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Abstract
Automated Examination Systems (AES) are increasingly central to modern assessment, particularly as schools
move toward broader digital transformation. Automated Exam Systems (AES) have emerged as transforma-
tive tools for improving assessment efficiency, accuracy, and transparency. This study examines how AES are
adopted and used in resource-limited Yemeni schools, focusing on the technological, organizational, and envi-
ronmental factors that shape their performance. It investigates the implementation of AES in Yemeni schools,
highlighting applications, challenges, and prospects. A quantitative methodology was employed to collect data
from 108 participants, comprising students, supervisors, technicians, and teachers, using structured question-
naires. The Technology-Organization-Environment (TOE) was applied to examine factors affecting AES adoption.
Statistical analysis using SPSS, including Pearson correlation, Cronbach’s Alpha, and multiple linear regression,
revealed significant relationships between technological, organizational, and human factors and the performance
of AES. Key challenges, such as infrastructure limitations, inadequate training, and resistance to change, are
discussed, along with practical solutions. The findings provided insights for effective AES implementation and
future research directions in the Yemeni educational context.
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1. INTRODUCTION

Assessment quality is a cornerstone of educational de-
velopment, shaping student learning outcomes and in-
stitutional performance [1]. Traditional paper-based ex-
ams, while widely used, often suffer from human errors,
grading delays, and limited transparency [2]. Automated
Exam Systems (AES) offer scalable, accurate, and effi-
cient alternatives capable of enhancing assessment pro-
cesses [3]. In Yemen, where educational infrastructure
faces significant challenges, AES adoption is a strategic
approach to improve exam management, increase relia-
bility, and promote fairness [4]. This Paper presents an
applied investigation of AES implementation, the TOE
theoretical framework, and empirical data to evaluate

factors influencing adoption and system performance.

In the past, exam correction was considered a tedious
and time-consuming task that often required allocating
a large number of teachers or instructors to complete
the process. This created an administrative and financial
burden on educational institutions. With technological ad-
vancements, new solutions emerged to ease this burden,
most notably, Optical Mark Recognition (OMR) technol-
ogy, which significantly contributed to accelerating and
simplifying the mass assessment correction process [1]

Initially, OMR systems relied on dedicated hardware
specifically designed to read paper-based answer sheets.
However, over time and with the development of software
technologies, digital solutions began to emerge. These
software-based tools can now be operated on standard
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computers, eliminating the need for specialized equip-
ment and making the technology more accessible and
easier to use [2]

Despite these advancements, several challenges re-
main, such as the limited flexibility of available software,
high costs, and restricted accessibility for some users.
Research highlights the need for further development
of these systems to better align with user requirements,
improve accuracy, and reduce processing time [3]

Another notable limitation is the absence of a stan-
dardized dataset for evaluating and comparing different
OMR solutions. This presents an obstacle to building
more efficient and integrated systems. Therefore, re-
searchers and developers are encouraged to address
these challenges and drive innovation in electronic as-
sessment correction to meet the evolving demands of
modern education [4]. In any educational program,
courses are defined based on clear learning objectives
[5]. To evaluate whether students have achieved these
objectives, educators design various assessments that
align with academic evaluation requirements. However,
creating diverse question papers that effectively meet
learning goals remains a significant challenge for teach-
ers, especially in the absence of standardized methods
to ensure question paper quality [6].

Therefore, a pressing need for advanced solutions
capable of automatically and rapidly generating question
papers based on teacher-defined specifications. Such
systems would optimize the examination preparation pro-
cess by reducing time and effort, while simultaneously
ensuring a balanced representation of question diver-
sity and alignment with course objectives. Consequently,
they hold the potential to significantly enhance the ef-
fectiveness and overall quality of assessment practices
[7].

Currently, several commercial automatic grading sys-
tems for multiple-choice test sheets are available, typi-
cally comprising a software and scanner bundle, which
results in costly solutions. With the growing use of
devices such as laptops, tablets, and smartphones
equipped with built-in cameras, new opportunities have
emerged to perform the same task at a lower cost
[8]. This study introduces an Android application called
“MCTest – Multiple Choice Test,” developed using the
OpenCV library. The app was employed to grade hun-
dreds of multiple-choice test sheets under real-world
conditions, delivering excellent results by grading tests
accurately and instantly, while also providing statistical
tools for result analysis [9].

The traditional process of grading multiple-choice
exams is often time-consuming, labor-intensive, and
costly, especially when dealing with large numbers of
answer sheets. To address these challenges, this
project presents an image-processing-based Optical
Mark Reader (OMR) system designed to automate the
evaluation of multiple-choice tests using low-cost, com-

monly available devices such as webcams or document
scanners [10].

The system operates by converting scanned or cap-
tured answer sheets into binary images using adap-
tive binarization techniques, followed by skew correction
through Hough Transform. It detects specific regions,
such as roll number and answer areas, using reference
markers printed on the sheet [11]. The solution features
two main modes: a learning mode for modeling the an-
swer sheet format, and an operational mode for reading
marked answers and calculating scores by analyzing the
density of black pixels within each answer option.

Developed using MATLAB and its Image Processing
Toolbox, the system offers a flexible, accurate, and cost-
effective alternative to traditional OMR machines, with
the ability to export results for further analysis. It proves
effective even under varied lighting conditions and with
imperfectly aligned or degraded answer sheets [12].

This study holds significance in revolutionizing the
educational assessment landscape by introducing an
Academic System (AS) tailored to streamline the cre-
ation and evaluation of standardized test questions. By
incorporating cognitive levels, descriptions, and length
considerations, the AS aims to elevate the qualitative
assessment of student accomplishments. Through the
implementation of stringent security measures, authen-
tication protocols, and a structured schedule, the AS
ensures the integrity and reliability of test question gen-
eration. The proposed approach not only enhances stan-
dardization and quality in assessments but also con-
tributes to optimizing examination processes, ultimately
paving the way for improved educational outcomes and
student performance evaluation.

Although the Technology–Organization–Environment
(TOE) framework serves as the foundation for this study,
our contribution does not rebrand the TOE framework.
Instead, we operationalize and contextualize TOE specif-
ically for Automated Examination Systems (AES) in
conflict-affected and resource-constrained school envi-
ronments, where adoption conditions are very different
from those in stable, high-resource settings. Specifically,
we show that organizational preparedness and human
capacity can have a more direct impact on AES per-
formance than infrastructure availability alone because
infrastructure limitations may be normalized and persis-
tent in these situations.

Overall, these improvements boost the manuscript’s
academic rigor and practical usefulness for educational
decision-makers while also improving the coherence be-
tween theory, methodology, and conclusions

Research Scope:
This study focuses on the development of an Aca-

demic System (AS) designed to address the challenges
associated with creating and grading standardized test
questions in educational institutions. The scope includes
considerations of cognitive levels, question descriptions,
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and question length to enhance the assessment of stu-
dent achievement. The AS system emphasizes the im-
plementation of a structured schedule, robust security
mechanisms, and authentication protocols to ensure the
integrity and atomicity of test question creation. The
research aims to propose a practical approach for en-
hancing assessment standardization and quality, with a
specific focus on improving examination processes within
educational settings.

The motivation behind this study lies in the need to
address the challenges that educational institutions face
in designing and evaluating standardized test questions.
By developing an Academic System (AS) that considers
cognitive levels, descriptions, and length factors, the re-
search aims to enhance the qualitative assessment of
student performance. The motivation stems from a de-
sire to streamline the examination processes, strengthen
standardization in assessments, and improve the over-
all quality of educational evaluations. Through the im-
plementation of a secure and structured system, the
research seeks to offer a practical solution that can posi-
tively impact the efficiency and effectiveness of test ques-
tion creation and grading procedures within academic
environments.

Contribution of the Study:
This study contributes by introducing a proposed

model designed to assist educational institutions in over-
coming challenges related to the creation and evaluation
of standardized test questions. By incorporating con-
siderations such as cognitive levels, descriptions, and
question length, the study aims to enhance the qualitative
assessment of student achievement. The contribution
lies in proposing a structured approach that ensures the
integrity and atomicity of test question creation through
the implementation of secure mechanisms and authenti-
cation protocols. This research offers a practical method
to strengthen assessment standardization and quality,
ultimately leading to improvements in examination pro-
cesses and the overall enhancement of educational eval-
uation practices.

Theoretical contribution and positioning:
Although the Technology, Organization, Environment

(TOE) framework serves as the foundation for this study,
our contribution does not rebrand the TOE framework.
Instead, we operationalize and contextualize TOE specif-
ically for Automated Examination Systems (AES) in
conflict-affected and resource-constrained school envi-
ronments, where adoption conditions are very different
from those in stable, high-resource settings. Specifically,
we show that organizational preparedness and human
capacity can have a more direct impact on AES per-
formance than infrastructure availability alone because
infrastructure limitations may be normalized and persis-
tent in these situations.

Novelty and value addition:
This study adds value in three ways: (1) it offers field

data from Yemeni schools, a setting that is still underrep-
resented in research on AES adoption; (2) it provides
an empirical TOE-based model specifically designed for
AES, connecting TOE dimensions to quantifiable perfor-
mance outcomes; and (3) it offers decision-makers in low-
resource educational systems practical implementation
implications, such as emphasizing operational readiness,
training, and question design quality.

Research Problem:
The research problem lies in the absence of a com-

prehensive evaluation model for automated exam paper
systems that measures their reliability, question quality,
security, and usability, especially within resource-limited
educational environments such as Yemeni schools.

Research Objectives:
1. Develop an integrated model for evaluating the

effectiveness of electronic exam paper generation sys-
tems.

2. Enhance question quality and ensure system relia-
bility and security.

3. Assess user experience and the ease of system
use in real educational environments.

4. Provide suitable solutions for resource-limited envi-
ronments such as Yemeni schools

Research Questions:
The present study attempts to answer the following

question:
Q1: How does the technical infrastructure affect

the performance of the examination system in Yemeni
schools?

Q2: How does the variation in fundamental ques-
tions affect the performance of the examination system
in Yemeni schools?

Q3: How does the variation/difference in the set of an-
swers affect the performance of the examination system
in Yemeni schools?

Q4: What is the relationship between the level and
format of learning resources and the performance of the
examination system in Yemeni schools?

Q5: How do the quality and difficulty of questions
affect the performance of the examination system in
Yemeni schools?

Q6: To what extent does the training of human re-
sources (staff) affect the performance of the examination
system in Yemeni schools?

Q7: To what extent does the amount of knowledge
affect the performance of the examination system in
Yemeni schools? Research Hypotheses:

Based on the research question and the study model
shown in Section 3, hypotheses are

formulated and tested as follows:
Hypothesis 1: The technical structure positively af-

fects the performance of the examination system in
Yemeni schools.

Hypothesis 2: The diversity of core questions posi-
tively affects the performance of the examination system
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in Yemeni schools.
Hypothesis 3: The variation in the set of answers

positively affects the performance of the examination
system in Yemeni schools.

Hypothesis 4: The level and format of learning re-
sources positively affect the performance of the exami-
nation system in Yemeni schools.

Hypothesis 5: The quality and difficulty of questions
positively affect the performance of the examination sys-
tem in Yemeni schools.

Hypothesis 6: The training of human resources (stu-
dents and staff) positively affects the performance of the
examination system in Yemeni schools.

Hypothesis 7: The amount of knowledge positively
affects the performance of the examination system in
Yemeni schools.

2. RELATED WORK
The digital transformation of educational assessment
has become a central topic in recent research, particu-
larly as schools and universities shift toward technology-
supported examination processes. Automated Examina-
tion Systems (AES) have been recognized for their po-
tential to increase grading efficiency, reduce human error,
and improve transparency. Recent studies emphasize
that AES can significantly enhance assessment accuracy
and speed, especially in large-scale or resource-limited
educational settings. Several experimental and review
papers show that automated grading tools can achieve
high alignment with human scoring when supported by
well-designed question structures and stable technical
environments [13], [14], [15].

Digital transformation studies further indicate that the
adoption of automated assessment is not solely a tech-
nical shift but a broader organizational change involving
policies, workflows, and user readiness. Research in
higher education shows that institutions integrating digital
examination platforms often experience improvements in
exam quality, monitoring, and administrative coordination,
provided that digital infrastructure and staff competence
are adequately developed [16], [17], [18]. Similar find-
ings are reported in low-infrastructure settings, where
digital tools offer practical benefits but face adoption bar-
riers such as limited connectivity, insufficient training,
and resistance to shifting from paper-based methods to
automated solutions [19], [20].

Instead of only digitizing current processes, digital
transformation in school systems is increasingly por-
trayed as a systemic change process that modifies in-
frastructure, pedagogy, governance, and assessment.
Digital technology integration has an impact on students,
teachers, administrators, leaders, and parents at the
school level. These effects range from new instructional
models (online, blended, and hybrid) to better data-based
decision making and more effective exam administration

processes [21]. Research demonstrates that schools’
"digital capacity" is dependent on interrelated elements
that together impact the success of digital transformation
programs, including technological infrastructure, staff
competencies, leadership vision, and supportive policies
[21]. This suggests that any framework for changing
examination systems must incorporate organizational
readiness and ecosystem support in addition to the tech-
nology platform for situations with limited resources.

Online and automated exam systems have become
essential parts of e-learning ecosystems in this larger set-
ting. In addition to cataloging 21 suggested tools, 25 cur-
rent platforms, and 16 underlying techniques/algorithms
utilized to provide trustworthy, equitable remote assess-
ments, a systematic evaluation of 53 papers on online
exams emphasizes important functional features (secu-
rity, integrity, authentication, and usability) [22]. When
choosing or creating online exam solutions for partic-
ular nations and institutions, particularly in areas with
limited connectivity and resources, the review identifies
four global adoption factors: network infrastructure, hard-
ware requirements, implementation complexity, and train-
ing needs [22]. In addition, a systematic review of 135
studies on machine learning-enhanced exam systems
demonstrates how supervised and unsupervised algo-
rithms support every step of the exam cycle, including
scheduling, proctoring, authentication, cheating detec-
tion, and at-risk student prediction [23]. However, it also
highlights important issues with privacy, dependability,
and technical capability. When taken as a whole, these
studies show that enhanced functionality must be care-
fully balanced with maintainability and feasibility in de-
signing contexts for automated inspection.

Recent research has shifted toward contextualized
adoption frameworks for developing nations, realizing
that generic technology acceptance models (such TAM
and UTAUT) do not adequately incorporate constraints
unique to schooling and context. The ETADC model,
which was validated through meta-analysis and structural
equation modeling on 30 high-impact studies (N = 8934),
combines foundational adoption constructs with educa-
tional and local components within the TPACK framework
to offer a reliable tool for assessing and choosing educa-
tional technologies in settings with limited resources [24].
The significance of compatibility, perceived utility, and
innovative qualities in influencing institutions’ intentions
to adopt disruptive technologies in emerging economies
is further demonstrated by empirical research on cutting-
edge technologies in education, such as blockchain for
smart learning environments [25].

These insights suggest that a technology adoption
framework for digitally transforming automated examina-
tion systems in Yemeni schools should (i) incorporate
multi-level factors (individual, organizational, infrastruc-
tural, and policy), (ii) explicitly account for resource and
connectivity constraints identified in online-exam litera-
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ture [22][23],and (iii) embed education-specific and cul-
tural dimensions as advocated in contextualized adoption
models for developing countries [21][24].

Related Work Synthesis and Thematic Organiza-
tion.

There are two primary streams of prior research on
automated examination and assessment. Technical de-
velopment (such as OMR accuracy, image processing,
grading automation, and system design) is the main
focus of the first stream. These studies focus on robust-
ness under scanning or lighting variations, efficiency, and
scoring accuracy. The second stream, which focuses
on organizational adoption and digital transformation, ex-
plains why educational institutions embrace (or reject)
AES in light of external pressures, readiness, skills, and
policies.

By analyzing AES as an organizational innovation
that necessitates stakeholder readiness, training, gover-
nance, and contextual fit in addition to being a technical
solution, this study bridges these two streams. As a re-
sult, in school settings with limited resources, the TOE
framework is utilized as a suitable lens to integrate or-
ganizational, environmental, and technological factors
influencing AES performance.

The Technology–Organization–Environment (TOE)
framework is widely used to understand how institutions
adopt digital systems, including AES and related educa-
tional technologies. Recent studies applying the TOE
model demonstrate that adoption is shaped by:

• Technological factors (system compatibility, usabil-
ity, reliability),

• Organizational factors (training, leadership support,
skills), and

• Environmental factors (infrastructure, policy, exter-
nal pressure).

Technology adoption research using TOE shows that
schools with stronger digital readiness and clearer insti-
tutional strategies are more successful in transitioning to
automated examination environments [26], [27], [28]. In
resource-constrained contexts, the TOE model helps ex-
plain why digital transformation progresses unevenly and
why human capacity-building and infrastructure stability
remain decisive for AES performance.

Taken together, prior work highlights two important
gaps:

1 Most AES studies focus on algorithmic perfor-
mance rather than real-world adoption, and
2 Few investigations examine digital transforma-

tion in low-resource school systems through a com-
prehensive adoption lens, such as the TOE model.

The present study contributes to filling these gaps by
applying the TOE framework to evaluate AES adoption
and digital transformation readiness in Yemeni schools,
a context where infrastructure limitations, training short-
ages, and institutional constraints significantly influence
system performance. Table 1 summarizes the related
work of this study.
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Table 1. Summary of the related work

Reference Research Problem Hypotheses Independent Vari-
ables

Dependent Variables

Rao, V. Shanmukha,
et al. "Automated
exam paper process
based on schedule
and authenticity."
International Confer-
ence of Advanced
Research & In-
novation (ICARI).
2020.

Challenges related
to manually creat-
ing exam papers,
such as security,
effectiveness, and
authenticity.

The technology-
based system will
reduce errors and
enhance security.

Automation, Security,
Authentication

Effectiveness of the
exam paper creation
process

Jaquez, Jesús, et al.
"TecEval: An online
dynamic evaluation
system for engineer-
ing courses available
for web browsers
and tablets." 2015
IEEE Frontiers in Ed-
ucation Conference
(FIE). IEEE, 2015.

Issues in the manual
creation of exam pa-
pers, including secu-
rity and reliability of
the questions.

Internet-based sys-
tems will increase ef-
ficiency and security
while providing con-
tinuous updates to
the question bank.

Internet-based sys-
tem, Continuous up-
dates to the question
bank

Access to the system,
Security, and Effec-
tiveness of exam pa-
per creation

De Assis Zampirolli,
Francisco, Valério
Batista, and José Ar-
tur Quilici-Gonzalez.
"An automatic gen-
erator and corrector
of multiple-choice
tests with random
answer keys." 2016
IEEE Frontiers in Ed-
ucation Conference
(FIE). IEEE, 2016.

Issues in manual
question creation,
such as a lack of
security and vulnera-
bility to manipulation.

Automation will con-
tribute to improving
the accuracy and re-
liability of exam pa-
pers.

Automation, Security Reliability of exam pa-
pers, Security

de Elias, Erik Miguel,
Paulo Marcelo Tasi-
naffo, and R. Hirata
Jr. "Optical Mark
Recognition: Ad-
vances, Difficulties,
and Limitations." SN
Computer Science
2.5 (2021): 367.

A need for systems
to improve the cor-
rection of multiple-
choice questions and
enhance security.

The use of advanced
systems and tech-
nologies will help in
automatically correct-
ing questions and re-
ducing the possibility
of manipulation.

Artificial Intelligence,
Automated correction

Correction of ques-
tions, Security in the
correction process
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Reference Research Problem Hypotheses Independent Vari-
ables

Dependent Variables

Patel, Nirali V., Ghan-
shyam I. Prajapati,
and Bharuch SVMIT.
"Various techniques
for assessment of
OMR sheets through
ordinary 2D scanner:
a survey." Interna-
tional Journal of Engi-
neering Research &
Technology (IJERT)
Vol 4 (2015): 2278-
0181.

Problems with man-
ual systems in creat-
ing papers, such as
delays and human er-
rors in creation.

Automated systems
provide greater secu-
rity and improve the
speed of generating
exam papers.

Automation, Security Speed of exam paper
creation, Security

Liu, Tong. "AI proc-
toring for offline
examinations with 2-
Longitudinal-Stream
Convolutional Neural
Networks." Comput-
ers and Education:
Artificial Intelligence
4 (2023): 100115.

Challenges in the re-
liability of traditional
assessments using
manual monitoring
methods.

The use of artificial
intelligence will en-
hance the accuracy
of assessments and
reduce cheating op-
portunities.

Artificial Intelligence,
Surveillance cam-
eras

Accuracy of assess-
ments, Cheating pre-
vention

Kanneganti, Raghu-
veer, Randy Fry,
and Lalit Gupta.
"Detection of aber-
rant responses in
OMR documents."
Proceedings of the
International Con-
ference on Image
Processing, Com-
puter Vision, and
Pattern Recognition
(IPCV), 2015.

Issues with errors
occurring during the
manual correction of
exam papers.

Automating the cor-
rection process will
reduce human errors
and improve correc-
tion speed.

Automation, Exam
paper correction

Accuracy of correc-
tion, Speed of correc-
tion
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Figure 1. Conceptual Model Based on the TOE Model

Table 2. Participants’ Demographic Distribution

Role Frequency Percentage
College students 79 73.2%
Supervisors 15 13.9%
High school students 6 5.6%
Technicians 5 4.6%
Teachers 3 2.8%

Table 3. Gender Distribution of Participants

Gender Frequency Percentage

Female 73 67.6%

Male 35 32.4%

3. RESEARCH METHODOLOGY
The TOE model is highly applicable in assessing the
adoption of automated scoring technologies for paper-
based exams, particularly within educational settings
that rely on traditional exam formats but seek to achieve
efficiency and accuracy. The model captures essential
internal capacities (training, compatibility) and external
influences (policy, infrastructure), making it a useful di-
agnostic and implementation guide for decision-makers.
The TOE model demonstrates that institutions that under-
stand and address the TOE factors are better equipped
to adopt, scale, and benefit from digital correction tech-
nologies. Figure 1 shows our conceptual model based
on the TOE model

Study Design:
This study employed a quantitative descrip-

tive–analytical and correlational design to investigate the
adoption and performance of Automated Examination

Systems (AES) in Yemeni schools. The research aimed
to describe the study variables, explore relationships
among them, and interpret the findings in the context of
existing literature [5, 6].

Table 2 presents the participants’ demographic distri-
bution according to their roles.

Participants:
The study sample consisted of 108 participants from

selected Yemeni schools, representing different stake-
holder roles. Table 2 shows the Participants’ Demo-
graphic Distribution.

Table 3 shows the gender distribution of the partici-
pants.

The results indicate that most respondents were col-
lege students (73.2%), and the majority were female
(67.6%), suggesting higher engagement or accessibility
among female participants in the studied schools.

Data Collection Instrument:
Data were collected using a structured questionnaire

developed based on the study objectives and prior lit-
erature. The instrument covered several dimensions,
including:

· Cognitive quantity and quality
· Technical structure
· Variation of core questions
· Answer set variations
· Learning resource levels and forms
· Question quality and difficulty
· Human resource training
· performance measures (student performance, knowl-

edge quality indicators, skill acquisition, success mea-
sures)

The validity and reliability of the instrument were es-
tablished through expert review and statistical analysis.
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Construct validity was confirmed using Pearson correla-
tion [9], while Cronbach’s Alpha indicated high internal
consistency (α = 0.958 for independent variables and α

= 0.922 for the dependent variable) [7–10].
Statistical Analysis:
All data were analyzed using SPSS software (Version

27). The following statistical methods were applied:
· Skewness and Kurtosis tests to assess normality
· Pearson correlation for construct validity
· Cronbach’s Alpha for reliability
· Frequencies and percentages for demographic anal-

ysis
· Arithmetic means and standard deviation to assess

response levels
· Multiple linear regression to test hypotheses and

identify factors influencing AES performance
Participants and explanation of the context:
Although the study’s focus is on AES implementation

in Yemeni schools, a variety of stakeholder types involved
in school exams and assessment procedures make up
the respondent pool. Due to their greater accessibility
during data collection and their frequent participation in
examination procedures and AES usage in the targeted
educational environment, college students make up the
majority of the sample. The Limitations section specifi-
cally discusses this distribution, which is recognized as
a limitation. Crucially, supervisors, teachers, technicians,
and school-level students continue to provide pertinent
school-related AES perspectives in the survey.

Ethical issues:
This study’s participation was entirely voluntary. Re-

spondents were made aware of the study’s objectives,
that no personally identifiable information would be re-
vealed, and that their answers would only be utilized for
scholarly analysis. Before filling out the questionnaire,
informed consent was acquired.

Questionnaire transparency:
The study objectives and well-established literature

on the adoption of AES and TOE-based technologies
served as the basis for the development of the question-
naire items. Before being deployed, items were exam-
ined for relevancy and clarity. To promote transparency
and replicability, a sample set of items (or the complete
questionnaire) may be made available upon request.

4. RESULTS ANALYSIS A. DESCRIPTIVE
STATISTICS

Descriptive analysis revealed moderate to high levels
across all AES-related variables, indicating positive per-
ceptions toward system performance and adoption. Par-
ticipants strongly agreed on the importance of technical
infrastructure, human resource training, and question
quality as essential components for effective AES imple-
mentation. The interpretation of mean scores followed
the four-point Likert scale presented in Table 4, adapted

from Al-Adimi (2010, p. 282 [6]) and Al-Mahmoudi (2019,
pp. 46–47 [8]).

Table 4. Descriptive Statistics of Exam System Performance

Mean Range Percentage Range Verbal Interpretation
<1.75 <43.75% Low
1.75–<2.5 43.75%–<62.5% Medium
2.5–<3.25 62.5%–<81.25% High
3.25–4 81.25%–100% Very High

The overall exam system performance achieved a
mean of 2.89 (72.14%), representing a high level of
agreement.

The highest-rated item was PA7 (students achieving
high exam scores; M = 3.06), while the lowest was PA5
(surveying students and teachers’ feedback; M = 2.67).

For skill acquisition, the mean was 2.76 (69.09%),
with the highest score for AS1 (improved student grades;
M = 2.96) and the lowest for AS5 (developing creative
thinking; M = 2.54).

Regarding success measures, the overall mean was
3.11 (77.68%), indicating very high agreement, particu-
larly for SM6 (accuracy and speed of grading; M = 3.50).

A summary of descriptive results for all variables is
shown in Table 5 .

Table 5. Summary of AES Variables’ Mean Scores

Table 5. Summary of AES Variables’ Mean Scores

Variable Mean Percentage Interpretation

Knowledge Level 2.63 65.77% High

Technical Infras-
tructure

2.81 70.34% High

Core Question
Variety

2.88 72.12% High

Answer Set Vari-
ety

2.65 66.15% High

Learning Re-
sources Level

2.83 70.82% High

Question Quality
& Difficulty

2.84 70.96% High

Human Re-
source Training

3.07 76.73% Very High

AES Perfor-
mance (overall)

2.92 72.97% High

All variables exhibited high agreement levels, confirm-
ing strong user satisfaction and positive perceptions of
AES effectiveness in Yemeni schools [6, 8].

B. Reliability and Validity
Instrument reliability and validity were statistically con-

firmed.
Cronbach’s Alpha coefficients:
Independent variables = 0.958
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AES performance (dependent variable) = 0.922
Pearson correlation coefficients ranged from 0.688

to 0.927, all significant at p ≤ 0.01, indicating strong
internal consistency and confirming construct validity [9,
10].

C. Correlation Analysis
To determine the relationships between study vari-

ables, Pearson correlation analysis was performed.
As presented in Table 6, all independent variables

demonstrated significant and positive correlations with
AES performance (p ≤ 0.01).

Table 6. Correlation Analysis (Pearson Coefficients)

Table 6. Correlation Analysis (Pearson Coefficients)

Variable Exam Perfor-
mance

Strength of Cor-
relation

Knowledge Level 0.570** Strong

Technical Infras-
tructure

0.664** Strong

Core Question
Variety

0.487** Moderate

Answer Set Vari-
ety

0.732** Very Strong

Learning Re-
sources

0.643** Strong

Question Quality
& Difficulty

0.768** Very Strong

Human Re-
source Training

0.744** Very Strong

Note: All correlations are statistically significant at p≤
0.01.

These results confirm that improvements in question
quality, answer diversity, and staff training contribute di-
rectly to higher AES performance, consistent with Pal-
lant’s (2009, p. 149) correlation strength interpretation.

D. Multiple Regression Analysis
A multiple linear regression model was used to exam-

ine predictors of AES performance. Assumption testing
confirmed normality, linearity, homoscedasticity, and ab-
sence of multicollinearity, validating the model’s reliability
[11]. Table 7 shows the Multiple Linear Regression Re-
sults. The findings revealed significant effects of five
factors, knowledge volume (β = 0.164, p ≤ 0.05), vari-
ation in core questions (β = 0.172, p ≤ 0.05), variation
in answer options (β = 0.277, p ≤0.05), question quality
and difficulty (β = 0.312, p ≤ 0.05), and human resource
training (β = 0.204, p ≤ 0.05), on examination system
performance. In contrast, technical structure (β = 0.020,
p = 0.841) and the level and format of learning resources
(β = 0.110, p = 0.247) showed no significant influence.
The model achieved a strong explanatory power with an
R value of 0.826 and an R2 of 0.683, indicating that the
independent variables collectively explain 68.3% of the

variance in examination system performance.
Table 7. Multiple Linear Regression Results

Table 7. Multiple Linear Regression Results

Predictor Vari-
able

β Coeffi-
cient

p-value p-value Sig-
nificance

Knowledge vol-
ume

0.164 p<0.05 Significant

Technical
Structure

0.020 p>0.05 Not Signifi-
cant

Human Re-
source Training

0.204 p<0.05 Significant

Cognitive
Quantity

0.312 p<0.05 Significant

Question Varia-
tion

0.172 <0.05 Significant

Answer Set Di-
versity

0.277 p<0.05 Significant

Learning Re-
source Level

0.110 P>0.05 Not Signifi-
cant

The results indicate that technical structure and hu-
man resource training are the strongest predictors of
AES performance, while the level of learning resources
was not statistically significant, suggesting that availabil-
ity alone does not ensure effective utilization. Table 8
shows the detailed effects of the Independent Variables
on the Dependent Variable.

Interpretation note for Likert-scale regression:
Regression coefficients are interpreted in terms of

direction and relative influence rather than percentage-
based extrapolations because the study variables were
measured using Likert-scale items. A non-significant
coefficient suggests that the predictor does not exhibit
a direct statistical relationship with AES performance in
the model, whereas a positive and statistically significant
coefficient shows that higher levels of the predictor are
linked to higher AES performance.

It is evident from Table 8 that there is a significant
positive effect between knowledge quantity and the ex-
amination system performance, where the regression
coefficient value was (β = 0.164, p ≤0.05). This indi-
cates that a high increase in knowledge quantity will
lead to a 16.40% increase in the examination system
performance. This supports the study hypothesis that
knowledge quantity has a positive effect on the examina-
tion system performance in Yemeni schools. Therefore,
the first hypothesis (H1) was accepted.

Table 8 also shows that there is no significant effect
between the technical structure and the examination sys-
tem performance, as the T-value (0.201) was not statisti-
cally significant, with a corresponding significance level
(Sig.) of (0.841), which is greater than the significance
level of (0.05). The regression coefficient (β) was small
(0.020), indicating that the technical structure does not
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Table 8. Detailed Effects of the Independent Variables on the Dependent Variable

Hypothesis The text of the sub-hypothesis β T Sig.

First:
H1

Knowledge quantity has a positive effect on the performance of the
examination system in Yemeni schools.

0.164 2.082 0.040*

Second:
H2

The technical structure has a positive effect on the performance of
the examination system in Yemeni schools.

0.020 0.201 0.841

Third:
H3

The variation in core questions has a positive effect on the perfor-
mance of the examination system in Yemeni schools.

0.172 2.299 0.024*

Fourth:
H4

The variation/difference in the set of answers has a positive effect on
the performance of the examination system in Yemeni schools.

0.277 3.371 0.001*

Fifth:
H5

The level and format of learning resources have a positive effect on
the performance of the examination system in Yemeni schools.

0.110 1.164 0.247

Sixth:
H6

The quality and difficulty of the questions have a positive effect on the
performance of the examination system in Yemeni schools.

0.312 2.712 0.008*

Seventh:
H7

Human resource training has a positive effect on the performance of
the examination system in Yemeni schools

0.214 2.114 0.037*

(*) Statistically significant at the significance level (p ≤ 0.05)

affect the examination system performance in Yemeni
schools. This does not support the study hypothesis that
the technical structure affects the examination system
performance. Therefore, the second hypothesis (H2)
was rejected.

Additionally, Table 8 shows a significant effect be-
tween the variation in core questions and the examination
system performance, where the regression coefficient
value was (β = 0.172, p ≤ 0.05). This indicates that
a high increase in the variation of core questions will
lead to a 17.20% increase in the examination system
performance. This supports the study hypothesis that
the variation in core questions has a positive effect on
the examination system performance in Yemeni schools.
Therefore, the third hypothesis (H3) was accepted.

Table 8 also demonstrates a significant effect between
the variation/difference in answer sets and the exami-
nation system performance, with the regression coeffi-
cient value (β = 0.277, p ≤ 0.05). This suggests that a
high increase in the variation/difference in answer sets
will result in a 27.70% increase in the examination sys-
tem performance in Yemeni schools. This supports the
study hypothesis that variation/difference in answer sets
positively affects the examination system performance.
Therefore, the fourth hypothesis (H4) was accepted.

Furthermore, Table 8 shows no significant effect be-
tween the level and format of learning resources and the
examination system performance, with a T-value (1.164)
that was not statistically significant. The corresponding
significance level (Sig.) was (0.247), which is greater
than the significance level of (0.05), and the regression
coefficient (β) was small (0.110). This indicates that
the level and format of learning resources do not affect
the examination system performance in Yemeni schools.
This does not support the study hypothesis that the level
and format of learning resources positively affect the
examination system performance. Therefore, the fifth
hypothesis (H5) was rejected.

Table 8 also indicates a significant effect between the
quality and difficulty of questions and the examination
system performance, where the regression coefficient
value was (β = 0.312, p ≤ 0.05). This suggests that a
high increase in the quality and difficulty of questions will
result in a 31.20% increase in the examination system
performance in Yemeni schools. This supports the study
hypothesis that the quality and difficulty of questions
positively affect the examination system performance.
Therefore, the sixth hypothesis (H6) was accepted.

Finally, Table 8 shows a significant effect between
human resource training and the examination system
performance, with the regression coefficient value (β =
0.204, p ≤ 0.05). This indicates that a high increase in
human resource training will lead to a 20.40% increase in
the examination system performance in Yemeni schools.
This supports the study hypothesis that human resource
training positively affects the examination system per-
formance. Therefore, the seventh hypothesis (H7) was
accepted.

Hypothesis Testing:
Table 9 presents the results of the hypothesis tests,

which are consistent with the results of the regression
analysis shown earlier in this section.

5. DISCUSSION
The findings of this study align with existing literature
showing that successful adoption of automated assess-
ment technologies is deeply influenced by organizational
support, training, and system readiness.

Participants demonstrated generally positive percep-
tions of AES features, especially regarding speed, grad-
ing accuracy, and fairness. However, the results also
indicate that digital transformation cannot succeed
through technology alone; adequate training, reliable
infrastructure, and supportive school policies play equally
important roles.
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Table 9. Hypothesis Test Results

Symbol Hypothesis Result

H1 Knowledge quantity positively affects the performance of the examination system in Yemeni
schools.

Supports

H2 The technical structure positively affects the performance of the examination system in Yemeni
schools.

Does not
support

H3 Variation in core questions positively affects the performance of the examination system in Yemeni
schools.

Supports

H4 Variation/difference in the set of answers positively affects the performance of the examination
system in Yemeni schools.

Supports

H5 The level and format of learning resources positively affect the performance of the examination
system in Yemeni schools.

Does not
support

H6 The quality and difficulty of the questions positively affect the performance of the examination
system in Yemeni schools.

Supports

H7 Human resource training positively affects the performance of the examination system in Yemeni
schools.

Supports

The limited effect of learning resources on AES perfor-
mance suggests that the availability of digital materials
does not automatically translate to effective use. This re-
flects a broader issue in many resource-limited schools:
technology is often introduced faster than educators can
learn to integrate it. Continuous training and clear opera-
tional guidelines are therefore essential.

Infrastructure challenges, including unstable electric-
ity, limited connectivity, and outdated devices, were con-
sistently identified, confirming their role as major barriers
to digital adoption. Resistance to change also emerged,
indicating the need for awareness programs and hands-
on practice to build confidence in automated systems.

A pilot deployment in several schools demonstrated
clear improvements in grading speed and student satis-
faction. Teachers initially struggled with system naviga-
tion, but performance improved noticeably after targeted
training. These observations reinforce the quantitative
results, highlighting that human capacity building is a
decisive factor in adopting new digital examination pro-
cesses.

Overall, the study reveals that digital transformation
in Yemeni schools requires a balanced focus on technol-
ogy, staff readiness, institutional support, and continu-
ous monitoring. Without addressing these dimensions
together, the shift from traditional to automated examina-
tion systems remains difficult to sustain.

As mentioned above, the results align with previous
studies emphasizing the importance of technical readi-
ness and human capacity in adopting educational tech-
nologies [2, 12].

Despite generally strong correlations across all vari-
ables, the insignificance of learning resources suggests
that availability without pedagogical integration fails to
enhance system performance.

Challenges observed include limited infrastructure, in-
sufficient training, and resistance to change, reflecting
broader systemic barriers in Yemeni education. Address-
ing these challenges through targeted professional devel-

opment and institutional support is crucial for sustainable
AES implementation.

Reconciling infrastructure findings:
Our regression results show that technical infrastruc-

ture does not directly predict AES performance in the cur-
rent model, even though technical infrastructure is gener-
ally acknowledged as a requirement for digital systems.
This does not mean that infrastructure is insignificant;
rather, it implies that, in the Yemeni context, infrastruc-
ture constraints can be comparatively consistent among
schools and hence offer little room for explanation. As a
result, organizational and human factors, including train-
ing, question quality, and operational procedures, provide
a stronger explanation for variations in AES performance.

Case Study: Pilot Implementation in Sana’a
Schools

A pilot AES deployment conducted in selected Sana’a
schools validated the quantitative findings.

Reported outcomes included:
Improved grading accuracy and feedback speed,
Enhanced administrative efficiency and greater stu-

dent satisfaction.
Teachers initially faced challenges in system naviga-

tion, which were resolved through structured training ses-
sions. This supports the regression results, confirming
that training and technical support are key to successful
AES adoption.

The findings affirm that technical readiness and hu-
man resource capacity are the pillars of AES’s success.
Continuous training, infrastructure improvement, and
feedback mechanisms are essential for achieving reli-
able and equitable automated assessment in Yemeni
schools.

Implications for implementation and policy:
The study’s conclusions provide a number of use-

ful recommendations for educational decision-makers
working in settings with limited resources. First, since
staff readiness and system familiarity were found to be
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stronger predictors of AES performance than infrastruc-
ture availability alone, policymakers should give priority
to human resource training and capacity building before
making significant infrastructure investments. Second, in
order to maximize system effectiveness, implementation
strategies should prioritize the quality of assessment de-
sign, including question clarity, balanced difficulty levels,
and variety in answer options. Third, a phased adoption
strategy is advised, beginning with pilot deployments
in a few chosen schools and gradually expanding in re-
sponse to feedback and performance results. Lastly, to
guarantee long-term AES adoption in low-resource ed-
ucational systems, ministries of education and school
administrators should create explicit operational guide-
lines and support systems, such as technical assistance
units and ongoing training initiatives.

Limitations:
There are a number of limitations to this study. (1)

Sampling: Due to accessibility limitations, the sample
distribution is biased toward college students, which may
restrict the representativeness of all Yemeni school stake-
holder groups. (2) Methodology: Response bias may be
present because the study uses self-reported question-
naire data. (3) Design and scope: Because the study
is cross-sectional and concentrates on a single country
context, its applicability to other areas may be limited.

In addition, the challenges encountered in this study
include designing suitable questions for all target groups,
whether students, supervisors, or teachers. Additionally,
most of the studies on this topic are somewhat outdated.
(The practical challenges and realities when implement-
ing the system at the level of the Republic of Yemen) Dif-
ficulty in Resisting Change, Being the First Experience
in the Arab World, Providing the Infrastructure, Convert-
ing Essay Questions into Objective Questions, and Lack
of a Description for Learning Outcomes of Academic
Courses.

6. CONCLUSION
This study examined the adoption and performance of
Automated Examination Systems in Yemeni schools and
highlighted the conditions necessary for the successful
digital transformation of examination processes. The
study proposed a model based on the TOE model, which
is one of the most widely used models. It includes seven
independent variables: knowledge volume, technical
structure, variation in core questions, variation in answer
options, level and format of learning resources, question
quality and difficulty, and human resource training. The
dependent variable was the performance of the exami-
nation system.

The study used a quantitative approach through ques-
tionnaires to collect data. The statistical population in-
cluded supervisors, teachers, and students in Yemeni
schools. The proposed model was tested using multi-

ple linear regression analysis and other statistical tech-
niques.

The findings showed significant effects of the vari-
ables (knowledge volume, variation in core questions,
variation in answer options, question quality and difficulty,
and human resource training) on examination system
performance. However, the results revealed no signif-
icant effect of (technical structure and level/format of
learning resources). Based on these findings, several
recommendations were proposed for stakeholders.

The results show that system performance is signifi-
cantly influenced by factors such as question quality, an-
swer variation, cognitive alignment, and human resource
training. In contrast, technical infrastructure and the avail-
ability of learning resources did not show a strong direct
impact, emphasizing the need for better integration and
support mechanisms.

The research demonstrates that resource-limited
schools can benefit from automated examination sys-
tems, but only when supported by structured training,
improved infrastructure, and clear adoption strategies.
The proposed framework provides a practical foundation
for guiding digital transformation efforts and improving
the quality and efficiency of school assessments.

This study is expected to contribute to a better under-
standing of the relationship between the factors influenc-
ing exam process adoption and its impact on examination
system performance in Yemeni schools.

This study offers practical insights for policymak-
ers and educational administrators looking to success-
fully implement digital examination systems in resource-
constrained situations by addressing both technical and
non-technical factors of AES performance.

Future research:
Future research should use qualitative techniques

(such as focus groups or interviews) to gather more in-
depth contextual explanations, use longitudinal designs
to track adoption over time, and perform cross-regional or
cross-school system comparisons to confirm and expand
the TOE-based findings.

In addition, future work should explore additional con-
texts, incorporate qualitative insights, and develop more
adaptable models that support the long-term sustainabil-
ity of digital assessment in developing regions.
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