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Abstract: The problem of pedagogical and professional competence of elementary school 
teachers is still high and the use of learning data is ineffective. The urgency of this research is 
because teachers are data-based decision makers, while the practice of Continuous Professional 
Development (CPD) in elementary schools is still administrative and lacks real impact. The 
novelty is the development of a data-based teacher personal knowledge governance model 
integrated with the Intelligent Triangulation System (ITS), which combines student learning 
outcome data, learning observations and teacher reflections in a single decision-making 
framework. The objectives are to analyse the initial condition of teacher competence, develop 
and implement the model, test its effectiveness, and compile a continuous evaluation protocol. 
The research approach is a mixed method with a quantitative quasi-experimental design. The 
research sample consisted of 37 elementary school teachers, 37 students, 3 principals, and 3 
supervisors. Data collection techniques include pre-test, post-test, observation, interviews, 
documentation and ITS usage logs. Data analysis was carried out descriptively, inferentially 
(paired sample t-test) and triangulation. The results showed an increase in pedagogical 
competence by 13.85% and professional competence by 14.65% (p<0.05), as well as an increase 
in student literacy by 13.40% and numeracy by 14.15%. The research findings indicate that the 
data-driven model is effective in building reflective practices and objective decision-making. In 
conclusion, the data-driven teacher knowledge governance model with ITS has proven effective, 
systematic, and sustainable in improving competence. The limitations of the study are that the 
trial was only conducted in a limited location and there was no control group. 
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INTRODUCTION 

Current technological advances pose new challenges for educational 
management worldwide to address the ever-growing complexities of change 
(Tamadoni & Hosseingholizadeh, 2024). Improving the quality of education 
through technology training for teachers is one of the new challenges 
(Zambrano-romero et al., 2025). Teachers are the spearhead in the learning 
process, they must be able to adapt to the demands of the times, integrate 
technology, and apply various innovations to the learning process (AlSagri & 
Sohail, 2024). To support this, many countries have implemented structured, 
data-driven continuing professional development (CPD) systems (Nguyen et al., 
2024). According to a UNESCO report, countries like Finland, Singapore, and 
Canada prioritize teacher development. For example, Finland allocates 
approximately 7-10% of its national education budget to teacher training and 
professional development programs (Karila & Kupila, 2023). Singapore, through 
its Continuing Professional Development (CPD) program, 85% of teachers 
participate in training annually, which contributes to improved student learning 
outcomes. 

The 2022 OECD Programme for International Student Assessment 
(PISA) report shows that countries that implement data-driven professional 
development and continuous assessment systems tend to achieve higher scores 
in reading, writing, mathematics, and science. For example, Singapore's average 
score of 558 is significantly higher than the OECD average of 487 (OECD, 
2021). As technology and educational needs evolve, various governance models 
for teacher professional development are being implemented internationally. 
Data-driven and continuous assessment models, such as the Data-Driven 
Teacher Professional Development (DTPD) model currently in use, are being 
implemented (OECD., 2019). This model integrates student learning outcome 
data, classroom observations, and teacher feedback to design relevant and 
effective training programs (Gao, 2025). 

Indonesia continues to face significant challenges in improving the 
quality of education through teacher competency development (Susanto et al., 
2019). Data from the Teacher and Education Personnel Development Agency 
(BPPT) in 2023 showed that 65% of Indonesia's 3.9 million teachers actively 
participated in the Pedagogical Competency Development Program (PCDP) 
(Susanto & Rozali, 2022). However, in fact, only 40% of teachers who 
participated in the training felt real benefits in improving their pedagogical and 
professional competence (Bagus & Puja, 2024). The 2022 Teacher Performance 
Evaluation showed that the level of pedagogical and professional competence 
among Indonesian teachers was 60%-70% in the moderate category (Susanto et 
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al., 2025). This data indicates that many teachers still need to develop their 
competencies through more structured and data-driven professional 
development programs. A report from the Ministry of Education, Culture, 
Research, and Technology shows that the success rate of teacher-led and data-
driven knowledge management programs continues to experience 
inconsistencies in implementation, measurement, and evaluation in the field 
(Maharani et al., 2024). This problem also often arises in education, especially at 
the elementary school level (Allman et al., 2024) 

National Education Data shows that 30% of elementary schools in 
remote and less developed areas have not implemented technology and data-
based learning systems (Farisia et al., 2025). This indicates a gap in student 
competency achievement and the overall quality of learning in Indonesia. 
Therefore, a knowledge management governance model is needed that 
integrates effective, data-driven assessment designs and plans (Lin et al., 2024). 
Another fact is that teachers in Indonesia show significant gaps in terms of 
competence and access to training (Artanti et al., 2025). According to 2023 data 
from the Center for Manager Development and Empowerment, 25% of 
teachers in underdeveloped and remote areas have not received adequate 
training (Shanmugam et al., 2025). This situation is exacerbated by the absence 
of an integrated monitoring and evaluation system, making it difficult to 
measure the effectiveness of cognitive development programs (Antonius et al., 
2024). Developing a data-driven governance model is crucial. This model aims 
to provide a systematic and measurable framework for developing, 
implementing, and disseminating competency development programs. 

The Data-Based Teacher Personal Knowledge Governance Model 
Theory designs a Teacher Personal Knowledge Governance Scheme and 
assessment protocol for the implementation of the Intelligent Triangulation 
System in elementary schools that incorporates various concepts that support 
the development and evaluation of the system. The data-driven decision-making 
theory is fundamental, as decisions are based on accurate data to improve the 
quality of learning and teacher effectiveness (Mukred et al., 2024). The theory of 
Continuing Professional Development (CPD) supports the concept of Teacher 
Personal Knowledge as a continuous process to improve teacher effectiveness 
through data as the basis for planning and evaluation (Asmare, 2025). Systems 
theory is also important, as Smart is part of a complex educational system that 
requires coordination and integration across various components of data 
management and decision-making. Furthermore, Everett Rogers' theory of 
educational innovation emphasizes the importance of adopting technology and 
innovation to improve educational quality through a planned and systematic 
process (Rogers & Everett, 1962). Educational program and policy evaluation 
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theories, such as the CIPP (Context, Input, Process, Product) model, are 
relevant for designing effective evaluation protocols to assess the success of ITS 
system implementation (Stufflebeam & Coryn, 2007). By integrating this theory, 
this data-driven governance model is expected to support better decision-
making, is assumed to increase teacher effectiveness, and ensure the successful 
implementation of the Intelligent Triangulation system in elementary schools. 

This research is urgently needed in the era of globalization and rapid 
digital technology development, as improving the quality of education has 
become an undeniable necessity. Teachers, as key actors in the learning process, 
are required to possess adaptive, data-driven, and student-specific pedagogical 
and professional competencies. Many developed countries have demonstrated 
that continuous, data-driven teacher competency development contributes to 
improved learning quality and outcomes. However, teacher competency 
development in Indonesia still faces many challenges, such as low participation 
in professional development programs, unequal training opportunities across 
regions, and weak monitoring and evaluation systems. This situation requires a 
more systematic and measurable model for managing teacher competency 
development, with a focus on the continuous use of data, particularly at the 
elementary school level. The research gap stems from the disparity between 
theory, expectations, and reality. While training models can improve learning 
outcomes, in practice, implementation has not been fully implemented, resulting 
in educational expectations not being met. The novelty of this research lies in 
the development of a data-driven model for managing teachers' personal 
knowledge, integrated with an intelligent triangulation system. This model not 
only utilizes data from student learning outcomes, classroom observations, and 
teacher reflections but also organizes them into a systematic framework for 
decision-making and evaluation. By focusing on improving elementary schools. 

Research questions: 1) How is the development of pedagogical and 
professional competencies of elementary school teachers in data-based learning? 
2) How can the design of a data-based teacher personal knowledge governance 
model integrate with an intelligent triangulation system be developed 
systematically? 3) How is the implementation process of a data-based teacher 
personal knowledge governance model in supporting decision making? 4) To 
what extent is the effectiveness of a data-based teacher personal knowledge 
governance model in improving teachers' pedagogical and professional 
competencies? 5) What is the appropriate evaluation protocol to measure the 
sustainability and success of the implementation of a data-based teacher 
competency development model? So the objectives of the research are to 1) 
Analyze the conditions and problems of developing pedagogical and 
professional competencies of elementary school teachers in utilizing learning 
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data, 2) Analyze the development of a data-based teacher personal knowledge 
governance model integrated with an intelligent triangulation system according 
to the needs of elementary schools, 3) Analyze the results of the implementation 
of a data-based teacher personal knowledge governance model in supporting 
decision making for teacher competency development, 4) Test the effectiveness 
of a data-based teacher personal knowledge governance model in improving the 
pedagogical and professional competencies of elementary school teachers, 5) 
Develop a systematic, measurable, and sustainable evaluation protocol to assess 
the success and impact of the implementation of a data-based teacher 
competency development model. 

RESEARCH METHODOLOGY 

The research method used is a mixed methods approach (Kumar & 
Kushwaha, 2025). Quantitative and qualitative approaches were chosen to 
provide a comprehensive understanding of the effectiveness of the Data-Based 
Teacher Professional Development Governance Model supported by the 
Intelligent Triangulation System (ITS). The quantitative approach, through a 
quasi-experimental design with a pre-test to post-test scheme, was used to 
measure changes in teachers' pedagogical and professional competencies and 
early indicators of student learning outcomes after the model's implementation. 
Meanwhile, a qualitative approach was used to in-depth explore the 
implementation process, user experience, and model application through 
observation, interviews, and documentation studies. The experimental method 
provides a strong empirical basis for assessing the model's effectiveness, while 
qualitative data enriches the interpretation of the findings and helps explain 
supporting and inhibiting factors in implementation. 

The study population consisted of all stakeholders involved in the 
implementation of teacher professional development in elementary schools. The 
research sample was determined at Karang Tengah Elementary School as the 
initial implementation partner school. The study participants numbered 80 
people, consisting of 37 teachers from three different schools, 37 students from 
three classes, 3 principals from three schools, and 3 school supervisors, all of 
whom were directly involved in the data-driven teacher professional 
development governance cycle. The sampling technique was purposive 
sampling, with criteria for active involvement in the use of ITS, the 
implementation of professional development and the monitoring and evaluation 
function of learning by teachers. 

Quantitative data collection techniques used pre- and post-tests and 
measurement instruments. The tests measured changes in teachers' pedagogical 
and professional competencies before and after the implementation of the data-
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driven CPD model. Data were also collected through student diagnostic 
assessments, which included literacy, numeracy, and early indicators of learning 
achievement. The test instruments were developed based on validated 
competency indicators and adapted to the research objectives. Other data were 
collected through ITS system usage logs, which recorded the frequency of 
access, the types of recommendations used, and the patterns of system use by 
teachers and principals. Qualitative data were collected through observation, 
interviews, and documentation studies. Direct observation of the learning 
process and implementation of CPD in schools using a differentiated learning 
practice rubric. Observations were used to obtain empirical data regarding the 
implementation of the model, the consistency of ITS recommendations, and 
changes in teacher learning practices in the classroom. Semi-structured 
interviews were conducted with teachers, principals, and school supervisors. 
The interviews were conducted to explore in-depth user experiences, 
perceptions of ITS usability, the level of model acceptance, and obstacles and 
opportunities in implementing data-driven CPD governance. Documentary 
evidence was collected as supporting data in the form of CPD planning 
documents, CPD blueprints, academic supervision reports, and school policies 
related to teacher professional development. This documentation serves to 
verify and strengthen the findings from tests, observations, and interviews. 

Table 1. Variables, Indicators and Research Items 

Variables/Aspects. Indicators Indicator Items 

Teacher Pedagogical 

Competence. 

Learning 

Planning 

1. Preparation of lesson plans based on student learning 
outcomes data 

2. Formulation of learning objectives based on student needs 
3. Integration of diagnostic assessments in planning 
4. Selection of differentiated learning strategies 
5. Adaptation of materials to student characteristics 
6. Utilization of literacy and numeracy data 
7. Integration of learning technology 
8. Alignment of plans with ITS recommendations 

Learning 

Implementation 

1. Implementation of data-driven learning 
2. Use of assessment results for differentiation 
3. Adaptive classroom management 
4. Implementation of active and collaborative strategies 
5. Utilization of media and technology 
6. Responding to student learning needs 
7. Consistency with the lesson plan 
8. Implementation of ITS recommendations in the classroom 

Learning 

Evaluation 

1. Use of formative and summative assessments 
2. Analysis of student learning outcomes 
3. Data-based feedback 
4. Utilization of evaluation results for improvement 
5. Documentation of assessment results 
6. Alignment of evaluation with objectives 
7. Teacher learning reflection 
8. Integration of evaluation results into ITS 

Teacher Material 
1. Mastery of subject concepts 
2. Relevance of material to real-world contexts 
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Professional 

Competence. 

Mastery 3. Updating subject knowledge 
4. Utilization of the latest learning resources 
5. Accuracy of material delivery 
6. In-depth understanding of material based on student data 
7. Integration across subjects 
8. Relevance of material to student needs 

Continuing 

Professional 

Development 

(CPD) 

1. Active participation in CPD activities 
2. Utilization of ITS data for CPD 
3. Professional learning independence 
4. Collaboration in teacher learning communities 
5. Data-based self-reflection 
6. Application of CPD results in learning 
7. Consistency in following the CPD cycle 
8. Documentation of competency development 

Implementation of 

the Intelligent 

Triangulation 

System (ITS). 

Data Utilization 

1. Input of student learning outcome data 
2. Utilization of classroom observation data 
3. Use of teacher reflection data 
4. Accuracy and completeness of data 
5. Consistency of data updates 
6. Data analysis by teachers 
7. Data integration in decision-making 
8. Sustainability of data use 

Decision-

Making 

Support 

1. ITS recommendations for learning 
2. ITS recommendations for CPD 
3. Suitability of recommendations to teacher needs 
4. Clarity of information presented 
5. Ease of system access 
6. Speed of system response 
7. Level of user trust 
8. Impact of recommendations on teacher practice 

Effectiveness of the 

Data-Based CPD 

Governance Model. 

Impact on 

Teachers 

1. Improved pedagogical competence 
2. Improved professional competence 
3. Changes in learning practices 
4. Improved data-based reflection 
5. Consistent use of ITS 
6. Teacher satisfaction with the model 
7. Motivation for self-development 
8. Sustainability of CPD practices 

Impact on 

Student 

Learning 

1. Improving student literacy 
2. Improving student numeracy 
3. Student involvement in learning 
4. Differentiation of learning 
5. Suitability of learning to student needs 
6. Stability of learning outcomes 
7. Improvement of diagnostic assessment results 
8. Consistency of improving learning outcomes 

The data analysis technique in this study began with quantitative data 
processing, followed by qualitative data analysis, and ended with the process of 
integrating (triangulating) the analysis results. Quantitative data analysis used 
descriptive statistics, by analyzing the results of the pre-test and post-test of 
teachers' pedagogical and professional competencies. Descriptive statistical 
analysis was used to determine the average value, percentage, standard deviation, 
and trend of score changes before and after model implementation. 
Furthermore, inferential statistical tests were used to measure the significance of 
differences in pre-test and post-test results, using paired sample t-tests. 
Quantitative analysis was also applied to student diagnostic assessment data to 
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assess improvements in learning outcomes as an early indicator of the impact of 
model implementation. ICT usage log data was also analyzed descriptively to 
identify system utilization patterns, access frequency, and the types of 
recommendations most frequently used by teachers and principals. Meanwhile, 
qualitative data were also analyzed in stages. Observational data were analyzed 
using a learning practice rubric and a CPD implementation observation sheet to 
assess the consistency of the application of ITS recommendations in learning 
and professional development activities. Interview data were analyzed using 
thematic analysis techniques through the stages of data reduction, coding, 
categorization, and extraction of main themes. This process aims to uncover 
perceptions, experiences, levels of acceptance, and supporting and inhibiting 
factors in the implementation of a data-driven CPD governance model. 
Documentation data was analyzed by matching document content with 
quantitative and qualitative findings to strengthen the validity of the research 
results. The final stage of data analysis was conducted through method and 
source triangulation, namely by comparing and integrating quantitative and 
qualitative findings. This process aims to ensure consistency of results, increase 
data validity, and produce more objective and in-depth conclusions regarding 
the effectiveness, sustainability, and relevance of the teacher CPD governance 
model. 

RESULTS AND DISCUSSION 

In this study, the results showed a significant increase in teachers' 
pedagogical and professional competencies after implementing a data-based 
performance management model. The following are the research results and 
discussion. 

Table 2. Results of the Initial and Final Tests of Teacher Competency 

Competency 
Variables. 

Testing 
Stage 

N Average Percentage 
Standard 
Deviation 

Trend 
Change 

 

Pedagogical 
Competence. 

 

Pre-Test 37 68.45 68.45 6.82 - 

Post-
Test 

37 82.30 82.30 5.94 
Increasing 

Changes - 13.85 13.85% - Positive 

Professional 
Competence. 

Pre-Test 37 70.10 70.10 7.15 - 

Post-
Test 

37 84.75 84.75 6.02 
Increasing 

Changes - 14.65 14.65% - Positive 
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Table 2 shows the results of pedagogical competence. The mean score 
of the teachers increased from 68.45% in the pre-test to 82.30% in the post-test, 
a difference of 13.85 points or 13.85%. The decrease in the standard deviation 
from 6.82 to 5.94 indicates that the increase in competence was not individual 
but rather more uniform among the teachers. Significant improvement was seen 
in professional competence. The mean score in the pre-test increased from 
70.10% to 84.75% in the post-test, an increase of 14.65%. The standard 
deviation decreased from 7.15 to 6.02, indicating a steady increase in 
professional competence. With an increase of more than 13% in both 
competencies, the post-test results were in the "good to very good" category. 

Table 3. Results of Inferential Statistical Test of Teacher Competence Pre-Test 
and Post-Test 

Competency 
Variables 

N 
Pre-
Test 

Average 

Post-
Test 

Average 

Mean 
Difference 

t 
count 

df 
Sig. (p-
value) 

Category 

Pedagogical 
Competence 

37 68,45 82,30 13,85 11,42 36 0,000 
Significant 

Professional 
Competence 

37 70,10 84,75 14,65 12,18 36 0,000 
Significant 

Table 3 shows the results of the inferential statistical test using a paired 
sample t-test to compare the pre-test and post-test scores of teacher 
competency with a mean difference of 13.85 points. The calculated t-value = 
11.42 at df = 36 degrees of freedom, and a significance value of p = 0.000 
(<0.05), indicating that the difference is statistically significant. This confirms 
that the increase in pedagogical competency did not occur by chance, but rather 
was a real impact of the model implementation. For professional competency, 
the mean pre-test and post-test scores, with a mean difference of 14.65 points. 
The calculated t-value = 12.18, df = 36, and p = 0.000 also indicate a highly 
significant difference. 

These findings indicate that the use of learning data, teacher reflections, 
and ITS system recommendations can improve the planning, implementation, 
and assessment processes of learning, while simultaneously promoting teachers' 
ongoing professional development. A data-driven CPD model, integrated with 
an intelligent triangulation system, effectively enhances teachers' pedagogical 
and professional competencies simultaneously. These findings are consistent 
with data-driven decision-making theory, which states that data-driven decisions 
improve the effectiveness of teacher learning and performance (Barthakur, 
2025). The theory of ongoing professional development supports these findings, 
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which views competency development as a process of continuous reflection and 
evaluation (Arenas-martija, 2025). The findings align with systems theory, data 
integration, technology, and professional practices that form a sustainable 
ecosystem in teacher development (Amemasor et al., 2025). This finding is in 
line with previous research in continuing professional development (CPD) 
practices that shows that a data-driven teacher development approach improves 
competency and the quality of learning (Isnaeni & Budiman, 2025). Previous 
research also showed increases in teacher competency ranging from 10% to 
15% after data-driven interventions (Lee et al., 2024). 

Table 4. Student Diagnostic Assessment Results 

Assessment 
Aspect. 

Measurement N 
Average 

Score 
Percentage 

Standard 
Deviation 

Trend 
Change 

Literacy. 

 

Initial (Pre) 37 65.20 65.20 7.48 - 

Final (Post) 37 78.60 78.60 6.31 Increasing 

Change - 13.40 13.40% - Positive 

Numeracy. Initial (Pre) 37 63.75 63.75 8.05 - 

Final (Post) 37 77.90 77.90 6.88 Increasing 

Change - +14.15 14.15% - Positive 

Table 4 shows student diagnostic assessments of literacy and numeracy 
before and after the implementation of a data-driven CPD governance model 
supported by the Intelligent Triangulation System (ITS). In the literacy aspect, 
the mean student score increased from 65.20% in the pre-test to 78.60% in the 
post-test, representing a 13.40-point increase. The decrease in the standard 
deviation from 7.48 to 6.31 indicates that the improvement in literacy was not 
limited to a few students, but was relatively evenly distributed across the 
participant group. In the numeracy aspect, a similar pattern of improvement was 
also observed. The mean score increased from 63.75% to 77.90%, representing 
a 14.15-point difference. The standard deviation decreased from 8.05 to 6.88, 
indicating a consistent increase in numeracy achievement, a positive change, and 
in the good category. 

This finding is in line with the theory of data-driven decision-making, 
which states that the systematic use of learning data can improve teaching 
effectiveness and student learning outcomes (Ncube & Ngulube, 2025). The 
theory of continuing professional development supports this research that 
continuous improvement of teacher capacity will have an impact on improving 
classroom learning practices (Rahmi & Rassanjani, 2025). This finding is also 
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consistent with previous research, improving student learning outcomes after 
implementing data-based learning and structured teacher professional 
development (Marini et al., 2025). With an increase in literacy of 13.40% and 
numeracy of 14.15% in this study, it strengthens the evidence that the data-
based CPD model is effective in improving the quality of learning for 
elementary school students. 

Table 5. Intelligent Triangulation System (ITS) Usage Log Results 

ITS Usage Indicators. User Average 
Frequency 

Percentage 
(%) 

Utilization 
Category 

Weekly system access. Teacher 4.6 times 76.7 High 

 
Headmaster 3.8 times 63.3 

Medium-
High 

Use of learning 
recommendations. 

Teacher 82 times 78.4 
Dominant 

Use of CPD 
recommendations. 

Teacher 69 times 65.8 
High 

Access to student 
diagnostic reports. 

Teacher & 
KS 

91 times 86.5 
Very 
Dominant 

Input of reflection and 
observation data. 

Teacher 57 times 54.3 
Medium 

Most frequently used 
recommendation 
types. 

- - - 

Differentiated 
Learning and 
Data-Based 
CPD 

Table 5 shows the usage patterns of the Intelligent Triangulation System 
(ITS). Teachers used the system an average of 4.6 times per week, or 76.7%, a 
high rate, while administrators used it an average of 3.8 times per week, or 
63.3%, a moderate to high rate. This indicates that teachers, as the primary 
operational users, utilize the Intelligent Triangulation System (ITS) extensively 
for learning and personal knowledge development. Teachers recorded 82 
instructional recommendations, or 78.4%, a typical usage rate, indicating that 
ITS recommendations are actively used in classroom practice. Concurrently, 
personal knowledge development (CPD) recommendations were used 69 times 
(65.8%), a high rate, further highlighting the role of the Intelligent Triangulation 
System (ITS) in supporting teacher professional development. Accessing student 
diagnostic reports was the most frequent activity, occurring 91 times (86.5%), 
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reflecting a strong tendency toward data-driven decision-making. Conversely, 
the integration of reflective and observational data was in the moderate category 
at 54.3%, indicating the need to foster a culture of ongoing reflection. 

Table 6. Coding of Qualitative Data Analysis of the Implementation of the 
Data-Based CPD Governance Model 

Data 
Sources 

Open Coding 
Category 

(Axial 
Coding) 

Main 
Themes 

Description of 
Findings 

Learning 
observati
ons 

Data-driven 
learning, 
differentiation, 
use of diagnostic 
assessments 

ITS-based 
learning 
practices 

Consistenc
y of ITS 
implementa
tion in 
learning 

Teachers 
consistently apply 
ITS 
recommendations 
in lesson planning 
and 
implementation. 

CPD 
observati
ons 

Data-driven 
discussion, 
professional 
reflection, 
referral to ITS 
recommendatio
ns 

Data-based 
CPD 
implementati
on 

Strengtheni
ng relevant 
and 
contextual 
CPD 

CPD activities are 
more focused on 
teachers' real needs 
and evidence-
based. 

Teacher 
interviews 

Easy to use, 
facilitates 
reflection, and is 
relevant to 
needs 

Perceived 
system 
benefits 

Positive 
acceptance 
of ITS 

Teachers consider 
ITS beneficial in 
improving the 
quality of learning 
and self-
development. 

Principal/
superviso
r 
interviews 

Objective 
monitoring, 
data-driven 
decisions 

Managerial 
support 

Data-
driven 
leadership 

ITS supports more 
objective and 
measurable CPD 
decision-making. 

Teacher 
interviews 

Time 
constraints, 
technology 
adaptation 

Implementati
on barriers 

Initial 
technical 
challenges 

Obstacles are 
temporary and do 
not hinder the 
sustainability of the 
model. 

CPD 
document

Data-driven 
CPD 
documents, 

Document-
practice 

Validation 
of research 

Documents 
support and 
strengthen 
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ation aligned with 
observation 
results 

alignment findings quantitative and 
qualitative findings. 

Teacher 
reflection 
journals 

Data-driven 
reflection, 
continuous 
improvement 

Reflective 
practice 

Culture of 
professiona
l reflection 

Habits of 
systematic, data-
based reflection are 
formed. 

Supervisi
on 
reports 

Improving the 
quality of 
learning 

Implementati
on impact 

Effectivene
ss of the 
CPD 
model 

The data-based 
CPD model is 
considered 
effective in 
improving learning 
practices. 

Table 6, coding and findings from lesson observations, shows that 
teachers consistently apply ITS recommendations in lesson planning and 
implementation, particularly through the use of diagnostic assessments and 
differentiated learning strategies. Professional development activities are more 
focused because teacher discussions and reflections are based on empirical data, 
making CPD more relevant and contextual. Interviews with teachers indicate a 
positive level of acceptance of ITS, as the system is perceived as easy to use and 
facilitates professional reflection. Managerial support is also strong, with 
principals and supervisors using ITS to make more objective and measurable 
CPD decisions. While there were initial challenges such as time constraints and 
technological adaptation, these were temporary. Analysis of documentation, 
reflections, and supervision reports strengthened the validity of the findings 
through triangulation, while also demonstrating the development of a culture of 
professional reflection and improved quality of teaching practice. 

Developing the Pedagogical and Professional Competencies of 
Elementary School Teachers 

The initial development of elementary school teachers' pedagogical and 
professional competencies was found to be adequate. The main problem 
identified was the limited systematic use of learning data in planning, 
implementing, and evaluating learning. Teachers tended to use data only as an 
administrative supplement, not as a basis for pedagogical decision-making. 
Meanwhile, data-based reflection and the integration of diagnostic assessment 
results into professional development were still suboptimal. This finding 
contradicts the theory of data-driven decision-making, which states that the 
quality of learning decisions is largely determined by educators' ability to 
interpret and use data sustainable (Masumbika & Patrick, 2024). This initial 
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finding also contradicts the theory of Continuing Professional Development 
(CPD), this condition shows that the teacher competency development cycle 
has not been running in a reflective and sustainable manner (González et al., 
2025). However, Consistency with previous research is seen in studies by the 
OECD and UNESCO, which report that teachers face similar challenges, 
particularly low data literacy and weak technology-based support systems for 
students (Roshid & Haider, 2024). The findings of this study contradict research 
that says that teacher training often does not have a significant impact because it 
is not based on real needs that can be measured through data (Farah et al., 
2025). 

A data-driven model for teachers' personal knowledge governance 

This study presents a data-driven model for teachers' personal 
knowledge governance integrated with the Intelligent Triangulation System 
(ITS) in elementary schools. This model combines three primary data sources: 
student learning outcomes, learning observations, and teacher reflections, into a 
systematic decision-making framework. This model is designed to adapt to the 
characteristics of elementary schools, including differentiated learning needs and 
resource constraints. The developed model is based on systems theory, which 
views teacher competency development as an integrated ecosystem consisting of 
data, technology, teaching practices, and school policies (Amemasor et al., 
2025). Personal Knowledge Management Theory supports the organization of 
individual teacher knowledge while remaining connected to the school system. 
ITS integration strengthens analytical functions and evidence-based 
recommendations (Almaghrabi et al., 2024). Consistency with previous research 
is seen in the Data-Driven Teacher Professional Development (DTPD) model 
(Avila-garzon & Bacca-acosta, 2025). However, this study is novel because it 
adapts this approach to the Indonesian elementary school context and integrates 
it with teachers' personal reflection mechanisms. However, the findings of this 
study are inconsistent with those of previous studies that focused on centralized 
training, whereas this model emphasizes teacher independence in managing 
data-driven knowledge (Ugwu et al., 2025). 

The implementation mechanism of the knowledge governance model 
supports decision making. 

The implementation mechanism of this model is carried out through a 
continuous cycle that includes data collection, analysis through ITS (Student 
Competency Test), recommendation development, implementation of learning 
and continuing professional development (CPD), and reflection and evaluation. 
Teachers actively enter student learning outcome data, conduct reflection, and 
use ITS recommendations in lesson planning and implementation. Principals 
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and supervisors use the same data for more objective managerial decision-
making. This mechanism aligns with the theory of data-driven decision-making, 
which emphasizes the importance of integrating micro (classroom) and macro 
(school) data in professional development (W. Khan et al., 2025). Educational 
innovation theory explains that adoption rates of models increase because the 
systems are designed to be easy to use, relevant to teachers' needs, and provide 
immediate benefits (Wong & Ling, 2024). These findings are consistent with 
previous research showing that the successful implementation of data-driven 
models is largely determined by clear workflows, school leadership support, and 
active teacher engagement (Cabral et al., 2025). A system that provides practical, 
data-driven recommendations is more effective than statistical reports alone. 

Effectiveness of Teachers' Personal Knowledge Management Model 

The effectiveness test results showed significant improvements in 
teachers' pedagogical and professional competencies. These findings were 
reinforced by improvements in the quality of instructional practices and the 
consistent use of data in teacher reflections. The effectiveness of this model can 
be explained through CPD theory, which states that developing competencies 
based on reflection and data results in more meaningful changes in practice. In 
adult learning theory (andragogy) supports the finding that teachers are more 
motivated when professional learning is relevant to their real needs (Elsawah, 
2025). Consistency with previous research is seen in studies reporting increased 
teacher competency after implementing a data-driven approach (Abdulkadir et 
al., 2025). The results of this study fall within this range, strengthening the 
empirical validity of the model (M. Khan et al., 2024). The difference is that this 
study integrates personal knowledge management and an intelligent 
triangulation system, resulting in a more comprehensive impact. 

Impact of Implementing a Data-Based Teacher Competency 
Development Model 

This study yielded a CIPP-based evaluation protocol (Context, Input, 
Process, Product) adapted for the context of data-driven elementary school 
teacher competency development. This protocol includes quantitative indicators 
(teacher competency scores, student learning outcomes, and ICT usage records) 
and qualitative indicators (observations, interviews, and teacher reflections). 
Evaluation is conducted continuously to ensure the model's sustainable impact. 
The protocol's theoretical basis stems from educational program evaluation 
theory, which emphasizes the importance of formative and summative 
evaluation in ensuring program quality and sustainability (Jamieson et al., 2025). 
Furthermore, an evidence-based evaluation approach ensures that every 
development decision is based on valid and reliable data (Raitskaya & 
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Tikhonova, 2024). Consistency with previous research is seen in CPD 
evaluation practices in developed countries that use multi-source and impact-
oriented indicators (Smiliotopoulos et al., 2024). However, this research makes a 
novel contribution by integrating evaluation directly into the ITS system, so that 
evaluation is not merely external but becomes part of the teacher's professional 
learning cycle (Keryan et al., 2025). 

CONCLUSION 

The conclusion of this study is that the development of pedagogical and 
professional competencies of elementary school teachers requires a more 
systematic, data-driven, and sustainable approach, as found in this study. Initial 
conditions indicated that teacher competencies were still adequate, with less-
than-optimal utilization of learning data as a basis for pedagogical decision-
making and professional development. This confirms the gap between the 
demands of data-driven learning and the practice of teacher competency 
development in the field. By testing a data-driven model for teachers' personal 
knowledge management integrated with the Intelligent Triangulation System 
(ITS), the learning process was improved and had a positive impact on student 
development. This model was able to integrate student learning outcome data, 
learning observations, and teacher reflections into a single decision-making 
framework that was adaptive to the needs of elementary schools. The 
implementation of this model followed a continuous cycle that encouraged 
teachers, principals, and supervisors to use data collaboratively and objectively 
in competency development. Effectiveness testing showed that the model's 
implementation significantly improved teachers' pedagogical and professional 
competencies. This improvement occurred evenly, accompanied by positive 
changes in learning practices and a culture of professional reflection. In 
addition, indirect impacts were also seen in improving student learning 
outcomes, particularly literacy and numeracy. This research also produced a 
CIPP-based evaluation protocol that is systematic, measurable, and sustainable, 
and directly integrated with ICT systems. The findings of this study contribute 
theoretically and practically to the development of a data-driven teacher 
competency management model that is relevant, contextual, and has the 
potential for broader application in improving the quality of student education 
in elementary schools.■ 
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