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Purpose - This study critically synthesizes research on the development of
technology-based assessment instruments in secondary science education (junior
and senior high school) through a structured Narrative Literature Review (NLR).
This review therefore identifies instrument types, implementation contexts,
research dimensions examined, and learning impacts, while highlighting gaps in
equity, teacher readiness, and longitudinal outcomes.

Methodology - Articles were systematically retrieved from Google Scholar and
Mendeley within the 2015-2025 publication range using predefined keywords
related to technology-based assessment and science learning. Inclusion criteria
required peer-reviewed empirical studies focusing on secondary-level science
and reporting instrument development or evaluation. Fourteen eligible articles
were analyzed using structured content analysis, with emphasis on instrument
characteristics, evidence of validity and reliability, implementation contexts,
methodological approaches, and reported limitations.

Findings - The synthesis indicates that research predominantly centers on
Computer-Based Testing (CBT), Computerized Adaptive Testing (CAT),
gamified assessments, two-tier diagnostic tests, and LMS-based e-portfolios.
Overall, these instruments demonstrate satisfactory validity and reliability and
effectively measure higher-order thinking skills and conceptual understanding.
They also enhance student motivation and accelerate feedback processes.
However, most evidence is based on short-term, small-scale implementations,
with limited attention to equity issues, teacher readiness, and sustained learning
effects.

Contribution - This review integrates psychometric, pedagogical, and
technological perspectives into a coherent analytical framework for technology-
based assessment in science education. It clarifies existing research gaps and
underscores the need for broader contextual validation, stronger methodological
rigor, and the integration of learning analytics to ensure sustainable and
evidence-based digital assessment practices.
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INTRODUCTION

Assessment constitutes a central component in evaluating the effectiveness and quality of learning, as it
provides evidence of students’ conceptual mastery, reasoning skills, and attainment of instructional objectives.
Within science education —including mathematics, physics, chemistry, and biology —assessment is expected
to capture not only factual knowledge but also higher-order thinking, scientific reasoning, and problem-
solving abilities (Istiyono et al., 2020; Morris et al., 2021). Effective learning is reflected through meaningful
teacher-student interactions and active student participation, which can be examined via structured
evaluation processes (Akram, 2019; Han, 2025). Consequently, assessment functions not merely as a
measurement tool but as a mechanism for enhancing learning.

Traditionally, classroom assessment has relied heavily on written instruments such as quizzes,
worksheets, multiple-choice tests, and essay questions (Hani et al., 2020; Tanjung et al., 2020). While these
methods are widely used, they often emphasize lower-level cognitive skills and provide limited feedback for
improving learning processes. Assessment is no longer solely focused on learning outcomes but also on the
learning process and reflection. Student involvement in this assessment will encourage internal feedback,
enabling students to take responsibility for improving their learning (Nicol, 2021; Brown, 2019; Tanjung,
Wulandari & Ramadhani, 2021). This goal can be achieved by using information and communication
technology to facilitate the assessment process.

The rapid advancement of digital technology has significantly influenced educational practices, including
assessment. The integration of computers, mobile devices, and online platforms has facilitated the emergence
of technology-based assessment environments (Prendes-Espinosa et al., 2020). Research indicates that digital
assessment can enhance efficiency, provide immediate feedback, automate scoring, and broaden the scope of
measurable competencies (Alruwais et al., 2018; Elmahdi et al., 2018; Rostaminezhad, 2019). Moreover,
technology enables the design of interactive simulations, multimedia tasks, adaptive testing, and log-data
analysis to capture learning processes (Shute et al., 2016; O’Leary et al., 2018; Molnar, 2021). In science
education, these innovations allow for more comprehensive measurement of inquiry skills, conceptual
understanding, and higher-order thinking (Zlatkin-Troitschanskaia et al., 2019; Fitriani et al., 2024).

Despite these benefits, the implementation of technology-based assessment remains limited. Many digital
assessments simply replicate conventional multiple-choice items in online formats without leveraging
interactive features (O’Leary et al., 2018). Technical challenges — such as system compatibility, reliability
issues, and network disruptions—may threaten validity and reliability (Jimada-Ojuolape & The, 2020).
Moreover, educators often face challenges related to limited understanding of digital assessment principles,
including construct alignment, validity assurance, and reliability in technology-based environments (Nugraha
et al., 2021). Low digital competence and difficulties in designing multimedia or simulation-based items
further constrain effective implementation (Anestasya, Koto & Setiawan, 2025; Fitriani et al., 2024).

These implementation challenges indicate a mismatch between the potential of technology-based
assessment and its practical realization in science classrooms. Although previous studies have examined
digital assessment tools, most focus on specific disciplines, individual platforms (e.g., quiz-based systems), or
isolated competencies. There remains a lack of a comprehensive synthesis that systematically classifies
technology-based assessment instruments across science domains, maps the competencies measured, and
analyzes their reported impact on learning outcomes. This fragmentation creates a significant research gap in
understanding how technology-based assessment functions holistically within science education (O'Leary et
al., 2018; Molnar, 2021; Soamole, Amiroh, & Salim, 2023).
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Accordingly, this study seeks to address the identified gap by conducting a structured review of empirical
research on technology-based assessment in science learning. The novelty of this work lies in: 1) Providing a
cross-disciplinary synthesis encompassing mathematics, physics, chemistry, and biology; 2) Developing a
systematic classification of technology-based assessment instruments (e.g., simulation-based, game-based,
adaptive, multimedia-integrated); 3) Mapping the competencies and aspects measured; and 4) Identifying
patterns of impact on science learning outcomes.

By synthesizing findings across disciplines and instrument types, this study aims to establish a more
transparent conceptual framework that supports educators, researchers, and policymakers in designing valid,
reliable, and meaningful technology-based assessment systems. This study critically synthesizes research on
the development of technology-based assessment instruments in secondary science education (junior and
senior high school). Although many studies report the effectiveness of digital assessments, integrative
analyses addressing theoretical grounding, psychometric rigor, contextual implementation, and long-term
sustainability remain limited. This review therefore identifies instrument types, implementation contexts,
research dimensions examined, and learning impacts, while highlighting gaps in equity, teacher readiness,
and longitudinal outcomes.

This review covers empirical studies published between 2015 and 2025 to capture both foundational and
recent developments in digital assessment research. The analysis focuses on technology-based assessment
instruments applied in mathematics, physics, chemistry, and biology. Studies addressing general e-learning
without explicit assessment components are excluded. The review emphasizes instrument characteristics,
measured constructs, implementation strategies, and reported impacts, rather than technical aspects of

software engineering.

METHODOLOGY

This study applies a Narrative Literature Review (NLR) approach. NLR is a literature review method that
describes and scientifically examines a particular topic or theme based on the researcher's theoretical and
contextual perspective (Pautasso, 2019; Byrne, 2016). Narrative reviews take a less formal approach than
systematic reviews because they do not require the presentation of the stricter aspects characteristic of
systematic reviews, such as reporting methodology, search terms, databases used, and inclusion and exclusion
criteria (Jahan et al., 2016).

A common criticism of narrative reviews is that they do not always follow the rules of literature search
(Byrne, 2016; Furunes, 2019). Literature searches must be conducted comprehensively and in accordance with
predetermined eligibility criteria (Bramer et al., 2018) in order to increase confidence that the findings and
conclusions of the review are reliable and unbiased. With this in mind, the narrative review in this study used
article search and data processing stages adopted from systematic review steps to reduce bias.

The research sample consisted of peer-reviewed empirical articles examining the development of
technology-based assessment instruments in science education, published between 2015 and 2025. The articles
were retrieved from Google Scholar and Mendeley databases. To ensure alignment with the research
objectives, a structured Boolean search strategy was applied using predefined keywords related to technology-
based assessment, instrument development, and science learning contexts (physics, chemistry, biology, and
general science). The search strategy was designed to ensure that retrieved studies explicitly examined the
development, validation, or implementation of digital or technology-based assessment instruments in science
education. The Boolean search structure used in the article retrieval process is presented in Table 1.

The identification stage retrieved 68,900 records from Mendeley and Google Scholar using predefined
keywords related to the development of technology-based assessment instruments in science learning
(chemistry, biology, physics, and general science). During screening, articles were limited to journal
publications published between 2015 and 2025. Title and abstract screening yielded 1,085 potentially relevant
articles, while 67,815 records were excluded for duplication or irrelevance. Full-text eligibility assessment
applied explicit inclusion criteria: (1) empirical research; (2) focus on the development, validation, or
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implementation of technology-based assessment instruments; (3) conducted in science subjects; (4) secondary
education level; and (5) published in English. Exclusion criteria included conceptual or review papers, studies
outside the field of science education, non-instrument-focused research, and inaccessible full texts. After this
stage, 312 articles met the scope, and 773 were excluded. Finally, 14 articles were included for analysis. Data
were analyzed using structured content analysis, with each study coded according to the development model,
the type of digital assessment, the validation method, and the reported outcomes.

Table 1. Boolean search structure used in the literature retrieval process

Search Component Keywords / Terms

“digital assessment” OR “technology-based assessment” OR “computer-based

Technology-Based test” OR CBT OR “computerized adaptive test” OR CAT OR “online

Assessment assessment” OR “e-assessment”
Instrument “instrument development” OR “test development” OR validation OR reliability
Development OR “psychometric analysis”
Science Context “science education” OR physics OR chemistry OR biology
Educational Level “secondary school” OR “high school” OR “junior high school”

The findings were synthesized narratively to identify dominant trends, methodological patterns, and
research gaps. At the same time, this systematic approach provides a comprehensive overview of the field;
however, it has limitations, including potential bias in database selection, exclusion of inaccessible full texts,

and subjective interpretation during narrative synthesis. The selection process is illustrated in Figure 1.
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Figure 1. Article Selection Procedure for Narrative Literature Review
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FINDINGS
Overall Thematic Synthesis

The initial mapping of the reviewed studies is summarized in Table 1, which presents the distribution of
research across science disciplines, types of technology-based assessment instruments developed, research
models employed, and the primary learning outcomes measured. This table serves as the foundational
overview for the subsequent thematic and analytical discussion.

Table 1. Descriptive Synthesis of Technology-Based Assessment Studies (2015-2025)

Author Field Instrument Type Main Focus Key Findings
Sari et al. (2018) Physics CBT (HOTS MCQ) Analytical & Valid and reliable for
evaluative skills HOTS measurement
Istiyono et al. (2020) Physics  CAT (IRT-based) Adaptive HOTS High precision and
measurement efficiency
Supriyati et al. (2021) Physics CBT with equating  Score equivalence  Improved comparability
across test forms
Haka et al. (2019) Science Two-tier diagnostic =~ Misconception Highly feasible and
test detection attractive instrument
Nurdiyanti, Sukarmin &  Physics Moodle-based CBT Conceptual Practical with automatic
Budiharti (2022) understanding feedback
Firmansyah, Chandra &  Biology LMS-based e-  Reflective assessment Improved student learning
Aripin (2019) portfolio outcomes
Lestari, Sjaifuddin & Science Quizizz-based Higher-order Increased motivation and
Resti (2022) HOTS thinking scores
Syahidah et al. (2024) Chemistry Blooket gamified Engagement & Valid, reliable, and
test mastery engaging
Asriana, Auliah & Chemistry = Telegram BOT HOTS evaluation Valid and practical for
Hardin (2023) assessment mobile-based testing

Soto Rodriguez, Vilas &  Science  Computer-Based Score comparability ~ Strong correlation with

Redondo (2021) Assessment paper-based tests
Faradisa et al. (2024) Science CBT (4TMC) Critical thinking Suitable for Grade 8
evaluation
Ihsan et al. (2020) Chemistry Computer-based Concept Valid and practical
concept test comprehension instrument
Setiyorini & Lestari Chemistry CBT large-scale  Validity & feasibility =~ Acceptable validation
(2023) trial results
Dari, Numertayasa & Science  Wordwall game- Interactive evaluation = Enjoyable alternative
Pradnyana (2025) based quiz assessment

The synthesis shows that technology-based assessment development in secondary science education is
concentrated in five main categories: Computer-Based Testing (CBT), Computerized Adaptive Testing (CAT),
gamified assessment platforms, two-tier diagnostic tests, and Learning Management System (LMS)-based e-
portfolios. CBT-based instruments are most common, followed by gamified platforms and LMS-integrated
systems, while CAT and two-tier diagnostic formats are less common. Most studies emphasize procedural
development and feasibility testing rather than comparative effectiveness across contexts. Consequently,
although validity and reliability indices are frequently reported, cross-study comparisons remain limited due
to variation in constructs measured and implementation scales.
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Distribution of Research Based on Year of Publication

Based on scientific publications on the development of technology-based instruments for science learning
across physics, chemistry, and biology from 2015 to 2025, 14 publications were synthesized, as shown in Figure
2 below.
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Figure 2. Number of Synthesis Journals 2015-2025

Based on the graph of the number of scientific publications synthesized in this article, research and
development related to technology-based assessment instruments in science learning have shown fluctuating
development since 2015. Initially, publications were still limited and inconsistent, as seen in the emergence of
research in early 2015, which continued to increase until 2025 for publications on the development of
technology-based instruments in the era of 21st-century education.

Distribution of Research Based on Research Methods

Over the past 10 years, research on the development of technology-based instruments has generally been
conducted using a research and development (R&D) approach with various research models. The graph of the
types of research models is presented in Figure 3.

Distribution og Technology-Based Assessment Instrument Development Models (2015-2025)
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Figure 3. Types of Research Development Models

274 | Jurnal Eduscience Volume 13, No.1 (2026)



Figure 3 shows that researchers predominantly used the 4D development model. Other models used by
researchers included empirical validation, quantitative descriptive, design-based research, survey
development, equating systems, and the Van de Akker model. The dominance of the 4D model likely reflects
its clear, structured, and practical stages, which make it suitable for educational product development. Its
systematic phases facilitate needs analysis, prototype design, and expert validation. However, while the model
supports procedural development, it does not inherently emphasize rigorous psychometric testing or large-
scale validation. As a result, instruments developed using this model may demonstrate strong content validity
but sometimes lack deeper construct validation and broader generalizability.

Types of Instruments and Their Pedagogical Orientation

The synthesis indicates that Computer-Based Testing (CBT) is the most frequently developed instrument,
particularly in physics and chemistry. Gamified assessments using digital quiz platforms represent the second
most common category. Other formats include Computerized Adaptive Testing (CAT), LMS-based e-
portfolios, and two-tier diagnostic tests. CBT instruments generally emphasize structured item banks and
standardized scoring systems, whereas gamified instruments prioritize interactivity and engagement.
Adaptive testing and diagnostic instruments appear in fewer studies, indicating limited diversification of
assessment models.

Implementation Context

Most instruments were implemented at the junior and senior secondary school levels using research and
development (R&D) designs, predominantly the 4D model. Validation procedures generally include expert
judgment and small- to medium-scale classroom trials. Cross-institutional validation, multi-school
implementation, and longitudinal testing are rarely reported. Implementation tends to be limited to specific
instructional units rather than integrated across full curricula. This pattern indicates that technology-based
assessment development is still largely prototype-oriented rather than system-oriented.

Measured Aspects

Across studies, cognitive aspects dominate measurement focus. Higher-order thinking skills (HOTS) and
conceptual understanding are the primary constructs assessed. Psychometric analysis commonly includes
validity, reliability, item difficulty, and discrimination indices. Affective dimensions, such as motivation and
engagement, are reported primarily in gamified assessments. However, measurement of broader 21st-century
competencies —such as collaboration, scientific communication, digital literacy, or problem-solving in
authentic contexts —appears limited. Adaptive measurement using IRT is present but not widespread, and
simulation- or performance-based digital assessments are underrepresented.

Impact on Learning

Findings consistently report acceptable levels of validity and reliability across instruments. Reported
impacts include increased participation, faster feedback cycles, scoring efficiency, and short-term gains in
conceptual mastery. However, the evidence primarily comes from short-term classroom implementation. Few
studies evaluate sustained learning trajectories, comparative effectiveness across disciplines, or long-term
competency development. The reported impact is therefore focused on immediate instructional outcomes
rather than on broader educational transformation.

Disciplinary Distribution and Research Gaps

The distribution of studies shows a concentration in physics, followed by chemistry, while biology and
general science receive comparatively less attention. Physics studies are more likely to employ adaptive
systems and equating procedures, whereas chemistry and general science studies tend to emphasize gamified
quizzes and CBT formats. Biology-focused research more commonly integrates portfolio-based or LMS-
supported assessment. Despite the generally positive validation results, several important gaps remain
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evident. The development of simulation-based and performance-based digital assessments remains limited,
and adaptive testing models are concentrated mainly in physics rather than evenly distributed across science
disciplines. Most instruments focus primarily on measuring higher-order thinking skills (HOTS), with little
attention to broader competencies such as collaboration, digital literacy, or authentic scientific inquiry. In
addition, longitudinal evaluation and large-scale validation studies are rarely conducted, restricting the
generalizability of findings. Comparative analysis across physics, chemistry, biology, and general science is
also insufficient. Overall, although technology-based assessment instruments in secondary science education
have increased in variety and technical sophistication, their development remains heavily centered on
cognitive testing formats and short-term validation contexts.

DISCUSSION

Based on a synthesis of 14 articles, the development of technology-based assessment instruments in
physics education shows a very positive trend. Previous researchers have generally used the Research and
Development (R&D) method, which allows the development process to be carried out systematically, from
the design stage to final validation. The R&D method can provide technology-based assessment instruments
that are valid and reliable, thus aligning with the demands of 21st-century learning (Hasyim et al., 2021; Sari
et al., 2018).

To date, advances in digital technology have brought about significant changes in learning evaluation
practices, particularly in the field of science, which requires a comprehensive assessment of students'
conceptual and procedural abilities, as well as higher-order thinking skills (Faradisa et al., 2024; Istiyono et al.,
2020; Sari et al., 2018). The implementation of these assessments in authentic classroom contexts shows
variations in infrastructure readiness, teacher experience, and student digital literacy, which influence the
effectiveness of each technology-based instrument. The implementation of computerized adaptive testing
(CAT), computer-based testing (CBT), and various interactive platforms such as Moodle, Quizizz, Blooket,
Wordwalss, and Telegram BOT, as well as the use of Android, are innovations that strengthen the
effectiveness, efficiency, and reliability of the assessment system and assessment model variations (Ihsan et
al., 2020; Supriyati et al., 2021; Syahidah et al., 2024; Dari, Numertayasa & Pradnyana, 2025; Rachma, 2015;
Setiyorini & Lestari; Sjaifuddin & Resti, 2022).

In general, the development of technology-based instruments in the field of science is of high urgency, as
the nature of scientific materials demands complex visual and conceptual representations. The use of
technology enables the presentation of dynamic contexts that are difficult to achieve through conventional
tests (Asriana, Auliah & Hardin, 2023; Nurdiyanti, Sukarmin & Budiharti, 2022). In addition, the digitization
of assessment provides advantages in automated data processing, instant feedback, and the use of big data
analytics (learning analytics) to support evidence-based instructional decision-making (Soto Rodriguez, Vilas
& Redondo, 2021; Wijaya et al., 2023). However, the effectiveness of technology-based assessments still
depends on the quality of the instrument design, the reliability of the system, and the readiness of teachers
and students to operate it (Istiyono et al., 2020; Supriyati et al., 2021). These contextual factors indicate that
technology alone does not guarantee successful assessment outcomes without proper implementation
strategies and teacher support.

The results of the study, summarized in Table 1, show that technology-based science assessment can be
used to measure student learning outcomes, diagnose misconceptions, and map students' critical thinking
skills (Haka et al., 2019; Firmansyah, Chandra & Aripin, 2019). This approach aligns with the principles of
authentic assessment, which emphasize assessing both the learning process and outcomes with the support of
digital technology (Setiyorini & Lestari, Sjaifuddin & Resti, 2022; Soto Rodriguez, Vilas & Redondo, 2021).
Therefore, this study not only describes the instruments but also synthesizes cross-study patterns to identify
gaps and inform future development of adaptive, equitable, and sustainable assessment tools.
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Types of Instruments and Synthesis Across Studies

Studies show five main categories of technology-based assessment instruments in science education:
computer-based testing (CBT), computerized adaptive testing (CAT), gamification-based assessments, two-
tier diagnostic tests, and digital authentic assessments such as e-portfolios (Faradisa et al., 2024; Sari et al.,
2018; Haka et al., 2019). CBT is the most common, supporting HOTS evaluation and faster, more accurate
assessment compared to conventional tests (Supriyati et al., 2021; Tanjung et al., 2020). CAT instruments, using
Item Response Theory (IRT), adjust difficulty in real time to student ability, enhancing precision (Istiyono et
al., 2020; Revilla et al., 2020).

Gamification elements—Blooket, Quizizz, Telegram BOT—have been shown to increase student
motivation and engagement (Syahidah et al., 2024; Lestari, Sjaifuddin & Resti, 2022; Asriana, Auliah & Hardin,
2023). Two-tier tests and e-portfolios provide authentic assessment and conceptual diagnosis, supporting
formative and reflective learning (Firmansyah, Chandra & Aripin, 2019; Nurdiyanti, Sukarmin & Budiharti,
2022; Buyarski & Landis, 2014).

Across studies, there is a consistent trend toward integrating multiple assessment types to capture both
cognitive and affective learning outcomes. While most instruments successfully measure HOTS and
conceptual understanding, few studies systematically address equity, long-term learning effects, or the impact
of teacher and student readiness on outcomes, indicating a persistent gap in implementation research.
Moreover, the convergence of adaptive testing, gamification, and authentic assessment reflects an emerging
paradigm that emphasizes student-centered, participatory, and technology-mediated evaluation. However,
challenges remain in standardizing protocols and ensuring fairness across diverse contexts.

Synthesis across studies indicates a shift from assessment of learning to assessment for and as learning,
integrating objective testing with authentic, participatory evaluation approaches (Gikandi et al., 2011;
Redecker, 2017; Kibble, 2017). This shift suggests that future research should focus not only on instrument
development but also on their practical integration within curricula and their effects on student learning
trajectories and teacher practices.

Application of Technology-Based Assessment Instruments

Across studies, there is a clear trend toward combining multiple assessment types to capture both
cognitive and affective learning outcomes. Most instruments effectively measure HOTS and conceptual
understanding. However, few studies examine issues of equity, long-term learning effects, or the influence of
teacher and student readiness, highlighting a gap in implementation research. The integration of adaptive
testing, gamification, and authentic assessment reflects an emerging paradigm of student-centered,
participatory, and technology-mediated evaluation. However, challenges remain in standardizing protocols
and ensuring fairness across contexts. Additionally, the variability in digital platforms, access to technology,
and teacher proficiency underscores the need for context-sensitive design and professional development to
maximize the effectiveness of these assessments.

Overall, the evidence points to a shift from assessment of learning to assessment for and as learning,
blending objective testing with authentic, participatory approaches (Gikandi et al.,, 2011; Redecker, 2017;
Kibble, 2017). Future research should address not only instrument development but also their integration into
the curriculum and their impact on student learning trajectories and teacher practices. Moreover, longitudinal
studies and cross-context comparisons are needed to evaluate the sustainability, scalability, and equity of
technology-based assessments, ensuring they support inclusive and meaningful learning experiences for
diverse student populations.

Aspects of Research

The development of technology-based assessment instruments in science learning generally addresses
three interconnected aspects: psychometric, technological, and pedagogical, which together ensure
instruments are valid, reliable, and educationally meaningful.
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Psychometric Aspects

Most studies prioritize psychometric rigor, analyzing content and construct validity, reliability,
discrimination, difficulty level, and distractors. Application feasibility is tested through functionality,
usability, and effectiveness trials (Tanjung et al., 2025). Item Response Theory (IRT) is widely used to enhance
the precision of computerized adaptive tests (CAT) by more accurately estimating item difficulty and
discrimination than classical methods (Istiyono et al., 2020; Van der Linden & Pashley, 2010). Equating
procedures, as highlighted by Supriyati et al. (2021), maintain score consistency across test forms, ensuring
fairness and comparability (Kolen & Brennan, 2014). Psychometric quality remains the foundation of valid
and reliable digital assessments.

Technological Aspects

Technological factors influence system efficiency, accessibility, and user experience. Platforms such as
Moodle, Telegram BOT, and Blooket provide practical, interactive, and automated assessment experiences
that enhance engagement and responsiveness (Nurdiyanti, Sukarmin & Budiharti, 2022; Asriana, Auliah &
Hardin, 2023; Syahidah et al., 2024). The usability, interactivity, and reliability of the technological
infrastructure largely determine the success of digital instruments.

Pedagogical Aspects

Pedagogical considerations focus on whether instruments support conceptual understanding, reflection,
and continuous skill development. Two-tier diagnostic tests and e-portfolios enable teachers to identify
misconceptions, guide interventions, and foster students' self-reflection (Haka et al.,, 2019; Firmansyah,
Chandra & Aripin, 2019). Computer-based assessments also increase engagement without compromising
validity (Soto Rodriguez, Vilas & Redondo, 2021). Thus, digital assessments serve a dual purpose: measuring
learning outcomes and facilitating learning itself (Gikandi et al., 2011).

Overall, the synthesized results from various studies show that technology-based assessment instruments
in science have successfully integrated these three aspects in a balanced manner. This integration reflects the
modern assessment paradigm, which is not only oriented toward final results but also supports adaptive,
reflective, and continuous teaching and learning processes.

The Impact of Technology-Based Assessment Instruments on Learning

Overall, studies show that technology-based assessments positively influence student learning outcomes,
engagement, and feedback processes. Gamification-based instruments such as Blooket and Quizizz
significantly increase participation and performance, with Syahidah et al. (2024) reporting higher achievement
in stoichiometry, and Lestari, Sjaifuddin & Resti (2022) noting an 18% increase in average scores compared to
conventional tests. Computer-based assessments also maintain strong validity and reliability relative to
traditional methods while providing faster automated feedback, as demonstrated by Moodle-based
assessments (Soto Rodriguez, Vilas & Redondo, 2021; Nurdiyanti, Sukarmin & Budiharti, 2022). Quick
feedback supports motivation, reflection, and deeper learning (Gikandi et al., 2011; Kibble, 2017).

Comparison of Research Approaches and Contexts

Studies reveal differences in methodology, context, and technology. CAT-based instruments and
equating procedures (Istiyono et al., 2020; Supriyati et al., 2021) optimize measurement accuracy and efficiency
but require large item banks and calibration expertise. Gamification tools —such as Blooket, Quizizz, and
Telegram BOTs (Asriana, Auliah & Hardin, 2023; Syahidah et al., 2024) —enhance engagement, particularly in
formative assessment contexts. Two-tier diagnostic tests and e-portfolios are oriented toward authentic
assessment and conceptual diagnosis; however, inter-rater reliability in e-portfolios remains a challenge that
limits objectivity (Buyarski & Landis, 2014; Gikandi et al., 2011).
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General Patterns and Synthesis of Findings

From all the studies analyzed, three main patterns can be identified:

1. Integration of assessment with digital learning. Assessment is no longer separate from the learning
process but has become an integral part of the online and offline learning ecosystem (Redecker, 2017;
Siemens, 2013).

2. Dominance of HOTS-based assessment. Most instruments are designed to assess analytical,
evaluative, and creative abilities, which are at the core of modern science learning (Istiyono et al., 2020;
Sari et al., 2018).

3. Increased use of adaptive and interactive platforms. Assessment technology is increasingly geared
toward adaptive and enjoyable systems, making assessment not just a measuring tool but also an
educational learning experience (Dicheva et al., 2019; Caponetto et al., 2021).

Despite demonstrated effectiveness, the success of digital assessments depends on teacher preparedness,
student digital literacy, and institutional support. Few studies systematically address equity, long-term
learning outcomes, or curriculum integration, leaving a gap for research on sustainable implementation in
diverse educational contexts. Future research should explore these factors to optimize the use of technology-
based assessments while maintaining fairness and validity.

Limitations of Previous Studies

A critical analysis of the reviewed literature reveals several limitations that remain common in research
on the development of technology-based assessment instruments in science education. First, most studies use
relatively small sample sizes that do not fully represent the broader target population. This condition limits
the generalization of findings and the external validity of the instruments developed. Second, many studies
have not fully reported important technical parameters, such as the results of Item Response Theory (IRT)
analyses or equating procedures used to assess test form equivalence. In fact, this aspect is crucial to ensure
the stability and fairness of measurement results in various application contexts. Third, there are still few
studies examining the long-term impact of using digital instruments on student competency development,
particularly in critical thinking, science literacy, and 21st-century skills. Most studies focus only on initial
validity and reliability, without evaluating the sustained effects of implementing digital assessments in the
classroom.

Fourth, some studies also face technical and ethical constraints in implementation, such as limitations in
network infrastructure, human resource readiness, and potential violations of academic integrity during the
assessment. These challenges show that the success of digital assessments is not only determined by the quality
of the instruments, but also by the readiness of the supporting ecosystem (Chen, 2023; Jurane-Brémane; Pals
et al., 2023). Fifth, the integration of digital assessment and learning analytics is still rarely implemented
optimally. In fact, data analytics can provide deep insights into students' learning processes and help improve
the construct validity of instruments. Future research should explore this integration using an artificial
intelligence (Al)-based approach that continues to prioritize ethical and data privacy considerations.

Additional methodological challenges include publication bias and variability in peer-review quality
across journals. Future research should adopt stricter protocols, such as preregistration, diverse reporting of
outcomes, and longitudinal designs, to improve transparency, replicability, and understanding of long-term
impacts. Overall, while progress in the development of technology-based assessment is evident, further work
is needed to broaden the scope, strengthen methodological rigor, and ensure sustainable, equitable, and
context-sensitive application across diverse educational settings.

CONCLUSION

The development of technology-based assessment instruments in science education has increased
significantly over the past decade. Most studies used a Research and Development (R&D) approach with the
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4D and Borg & Gall development models. The instruments developed included various forms of digital
assessment such as computer-based testing (CBT), computerized adaptive testing (CAT), two-level diagnostic
tests, gamification-based assessments, and Learning Management System (LMS)-based e-portfolios.

The results of the study confirm that digital assessment is not merely a tool for evaluating learning but
also a medium for learning that encourages active student engagement and strengthens the formative and
authentic assessment processes. The use of interactive platforms such as Moodle, Quizizz, Booklet, and
Telegram BOT can significantly increase motivation, efficiency, and the quality of learning feedback. The
success of technology-based assessment implementation is influenced by infrastructure readiness, teacher and
student technological competence, and educational institution policy support. Digital assessment
implementation requires a mature integration of the technical, pedagogical, and psychometric aspects to
ensure measurement results truly reflect students' abilities holistically. The success of technology-based
assessment implementation is influenced by infrastructure readiness, teacher and student technological
competence, and educational institution policy support. Digital assessment implementation requires a mature
integration of the technical, pedagogical, and psychometric aspects to ensure measurement results truly reflect
students' abilities holistically.

This study contributes theoretically by synthesizing current development trends, methodological
approaches, and validation practices in technology-based science assessment, thereby providing a
comprehensive conceptual map that clarifies the integration of digital technology, assessment design, and
psychometric rigor. It also contributes methodologically by identifying dominant development patterns and
highlighting the importance of aligning technological innovation with measurement validity and reliability
principles. Although many studies report positive impacts, gaps remain in large-scale empirical validation,
cross-cultural implementation, long-term effectiveness evaluation, and the integration of advanced analytics
for personalized feedback. Future research should therefore focus on experimental and longitudinal designs,
broader sample representation, and more vigorous psychometric testing to ensure generalizability and
robustness of findings. This study is limited by its reliance on published literature within selected databases
and time ranges, which may exclude relevant unpublished or regional studies. Additionally, variations in
methodological rigor across the reviewed studies may affect the consistency of the synthesized conclusions.
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