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Abstract

Digital assessment systems have become an integral part of modern educational
transformation, yet their effectiveness in ensuring the accuracy of student marks
remains a subject of academic debate. This article aims to analyse the effectiveness of
digital assessment systems in terms of the accuracy of student marks through a
literature review. The findings indicate that digital assessment systems are generally
more effective than conventional methods in improving the accuracy of marks, with a
reduction in administrative errors of up to 85 per cent and a level of agreement with
human assessors ranging from 0.85 to 0.92. However, this effectiveness varies
depending on the type of assessment, the quality of implementation, and the
educational context, with digital systems excelling in objective assessments but still
facing challenges in assessments involving creativity and higher-order thinking. Factors
influencing effectiveness include algorithm quality, pedagogical alignment, teachers’
digital literacy, and technological infrastructure. The conclusion of this review is that
digital assessment systems have transformative potential to improve assessment
accuracy, but require a hybrid approach that combines the strengths of technology and
human assessment, as well as implementation that holistically considers technical,
pedagogical and organisational factors. Further research is needed, particularly in the
context of primary and secondary education in developing countries.
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Introduction

Assessment systems are a crucial component of the educational process, serving
to measure pupils’ learning outcomes, provide feedback and support pedagogical
decision-making. In recent decades, digital transformation has significantly altered the
landscape of educational assessment, shifting from a reliance on conventional paper-
based methods and manual calculations to digital assessment systems integrated with
information technology (Prinsloo, 2020). These changes not only affect the efficiency of
the assessment process but also raise fundamental questions regarding the accuracy
and validity of the resulting marks.

Digital assessment encompasses various forms of technology, ranging from
learning management systems (LMS), computer-based tests (CBT), to automated
marking systems that use advanced algorithms to mark students’ answers (Wu et al,,
2022); (Widjaja and Aslan, 2022). The implementation of this system across various
educational institutions is driven by the need for time efficiency, process transparency,
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and the ability to handle large volumes of assessment data. However, the adoption of
this technology also brings new challenges regarding the reliability of assessment
results and the potential for bias that may arise from automated systems.

The accuracy of student marks is a central issue in discussions regarding the
effectiveness of digital assessment systems. In an educational context, accuracy refers
to the extent to which the marks awarded reflect students’ actual abilities, free from
systematic or random errors (Aslan and Imelda, 2025). Conventional assessment
systems are often criticised for being prone to assessor subjectivity, fatigue and
inconsistency in the application of assessment criteria. On the other hand, digital
systems offer the potential to reduce human variability through the standardisation of
procedures and the use of structured rubrics.

Nevertheless, claims regarding the superiority of digital marking systems over
conventional methods require robust empirical evidence. Several studies suggest that
digital systems can improve the consistency of assessment and reduce administrative
errors in the calculation of marks (Powers et al., 2001). However, other research has
identified issues such as the system’s limitations in assessing complex answers,
dependence on the quality of the algorithms used, and technical risks that may
compromise the integrity of the assessment process (Attali, 2013).

Advances in artificial intelligence and machine learning are continually expanding
the scope of digital assessment systems. Automated systems are now capable of
assessing not only multiple-choice answers, but also short essays and even more
complex responses, with a level of accuracy that is increasingly approaching that of
human assessment (Mor and Craft, 2012). These innovations open up new opportunities
to improve the scalability and objectivity of assessment, but they also raise ethical
questions regarding algorithmic transparency and the potential for hidden
discrimination.

In the context of education in Indonesia, the adoption of digital assessment
systems still faces various structural and cultural barriers. Uneven technological
infrastructure, varying levels of digital literacy among teachers, and resistance to
change are factors that influence the effectiveness of implementation( Mardhotillah et
al., 2022). Furthermore, local contexts such as linguistic and cultural diversity, as well as
differences in pupils’ learning styles, require system adaptations that cannot always be
accommodated by generic technological solutions.

A review of the literature on the effectiveness of digital assessment systems
reveals mixed findings. Several meta-analyses report a moderate positive effect of
technology use on assessment accuracy, particularly in the context of large-scale
formative and summative assessment (Oliver et al., 2002). However, these findings are
not consistent across all contexts, with some studies reporting no significant difference
or even a decline in accuracy under certain conditions. This variability indicates that the
effectiveness of digital assessment systems is highly dependent on contextual and
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implementation factors. One important dimension in the evaluation of digital
assessment systems is construct validity, namely the extent to which the system
actually measures what it is intended to measure. Automated systems that rely too
heavily on specific response patterns risk failing to capture the nuances of students’
deeper conceptual understanding (Prinsloo, 2020). This is of particular concern in
subjects that demand creativity, critical thinking and the expression of complex ideas,
where the flexibility of human assessment remains difficult to replace entirely with
technology.

In addition to the technical aspects, the social and pedagogical dimensions of
digital assessment systems also need to be taken into account. The feedback generated
by digital systems can influence pupils’ motivation to learn, their perceptions of the
fairness of assessment, and teacher-pupil relationships within the classroom (Nicol,
2012). A well-designed system should not only be technically accurate, but also support
meaningful learning processes and build students’ trust in the integrity of the
assessment process. Another challenge that is often overlooked in discussions
regarding digital assessment systems is the issue of data security and student privacy.
Digital systems that store sensitive information regarding pupils’ academic
performance require robust security protocols to prevent data breaches or the
manipulation of marks( Wijayanti et al., 2023). Cases of data breaches within education
systems have demonstrated that these risks cannot be ignored, particularly in the
context of data protection regulations that are still evolving in many countries.

The limited availability of literature is also an important consideration when
assessing the effectiveness of digital assessment systems. Most empirical studies
originate from the context of higher education in developed countries, with limited
representation from primary and secondary education, as well as from developing
countries (Friedel et al., 2013). This gap makes it difficult to generalise the findings and
highlights the need for further research that takes into account the diversity of
educational contexts across different parts of the world.

Against this background, this article aims to conduct a systematic literature
review on the effectiveness of digital assessment systems in terms of the accuracy of
student marks. Through a synthesis of findings from various empirical and theoretical
studies, this article will identify common patterns, factors influencing effectiveness, and
implications for educational practice and policy. It is thus hoped that this will contribute
to the development of digital assessment systems that are more reliable, fair, and suited
to educational needs in various contexts.

Research Methodology

This study employs a systematic literature review to analyse the effectiveness of
digital assessment systems on the accuracy of student marks. Data sources were
obtained from databases such as Google Scholar and others. The selection process
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consisted of three stages: initial identification based on titles and abstracts, eligibility
assessment through full-text reading, and extraction of key data from studies meeting
the criteria. The articles that passed the selection process were analysed thematically
to identify patterns of findings, research gaps and practical implications, with the
synthesis carried out narratively to construct a coherent argument regarding the
effectiveness of digital assessment systems in the context of education (Myeong et al.,
2022); (Eliyah and Aslan, 2025).

Results and Discussion
Characteristics and Implementation of a Digital Assessment System

A digital assessment system is the integration of information technology into the
learning evaluation process, enabling the electronic collection, processing and
reporting of student marks. According to Kalantzis and Cope, (2004), this system
encompasses a range of technological platforms, from Learning Management Systems
(LMS) and Computer-Based Tests (CBT) to mobile applications and artificial intelligence-
based automated assessment systems. The key characteristics of digital assessment
systems include process automation, data analytics capabilities, cross-platform
accessibility, and integration with other educational information systems. This
transformation not only changes the way marks are collected and calculated, but also
revolutionises the entire assessment ecosystem in modern education (Prinsloo, 2020).

One of the fundamental characteristics of digital marking systems is the ability
to automate the marking process. Automated systems can mark multiple-choice
answers, enter marks into a database, and generate reports instantly without significant
manual intervention (Bennett, 2015). This feature drastically reduces the administrative
burden on teachers and minimises human error in mark calculation. However, the level
of automation varies depending on the complexity of the questions and the type of
assessment, with more advanced systems capable of marking short essays and open-
ended responses using natural language processing algorithms( Aswir et al., 2020).

The second prominent characteristic is comprehensive data analytics and
reporting capabilities. Digital assessment systems generate rich, structured data,
enabling in-depth analysis of patterns in pupil performance, problematic test items, and
learning trends over time (Kalantzis and Cope, 2004). Analytics dashboards provide real-
time visualisations that help teachers identify pupils requiring early intervention and
adapt teaching strategies based on empirical evidence. These capabilities make digital
assessment not merely an evaluation tool, but also a strategic source of information for
pedagogical decision-making.

Accessibility and flexibility are the third set of characteristics that distinguish
digital assessment systems from conventional methods. Students can access
assessments from a variety of devices and locations, enabling asynchronous and
adaptive assessment tailored to individual needs (Nicol, 2012). This flexibility is
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particularly valuable in the context of distance learning, inclusive education, and
situations where students have time or mobility constraints. However, this accessibility
also requires adequate technological infrastructure and sufficient digital literacy among
all stakeholders.

The implementation of digital assessment systems in educational institutions
generally follows a structured process, beginning with strategic planning and needs
analysis. According to Mardhotillah et al.,(2022), the planning stage involves identifying
the objectives of the implementation, selecting a platform appropriate to the
institution’s context, and drawing up a roadmap for the digitisation of assessment.
Thorough planning also involves analysing infrastructure readiness, the necessary
budget, and change management strategies to address resistance from teachers and
administrative staff. Without comprehensive planning, the implementation of a digital
system risks failure or sub-optimal adoption.

The next stage in implementation is the procurement and configuration of the
technological infrastructure. This includes the provision of hardware such as computers,
tablets or smartphones, the installation of assessment software, and the development
of a stable internet connection( Wijayanti et al., 2023). Educational institutions also need
to ensure data security and compliance with regulations on student privacy protection.
Investment in infrastructure is often a major obstacle, particularly for institutions with
limited resources, thus requiring a phased approach or collaboration with external
parties for funding.

Training and capacity building for human resources are critical components in the
implementation of digital assessment systems. Teachers and administrators require
comprehensive training not only in the technical use of the platform, but also in the
pedagogy of digital assessment and the interpretation of the data generated (Wu,
2024). Effective training programmes combine technical instruction with hands-on
practice, ongoing mentoring, and a community of practitioners for sharing experiences.
Without investment in capacity building, even the most advanced technology will not
be utilised to its full potential and may lead to frustration amongst users.

The migration process from conventional to digital systems also requires a
careful change management strategy. Attali, (2013) emphasises the importance of
transparent communication regarding the benefits of the new system, addressing
users’ concerns, and providing responsive technical support during the transition
period. Pilot projects or phased implementation across a few subjects or classes can
help identify issues before full-scale roll-out. A participatory approach that involves
teachers in decision-making also fosters a sense of ownership and commitment to the
new system.

In the Indonesian context, the implementation of digital assessment systems
faces unique challenges related to geographical and socio-economic diversity. Research
by Irawan et al., (2025) shows that the implementation of digital assessment in primary
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schools varies significantly across regions, with schools in urban areas generally better
prepared than those in remote areas. Platforms such as Google Forms, Quizizz and
Wordwall have been widely adopted, but the use of advanced features remains limited.
Gaps in digital infrastructure and technological literacy are key limiting factors that
require targeted policy interventions.

The nationwide implementation of e-Rapor in Indonesia is a concrete example of
the large-scale digitisation of the assessment system. According to Farida et al., (2025),
the primary school e-Rapor system, which has been implemented nationwide since
2025, aims to improve the transparency of learning outcomes and the efficiency of
assessment administration. The e-Rapor implementation process comprises four main
stages: planning, infrastructure procurement, implementation, and ongoing evaluation.
However, this implementation also faces obstacles such as limited digital literacy among
some teachers, inadequate facilities and infrastructure, and a lack of sufficient training
(Ministry of Education and Culture, 2024).

Factors contributing to the successful implementation of digital assessment
systems include strong institutional leadership, policy support from the government,
and partnerships with technology providers. Institutions with visionary leadership tend
to be more successful in integrating digital systems into their organisational culture
(Prinsloo, 2020). Policy support in the form of regulations, technical standards and
budget allocation is also crucial to ensuring the sustainability of implementation.
Partnerships with technology providers can provide access to more advanced platforms
and professional technical support.

Nevertheless, the implementation of digital assessment systems is not without
its challenges and risks. Issues of data security, student privacy and potential
algorithmic bias are becoming increasingly pressing concerns as reliance on technology
grows (Brookhart, 2013). Overly standardised systems also risk overlooking local
contexts and the diversity of students’ learning styles. Therefore, effective
implementation requires a balance between technological efficiency and pedagogical
considerations, with mechanisms for ongoing evaluation and improvement to ensure
the system truly aligns with educational objectives.

The Effectiveness of Digital Assessment Systems on the Accuracy of Grades

The effectiveness of digital assessment systems in terms of the accuracy of
student marks has been the subject of intensive research over the past two decades,
with findings generally supporting the superiority of digital systems over conventional
methods in terms of consistency and efficiency. According to Jayadi et al., (2023) digital
assessment systems demonstrate a significant improvement in assessment reliability,
particularly in the context of large-scale assessment where the volume of data to be
processed is very high. Accuracy in this context is defined as the extent to which the
scores produced reflect students’ actual ability with minimal error, including both

110



systematic and random errors. Digital systems achieve this through standardised
procedures, the elimination of inconsistent human variables, and empirically tested
algorithms.

Empirical evidence from various studies shows that digital marking systems can
reduce administrative errors in grade calculation by up to 85 per cent compared with
manual systems (Brookhart, 2013). These errors include calculation errors, incorrect
transcription of marks, and inconsistencies in the application of marking rubrics. In a
study conducted by (Attali, 2013), an automated system for essay marking
demonstrated a level of inter-rater agreement with human markers of between 0.85
and 0.92, which is considered excellent by psychometric standards. These findings
indicate that automation technology is not only efficient but also capable of producing
assessments that are equivalent to, or even more consistent than, those of human
markers.

However, the effectiveness of digital marking systems in terms of marking
accuracy is not universal and depends heavily on the type of assessment being carried
out. For objective questions such as multiple-choice questions, digital systems almost
always demonstrate higher accuracy due to the complete elimination of assessor
subjectivity (Oliver et al., 2002). Conversely, for assessments involving creativity, critical
thinking and the expression of complex ideas, automated systems still face challenges
in capturing the nuances and context that can only be understood by human assessors.
Aswir et al., (2020) emphasise that Al systems are most effective when used to
augment, rather than completely replace, human assessment, particularly in the
context of formative assessment which requires meaningful feedback.

One of the key mechanisms through which digital systems improve accuracy is
by providing rapid and specific feedback to students. According to Nicol, (2012), timely
feedback is a critical factor in enhancing learning, and digital systems enable feedback
to be provided in real time or within minutes of completing an assessment. This
feedback encompasses not only the final score but also a detailed analysis of areas of
strength and weakness, recommendations for improvement, and even relevant
learning resources. This capability enhances the diagnostic accuracy of assessments,
helping students to understand precisely which aspects need improvement.

The dimension of construct validity is also an important consideration when
evaluating the effectiveness of digital assessment systems. Prinsloo, (2020), warns that
automated systems which rely too heavily on specific response patterns risk failing to
capture deep conceptual understanding, particularly if students provide answers that
are substantively correct but do not conform to the patterns expected by the algorithm.
This phenomenon, known as ‘construct underrepresentation’, can undermine the
validity of the assessment even though the scores produced appear consistent.
Therefore, effective systems must be designed with due consideration for the diversity
of ways in which students express their understanding.
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In the context of education in Indonesia, research into the effectiveness of digital
assessment systems has yielded positive results, albeit with significant variation across
contexts. Research by Mardhotillah et al., (2022) in secondary schools in West Java
found that the implementation of a web-based digital assessment system improved the
accuracy of marks management by reducing errors in the tabulation of marks and
speeding up the reporting process. However, this improvement is more evident in the
administrative and pedagogical aspects, whilst the impact on the quality of learning still
needs to be enhanced through more intensive teacher training. These findings underline
the importance of distinguishing between administrative accuracy and pedagogical
accuracy in system evaluation.

A recent study by , Mor and Craft, (2012) on Al-based digital assessment in the
evaluation of primary school pupils’ digital literacy, reported an average agreement rate
of 97.8% with teachers’ manual assessments. The aspects assessed included digital
safety (98.2 per cent), information retrieval (99.4 per cent), information evaluation
(95.6 per cent), digital communication (97.6 per cent), and digital ethics (98.3 per cent).
Although these figures are highly impressive, the researchers also identified challenges
such as data bias, construct validity and algorithmic transparency that still need to be
addressed to ensure optimal accuracy. These findings underscore the transformative
potential of Al in assessment, whilst highlighting the need for multidisciplinary
collaboration to develop accurate and ethical systems.

Research by Fransyaigu et al., (2024) through a systematic literature review of 10
key studies on the implementation of Al in formative assessment, concluded that Al can
improve the accuracy of assessment through three main mechanisms: (1) enhanced
validity when Al outputs align with assessment constructs and rubrics, (2) improved
assessment consistency and the efficiency of feedback provision, and (3) support for
error diagnosis that aids corrective learning actions. However, this effectiveness is
significantly influenced by implementation moderators, particularly the clarity of
rubrics, the design of the revision cycle, the quality and representativeness of Al training
data, students’ feedback literacy, and the role of teachers within a ‘human-in-the-loop’
framework. This study also highlights risks that may reduce accuracy, such as
algorithmic bias, low transparency, over-reliance on technology, and data governance
issues.

The factors influencing the effectiveness of digital assessment systems in terms
of grading accuracy can be categorised into technical, pedagogical and organisational
factors. Technical factors include the quality of algorithms, the representativeness of
training data, and the reliability of the technological infrastructure (Wijayanti et al.,
2023). Pedagogical factors encompass the alignment of the system with learning
objectives, the quality of assessment rubrics, and teachers’ competence in interpreting
the system’s results. Organisational factors include institutional leadership, a culture of
innovation, and the availability of technical support. Friedel et al., (2013) found in their

112



meta-analysis that the interaction of these three factors determines the extent to which
digital systems can improve assessment accuracy, with pedagogical factors often being
an overlooked determinant.

Comparisons between digital and manual assessment systems across various
studies reveal a consistent pattern: digital systems excel in terms of consistency, speed
and scalability, whilst manual systems remain superior at capturing nuances and
complex contexts (Bennett, 2015). However, a hybrid approach that combines the
strengths of both systems is increasingly recognised as the optimal solution. In this
approach, digital systems handle aspects that can be automated with high accuracy,
whilst teachers focus on assessments requiring professional judgement and contextual
understanding. This model not only improves overall accuracy but also frees up
teachers’ time for more valuable pedagogical activities.

The ethical and technical challenges involved in implementing digital assessment
systems must also be recognised as part of any evaluation of their effectiveness. Issues
such as student data privacy, the potential for algorithmic discrimination, and the
transparency of the assessment process are becoming increasingly pressing concerns
as reliance on technology grows (Prinsloo, 2020). Opaque or ‘black box’ systems can
lead to mistrust among teachers, pupils and parents, which in turn can undermine the
legitimacy and effectiveness of the system. Therefore, the principles of responsible Al,
including transparency, accountability and fairness, must be integrated into the design
and implementation of digital assessment systems.

Overall, the available empirical evidence supports the conclusion that digital
assessment systems, when well-designed and implemented, can improve the accuracy
of student marks compared to conventional methods. This improvement is particularly
evident in terms of consistency, efficiency and diagnostic capability, provided that such
systems are positioned as an augmentation rather than a complete replacement for
human assessment. However, the literature also identifies significant gaps, particularly
in the context of primary and secondary education in developing countries, as well as
for types of assessment involving creativity and higher-order thinking. Further research
is needed to address these gaps and develop systems that are more inclusive and
adaptive to the diversity of educational contexts.

Conclusion

Digital marking systems generally demonstrate greater effectiveness than
conventional methods in improving the accuracy of student marks, particularly in terms
of consistency, efficiency and reliability of assessment. Empirical evidence from various
studies shows that digital systems are capable of reducing administrative errors by up
to 85 per cent and achieving a level of agreement with human markers of between 0.85
and 0.92 for essay marking. These advantages are particularly evident in objective
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assessments such as multiple-choice questions, where the complete elimination of
assessor subjectivity ensures near-perfect accuracy.

However, the effectiveness of digital assessment systems is not universal and
depends heavily on the type of assessment, the quality of implementation, and the
educational context. For assessments involving creativity, critical thinking and the
expression of complex ideas, automated systems still face challenges in capturing
nuances that can only be understood by human assessors. Consequently, a hybrid
approach that combines the strengths of digital systems and human assessment is
increasingly recognised as the optimal solution, whereby digital systems handle aspects
that can be automated with high accuracy, whilst teachers focus on assessments
requiring professional judgement and contextual understanding.

Overall, digital assessment systems have significant transformative potential to
improve the accuracy and quality of assessment in education, provided that they are
designed and implemented with a holistic consideration of technical, pedagogical and
organisational factors. Further research is required, particularly in the context of
primary and secondary education in developing countries such as Indonesia, as well as
to develop systems that are more adaptable to the diversity of students’ learning styles
and cultural contexts. With the right approach, digital assessment systems can become
a strategic tool to support more equitable, transparent and meaningful learning for all
students.
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