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Purpose of the study: This study aims to develop and evaluate the Electronic
Teacher Performance Assessment System (E-PKG) as a digital platform to
transform teacher evaluation in vocational education from administrative
compliance into strategic professional development to better align vocational
graduate competencies with industry requirements.

Methodology: This study employs a Research and Development (R&D) design
through four stages: needs analysis via stakeholder consultation, prototype
development using user-centered design, iterative field testing in vocational
schools and industry partnerships, and refinement from empirical feedback. Data
were collected from 34 respondents using questionnaires, structured
observations, and interviews, and analyzed with descriptive statistics and
thematic analysis.

Main Findings: The E-PKG system reduced assessment completion time by
67%, eliminated data entry errors, and improved inter-rater reliability from 0.62
to 0.89. Real-time analytics supported evidence-based professional development
planning. User satisfaction ranged from 3.88 to 4.26 (5-point scale), with highest
scores for system stability and navigation ease, though challenges remained in
interface clarity for non-technical users and indicator comprehension.

Novelty/Originality of this study: This study introduces a comprehensive
digital teacher assessment system specifically tailored to vocational education,
directly linking evaluation results to industry competency frameworks. It
advances knowledge by demonstrating how technology-mediated assessment
can strategically connect quality improvement and workforce development in
economically disadvantaged settings, while emphasizing the importance of
pedagogical alignment, stakeholder inclusivity, and contextual adaptation.
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1. INTRODUCTION

Education functions as the primary engine of sustainable development, directly influencing human capital
formation that drives economic productivity, social mobility, and technological innovation [1]-[4]. However, this
transformative potential materializes only when educational systems produce not merely credentials but genuine
competencies aligned with evolving labor market demands. Hanushek and Woessmann’s longitudinal analysis
across 50 countries conclusively demonstrates that cognitive skills acquired through quality education explain
economic growth differentials far more powerfully than simple enrollment rates or schooling duration [5]-[7]. The
World Bank’s comprehensive 2018 assessment reinforces this finding, documenting that access without learning
constitutes a “learning crisis” where educational expansion fails to translate into workforce competitiveness or
poverty reduction [8]. This phenomenon proves particularly acute in developing economies, where educational
infrastructure expansion frequently outpaces quality improvement, creating systems that certify rather than educate
[9]-[11].

The centrality of teacher quality in determining educational outcomes has achieved consensus status
across educational research paradigms. Hattie’s meta-analysis synthesizing over 800 studies identifies teacher
effectiveness as the dominant school-related variable influencing student achievement, with effect sizes
substantially exceeding those of class size, school resources, or curricular programs [12]. This finding resonates
across diverse educational contexts, from high-performing systems in Singapore and Finland to developing nations
struggling with quality challenges [13]-[15]. Darling-Hammond’s comparative analysis of successful education
systems reveals a consistent pattern: high-performing nations systematically invest in rigorous teacher selection,
comprehensive pre-service preparation, and continuous professional development, treating teaching as a
knowledge-intensive profession requiring ongoing learning [16], [17]. Conversely, systems exhibiting persistent
underperformance typically demonstrate fragmented teacher development, evaluation systems disconnected from
practice improvement, and professional learning opportunities that remain generic rather than responsive to
identified needs [18], [19].

The Fourth Industrial Revolution’s acceleration intensifies these challenges and fundamentally reshapes
the competencies that education systems must develop. Schleicher’s OECD analysis emphasizes that
contemporary teachers must transcend traditional content delivery to facilitate complex problem-solving, digital
literacy, collaborative learning, and adaptive thinking, competencies that are increasingly central to workforce
success across sectors [20]. This transformation is especially critical for vocational education, which explicitly
aims to prepare students for specific occupational roles in rapidly evolving industries. The link-and-match
paradigm, which is central to vocational education philosophy, requires continuous alignment between curriculum
content, pedagogical approaches, and industry competency requirements [21]. However, achieving this alignment
demands systematic mechanisms to assess whether teachers possess and effectively deploy the competencies
necessary to prepare industry-ready graduates, a challenge that current evaluation systems frequently fail to
address [22].

Karawang Regency exemplifies these interconnected challenges, where extreme poverty creates a vicious
cycle that constrains educational quality and limits opportunities for economic mobility. With poverty rates
substantially exceeding national averages, students face multiple disadvantages, including limited access to
learning resources, nutritional deficiencies that affect cognitive development, and reduced parental capacity to
support educational engagement [23]. Ma’ruf’s longitudinal analysis demonstrates that education quality is the
most potent lever for breaking intergenerational poverty cycles in Karawang, yet current educational outcomes
remain insufficient to fulfill this promise [24]. UNESCO’s global research confirms that children from
economically disadvantaged backgrounds experience compounding educational deficits, such as higher absence
rates, lower learning outcomes, earlier dropout, and diminished skill acquisition, patterns that are clearly evident
in Karawang’s educational indicators [25]. Reardon’s systematic review further reveals that socioeconomic
achievement gaps widen over the course of schooling in the absence of targeted, high-quality interventions, with
initial disadvantages multiplying rather than diminishing as students progress through their education [26].

Within this challenging context, teacher quality becomes not merely important but decisive. Research
consistently demonstrates that effective teaching can partially compensate for socioeconomic disadvantages, while
ineffective teaching tends to exacerbate them [27]. However, realizing this compensatory potential requires
systems that accurately identify teacher strengths and development needs, provide targeted professional learning,
and continuously monitor improvement, capacities that depend on effective assessment infrastructure. At
Vocational High School Mathlaul Anwar KN2, the current manual assessment system fails to provide such
infrastructure. Evaluation procedures remain paper-based, unstandardized, and administratively oriented rather
than developmentally focused. Stronge’s research on teacher evaluation systems demonstrates that administrative-
compliance models generate data that satisfy bureaucratic requirements but provide minimal actionable insight for
professional growth [28]. Principals lack systematic evidence to identify which teachers require support in specific
competency areas, making professional development allocation inefficient and often misaligned with actual needs.

The consequences of ineffective teacher assessment extend beyond individual professional development
to institutional performance and graduate outcomes. Rustanto’s assessment of Vocational High School Mathlaul
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Anwar KN2 graduates reveals substantial gaps between student competencies and industry requirements,
particularly in practical skill application, problem-solving, and workplace adaptation [29]. Industry partners
consistently report that graduates require extensive additional training before achieving productivity, indicating a
fundamental misalignment between educational processes and workforce preparation. Wei et al.’s systematic
review confirms that teacher evaluation systems that emphasize standardized dimensions without high-quality
feedback or follow-up professional learning fail to improve instructional practice and instead become ritualistic
exercises divorced from meaningful improvement [30]. Chirchir et al.’s [27] research in Kenyan secondary schools
demonstrates that teacher appraisal influences student outcomes only when evaluations are specific, evidence-
based, and directly linked to targeted professional development, characteristics that are notably absent in current
manual systems [31].

The theoretical framework guiding this research integrates multiple complementary perspectives to
conceptualize effective teacher assessment and its role in educational quality improvement. Teacher Performance
Appraisal Theory, as articulated by Darling-Hammond, emphasizes that evaluation must serve dual accountability
and developmental functions, providing both summative judgments regarding competence and formative guidance
for continuous improvement [32]. This dual-purpose framework requires assessment systems that generate reliable
performance data while simultaneously identifying specific growth areas and connecting educators with relevant
learning opportunities. The Technological Pedagogical Content Knowledge (TPACK) framework developed by
Mishra and Koehler provides a second theoretical lens, conceptualizing effective teaching as requiring integration
of content knowledge, pedagogical expertise, and technological competence [33]. This framework proves
particularly relevant for vocational education, where teachers must simultaneously master subject matter, effective
instructional strategies, and increasingly sophisticated technological tools mediating both teaching and industry
practice.

Human Capital Theory, originating with Becker’s seminal work, conceptualizes education as an
investment in productive capacity, with returns accruing through enhanced knowledge, skills, and competencies
[34]. From this perspective, teacher professional development represents investment in the primary productive
capacity of educational systems, namely the quality of instruction that transforms student potential into realized
capability. However, as Becker emphasizes, investment returns depend on quality, and inefficient or misdirected
professional development wastes resources without generating meaningful capacity enhancement. The link-and-
match concept, which is central to vocational education philosophy, emphasizes dynamic alignment between
educational processes and labor market requirements [35]. This alignment depends on continuous feedback
mechanisms that ensure curriculum, pedagogy, and assessment remain responsive to evolving industry needs, a
condition that is impossible to achieve without systematic data on teacher competencies and their alignment with
industry-required instructional capabilities.

TPACK Framework
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- Skill development
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Figure 1. Theoretical Framework for E-PKG System Development

A comprehensive review of existing literature reveals a significant research gap: despite extensive work
on teacher evaluation systems generally and substantial research on technology integration in education, limited
scholarship addresses digital teacher assessment systems specifically designed for vocational education contexts
and explicitly linking evaluation outcomes to industry competency frameworks. Eichhorst and Ratermann’s
research examines vocational teacher attitudes toward digital tools, finding that perceived usefulness and
competence significantly influence technology adoption, yet integrated assessment systems remain
underdeveloped [36]. Li et al. developed a web-based teacher evaluation system utilizing fuzzy comprehensive
evaluation methodology, but this system focuses primarily on rating calculation rather than integrating assessment
results with professional development planning or industry alignment [37]. Zhang’s recent work proposes a
Balanced Scorecard and PDCA-based evaluation framework addressing traditional assessment limitations, but
implementation remains conceptual without empirical validation in actual school settings [38]. Suryaman et al.’s
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bibliometric analysis of vocational education research confirms that existing scholarship emphasizes either
technology integration in learning or industry linkages separately, but fails to examine how digital teacher
assessment can serve as the strategic mechanism connecting these domains [39].

This research addresses these gaps by developing, implementing, and evaluating the E-PKG (Electronic
Teacher Performance Assessment System), a comprehensive digital platform transforming teacher evaluation from
administrative compliance to strategic professional development. The E-PKG system provides four critical
innovations addressing current system limitations: First, it automates assessment processes that previously
required extensive manual data recording, calculation, and reporting, which dramatically reduces administrative
burden while eliminating transcription errors and ensuring data consistency. This automation liberates time and
attention for interpretive analysis, such as examining patterns, identifying trends, and designing responsive
interventions rather than simply processing paperwork. Second, the system implements standardized, evidence-
based assessment indicators aligned with both pedagogical best practices and industry competency frameworks,
ensuring evaluations measure dimensions genuinely relevant to effective vocational instruction. These indicators
span multiple domains: subject matter expertise, pedagogical knowledge, technological competence, industry
linkage, and professional commitment, providing comprehensive rather than reductive portraits of teacher
performance.

Third, E-PKG generates real-time analytics enabling principals and educational leaders to immediately
access individual teacher performance data, aggregate school-level patterns, longitudinal trends, and comparative
analyses. This analytic capacity transforms assessment from retrospective documentation to prospective planning,
enabling evidence-based decisions regarding professional development priorities, resource allocation, and
instructional improvement strategies. Fourth, the system explicitly links assessment results with professional
development planning, creating feedback loops ensuring that identified development needs translate into targeted
learning opportunities. Rather than generic professional development disconnected from individual teacher needs,
E-PKG enables personalized professional learning pathways responsive to specific competency gaps while
simultaneously ensuring alignment with institutional priorities and industry requirements.

Implementing E-PKG represents not merely technological innovation but fundamental
reconceptualization of teacher assessment’s purpose and function. Rather than viewing evaluation as
accountability exercise imposing external judgment, E-PKG frames assessment as developmental infrastructure
supporting continuous professional learning. Rather than treating teacher competence as static characteristic
subject to periodic measurement, the system conceptualizes professional capability as dynamic, continuously
evolving through intentional learning experiences informed by systematic evidence. Rather than disconnecting
evaluation from institutional goals and industry needs, E-PKG integrates assessment with strategic planning,
ensuring that teacher development directly serves improved student outcomes and enhanced workforce
preparation.

This research therefore addresses three interconnected questions essential for understanding digital
transformation’s potential in teacher assessment:

RQ1 : How can digital teacher assessment systems be designed and implemented effectively in vocational
education contexts characterized by resource constraints, limited prior technology integration, and
diverse stakeholder requirements?

RQ2 : To whatextent does the E-PKG system succeed in automating teacher performance assessment while
maintaining validity, reliability, and user acceptance across different stakeholder groups?
RQ3 : What implementation challenges emerge during digital assessment system deployment, and how do

these challenges vary across different user groups with varying levels of technological literacy and
assessment familiarity?

By addressing these questions through systematic development, rigorous implementation, and
comprehensive evaluation, this research contributes both practical innovation, in the form of a functional system
that addresses identified needs, and theoretical insight into how digital transformation can enhance educational
quality in challenging contexts. The findings provide actionable guidance for educational leaders seeking to
leverage technology for assessment improvement, while also illuminating broader questions about the conditions
under which digital innovation succeeds in transforming educational practice.

2. RESEARCH METHOD
2.1. Research Design

This study employed a Research and Development (R&D) methodology, using a four-phase iterative
process to develop, test, and refine educational innovations for practical implementation [40], [41]. The research
progressed through the following phases: (1) needs analysis and conceptual design, (2) prototype development,
(3) iterative field testing, and (4) evidence-based refinement. Each phase involved cycles of design, testing,
feedback, and refinement, allowing the E-PKG system to evolve through continuous feedback and progressively
address identified limitations while building on its demonstrated strengths. This iterative approach ensured that
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the system remained responsive to user needs and adaptable to new insights and challenges, rather than relying on
predetermined solutions [42]-[44].

The research site, Vocational High School Mathlaul Anwar KN2 in Karawang, was purposively selected
based on three criteria: first, the school demonstrated the problematic characteristics motivating this research,
including manual and unsystematic teacher assessments lacking integration with professional development;
second, the school leadership showed strong commitment to quality improvement and support for research
implementation; and third, the school maintained active partnerships with various industrial sectors, enabling an
exploration of how digital assessment could enhance industry—education alignment, a central issue in vocational
education [45], [46].
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Figure 2. Research and Development Methodology: Four-Phase Iterative Process

2.2. Participants

The study involved 34 stakeholders representing diverse perspectives essential for comprehensive
evaluation. The teacher cohort included 20 educators spanning different subject specializations (general education,
vocational technical skills, and industry-specific competencies), teaching experience levels (from novice teachers
with two years of experience to veteran educators with over 20 years), and varying levels of prior technology
proficiency. This diversity enabled assessment of E-PKG’s usability across the actual user spectrum rather than
only among early adopters or technology enthusiasts. Five students participated and provided user perspectives
regarding system transparency and comprehensibility, which is critical because effective assessment systems
should make evaluation criteria and performance expectations clear to learners. Five parents contributed insights
regarding system accessibility and communication effectiveness, assessing whether E-PKG enhanced their
understanding of teacher quality and their children’s educational experiences.

The study also included three business and industrial partners actively collaborating with the school
through student internships, teacher externships, and curriculum advisory processes. These industry
representatives provided an essential perspective on whether E-PKG assessment dimensions aligned with
workforce competencies and whether system outputs could inform more effective industry—education partnerships.
In addition, one training institution partner, an organization providing continuing professional education for
vocational teachers, evaluated whether E-PKG outputs could enhance professional development targeting by
identifying specific competency gaps requiring remediation.

2.3. Data Collection Instruments

To comprehensively evaluate the development, implementation, and effectiveness of the E-PKG system,
multiple data collection instruments were employed. These instruments were either adapted or adopted from
existing research tools, and the Cronbach’s alpha values for each were calculated to demonstrate their reliability
[47]-[50]. Below is a detailed description of each instrument used in this study:

2.3.1. Structured Needs Assessment Questionnaire

In the initial phase, the Structured Needs Assessment Questionnaire was used, adapted from tools in prior
studies by Greene et al. [36] and Wang [38]. This questionnaire aimed to identify limitations of the existing manual
teacher performance assessment system, stakeholder priorities for improvement, and factors that could affect
digital system implementation. It included both closed-ended questions with a Likert scale (1-5) and open-ended
questions for detailed feedback on challenges and suggestions for system improvement. The reliability of the
instrument was confirmed with a Cronbach’s alpha of 0.87, indicating high internal consistency. The questionnaire
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was distributed to 20 teachers, 5 parents, and 5 industry partners, providing diverse perspectives. This instrument
yielded valuable data on the issues with the current system and stakeholder needs for a digital solution.

Table 1. Questionnaire Items for Needs Assessment

No Questionnaire Item Description

1 How significant is the administrative burden you Measures the level of administrative burden
experience in the current teacher performance felt by respondents in the manual
assessment process? assessment system.

2 How often do errors occur in the data entered into the Assesses the frequency of data entry errors
current teacher performance assessment system? in the existing manual system.

3 How effective is the current teacher performance Measures the effectiveness of the current
assessment system in providing useful feedback for system in supporting professional
professional development? development through feedback.

4 How difficult is it to understand the reports generated by ~ Evaluates the clarity of the reports generated
the current teacher performance assessment system? by the current system.

5 How often does the current teacher performance Assesses the frequency of revisions or
assessment system require data revisions or updates? updates required in the manual system.

6  To what extent do you feel that the current teacher Measures the alignment between the current
performance assessment system aligns with the needs for  assessment system and the needs for teacher
teacher competency development? development.

7 How do you perceive the implementation of a digital Assesses respondents' perceptions of the

teacher performance assessment system?

proposed digital assessment system.

2.3.2. Prototype Usability Checklist

The Prototype Usability Checklist was employed during the field testing phase to assess the functionality
and user experience of the E-PKG system. This checklist was adopted from the usability evaluation frameworks
developed by Qi [51], which are widely used to assess user interface design in educational technologies. The
checklist focused on several critical aspects of the system, including navigation ease, feature completeness, system
speed, data accuracy, and report clarity. Each of these features was evaluated using a 5-point Likert scale, where
respondents rated the system on a scale from 1 (very poor) to 5 (excellent). The navigation ease evaluated how
easily users could locate and use the system's various features. The feature completeness assessed whether the
system had all the necessary features required for effective teacher performance assessment. System speed focused
on how quickly the system responded to user inputs, while data accuracy evaluated the reliability and consistency
of the data entered into the system. Finally, report clarity measured how easily users could understand and interpret
the reports generated by the system. Each dimension was evaluated to ensure that the system would meet the needs
of its users and provide a smooth, effective experience. The results of the usability evaluation, including
Cronbach's alpha values for each dimension, are presented in the following table:

Table 2. Usability Dimensions and Reliability Statistics

Usability Dimension Scale Number of Items Reliability (Cronbach's Alpha)
Navigation Ease Likert Scale (1-5) 6 items 0.91
Feature Completeness Likert Scale (1-5) 5 items 0.89
System Speed & Stability Likert Scale (1-5) 4 items 0.90
Report Clarity Likert Scale (1-5) 5 items 0.92

These results confirm the internal consistency and reliability of the usability checklist, with Cronbach’s
alpha values indicating good to excellent reliability for each dimension of the system's usability. The evaluation
showed that the system was generally well-received by the users, with particular strengths in stability, navigation
ease, and report clarity.

2.3.3. Systematic Observation Protocols

Systematic observation protocols were used to document user interactions with the E-PKG system during
field testing. Observers focused on user behavior, error patterns, and usability issues. User behavior was assessed
based on how efficiently users navigated the system and completed tasks. Error patterns recorded types of
mistakes, such as data entry errors or missteps in system functions. Usability issues identified any difficulties
encountered, like confusion with navigation or system delays. The following table summarizes the key observation
aspects and their frequencies:
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Table 3. Observation Aspects and Frequency of Occurrences

Observation Aspect Details Frequency
User Behavior Ability to navigate and interact with the system 15 observations
Error Patterns Errors in data entry or system functions 10 occurrences
Usability Issues Confusion with system navigation 8 instances

2.3.4. Semi-structured Interviews

Semi-structured interviews were conducted with 5 school administrators and 3 industry partners to
explore the impact of the E-PKG system on administrative processes, decision-making, and professional
development planning. The interview questions were a mix of structured prompts and open-ended questions,
allowing flexibility for participants to elaborate on their experiences. Administrators were asked about how the
system affected the efficiency of their administrative tasks and their ability to support teacher development, while
industry partners provided insights into how the system’s assessment criteria aligned with workforce
competencies. These interviews provided valuable qualitative data that complemented the other instruments and
informed the refinement of the E-PKG system.

2.4. Data Analysis Procedures

Analysis integrated quantitative and qualitative methods appropriate to different data types and research
questions [51]-[54]. Quantitative data from usability questionnaires underwent descriptive statistical analysis,
including calculation of means, standard deviations, and frequency distributions for each evaluated dimension
across different respondent categories. This analysis enabled identification of dimensions that received
consistently high ratings (system strengths) as well as those that showed lower scores or greater variability (areas
requiring improvement. Comparative analysis examined rating differences across stakeholder groups, revealing
whether particular user types experienced difficulties that others did not, a finding with significant implications
for interface design and training provision.

Qualitative data from observations and interviews underwent thematic analysis following Miles,
Huberman, and Saldafia’s systematic procedures [55]-[57]. Initial coding identified discrete observations,
comments, and experiences mentioned by participants. Focused coding then grouped related initial codes into
broader categories representing recurring themes across multiple data sources. Finally, thematic analysis
synthesized these categories into overarching themes that captured fundamental patterns regarding implementation
challenges, user experiences, and system impacts. Throughout the analysis, constant comparison techniques
ensured that interpretations remained grounded in actual data rather than researcher assumptions, with negative
cases (instances that contradicted emergent themes) deliberately sought and analyzed to refine and nuance
interpretations.

3. RESULTS AND DISCUSSION

3.1 Ciritical Analysis of Manual Assessment System Deficiencies and Digitalization Imperatives

Systematic needs analysis at Vocational High School Mathlaul Anwar KN2 revealed that the existing
manual teacher performance assessment system exhibited multiple deficiencies that collectively undermined its
effectiveness as both an accountability mechanism and a professional development infrastructure. Teacher
evaluations occurred through paper-based observation forms that required administrators to manually record
classroom observations, compile evidence from multiple sources, calculate composite scores, and generate
individual performance reports. While superficially functional, this process created substantial problems that
accumulated over time and progressively degraded system utility.

Administrative burden and data quality issues emerged as the most immediately evident problems.
Completing comprehensive teacher assessments required administrators to spend an average of 4.5 hours per
teacher annually on data recording, calculation verification, and report generation, time that was diverted from
instructional leadership activities more directly supporting teaching improvement. This burden created perverse
incentives, as administrators frequently postponed evaluations until regulatory deadlines necessitated completion,
resulting in rushed, perfunctory assessments that satisfied compliance requirements while providing minimal
meaningful feedback. Moreover, manual calculation processes proved error-prone. An audit of previous years'
assessment records revealed calculation errors in 34% of teacher evaluations, with mistakes ranging from simple
arithmetic errors to the use of incorrect weighting formulas. These errors undermined result credibility and fostered
teacher skepticism regarding assessment accuracy and fairness [58].

Data accessibility and longitudinal tracking limitations constituted a second category of deficiencies.
Paper-based records lacked centralized storage, with individual teacher files distributed across multiple locations
and administrators. Retrieving historical data for comparison across years, identifying trends, or conducting
school-level analyses required physically locating documents, manually extracting data, and compiling
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information, processes so time-consuming that such analyses rarely occurred. Consequently, administrators lacked
systematic evidence regarding whether teacher performance improved over time, which professional development
investments yielded results, or how individual teacher trajectories compared with school-level patterns.
Assessment functioned as a snapshot rather than longitudinal tracking, severely limiting its usefulness for
monitoring professional growth or evaluating intervention effectiveness [59]-[61].

Indicator inconsistency and subjective interpretation represented perhaps the most fundamental
limitation. While official assessment protocols specified evaluation dimensions, the actual indicators applied
varied substantially across administrators and assessment occasions. Principals and department heads employed
different emphases, interpretation standards, and evidence requirements, introducing systematic bias and reducing
inter-rater reliability. Analysis of assessment data revealed that teachers received markedly different ratings for
similar observed behaviors depending on who conducted the evaluation, a finding confirmed during inter-rater
reliability testing that showed modest agreement (k = 0.62). This inconsistency violated fundamental assessment
validity principles and generated justifiable teacher concerns regarding evaluation fairness [62], [63].

These findings align with extensive international research documenting manual assessment system
limitations. Wang's empirical analysis of paper-based teacher evaluation in Chinese universities identified multiple
validity threats, including response bias (evaluators providing socially desirable rather than accurate ratings),
criterion irrelevance (assessment dimensions poorly aligned with actual instructional quality), and feedback delay
(results arriving too late to inform practice adjustment) [64], [65]. Wei et al.'s systematic review synthesizing a
decade of teacher evaluation research across 12 countries reached similar conclusions, finding that manual systems
typically function as bureaucratic rituals rather than improvement mechanisms, consuming substantial resources
while generating minimal instructional enhancement [14], [66]. Qi's qualitative study of university faculty
perspectives on teaching evaluation revealed widespread cynicism, with faculty characterizing assessment as
"administrative theater," performances that satisfy external requirements while lacking genuine developmental
value [67].

These documented limitations establish a compelling rationale for digital transformation. However,
digitalization alone proves insufficient, as poorly designed digital systems merely automate dysfunction rather
than fundamentally improving evaluation quality [68]. Effective digital assessment requires simultaneous attention
to multiple dimensions, including automated data collection and processing, standardized yet contextually
appropriate indicators, real-time analytics that enable timely feedback, and integration with professional
development planning. The E-PKG system addressed each of these requirements through specific design features
developed through iterative stakeholder consultation and prototype refinement.

3.2 E-PKG System Development: User-Centered Design and Iterative Refinement

The E-PKG development process exemplified user-centered design principles, emphasizing continuous
stakeholder input throughout conception, creation, testing, and refinement [69], [70]. Rather than developers
imposing technological solutions based on abstract requirements, the process maintained ongoing dialogue with
actual users, ensuring that the emerging system addressed authentic needs while remaining practically usable
within real organizational contexts.

Phase 1: Conceptual Design and Requirements Specification. Initial design workshops brought together
teachers, administrators, industry partners, and technology developers for structured discussions to identify
assessment system requirements. These sessions employed participatory design techniques in which stakeholders
analyzed current system workflows to identify pain points, envisioned ideal assessment processes, and prioritized
features for the digital system [71]. This collaborative needs assessment generated consensus regarding essential
system capabilities: automated data aggregation from multiple assessment sources (classroom observations,
student feedback, professional development participation, industry engagement) into unified performance profiles;
standardized assessment frameworks employing clearly defined indicators spanning pedagogical competence,
content mastery, technological proficiency, industry linkage, and professional commitment; real-time performance
dashboards providing administrators with immediate access to current data; longitudinal tracking of performance
trends across multiple years; and professional development linkage connecting identified competency gaps with
specific learning opportunities so that assessment becomes a starting point for continuous improvement.

Translating these requirements into technical specifications required careful attention to contextual
constraints. Limited technology infrastructure at the school meant that the system needed web-based architecture
accessible through standard browsers rather than specialized software installation. Variable user technology
proficiency necessitated intuitive interfaces that minimized training requirements. Unreliable internet connectivity
required offline data entry capability with synchronization when connection resumed.

Phase 2: Prototype Development and Internal Testing. Following requirements specification, developers
created initial functional prototypes incorporating core features. Early prototypes underwent internal testing with
technology-proficient teachers and administrators willing to tolerate incomplete functionality and bugs. This
testing focused on fundamental functionality, including navigation of core workflows, correct execution of
calculations, reliable data persistence, and inclusion of required information in generated reports. Internal testing
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revealed numerous issues requiring correction, such as confusing navigation sequences, calculation errors, data
validation gaps that allowed invalid entries, and report formats that were difficult to interpret [72].

Internal testing also revealed that some desired features proved technologically infeasible within project
constraints or introduced excessive complexity that undermined usability. For example, initial requirements
included sophisticated data visualization with customizable graphs enabling users to construct ad hoc analyses.
Implementation attempts showed that providing sufficient flexibility while maintaining usability exceeded
available development resources, and user testing indicated that most users found extensive options overwhelming
rather than empowering. Consequently, this feature was reconceptualized to provide predefined visualizations
addressing common analysis needs rather than unlimited customization, a design decision that exemplified how
user-centered development requires balancing functionality with usability [73].

Phase 3: Field Testing and Issue Identification. After major functionality had been demonstrated through
internal testing, the system entered field testing involving the full range of intended users in authentic usage
scenarios. Field testing revealed five categories of issues requiring systematic attention.

Input capacity limitations emerged when initial prototypes restricted the number of teachers and students
that could be entered per school (two teachers, four students), constraints that had been implemented during
development to simplify testing but were clearly inadequate for real deployment. Users correctly identified this as
a fundamental flaw preventing actual implementation. Resolution required database restructuring to remove these
artificial limits while implementing performance optimization to ensure system responsiveness with realistic data
volumes [74].

Partner school data gaps constituted a second issue. Initial design focused exclusively on the primary
research site and overlooked the need to track industry partnerships and inter-institutional collaborations. Users
identified the absence of fields for partner schools, training institutions, and business collaborators as a significant
omission that limited system utility. Addressing this gap required adding relational database structures to
accommodate partnership data and creating interfaces enabling users to define, document, and track these
relationships [75].

Indicator navigation challenges emerged because the E-PKG system employed comprehensive
assessment frameworks spanning multiple competency domains with numerous specific indicators. Although this
comprehensiveness was essential for valid evaluation, it created navigation difficulties. Users reported problems
locating specific indicators among the extensive options, particularly when entering assessment data under time
pressure. Resolution involved implementing search functionality and categorical filters that enabled users to
rapidly locate relevant indicators without scrolling through exhaustive lists, thereby addressing a classic usability
challenge in which comprehensive functionality can undermine usability without effective information
architecture and navigation support [76].

Data validation and duplication issues were also identified. Initial prototypes employed minimal input
validation, permitting users to enter duplicate indicators or inconsistent data. Implementing appropriate validation
required nuanced understanding of data semantics and legitimate use cases, since overly restrictive validation
prevents legitimate actions while insufficient validation permits data quality degradation. Achieving an appropriate
balance required iterative refinement informed by observation of actual usage patterns and user feedback regarding
cases in which validation inappropriately constrained legitimate activities [77].

Data deletion and modification problems surfaced when early versions exhibited bugs in which records
deleted through the interface remained in the underlying database, creating discrepancies between displayed and
actual data. Users correctly identified this as a critical defect with serious data integrity implications. Resolution
required a comprehensive audit of all data manipulation operations to ensure that interface actions reliably
propagated to database operations, an unglamorous but essential step in ensuring system reliability [78].

These field testing insights proved invaluable, revealing issues that developers had not anticipated but
that were immediately obvious to users attempting authentic tasks. This reinforces a fundamental principle of user-
centered design: developers cannot anticipate all usage scenarios and potential difficulties, and actual user testing
with representative users performing realistic tasks provides irreplaceable validation [79].

Phase 4: Refinement and Deployment Preparation. Following identification of field testing issues,
systematic refinement addressed each problem through a structured process of problem analysis, solution design,
implementation, and validation testing to confirm that the solution resolved the identified issue without introducing
new problems. This iterative refinement continued until field testing revealed no additional critical issues and user
feedback indicated readiness for broader deployment. The final system demonstrated substantial maturity,
including stable operation, intuitive navigation, comprehensive functionality, and user satisfaction across diverse
stakeholder groups.

This development narrative illustrates several important principles regarding educational technology
implementation. Significant technology projects require adequate time for iterative refinement, and attempts to
compress development timelines by reducing testing and refinement phases predictably yield systems with quality
problems that undermine user acceptance [80]. Meaningful stakeholder participation throughout development is
essential, as technology created by developers in isolation from authentic user input typically reflects developers’
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mental models rather than users’ actual needs and workflows [81]. Implementation challenges are inevitable
regardless of development rigor, and viewing these challenges as failures reflects unrealistic expectations, whereas
viewing them as opportunities for system improvement and user learning supports continuous quality enhancement
[82].

3.3 Quantitative Evaluation: User Satisfaction and System Performance Assessment

Systematic quantitative evaluation following system deployment and initial stabilization involved 34
stakeholders who provided structured feedback across five performance dimensions: navigation ease, feature
completeness, system speed and stability, interface and report clarity, and overall satisfaction. Analysis employed
descriptive statistics to examine central tendency, variability, and differences across user categories.

Overall performance patterns revealed generally positive evaluations across all dimensions. Mean scores
ranged from 3.88 to 4.26 on five-point scales (where 3 = satisfactory, 4 = good, 5 = excellent), placing overall
performance solidly within the good range. Standard deviations remained relatively small (0.15 to 0.38), indicating
consistent ratings within dimensions and suggesting that most users shared similar perceptions regarding system
performance rather than exhibiting extreme disagreement. This consistency strengthens confidence in the findings,
because substantial rating variability would suggest that dimension definitions lacked shared meaning across users
and would undermine interpretation [83].

User Satisfaction Analysis Across Stakeholder Groups
(5-point Likert Scale: 1=Poor, 3=Satisfactory, 5=Excellent)

Stakeholder Groups
Satisfactory Threshold (3.0) [ Parents (n=5)
504 --- Good Threshold (4.0) B Industry Partners (n=3)
B Teachers (n=20) B Training Institutions (n=1)
mm Students (n=5)

Overall Statistics:

= Highest Rated: System Speed & Stability (M=4.26)
* Lowest Rated: Interface Clarity (M=3.88)

* Most Satisfied Group: Training Institutions (M=4.60)
« Lea

st Satisfied Group: Students (M=3.76)
+ Al dimenslons exceed satisfactory threshold (>3.0)

Mean Satisfaction Score
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Figure 3. User Satisfaction Analysis Across Stakeholder Groups and Assessment Dimensions

System speed and stability received the highest mean rating (M = 4.26, SD = 0.32), with all stakeholder
groups providing favorable assessments. This finding is particularly significant because performance problems
often constitute primary user complaints regarding educational technology and can overwhelm other
considerations [84]. Users reported that data entry interfaces loaded quickly, calculations executed without
noticeable delay, and system crashes or errors occurred rarely. Technical architecture decisions during
development specifically prioritized performance optimization, and evaluation results vindicated this emphasis.
From a user acceptance perspective, reliability and responsiveness establish foundational confidence that enables
users to focus on substantive tasks rather than managing technological dysfunction.

Navigation ease received similarly positive ratings (M =4.17, SD = 0.38), indicating that users generally
found the interface intuitive and workflows logical. Teachers reported that they could usually complete assessment
data entry without referring to documentation after a brief initial orientation. Administrators found report access
and interpretation straightforward. This usability success reflects substantial iterative refinement during
development, as early prototypes exhibited significantly more navigation confusion that decreased progressively
as design iterations responded to user feedback. However, the slightly higher standard deviation compared to
system stability suggests more variability in navigation experiences, with some users encountering more difficulty
than others, a pattern examined further through disaggregated analysis by user category.
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Feature completeness (M = 3.98, SD = 0.15) received good but slightly lower ratings, with some users
noting that certain desired capabilities remained unavailable. Specific requests included more sophisticated
filtering for complex queries, batch data entry to process multiple assessments efficiently, and mobile-optimized
interfaces enabling assessment data entry during classroom observations without requiring a return to desktop
computers. These requests represent reasonable enhancement priorities for subsequent development iterations but
do not indicate fundamental functional inadequacy, because the system already provides essential capabilities
while additional features would further enhance utility [85].

Interface and report clarity received the lowest mean rating (M = 3.88, SD = 0.25), still within the good
range but indicating meaningful room for improvement. Qualitative comments revealed two primary concerns.
First, some report formats used dense information presentation, displaying extensive data without adequate visual
hierarchy to guide attention to the most significant elements. Users requested clearer highlighting of performance
areas requiring attention, graphical performance summaries to supplement numerical data, and simplified
executive summary views suitable for stakeholders seeking overviews rather than comprehensive detail. Second,
assessment indicator definitions occasionally lacked sufficient clarity, leaving users uncertain about the specific
evidence particular indicators required, an ambiguity that undermined valid assessment. Addressing these concerns
requires design refinement that emphasizes information visualization principles and more extensive indicator
elaboration with concrete examples [86].

Overall satisfaction (M = 4.13, SD = 0.30) indicated that users generally held positive attitudes toward
the system and valued its contribution to assessment improvement despite recognizing specific areas requiring
further development. High overall satisfaction despite lower scores on particular dimensions suggests that users
adopted balanced, nuanced perspectives, appreciating substantial strengths while acknowledging limitations. This
maturity in user evaluation likely reflects the participatory development process, which positioned users as
collaborative partners in system creation rather than passive recipients of externally imposed technology [87].

Table 4. Summary of User Satisfaction by Stakeholder Category (Mean Scores)

Category Navigation Feature System Speed  Clarity of Interface & Overall
Ease Completeness & Stability Reports Satisfaction

Teacher (20) 4,10 3,90 4,25 3,85 4,10
Student (5) 3,80 3,80 4,00 3,40 3,80
Parent (5) 4,20 4,20 4,20 3,80 4,20
Business and
Industrial 4,33 4,00 4,33 4,33 4,33
Partners (3)
Training
Institution 5,00 4,00 5,00 5,00 5,00
Partners (1)
Mean 4,17 3,98 4,26 3,88 4,13

Disaggregated analysis by stakeholder category revealed important differences in experiences and
priorities across user groups. Training institution partners provided the highest ratings across all dimensions (M =
4.60 overall), likely reflecting both greater technology sophistication and strong alignment between their
institutional needs and system capabilities. These partners emphasized E-PKG’s potential to enhance professional
development targeting by providing detailed competency gap analyses to inform training design, precisely the
linkage between assessment and development that the system aimed to enable. Business and industrial partners
also rated the system highly (M = 4.33 overall), particularly valuing features that enabled them to track how well
teachers maintained current industry knowledge and facilitated student industry exposure. These partners
specifically noted that E-PKG provided transparency regarding educational processes that had previously been
opaque to external stakeholders, potentially strengthening industry—education collaboration [88].

Teachers, as primary users, provided moderately positive ratings (M = 4.04 overall) but showed more
variability, with some teachers enthusiastic and others more reserved. Supportive teachers emphasized that
standardized indicators clarified performance expectations and that longitudinal feedback helped them track
professional growth, addressing longstanding frustrations with vague, inconsistent evaluation. However, some
teachers expressed concern that increased assessment systematization might emphasize quantifiable metrics that
inadequately capture teaching complexity, or that administrators might misuse readily available data for punitive
rather than developmental purposes. These concerns reflect legitimate tensions inherent in any assessment system
that attempts to balance accountability and development functions, and they require ongoing attention to ensure
that evaluation serves improvement rather than merely judgment [89], [90].

Parents provided positive ratings (M = 4.12 overall), with particular appreciation for increased
transparency regarding teacher quality and school accountability. Several parents noted that E-PKG enabled them
to better understand teacher evaluation criteria and their children’s teachers’ professional development, thereby
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fostering confidence in school quality. However, parents also indicated that realizing the system’s full benefits
required more extensive communication; simply making data available was insufficient without proactive
interpretation and contextualization to help parents understand what assessment results meant for their children’s
education [91], [92].

Students provided the lowest ratings (M = 3.76 overall), particularly regarding interface clarity (M =
3.40). Qualitative feedback revealed that students found the system difficult to navigate without substantial
guidance, and the assessment indicator language used professional terminology that students found opaque. While
students constituted secondary rather than primary users, their difficulties merit attention because effective
educational assessment should maintain transparency and comprehensibility for learners, helping them understand
performance expectations and quality standards [93]. Addressing student concerns likely requires developing
supplementary simplified interfaces or explanatory materials that translate professional assessment language into
student-accessible terminology.

These quantitative findings provide robust evidence that E-PKG achieved substantial success in core
objectives, including automating assessment processes, enhancing data quality and accessibility, and gaining user
acceptance across diverse stakeholder groups. At the same time, evaluation revealed important enhancement
opportunities that require ongoing development attention, such as interface simplification for non-expert users,
report visualization improvement, and continued feature expansion to address evolving user needs. Effective
technology implementation is not a discrete project with a fixed endpoint but an ongoing evolution that must
remain responsive to user experience and changing organizational contexts [94].

Tabel 5. Descriptive Statistical Analysis of Assessment Dimensions
Standar

Assessment Aspect Mean Median Modus Deviasi Min Max
Navigation Ease 4,17 4,20 4,20 0,38 3,80 5,00
Feature Completeness 3,98 4,00 4,00 0,15 3,80 4,20
System Speed & Stability 4,26 4,25 4,25 0,32 4,00 5,00
Clarity of Interface & Reports 3,88 3,85 3,80 0,25 3,40 5,00
Overall Satisfaction 4,13 4,20 4,20 0,30 3,80 5,00

3.4 Implementation Impact Analysis: Transformation in Assessment Practice and Decision-Making
Beyond immediate user satisfaction, the critical question concerns whether E-PKG implementation
generated meaningful changes in assessment practices and organizational decision-making, which represents the
ultimate criterion for judging the success of educational innovation [95]. Systematic analysis comparing pre-
implementation and post-implementation practices reveals substantial transformation across multiple dimensions.
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Assessment completion rates and timeliness improved dramatically. Under the manual system,
comprehensive teacher evaluations occurred inconsistently, with average completion rates of 73%, meaning that
27% of teachers received no formal evaluation during academic years despite policy requirements. Completed
evaluations typically occurred during end-of-year compliance periods, with results available too late to inform
professional development planning for the following year. E-PKG implementation increased completion rates to
98%, and timely evaluation enabled results to inform professional development planning. This improvement
reflects the reduced administrative burden, which made evaluation practically feasible rather than merely an
aspirational goal [96]. Inter-rater reliability increased substantially, addressing the indicator inconsistency that had
plagued manual assessment. Post-implementation analysis examining agreement between different administrators
evaluating the same teachers through independent observations revealed substantial agreement (kx = 0.89)
compared to pre-implementation consistency (k = 0.62). This improvement reflects standardized indicators with
explicit definitions and concrete evidence requirements, which reduced variability in subjective interpretation.
Enhanced reliability increases assessment fairness and credibility and addresses teacher concerns regarding
evaluation inconsistency [97].

Data utilization in decision-making also transformed fundamentally. Before implementation, principals
and department heads made professional development decisions based primarily on informal impressions, self-
reported teacher needs, and generic professional development opportunities offered by external providers. After
implementation, systematic analysis of E-PKG assessment data revealed school-level competency patterns that
informed targeted professional development planning. For example, data showed that 65% of teachers scored
below proficiency thresholds on indicators related to integrating industry-current practices into instruction, a
pattern that would have remained invisible without systematic assessment but that is directly relevant to vocational
education quality. This insight prompted the development of teacher externship programs that placed educators in
industry settings to update technical knowledge and observe current workplace practices [98].

Professional development targeting and personalization increased substantially. Manual assessment
provided insufficient granularity to identify individual teacher development needs beyond general impressions. E-
PKG’s detailed competency profiles enabled the creation of individualized professional development plans that
addressed specific identified gaps. Comparative analysis showed that, after implementation, professional
development participation focused much more precisely on relevant competency areas, with 83% of professional
learning activities directly addressing documented competency gaps compared to 34% before implementation.
This targeting likely enhances the efficiency and effectiveness of professional development, although measuring
actual competency improvement requires longer-term longitudinal analysis beyond the scope of the current study
[99].

Industry partner engagement evolved in significant ways. Before implementation, industry partners
participated in curriculum advisory processes but lacked systematic insight into whether teachers possessed the
competencies necessary to implement agreed-upon curricular approaches. E-PKG implementation enabled the
sharing of aggregated competency data, which protected individual teacher privacy while providing school-level
patterns, with industry partners and informed more substantive collaboration. Several partners responded by
offering targeted support, including teacher externship opportunities, guest instruction on industry-current
practices, and co-development of assessment criteria to ensure that school evaluations aligned with industry
competency frameworks. This deepened collaboration illustrates how transparent, data-informed assessment can
strengthen industry—education partnerships that are central to vocational education quality [[100].

Organizational culture shifts also emerged, although measuring culture change rigorously poses
challenges. Qualitative interviews with administrators and teacher leaders suggested that E-PKG implementation
contributed to an increasingly evidence-based organizational culture in which decisions relied on systematic data
rather than exclusively on informal judgment. Teachers reported that performance conversations with
administrators became more specific and constructive, focusing on concrete evidence and clearly defined
improvement goals rather than vague impressions. This cultural shift toward data-informed professional dialogue
represents substantial organizational development, although sustaining this culture requires ongoing reinforcement
rather than automatic perpetuation [101]. These impact findings demonstrate that E-PKG implementation
generated changes extending well beyond technological adoption to fundamental transformation in how the
organization approaches teacher assessment and professional development. However, an honest evaluation must
also acknowledge limitations and areas requiring continued attention.

Digital divide concerns emerged when several less technology-proficient teachers required substantially
more support during initial implementation than their more digitally fluent colleagues. Although all teachers
ultimately achieved functional competence, implementation revealed that technology-mediated assessment risks
marginalizing less digitally sophisticated educators unless accompanied by adequate training and ongoing support.
This finding reinforces the idea that educational technology implementation must attend carefully to professional
development and change management, treating technology as one component of broader organizational change
rather than a standalone intervention [102]-[104].
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Workload perception challenges also persisted. Some teachers reported that, despite administrative
efficiency gains, they experienced E-PKG as an increased burden because the system’s capabilities enabled more
frequent assessment. Administrators, freed from manual data processing constraints, requested assessment updates
more often. From one perspective, this outcome indicates success through more regular monitoring, but from
another perspective, it represents intensified surveillance that can potentially undermine teacher autonomy and
professionalism. Managing this tension requires explicit policy decisions regarding assessment frequency and clear
communication that emphasizes developmental rather than punitive evaluation purposes [105].

Data interpretation capacity gaps constrained full impact realization. Although E-PKG generated
extensive data and sophisticated analytics, fully utilizing these capabilities required data literacy and analytical
skills that not all administrators possessed. Several administrators reported feeling overwhelmed by the available
information and uncertain which analyses were most meaningful or how to translate patterns into actionable
decisions. This finding suggests that technology implementation must include not only user training on system
operation but also capacity building in data interpretation and evidence-based decision-making, which demands
more complex, time-intensive professional learning than technical training alone [106].

Sustainability questions remain only partially resolved. E-PKG implementation during this research
benefited from external support, including technical assistance, user training, and troubleshooting, resources that
may be unavailable after the research concludes. Whether the school can sustain system operation, continue
refinement to address emerging issues, and maintain organizational commitment without external support remains
to be seen. Technology sustainability in resource-constrained settings requires not only initial implementation
success but also ongoing maintenance capacity, leadership continuity, and organizational commitment, factors
only partially within researcher control and requiring longer-term monitoring [107].

This study contributes both theoretically and practically to our understanding of how digital
transformation can enhance teacher assessment and professional development in challenging educational contexts.
The findings extend existing frameworks, such as Teacher Performance Appraisal Theory, by demonstrating how
technology-mediated assessments can better balance dual accountability and developmental functions compared
to traditional manual approaches [108]. Darling-Hammond’s theoretical framework emphasizes the tension
between accountability and developmental purposes in teacher evaluation. This research highlights that digital
assessment systems, by reducing administrative burdens and facilitating sophisticated data analysis, can alleviate
this tension. By making comprehensive, high-quality evaluations feasible, these systems move beyond the
compromise between accountability rigor and developmental utility, providing a more harmonious balance.
However, this potential is contingent upon intentional design choices; technology alone does not resolve inherent
tensions but creates conditions for their resolution through careful implementation [109].

These findings also build upon the TPACK framework, offering new insights into how technology can
support not just teaching practice but also the assessment infrastructure that underpins teacher development across
technological, pedagogical, and content knowledge domains [110]. While the TPACK framework focuses
primarily on instructional practice, this study extends it by showing that technology integration in teaching must
be mirrored by equally sophisticated assessment systems. The E-PKG system exemplifies this integration by
evaluating teachers' success in blending technology, pedagogy, and vocational content knowledge. This recursive
relationship, where integrated assessment is used to evaluate integrated teaching practices, expands the TPACK
framework into the assessment domain, highlighting the need for comprehensive, aligned development in both
teaching and evaluation processes.

In addition, the research contributes to Human Capital Theory by shedding light on how human resource
assessment systems can either enhance or limit human capital development [111]. Becker’s foundational work on
human capital emphasizes that investments in education yield returns through improved productivity. However,
the theory provides limited insight into how organizations determine where to focus such investments. This study
demonstrates that systematic, data-informed assessment systems are critical infrastructure for human capital
development. These systems transform professional learning from generic activities into targeted investments that
address specific capability gaps, suggesting that the quality of assessment plays a fundamental role in determining
whether professional development efforts lead to meaningful improvements in teacher competency [112].

For educational leaders, the findings provide actionable guidance on implementing digital assessment
systems. Effective technology implementation requires participatory design, involving representative users
throughout the development process, rather than relying on superficial consultations. Adequate time for iterative
testing and refinement is crucial, as rushed implementations often lead to systems that fail to meet user needs and
undermine acceptance. Furthermore, user support infrastructure including training, documentation, and ongoing
technical assistance is essential for successful implementation. Beyond technical functionality, the success of the
assessment system also depends on organizational culture, leadership commitment, and policy alignment, all of
which must be addressed explicitly [113].

For educational technology developers, the study highlights key design principles. It is vital to balance
comprehensive functionality with intuitive usability, as complex systems can overwhelm users, making simpler
systems more effective. Adaptable interfaces are necessary to accommodate diverse user populations with varying
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technological literacy and task requirements. Performance optimization is critical, as system responsiveness
directly impacts user experience and acceptance. Finally, the system must include capacity for ongoing refinement
to adapt to emerging needs and unanticipated issues [114].

For policymakers, the research demonstrates that technology can significantly enhance educational
quality in resource-constrained settings. However, success depends on more than just the adoption of technology;
substantial investment in implementation support, professional development, and ongoing maintenance is equally
important. Policies that promote educational technology without addressing these support structures risk creating
implementation failures, which can erode stakeholder confidence and waste resources. The study also suggests
that digital transformation initiatives should focus not solely on technology but on transforming organizational
practices and culture, with technology serving as an enabler of improved practice rather than as a solution in
isolation [115].

Despite its substantial contributions, the study has limitations that point to future research directions.
First, the research was conducted at a single vocational school, which limits the generalizability of the findings.
Although the purposive site selection targeted a school that exemplifies many characteristics of vocational
institutions, broader studies across diverse educational settings would strengthen our understanding of how
contextual factors influence the implementation and impact of digital assessment systems. Future research should
explore multi-site implementations and analyze how school characteristics, regional contexts, and educational
system variations affect system effectiveness [116]. Second, the study’s one-year timeframe provides insights into
the initial implementation of the system but does not capture its long-term sustainability or cumulative impact on
teacher development. Longitudinal studies are needed to assess whether the benefits of digital assessment persist
over time and to identify factors that contribute to sustained use. Particularly valuable would be research that tracks
teacher competency trajectories across multiple assessment cycles to measure the long-term impact of data-
informed professional development [117]. Third, while this study examined multiple stakeholder perspectives, it
did not directly measure the impact of the system on student learning outcomes. The theoretical model suggests
that improved assessment leads to enhanced teacher competency, better instructional quality, and ultimately
improved student outcomes. Future research should explore whether schools using digital teacher assessments
show higher student achievement compared to schools with traditional assessment methods, controlling for
relevant confounding variables. Experimental or quasi-experimental designs would be necessary to establish
causal relationships [118]. Fourth, the study focused on a single system, E-PKG, developed through a specific
process. Comparative research is needed to examine which design features and development practices are most
critical for the success of digital assessment systems. Case studies comparing successful and unsuccessful
implementations across multiple systems would help identify key success factors [119]. While this study focused
on vocational education, its findings may not directly apply to other educational levels, such as primary, secondary,
or higher education, where teacher competency requirements and assessment practices differ. Comparative
research across educational levels would help determine which findings are universal and which are context-
specific [120].

4. CONCLUSION

This study developed and evaluated the E-PKG system, a digital platform aimed at transforming teacher
assessment from administrative compliance into a strategic tool for professional development in vocational
education. The research demonstrates that digital transformation, when based on user-centered design,
significantly enhances evaluation quality and efficiency. Key findings show that the E-PKG system improved
assessment completion rates from 73% to 98%, increased inter-rater reliability from 0.62 to 0.89, and ensured that
83% of professional development activities addressed documented competency gaps. Theoretically, the study
extends Teacher Performance Appraisal Theory by balancing accountability with development, enriches the
TPACK framework by applying it to assessment systems, and contributes to Human Capital Theory by
highlighting the importance of data-driven assessment in professional development. Practically, the research
underscores the need for participatory design, iterative refinement, and strong leadership commitment in successful
implementation. Future research should focus on multi-site longitudinal studies to assess long-term sustainability
and explore the direct impact on student learning outcomes.
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