of any given assessment technique.

CONCLUSION

This study mapped the development and knowledge structure of formative assessment
research published in the Web of Science Core Collection during 2015-2026. Using publication
and citation analysis, co-authorship analysis, co-citation analysis, and keyword co-occurrence
analysis, the study revealed trends in research output, collaboration, intellectual background,
and research emphases in the selected literature. In this way, the results obtained provide an
organized view of the contributors to this research area, as well as recurring concepts in the
citations and keywords used in the research literature. The novelty of this study lies in
applying these perspectives to show how formative assessment research is reflected and
structured in the chosen dataset. Rather than proving that the field has matured or that
emerging technologies have revolutionized the assessment process, the results provide a
basis for bibliometric interpretation of research patterns.

The results open up several opportunities for future research and educational practice.
The prevalence of concepts such as feedback, assessment for learning, and self-regulated
learning in the selected literature provides an opportunity for future empirical research on
the connections among these three components of formative assessment. The presence of
assessment literacy and learner engagement in the list of topics identified through keyword
analysis will also support further research on teacher assessments and student engagement
in the formative assessment process. Furthermore, the presence of digital assessment-
related topics in the collected dataset provides an opportunity to examine technologies used
to implement formative assessment. However, the effectiveness of these tools must be
estimated empirically rather than inferred from publication data. The identified structure of
scholarly outputs and cooperation can inform further research on collaborations and the
involvement of institutions from different countries in research activities. Based on the
bibliometric analysis, these aspects should be considered research priorities, not measures
with proven effectiveness.

This research has multiple limitations. First, this paper used data extracted from the Web
of Science Core Collection, so publications cited in other databases were not included.
Therefore, the results reflect the chosen database, not the full scope of formative assessment
research. Second, citation-based indicators can give older publications an advantage because
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they have had more time to accumulate citations, while newer studies have not yet received
sufficient attention from scholars. Third, limiting the dataset to English-language literature
may have omitted studies in other languages. Fourth, the data were gathered on 21 June
2026, so 2026 publications are incomplete and should not be compared with complete annual
records. Finally, bibliometric indicators and visualizations provide insights into publication
patterns, citation rates, collaborations, and conceptual connections, but they do not prove
research quality, assessment efficiency, or the reasons behind trends.
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