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Abstract. This study developed, implemented, and evaluated an
integrated digital pedagogical competency (IDPC) framework designed
to equip mathematics teachers in Jambi City, Indonesia, with digital
pedagogical competencies for implementing adaptive differentiated
learning. Using a convergent mixed-methods quasi-experimental design
with a non-equivalent control group pre-test-post-test framework, 60
junior high school mathematics teachers (30 experimental, 30 control)
participated in an 18-session, 54-contact-hour professional development
(PD) program integrating technological pedagogical content knowledge
(TPACK) (DigCompEdu)
frameworks through professional learning communities (PLCs),
coaching, and practice-based learning. Data were collected using a
validated TPACK questionnaire (@ = 0.84 — 0.91) and the observation
differentiated (OPDI; k =0.78—0.85),
supplemented by interviews and document analysis. Results revealed
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significant improvements in the experimental group across all TPACK
dimensions, with the largest gains in integrative TPACK (d = 2.15) and
TPK (d = 2.11). ANCOVA confirmed significant between-group post-test
differences across all dimensions (partial n? = 0.20-0.73). Classroom
observations showed dramatic improvements in differentiated practices
(d = 3.38). Qualitative thematic analysis identified five themes:
transformative mindset shifts, enhanced technological confidence,
improved differentiation practices, sustained collaborative learning
through professional learning communities (PLCs), and persistent
implementation challenges. Self-reported data and the quasi-
experimental design limit causal claims. The IDPC framework offers an
empirically validated, replicable model demonstrating how systematic
integration of digital pedagogy and adaptive learning can transform
teacher competencies in mathematics education.

Keywords: digital pedagogical competence; adaptive differentiated
learning; mathematics education; TPACK; DigCompEdu; teacher
training; quality education; professional learning communities;
instructional coaching

1. Introduction

Digital transformation has fundamentally reshaped the educational landscape,
creating new paradigms for learning design and delivery (Bajac & FiSer, 2024;
Bonfield et al., 2020; Mohamed Hashim et al., 2022). In mathematics education,
this shift demands that teachers move beyond content mastery and traditional
pedagogy to integrate technology effectively for personalized, adaptive learning
(Coles & Helliwell, 2023; Engelbrecht et al., 2020; Fitriana et al., 2025; Hendriyanto
et al., 2024; Hoyles, 2018; Kholid et al., 2023; Muhaimin et al., 2025). Adaptive
differentiated learning, which involves tailoring content and processes to
individual readiness and interests (Gheyssens et al., 2022; NCTM, 2000), has
become a recognized pedagogical standard shown to improve achievement and
higher-order thinking (Herliana et al., 2024; Hidayati et al., 2025).

However, implementing this approach in large, diverse classrooms requires
digital tools such as adaptive learning systems and formative assessment
platforms (Hendriyanto et al.,, 2024; Okafor, 2025; Pahmi et al., 2023). This
potential requires adequate digital pedagogical competencies, defined by two
influential frameworks: technological pedagogical content knowledge (TPACK)
(Mishra & Koehler, 2006) and the digital competence framework for educators
(DigCompEdu) (Redecker & Punie, 2017). TPACK emphasizes the holistic
integration of content, pedagogical, and technological knowledge (Angeli &
Giannakos, 2019; Herring et al., 2006; Zhang & Yie, 2026), while DigCompEdu
outlines 22 competencies across six areas, with research indicating that teachers
often remain at early stages in digital content creation and assessment (Garcia-
Vandewalle Garcia et al., 2023; Voogt et al., 2015).
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Despite these frameworks, a significant competency gap persists. Studies in
Indonesia and elsewhere reveal limited digital competencies among mathematics
teachers (Fitriana et al., 2025; Ghomi & Redecker, 2019; Mailizar & Johar, 2021). In
Indonesia, only 23% of teachers reported confidence in using technology for
differentiated learning (Pusat Asesmen dan Pembelajaran, 2021). A preliminary
study in Jambi City found that while 78% of teachers have device access, fewer
than 20% implement technology-supported differentiation. This gap stems partly
from professional development (PD) programs that are sporadic, technically
focused, and rely on ineffective one-off workshops (Avalos, 2011; Darling-
Hammond, 2017; Kennedy, 2016).

This study addresses several research gaps. First, no existing PD framework
systematically integrates TPACK and DigCompEdu with a specific focus on
adaptive differentiated mathematics learning. Out of 186 reviewed articles, only
eight explicitly linked digital competencies with differentiation, and none
developed a comprehensive PD framework for mathematics teachers. Second,
empirical research measuring PD effectiveness through quasi-experimental
designs remains scarce (Bate, 2010; Dede et al., 2008). Third, mechanisms through
which teachers transform digital knowledge into practice are underexplored
(Desimone, 2009). Fourth, middle-income contexts such as those of Indonesia are
underrepresented (Hennessy et al., 2010; Opfer & Pedder, 2011).

The urgency of this research is driven by Indonesia’s “Independent Curriculum,”
which prioritizes differentiated learning and technology integration (Pusat
Kurikulum dan Pembelajaran, 2022). The novelty lies in developing an integrative
PD framework combining TPACK and DigCompEdu with practice-based models
(professional learning communities [PLCs], coaching, mentoring), aligning with
evidence that job-embedded PD produces larger effect sizes (d = 0.89) than
traditional workshops (d = 0.24) (Kraft et al., 2018; Yoon et al., 2007).

This study aims to develop, implement, and evaluate an integrated digital
pedagogical competency (IDPC) framework to strengthen junior high school
mathematics teachers’” digital pedagogical competencies for adaptive
differentiated learning. Through a mixed-methods quasi-experimental design, it
measures the framework’s effectiveness while exploring teachers’ experiences
and enabling factors for scalability within the Indonesian education system.

1.1 Research Questions

To address the research gap regarding the integration of digital tools in tailored

mathematics instruction, this study is guided by the following four research

questions:

1. RQI: To what extent does participation in the IDPC-based PD program
improve mathematics teachers’ digital pedagogical competencies (TPACK
dimensions)?

2. RQ2: How do the experimental and control groups differ in post-test digital
pedagogical competencies after controlling baseline scores?

3. RQ3: What changes occur in teachers’ differentiated instruction practices as
measured by classroom observations?
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4. RQ4: What are the mechanisms, enabling factors, and challenges experienced
by teachers during the PD program?

2. Literature Review

Research on digital pedagogical competencies in mathematics education has
grown substantially in the past decade. TPACK-based studies have demonstrated
that mathematics teachers’ technological integration varies significantly by
experience, technology type, and mathematical topic (Bowers & Stephens, 2011).
Teachers with extensive experience tend to have strong pedagogical content
knowledge (PCK) but weaker technological content knowledge (TCK) and
technological pedagogical knowledge (TPK), while novice teachers show higher
technological knowledge (TK) but struggle with integration. Importantly, TPACK
development follows iterative rather than linear trajectories (Voogt et al., 2015).
Despite these insights, TPACK has been critiqued for the difficulty of measuring
its constructs independently and for the ambiguity of boundaries between
knowledge domains (Angeli & Valanides, 2020).

The DigCompEdu framework complements TPACK by providing a practice-
oriented competency map. Validation studies involving over 10,000 teachers
across 15 European countries showed that the majority remained at A2-Bl
proficiency levels, with particular weaknesses in empowering learners and
facilitating digital competence (Ghomi & Redecker, 2019). However, most
DigCompEdu research focuses on European contexts, leaving gaps in
understanding its applicability to diverse educational settings.

Studies on differentiated learning in mathematics have shown encouraging
results. A meta-analysis by Deunk et al. (2018) found an average effect size of d =
0.54, with technology-supported differentiation yielding larger effects (d = 0.67)
than manual approaches (d = 0.42). Prast et al. (2018) demonstrated benefits across
ability levels. However, implementation faces challenges including classroom
management complexity, teacher workload, and technology competency gaps
(Smale-Jacobse et al., 2019).

Professional development literature identifies sustained, content-focused, and
collaborative PD as most being effective (Desimone & Pak, 2017). PLCs show
positive correlations with practice changes (r = 0.37) and student achievement (r
= 0.23) (Lomos et al., 2011). Coaching produces medium effects on teaching
practice (d = 0.49) (Kraft et al., 2018). Yet, few PD programs integrate TPACK and
DigCompEdu with differentiation-specific strategies, while fewer employ
rigorous quasi-experimental evaluation designs.

3. Theoretical Framework

3.1 TPACK and DigCompEdu Integration

This study integrates two complementary frameworks. TPACK (Mishra &
Koehler, 2006), building on Shulman (1986) PCK, conceptualizes effective
technology integration through seven interrelated knowledge constructs: Content
knowledge (CK), pedagogical knowledge (PK), technological knowledge (TK),
and their intersections: PCK, TCK, TPK, and the integrative TPACK (Figure 1).
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DigCompEdu (Redecker & Punie, 2017) provides an operational framework of 22
competencies across six areas with progressive proficiency levels (A1-C2). In this
study, TPACK serves as the conceptual foundation, while DigCompEdu identifies
specific practices, with particular focus on Area 3 (Teaching and Learning) and
Area 5 (Empowering Learners).

\_/\4

Content
Knowledge
(CK)

Figure 1: TPACK framework

Adaptive differentiated learning integrates Tomlinson's (2001) differentiation
philosophy by modifying content, process, product, and learning environment
based on student readiness through adaptive technology that adjusts learning in
real-time (VanLehn, 2011). In mathematics, this approach is particularly relevant
given the subject’s hierarchical nature and the wide variation in learning pace
among students.

3.2 The IDPC Framework

Based on the theoretical synthesis, this study develops the integrated digital
pedagogical competency (IDPC) framework (Figure 2), built on three pillars: (a)
integrated competencies, unifying TPACK and DigCompEdu for adaptive
differentiation; (b) collaborative and situational learning, positioning PD as a
social process within PLCs reinforced by coaching; and (c) iterative design-
implementation-reflection cycles, driving competency internalization through
repeated practice-based learning.
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Phase 1: Awakening Phase2: Acquiring Phase 3: Applying Phase4: Advancing
_ Building Knowledge Enriching Practical Reflection & Sharing
&Practices Skills

T

Integrated Competency Collaborative and Iterative Cycle
(TPACK + DigCompEdu) Situative Learning Design-Implementation-Reflection

Figure 2: Integrated digital pedagogical competency (IDPC) framework

The framework operates through four progressive phases: Awakening (building
awareness of student diversity and technology’s role), Acquiring (developing
foundational TK, PK, and CK through workshops and micro-teaching), Applying
(authentic classroom implementation with coaching support), and Advancing
(reflection, showcase, and continuous improvement planning).

3.3 Conceptual Model and Research Hypotheses

The conceptual model (Figure 3) hypothesizes that IDPC-based PD strengthens
TPK as a proximal mechanism, which develops into integrative TPACK through
content-specific enactment cycles, ultimately improving differentiated instruction
practice (OPDI). Table 1 maps the analytical translation of IDPC elements to
research variables and instruments.

N\ [ N [ N [
IDPC-based PD Program ) - )
(PLC, coaching, praciice-based K TPACK Ogg? re{g'ﬁ::‘[ﬁ‘d‘l’;':gﬁﬁn
artifacts, #  (technology-enabled pedagogical | (integrated technology-pedagogy- g (oPOI pin-struclion . Cufing
desmn—|mpler2;:n‘gt\0n—reﬂect|0n strategies for differentiation) mathematics content reasoning) postinsiruction, \eamingi environment)

J\ J\ J\

Note: TPK and TPACK are modeled s mechanisms linking PD to observed differentiated practice.

Figure 3: Conceptual model linking IDPC-based professional development to
differentiated instruction practice through TPK and TPACK

Based on this framework, four hypotheses were proposed: (H1) significant pre-
to-post improvements in all TPACK dimensions; (H2) significantly higher post-
test TPACK scores for the experimental group; (H3) greater improvements in
differentiated teaching practices; and (H4) the largest gains in TPK and integrative
TPACK, as these are least addressed in traditional PD.
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Table 1: Analytical translation of the IDPC framework into research variables and

measures
IDPC element Construct in Research variable Instrument and
(intervention logic) the conceptual in this study indicator
model
IDPC-based PD PD exposure as | Group membership | Program records,
program delivered causal input and PD attendance logs
through PLC, participation
coaching, practice- (experimental vs
based artifacts, and control), with
iterative design- participation
implementation- intensity described
reflection cycles (attendance,
coaching
completion)
Technology-enabled TPK as TPK score change TPACK
pedagogy for proximal and post-test questionnaire, TPK
differentiation mechanism adjusted TPK subscale (pre- and
post-)
Integrated TPACK as TPACK score TPACK
technology- integrative change and post- questionnaire,
pedagogy- mechanism test adjusted TPACK subscale
mathematics content TPACK (pre- and post-)
reasoning
Enactment of Differentiation | OPDI baseline to OPDI observation
differentiated practice endline change and | rubric: pre-
instruction in outcome endline instruction, during
classrooms comparison with instruction, post-
control instruction, learning
environment, total
score
4. Methodology

4.1 Research Design

This study employed a convergent mixed-methods design within a quasi-
experimental non-equivalent control group pre-test-post-test framework.
Quantitative and qualitative data were collected concurrently during the
implementation period and analyzed separately before being integrated at the
interpretation stage through joint displays (Creswell & Plano Clark, 2018). The
quantitative strand estimated the PD program’s impact on TPACK competencies
and observed differentiation practices, while the qualitative strand examined
teachers” experiences and change mechanisms through thematic inquiry.

4.2 Participants and Settings

Sixty junior high school mathematics teachers from 10 public schools in Jambi
City, Indonesia were selected through purposive sampling based on the following
criteria: actively teaching grades VII-IX, at least two years of teaching experience,
access to digital devices, and willingness to participate for one semester.
Following baseline TPACK pre-test administration, participants were allocated to
experimental (n = 30) and control (n = 30) groups through matched pairing based
on pre-test scores, teaching experience, and professional certification status. The
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control group continued with regular MGMP (subject teacher working group)
activities and was offered delayed treatment after the study.

Participant characteristics were comparable: 68% female, mean age 38.5 years (SD
= 7.2), mean teaching experience 12.3 years (SD = 6.8), 75% professionally
certified, and 20% postgraduate. Settings included urban (4 schools), suburban
(4), and rural (2) locations to enhance external validity. Table 2 presents the
demographic characteristics of participants. Statistical analyses confirmed no
significant differences between experimental and control groups across all
baseline characteristics (all p > .05), supporting the comparability of groups prior
to intervention.

Table 2: Demographic characteristics of participants

Characteristic g’;ﬁig?ﬁ:;g; Gr(?lf;g&lw) Test Statistic v;ﬁ;e
Gender
Male 17 (56.7%) 15 (50.0%) x3(1) = 0.07 | 0.796
Female 13 (43.3%) 15 (50.0%)
Age (years) 35.02 £3.70 36.40 + 4.05 t(58) = -1.36 | 0.179
Teaching experience 8.98 £ 3.40 9.69 +3.43 t(58) 0.435
(years) = —0.79
Education level
Bachelor's degree 22 (73.3%) 24 (80.0%) x*(1) = 0.09 0.76
Master's degree 8 (26.7%) 6 (20.0%)
Professional
certification
Certified 18 (60.0%) 16 (53.3%) x*(1) =0.07 | 0.794
Not certified 12 (40.0%) 14 (46.7%)
School location
Urban/Suburban/Rural 11/12/2007 10/13/2007 x%(2) = 0.09 0.957
Technology access level
High/Moderate/Low 9/15/2006 8/16/2006 x%(2) = 0.09 0.955

Note. M = Mean; SD = Standard Deviation. All baseline comparisons were non-significant (p >
.05), indicating successful matching between groups. Chi-square tests were used for categorical
variables; independent t-tests for continuous variables.

4.3 Intervention

The experimental group participated in an 18-week PD program (August-
December 2023) totalling 54 contact hours: 18 PLC sessions (3 hours each) and
three (3) individual coaching sessions (1.5 hours each). Teachers were organized
into six PLCs (5 per PLC) by school proximity. The program followed the four
IDPC phases: Awakening (Weeks 1-3, 9 hours), Acquiring (Weeks 4-9, 18 hours),
Applying (Weeks 10-15, 22.5 hours, including coaching), and Advancing (Weeks
16-18, 9 hours). Details of activities for each phase are presented in Table 3.
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Table 3: Professional development program structure based on the IDPC framework

Phase Sunday Duration Main Focus Key Activities
Awakening | 1-3 9 hours (3 PLC | Building Student readiness data analysis
sessions) awareness about | Exploring Tomlinson's
student diversity, | framework
the importance of | Hands-on  exploration  of
differentiation, adaptive  platforms (Khan
and the role of | Academy, Google Forms,
technology Quizizz)
SWOT analysis of
implementation
Setting personal learning goals
Acquiring | 4-9 18 hours (6 | Building Kindergarten (Session 4-5):
PLC sessions) | knowledge and | Mastering Google Classroom,
skills of TK, PK, | Khan Academy, Google Forms;
and CK UX principles PK (Session 6-7):
Flexible grouping, scaffolding,
tiering CK & PCK (Session 8-9):
Learning trajectory,
Misconceptions, Multiple
representations, Connections
between topics
Applying | 10-15 225 hours (6 | Applying Design sprint (Week 10-11):
PLC sessions + | knowledge in | Designing differentiated
3 coaching | authentic learning units
sessions) teaching practice | Implementation in class (Week
12-14)
Coaching cycles: Pre-
observation conference,
observation, post-observation
conference
Peer observation (Week 15)
Advancing | 16-18 9 hours (3 PLC | Reflection, Collaborative  analysis  of
sessions) refinement, and | student work using the CASL
sharing expertise | protocol
Showcase presentations
between PLCs
Holistic reflection and action
planning  for  continuous
improvement

4.4 Instruments
Four instruments were used for triangulation. First, the digital pedagogical
competence questionnaire, adapted from Baysal (2018) and Archambault and
Barnett (2010), comprised 56 items measuring seven TPACK constructs on a five-
point Likert scale. Content validity was confirmed by five experts (CVR = 0.80),
internal reliability was excellent (a = 0.84-0.91), and CFA confirmed the seven-

factor structure (CFI = 0.93, TLI = 0.92, RMSEA = 0.06).

Second, the OPDI, adapted from Stager's (2007) DIOS and Coubergs et al.'s (2017)
ADAPT, comprised 24 indicators across four dimensions scored on a four-level
rubric (0-3). While construct validity through CFA was not conducted for the
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OPDI in this context, a limitation we acknowledge, inter-rater reliability was
excellent (x = 0.78-0.85), and findings were triangulated with other data sources.
Third, semi-structured interviews (45-60 minutes) covered five domains with all
30 experimental-group teachers. Fourth, document analysis examined 30-unit
plans, 90 reflection journal entries, 90 coaching notes, and 108 PLC meeting
minutes.

4.5 Data analysis

Quantitative analyses used SPSS 27.0. Assumptions were tested using Shapiro-
Wilk (normality), Levene’s test (homogeneity of variance), and group X pretest
interaction (homogeneity of regression slopes); all were satisfied (p > .05). Paired-
samples t-tests assessed within-group changes, while ANCOVA compared
adjusted post-test means between groups. Cohen’s d was computed for paired
comparisons and partial n? for ANCOVA, and interpreted using established
benchmarks (Cohen, 1988). Missing data (<3%) were handled through listwise
deletion after confirming MCAR (missing completely at random); sensitivity
analysis confirmed stable results.

Qualitative data were analyzed using Braun and Clarke's (2006) six-phase
thematic analysis supported by NVivo 12. Inter-coder agreement exceeded 85%
for main themes. Trustworthiness was ensured through data source triangulation,
thick description, audit trails, and researcher reflexivity. Integration occurred
through joint displays at the interpretation stage.

4.6 Research Ethics

Ethical approval was obtained from the Research Ethics Committee of Universitas
Pendidikan Indonesia. All participants provided written informed consent, and
confidentiality was maintained through the use of pseudonyms.

5. Result

5.1 Baseline Equivalence

No significant differences existed between groups at baseline in age (t = 0.45, p =
.65), teaching experience (t = 0.38, p = .71), education level (x2 = 0.82, p = .66),
certification (x? = 0.31, p = .85), technology access (x> = 1.23, p = .54), or total
TPACK pretest scores (t = 0.73, p = .47). All 30 experimental-group teachers
completed the program with 94% PLC session attendance.

5.2 Within-Group Improvement

Table 4 presents paired t-test results for the experimental group. All TPACK
dimensions showed significant pre-to-post improvements. The largest effect sizes
were found for integrative TPACK (d = 2.15), TPK (d = 2.11), and TK (d = 1.98),
confirming H1. Dimensions with higher baselines (CK, PCK) showed smaller but
still substantial gains (d = 1.12 and 0.95, respectively). The corrected Cohen’s d for
PK was 1.67, reflecting a large effect consistent with meaningful improvement in
pedagogical differentiation strategies.

http:/ /ijlter.org/index.php/ijlter



1096

Table 4: Improving digital pedagogical competence of the experimental group (N=30)

Pre-test

Post-test

Dimension Mean ,
TPACK (;\;I)) (é\;[)) Difference t df P Cohen's d

TK 2.85 4.12 1.27 12.45 29 | <0.001*** 1.98
(0.62) (0.48)

PK 343 4.35 0.93 10.87 29 | <0.001*** 1.67
(0.58) (0.52)

CK 3.78 4.28 0.50 8.92 29 | <0.001*** 1.12
(0.55) (0.48)

TCK 2.72 3.98 1.26 11.34 29 | <0.001*** 1.86
(0.68) (0.56)

TPK 2.58 4.05 1.47 13.21 29 | <0.001*** 2.11
(0.71) (0.54)

PCK 3.65 4.22 0.57 7.45 29 | <0.001*** 0.95
(0.61) (0.57)

TPACK 2.65 4.08 1.43 14.23 29 | <0.001*** 2.15
(0.73) (0.51)

Total 3.09 415 1.06 16.78 29 | <0.001*** 2.26
(0.48) (0.42)

Notes: M = Mean; SD = Standard Deviation; Cohen's d: 0.2 = small, 0.5 = medium, 0. = large,
>1.2 = very large effect; ***p<0.001

As illustrated in Figure 4, all TPACK dimensions demonstrated large to very
large effect sizes (d > 0.8), with integrative competencies (TPK: d = 2.11; TPACK:
d = 2.15) showing the strongest intervention effects, thereby supporting H4.

5.3 Between-Group Differences

TPACK Dimensions

; Large Effect Threshold (d = 0.8)

>

0.0

0.5

1.0

Cohen’s d (Effect Size)

2.0

>

25

Figure 4: Effect sizes (Cohen's d) across TPACK dimensions

ANCOVA results (Table 5) confirmed significant between-group differences
across all dimensions after controlling for pre-test scores, supporting H2. The
largest effects were found for total score (partial n? = 0.73), integrative TPACK (n?
= 0.66), and TK ()2 = 0.63). The profile plot (Figure 5) illustrates the divergent
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trajectories, with the experimental group increasing sharply (3.09 to 4.15) while
the control group remained relatively stable (3.15 to 3.28).

Table 5: Differences in digital pedagogical competence between experimental and
control groups (post-test, controlled for pre-test)

Dimensions

TPACK Post-test Post-test Control

Adjusted M (SE) | Adjusted M (SE)

TK 411 (0.08) 3.02 (0.08) 9842 | 1,57 | <0.001** | 0.63

PK 4.34 (0.09 3.58 (0.09 38.27 | 1,57 | <0.001*** 0.40

CK 4.27 (0.08 3.85 (0.08 14.32 | 1,57 | <0.001*** 0.20

TCK 3.97 (0.10 2.88 (0.10 62.15 | 1,57 | <0.001*** 0.52

PCK 4.21 (0.09 3.72 (0.09 15.88 | 1,57 | <0.001*** 0.22

(0.09) )
(0.08) )
(0.10) )
TPK 4.04 (0.10) 2.72 (0.10) 89.76 | 1,57 | <0.001*** |  0.61
(0.09) )
(0.09) )

TPACK 4.07 (0.09 2.78 (0.09 111.45 | 1,57 | <0.001*** 0.66

Total 4.14 (0.07) 3.22 (0.07) 156.34 | 1,57 | <0.001* 0.73

Note: Adjusted M = Adjusted mean after controlling for pre-test; SE = Standard Error; Partial
0.01 = small, 0.06 = medium, 0.14 = large effect; **p<0.001

4.25 1 4.15

Total TPACK Score
w
w
o

3400 3.28

_3!5/

2.75 A -8- Experimental Group
Control Group

2.50 T T
Pre-test Post-test

Time

Figure 5: Profile plot Total TPACK: pre-test vs post-test, experiment vs control

5.4 Per-Dimensional Analysis

Comparing effect sizes confirmed H4: integrative TPACK (d =2.15) and TPK (d =
2.11) showed the greatest gains, followed by TK (d = 1.98), TCK (d = 1.86), PK (d
=1.67), CK (d =1.12), and PCK (d = 0.95). These dimensions represent areas least
addressed in traditional PD, with the lowest baselines providing greater room for
growth.

5.5 Changes in Teaching Practices

OPDI results (Table 6) revealed dramatic improvements in differentiated
practices. The total score increased from 0.96 to 2.32 (d = 3.38), confirming that
competency gains transferred to observable practice. Pre-Instruction showed the
largest change (d = 3.15), followed by During Instruction (d = 3.06). At endline,
83% of teachers consistently used pre-assessment and planned differentiation.
The experimental group’s endline OPDI (M = 2.32) was significantly higher than

http:/ /ijlter.org/index.php/ijlter
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that of the control group (M =1.05; t (58) = 11.35, p <.001, d = 2.92), confirming
H3. Statistical analysis confirmed that the experimental group significantly
outperformed the control group in all post-test measures, as summarized in Table
7.

Table 6: Changes in differentiated learning practices (OPDI Score) - Experimental

group (N=30)
OPDI Baseline M (SD) Endline Mean ¢ p Cohen's d
Dimensions [Range: 0-3] M (SD) Difference
Pre-Instruction (6 0.78 (0.45) 2.35 (0.52) 1.57 16.34 | <0.001*** 3.15
indicators)
During Instruction 0.92 (0.38) 2.28 (0.48) 1.36 18.56 | <0.001*** 3.06
(10 indicators)
Post-Instruction (4 0.65 (0.51) 2.12 (0.58) 1.47 14.87 | <0.001*** 2.73
indicators)
Learning 1.48 (0.62) 2.52 (0.48) 1.04 10.23 | <0.001**= 1.85
Environment (4
indicators)
Total OPDI Score 0.96 (0.36) 2.32 (0.45) 1.36 20.45 <0.001* 3.38

Note: OPDI uses a 4-level rubric (0-3); ***p<0.001

Table 7: OPDI endline comparison: Experimental vs. control group

Group N M SD t p Cohen's d
Experimental | 30 2.32 0.45 11.35 <.001 2.92
Control 30 1.05 0.42

Figure 6 presents the correlation between TPACK competency gains and observed
classroom practice gains. A strong positive correlation was found (r = 0.799, p <
.001), with TPACK gains explaining 63.8% of the variance in OPDI
implementation gains. This demonstrates significant transfer from knowledge
acquisition to authentic behavioral change in classroom practice, supporting the
ecological validity of the IDPC framework intervention.

Correlation Between TPACK Competency Gains and
Differentiated Instruction Practice Implementation

40

Pearson's r =0.799
p < 0.001
R?=0.638

n=30

N w w
@ =] 2]

OPDI Gain Score (Endline - Baseline)
(Observation Protocol for Differentiated Instruction)
N
3

95% Confidence Interval
—— Linear Regressian (y = 0.62x + 1.11)
@  Individual Teachers (n=30)

DD 10 20 30 40 50
TPACK Gain Score {(Post-test — Pre-test)

Figure 6: Knowledge-to-practice transfer: TPACK gains predict classroom
implementation
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5.6 Qualitative Findings

5.6.1 Theme 1: Transformative mindset shifts

Teachers described “seeing students with new eyes” after analyzing pre-
assessment data. Teacher ESO7 reflected: “When I actually analyzed their pre-
assessment data in detail, I was shocked. Their variation was much greater than I
had imagined.” This shift moved teachers from blaming student abilities to
questioning appropriate support structures.

5.6.2 Theme 2: Enhanced technological confidence

Senior teachers who initially experienced technological anxiety progressed
through a “fear to knowledge to skill” journey. Teacher ES04 noted: “Now, I can
create my own Google Classroom, assign differentiated activities, and understand
what dashboards mean.” Individual coaching was identified as a critical turning
point.

5.6.3 Theme 3: Improved differentiation practices

Teachers moved from shallow understanding of differentiation to systematic
implementation: formative assessments, flexible grouping, tiered activities, choice
boards, and gradual scaffolding. The design-implementation-reflection cycle
with coaching support facilitated this transition.

5.6.4 Theme 4: PLCs as sustained support systems

PLCs were identified as the most valuable program component, providing
cognitive, affective, and practical support. Several groups committed to
continuing beyond the program. Teacher ES15 stated: “This PLC has become my
professional lifeline.”

5.6.5 Theme 5: Persistent implementation challenges

Time constraints, large class sizes (averaging 35 students), and unstable
infrastructure remained barriers. Teachers adopted pragmatic adaptations:
collaborative planning, group-based (rather than individual) differentiation, and
“start small” strategies.

Figure 7 presents the thematic network map synthesizing qualitative findings
from interviews and document analysis. Five main themes emerged, revealing a
systematic progression from initial mindset transformation (Theme 1) through
technological confidence building (Theme 2), pedagogical innovation (Theme 3),
and enhanced student engagement (Theme 4), culminating in sustained practice
change (Theme 5). Notably, the feedback loop from sustained practice to
technological confidence suggests a self-reinforcing competency development
cycle, supporting the long-term viability of IDPC framework implementation.
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*“Idesign different levels of
activities for different
student needs”

Figure 7: Thematic network map: Qualitative analysis of IDPC framework
implementation

5.7 Document Analysis Findings

Analysis of 30 differentiated unit plans revealed progressive sophistication in
technology integration across program phases. Early designs (Weeks 10-11)
primarily used technology for content delivery, while later designs incorporated
diagnostic assessment, tiered tasks, and formative feedback loops. Reflection
journals (90 entries) documented shifts from surface-level technical descriptions
to deeper pedagogical reasoning about tool selection. Coaching notes confirmed
that teachers who received targeted feedback on pedagogical intent, rather than
technical operation, showed faster growth in TPK. PLC meeting minutes
documented increasing collaborative depth, with later sessions featuring data-
driven discussions and artifact-based inquiry rather than procedural matters.

5.8 Integration: Joint Display

Table 8 integrates quantitative and qualitative findings. Convergence was
observed across all major dimensions: the largest quantitative gains (TPACK, d =
2.15) were explained qualitatively by teachers’ reports of learning to purposefully
connect technology to differentiation. The dramatic OPDI improvement (d = 3.38)
was supported by observed shifts from uniform to differentiated instruction.
Mindset change, though not measured quantitatively, emerged as a foundational
mechanism enabling competency and practice transformation.
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Table 8: Joint display: Integration of quantitative and qualitative findings

valuable aspect of the
program

Aspect Q;?:éli:;lsve Qualitative Findings Inir;;;i:;igm
Technological | Very large | Teachers describe a | The program
Knowledge improvement journey “from fear to | successfully built a TK
(TK) (d=1.98); post-test | skill”; hands-on | through  supportive

average  reached | learning and peer | active learning, while
412 support are crucial also addressing the
technological anxiety
experienced by
teachers at the
beginning
Pedagogical | Large Teachers previously | The design-
Knowledge improvement understood the | implementation-
(PK) (d=1.73); post-test | concept of | reflection cycle
average  reached | differentiation in | supported by coaching
4.35 theory, but did not | successfully transfers
know how to | pedagogical
implement it until | knowledge into real
joining this program | practice in the
classroom
TPACK The greatest | Teachers learn how | Integration is the
(Integrative) | increase (d=2.15); | technology facilitates | highest level of
The most | differentiated competency; this
significant pedagogy  through | success is achieved
between-group hands-on experiences | through situated
difference (n2=0.66) | and authentic | learning in a real
applications teaching context
Teaching Observation score | Teachers Real practice changes
Practice (OPDI) increased | implemented confirm that
very sharply | concrete changes: | competency
(d=3.38); Change | initial assessments, | improvements are not
from one-size-fits- | tiered activities, | only theoretical, but are
all to differentiation | flexible grouping, and | realized in classroom
the use of technology | implementation
for differentiation
Mindset Not measured | A theme of a | A change in mindset is
quantitatively transformative the main foundation
mindset shift | that allows for changes
emerged; teachers | in competencies and
saw students “with | other instructional
new eyes” (a shift | practices
from a fixed to a
growth mindset)
PLC as a PD | 100% retention rate | Teachers describe | PLCs are effective
Model and 94% | PLCs as a “support | because they create a
attendance  (very | system” and | social learning
high engagement | community; environment that is
indicators) considered the most | supportive,

collaborative, and has
positive accountability
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Aspect Qu.antl.tatlve Qualitative Findings Integratefi
Findings Interpretation
Challenge Identified through | Time constraints, | The challenges on the
teacher reflection | large class sizes, | ground are real and
journals limited infrastructure, | need to be addressed
and initial resistance | through systemic
from student support and adequate
infrastructure for

program sustainability

6. Discussion

The findings consistently support the hypothesis that a systematically designed
PD program based on the IDPC framework can effectively build teachers’ digital
pedagogical competencies. The large effect sizes across all TPACK dimensions (d
= 0.95-2.15) are consistent with, and exceed, the meta-analytic findings of Yeh et
al. (2021), who reported d = 0.76 for TPACK-based PD. This difference is
attributable to the program’s greater intensity (54 hours vs. 24 hours median),
integration of multiple PD modalities, and context-specific focus on mathematics
differentiation. The finding that TPK and integrative TPACK showed the greatest
gains confirms that these dimensions are “missing links” in traditional PD (Angeli
& Valanides, 2020). The iterative cycle of technology exploration, pedagogical
application, classroom implementation, and reflection facilitated the development
of TPACK as “knowledge-in-action” (Koehler et al., 2013).

The dramatic improvement in OPDI scores (d = 3.38) provides strong evidence
that the program transformed practice, not merely knowledge. This is consistent
with Kraft et al.'s (2018) finding that coaching with observation-feedback cycles
produces greater practice transfer. Qualitative data revealed four transfer
mechanisms: relevance, scaffolded implementation, peer modelling, and
supportive accountability, aligning with Bandura's (1986) social cognitive theory.
PLCs emerged as the most valued component, providing cognitive, affective, and
practical support. This extends the PLC literature (Stoll et al., 2006; Vescio et al.,
2008) by demonstrating that in contexts with limited infrastructure, collaborative
communities serve as essential buffers against implementation challenges. Several
PLCs developed characteristics of “mature communities of practice” (Lave &
Wenger, 1991), an important sustainability indicator.

The challenges identified, including time constraints, large class sizes, and
infrastructure limitations, align with global differentiation barriers (Smale-
Jacobse et al., 2019). The success of digital pedagogies depends not only on teacher
competence but also on structural readiness and equitable access, as similarly
demonstrated in the Lebanese context by Badawi and Adiyono (2026). Teachers’
pragmatic adaptations suggest that with adequate support, challenges can be
navigated through collaborative planning and group-based differentiation.

This study has limitations. The quasi-experimental design without random
assignment limits causal claims. TPACK data relied primarily on self-reports,
although triangulation with OPDI observations and document analysis mitigated
this concern. The sample was limited to Jambi City, and the study measured only
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immediate post-program effects. Future research should employ randomized
controlled trials, longitudinal follow-ups, and student outcome measures to
strengthen the evidence base.

7. Implications

Theoretically, this study advances TPACK by specifying how integrative
knowledge develops through situated, iterative PD in the context of adaptive
differentiation. Practically, the IDPC framework provides a replicable model for
PD programs that can be adapted to diverse educational contexts. For policy,
scaling adaptive differentiation requires investment in both digital infrastructure
and organizational supports, including protected collaborative time, coaching
capacity, and leadership that encourages pedagogical experimentation.

8. Conclusion

This study developed, implemented, and evaluated the IDPC framework,
demonstrating its efficacy as a PD model for enhancing mathematics teachers’
digital pedagogical competencies. The program produced large-to-very-large
effects across all TPACK dimensions (d = 0.95-2.15) and transformed classroom
practices from uniform instruction to systematic differentiation (OPDI d = 3.38).
PLCs served as vital support systems, and the iterative design-implementation-
reflection cycle facilitated genuine transfer from knowledge to practice. While
challenges of time, infrastructure, and class size persist, the IDPC model equips
teachers with the integrative knowledge and pedagogical agency to navigate
these obstacles. Future research should examine long-term sustainability, student
learning outcomes, and cross-cultural transferability of the framework.

9. Acknowledgements

The authors would like to thank all participating mathematics teachers, school
principals, and education stakeholders in Jambi City who contributed to this
study. The authors also acknowledge the support provided by the professional
learning communities (PLCs) involved in the implementation of the professional
development program. Their cooperation and commitment were essential to the
successful completion of this research.

10. Use of Al Statement

During the preparation of this manuscript, the authors used ChatGPT (OpenAl)
as an Al-assisted language tool for improving grammar, language clarity,
readability, and academic writing style. All Al-generated suggestions were
carefully reviewed, edited, and validated by the authors. The authors take full
responsibility for the content of the manuscript. No Al tools were used for data
collection, data analysis, interpretation of findings, or the generation of research
results and conclusions.

11. References

Angeli, C,, & Giannakos, M. (2019). Computational thinking education: Issues and
challenges. Computers in Human Behavior, 105, 106185.
https://doi.org/10.1016/j.chb.2019.106185

Angeli, C., & Valanides, N. (2020). Developing young children’s computational thinking
with educational robotics: An interaction effect between gender and scaffolding

http:/ /ijlter.org/index.php/ijlter



1104

strategy. Computers in Human Behavior, 105, 105954.
https:/ /doi.org/10.1016/j.chb.2019.03.018

Archambault, L. M., & Barnett, ]. H. (2010). Revisiting technological pedagogical content
knowledge: Exploring the TPACK framework. Computers & Education, 55(4), 1656-
1662. https:/ /doi.org/10.1016/j.compedu.2010.07.009

Avalos, B. (2011). Teacher professional development in teaching and teacher education
over ten years. Teaching and Teacher Education, 27(1), 10-20.
https:/ /doi.org/10.1016/j.tate.2010.08.007

Badawi, H., & Adiyono, A. (2026). Artificial intelligence in Lebanese upper elementary
science classrooms: Readiness, practices, and pedagogical impact. Journal of
Elementary Education Research and Practice, 2(1), 46-59.
https://doi.org/10.70376 /r2ajk953

Bajac, M., & Fiser, M. (2024). Digital transformation and new educational paradigm. Social
Informatics Journal, 3(1), 1-8. https:/ /doi.org/10.58898/sij.v3i1.01-08

Bandura, A. (1986). Social foundations of thought and action. Englewood Cliffs, NJ.

Bate, F. (2010). A bridge too far? Explaining beginning teachers” use of ICT in Australian
schools. Australasian  Journal of Educational Technology, 26(7), 1042-1061.
https://doi.org/10.14742/ ajet. 1033

Baysal, E. A. (2018). The effect of instructional material design process to mathematics
teacher candidates’ TPACK. European Journal of Education Studies, 4(5), 35-45.
https://doi.org/10.5281/zenodo.1222082

Bonfield, C. A., Salter, M., Longmuir, A., Benson, M., & Adachi, C. (2020). Transformation
or evolution? Education 4.0, teaching and learning in the digital age. Higher Education
Pedagogies, 5(1), 223-246. https:/ /doi.org/10.1080/23752696.2020.1816847

Bowers, J. S, & Stephens, B. (2011). Using technology to explore mathematical
relationships: A framework for orienting mathematics courses for prospective
teachers.  Journal of Mathematics  Teacher  Education, 14(4), 285-304.
https:/ /doi.org/10.1007 /510857-011-9168-x

Braun, V., & Clarke, V. (2006). Qualitative research in psychology using thematic analysis
in  psychology.  Qualitative =~ Research  in  Psychology,  3(2), 77-101
https:/ /doi.org/10.1191/1478088706qp0630a

Coles, A., & Helliwell, T. (2023). The role of mathematics teacher educators in preparing
teachers of mathematics to respond to global challenges within their classrooms.
London Review of Education, 21(1), 1-13.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd
ed.). Routledge. https://doi.org/10.4324/9780203771587

Coubergs, C., Struyven, K., Vanthournout, G., & Engels, N. (2017). Measuring teachers’
perceptions about differentiated instruction: The DI-Quest instrument and model.
Studies in Educational Evaluation, 53, 41-54.
https:/ /doi.org/10.1016/j.stueduc.2017.02.004

Creswell, J]. W., & Plano Clark, V. L. (2018). Designing and conducting mixed methods research
(3rd ed.). Sage.

Darling-Hammond, L. (2017). Teacher education around the world: What can we learn
from international practice? European Journal of Teacher Education, 40(3), 291-309.
https:/ /doi.org/10.1080/02619768.2017.1315399

Dede, C., Ketelhut, D. J., Whitehouse, P., Breit, L., & McCloskey, E. M. (2008). A
research agenda for online teacher professional development. Journal of Teacher
Education, 60(1), 8-19. https://doi.org/10.1177 /0022487108327554

Desimone, L. M. (2009). Improving impact studies of teachers” professional development:
Toward better conceptualizations and measures. Educational Researcher, 38(3), 181~
199. https:/ /doi.org/10.3102/0013189X08331140

Desimone, L. M., & Pak, K. (2017). Instructional coaching as high-quality professional
development. Theory Into Practice, 56(1), 3-12.

http:/ /ijlter.org/index.php/ijlter



1105

https:/ /doi.org/10.1080/00405841.2016.1241947

Deunk, M. I, Smale-Jacobse, A. E., De Boer, H., Doolaard, S., & Bosker, R. J. (2018).
Effective differentiation practices: A systematic review and meta-analysis of studies
on the cognitive effects of differentiation practices in primary education. Educational
Research Review, 24, 31-54.
https:/ /doi.org/https:/ /doi.org/10.1016/j.edurev.2018.02.002

Engelbrecht, J., Llinares, S., & Borba, M. C. (2020). Transformation of the mathematics
classroom with the internet. ZDM - Mathematics Education, 52(5), 825-841.
https://doi.org/10.1007 /s11858-020-01176-4

Fitriana, L., Hendriyanto, A., Sahara, S., Muhaimin, L. H., Wintarti, A., Listiawan, T,
Saputro, A. D., & Dewi, D. A. (2025). The role of digital technology in the design of
mathematics teaching and learning: A systematic literature review. Journal of
Educational Technology and Learning Creativity, 3(2), 282-297.
https:/ /doi.org/10.37251 /jetlc.v3i2.2503

Garcia-Vandewalle Garcia, J. M., Garcia-Carmona, M., Tryjillo Torres, J. M., & Moya-
Fernandez, P. (2023). Analysis of digital competence of educators (DigCompEdu) in
teacher trainees: The context of Melilla, Spain. Technology, Knowledge and Learning,
28(2), 585-612. https:/ /doi.org/10.1007 /s10758-021-09546-x

Gheyssens, E., Coubergs, C., Griful-Freixenet, ]J., Engels, N., & Struyven, K. (2022).
Differentiated instruction: The diversity of teachers” philosophy and praxis to adapt
teaching to students’ interests, readiness and learning profiles. International Journal
of Inclusive Education, 26(14), 1383-1400.
https:/ /doi.org/10.1080/13603116.2020.1812739

Ghomi, M., & Redecker, C. (2019). Digital competence of educators (DigCompEdu):
Development and evaluation of a self-assessment instrument for teachers * digital
competence. CSEDU 2019 - Proceedings of the 11th International Conference on Computer
Supported Education, 541-548. https:/ / doi.org/10.5220/0007679005410548

Hendriyanto, A., Suryadi, D., Sahara, S., Fardian, D., Pauji, ., & Muhaimin, L. H. (2024).
From tools to thought partners: Optimizing technology as extended cognition for
innovative  didactic design. AIP  Conference  Proceedings, 3220(1), 1-9.
https:/ /doi.org/10.1063/5.0234677

Hennessy, S., Harrison, D., & Wamakote, L. (2010). Teacher factors influencing classroom
use of ICT in sub-Saharan Africa. [tupale Online Journal of African Studies, 2(1), 39-54.
http:/ /manypossibilities.net/ african-undersea-cables

Herliana, F., Hafinda, T., & Firmayanto, R. (2024). Differentiated instruction through
adaptive learning platform in science education: A systematic literature review.
Jurnal Pendidikan MIPA, 25(2), 914-931.
https:/ /doi.org/http:/ /dx.doi.org/10.23960/jpmipa/v25i2.pp914-931

Herring, M. C., Koehler, M. J., Mishra, P., Rosenberg, ]. M., & Teske, J. (2006). Introduction
to the second edition of the TPACK handbook. In Handbook of technological pedagogical
content knowledge (TPACK) for educators. Routledge.

Hidayati, E. W., Triwahyuni, E., & Emyus, A. Z. (2025). Impact of differentiated learning
strategies on student resilience and academic performance at State Junior High
School. Jurnal Penelitian Pendidikan IPA, 11(4), 839-846.
https://doi.org/10.29303/jppipa.v11i4.10612

Hoyles, C. (2018). Transforming the mathematical practices of learners and teachers
through digital technology. Research in Mathematics Education, 20(3), 209-228.
https:/ /doi.org/10.1080/14794802.2018.1484799

Kennedy, M. M. (2016). How does professional development improve teaching? Review
of Educational Research, 86(4), 945-980. https:/ /doi.org/10.3102/0034654315626800

Kholid, M. N., Hendriyanto, A., Sahara, S.,, Muhaimin, L. H., Juandi, D., Sujadi, L,
Kuncoro, K. S., & Adnan, M. (2023). A systematic literature review of technological,
pedagogical and content knowledge (TPACK) in mathematics education: Future

http:/ /ijlter.org/index.php/ijlter



1106

challenges for educational practice and research. Cogent Education, 10(2), 1-18.
https:/ /doi.org/10.1080/2331186X.2023.2269047

Koehler, M. J., Mishra, P., & Cain, W. (2013). What is technological pedagogical content
knowledge (TPACK)? Journal of Education, 193(3), 13-19.
https://doi.org/10.1177/002205741319300303

Kraft, M. A., Blazar, D., & Hogan, D.. (2018). The effect of teacher coaching on instruction
and achievement: A meta-analysis of the causal evidence. Review of Educational
Research, 88(4), 547-588. https:/ /doi.org/10.3102/0034654318759268

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation.
Cambridge University Press. https://doi.org/10.1017/CBO9780511815355

Lomos, C., Hofman, R. H., & Bosker, R. J. (2011). Professional communities and student
achievement - a meta-analysis. School Effectiveness and School Improvement, 22(2), 121-
148. https:/ /doi.org/10.1080/09243453.2010.550467

Mailizar, & Johar, R. (2021). Examining students’ intention to use augmented reality in a
project-based geometry learning environment. International Journal of Instruction,
14(2), 773-790. https:/ / doi.org/10.29333/1ji.2021.14243a

Mishra, P., & Koehler, M. J. (2006). Technological pedagogical content knowledge: A
framework for teacher knowledge. Teachers College Record, 108(6), 1017-1054.
https:/ /doi.org/10.1111/}.1467-9620.2006.00684.x

Mohamed Hashim, M. A., Tlemsani, 1., & Matthews, R. (2022). Higher education strategy
in digital transformation. Education and Information Technologies, 27(3), 3171-3195.
https:/ /doi.org/10.1007/s10639-021-10739-1

Muhaimin, L. H., Vrapi, A., Anggareni, P., Abadi, M. K., Kholid, M. N., & Dewi, D. A.
(2025). Analyzing the mathematical literacy of Indonesian students: Characteristics,
challenges, and technology-enhanced solutions. Journal of Educational Technology and
Learning Creativity, 3(2), 298-323. https:/ /doi.org/10.37251/jetlc.v3i2.2494

National Council of Teachers of Mathematics (NCTM). (2000). Principles and standards for
school mathematics.  https:/ /www.nctm.org/Standards-and-Positions/ Principles-
and-Standards/

Okafor, J. O. (2025). The role of digital tools in assessment and their impact on educational
practices. Indonesian Journal of Innovative Teaching and Learning, 2(1), 58-71.
https:/ /doi.org/10.64420/1jitl.v2i1.202

Opfer, V.D., & Pedder, D. (2011). Conceptualizing teacher professional learning. Review
of Educational Research, 81(3), 376-407. https:/ /doi.org/10.3102/0034654311413609

Pahmi, S., Hendriyanto, A., Sahara, S., Muhaimin, L. H., Kuncoro, K. S., & Usodo, B.
(2023). Assessing the influence of augmented reality in mathematics education: A
systematic riterature Review. International Journal of Learning, Teaching and
Educational Research, 22(5), 1-25. https:/ / doi.org/10.26803/ijlter.22.5.1

Prast, E. J., Van de Weijer-Bergsma, E., Kroesbergen, E. H., & Van Luit, J. E. H. (2018).
Differentiated instruction in primary mathematics: Effects of teacher professional
development on student achievement. Learning and Instruction, 54, 22-34.
https://doi.org/10.1016/j.learninstruc.2018.01.009

Pusat Kurikulum dan Pembelajaran. (2022). Evaluasi implementasi Kurikulum Merdeka tahun
pertama. Kemdikbudristek.

Redecker, C., & Punie, Y. (2017). Digital competence of educators. In Edited by Yves Punie.
Luxembourg.

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational
Researcher, 15(2), 4-14.

Smale-jacobse, A. E., Meijer, A., Helms-lorenz, M., & Maulana, R. (2019). Differentiated
Instruction in Secondary Education: A Systematic Review of Research Evidence.
Frontiers in Psychology, 10(11), 1-23. https:/ /doi.org/10.3389/fpsyg.2019.02366

Stager, A. (2007). Differentiated instruction in mathematics. Caldwell College.

Stoll, L., Bolam, A., McMahon, A., Wallace, M., & Thomas, S. (2006). Professional learning

http:/ /ijlter.org/index.php/ijlter



1107

communities: A review of the literature. Journal of Educational Change, 7(4), 221-258.
https:/ /doi.org/10.1007/510833-006-0001-8

Tomlinson, C. A. (2001). How to differentiate instruction in mixed-ability classrooms. Ascd.

VanLehn, K. (2011). The relative efectiveness of human tutoring, intelligent tutoring
systems, and other tutoring systems. Educational Psychologist, 46(4), 197-221.
https:/ /doi.org/10.1080/00461520.2011.611369

Vescio, V., Ross, D., & Adams, A. (2008). A review of research on the impact of
professional learning communities on teaching practice and student learning.
Teaching and Teacher Education, 24(1), 80-91.
https://doi.org/10.1016/j.tate.2007.01.004

Voogt, ]J., Laferriere, T., Breuleux, A., Itow, R. C., Hickey, D. T., & McKenney, S. (2015).
Collaborative design as a form of professional development. Instructional Science,
43(2), 259-282. https:/ /doi.org/10.1007 /s11251-014-9340-7

Yeh, Y. F, Chan, K. K. H, & Hsu, Y. S. (2021). Toward a framework that connects
individual TPACK and collective TPACK: A systematic review of TPACK studies
investigating teacher collaborative discourse in the learning by design process.
Computers and Education, 171(May), 104238.
https://doi.org/10.1016/j.compedu.2021.104238

Yoon, K. S., Duncan, T., Lee, S. W.-Y., Scarloss, B., & Shapley, K. L. (2007). Reviewing the
evidence on how teacher professional development affects student achievement.
issues & answers. rel 2007-no. 033. In Regional Educational Laboratory Southwest (NJ1).
U.S. De-partment of Education, Institute of Education Sciences.

Zhang, N., & Yie, L. W. (2026). Integrating artificial intelligence into pedagogy: theoretical
framework and application model of I-TPACK in intelligent education. Industry 5.0,
335-371. https:/ /doi.org/doi:10.1049/PBMEO026E_ch17

http:/ /ijlter.org/index.php/ijlter



