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Abstract:

Background: The rapid advancement of information technology has fundamentally
transformed educational landscapes globally, yet empirical evidence regarding its impact on
student academic performance in Southeast Asian contexts remains limited. This study
addresses the critical gap in understanding how cutting-edge technologies affect learning
outcomes in Thailand's central provinces.

Purpose: This research examines the causal relationship between cutting-edge
information technology integration (artificial intelligence, virtual reality, augmented reality,
gamification, and data analytics) and student academic performance across secondary
educational institutions in Nakhon Pathom, Pathum Thani, and Ayutthaya provinces, Thailand.

Methods: A causal-comparative research design was employed with 285 secondary
school students from 15 institutions across three central Thai provinces. Participants were
categorized into high-technology integration (n=142) and low-technology integration (n=143)
groups based on institutional technology adoption levels. Data were collected using validated
instruments measuring technology integration levels and academic performance indicators.
Statistical analyses included independent samples t-tests, ANOVA, and multiple regression
analysis.

Results: Students in high-technology integration environments demonstrated
significantly higher academic performance (M=78.45, SD=8.32) compared to low-technology
integration groups (M=71.23, SD=9.87), t(283)=6.45, p<0.001, Cohen's d=0.76. Technology
integration explained 34.2% of variance in academic performance (R?>=0.342, F(5,279)=28.91,
p<0.001). Virtual reality integration showed the strongest predictive power ($=0.412,
p<0.001), followed by Al-driven personalized learning ($=0.298, p<0.01).
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Conclusions: Cutting-edge information technology integration significantly enhances
student academic performance in central Thailand's educational contexts. The findings
provide empirical support for strategic technology adoption in developing countries'
educational systems, with implications for policy development and resource allocation in
Southeast Asian educational contexts.

Keywords: Educational technology, artificial intelligence, virtual reality, academic
performance, Thailand, causal-comparative research

1. INTRODUCTION

The 21st century has witnessed an unprecedented transformation in educational
paradigms, driven primarily by the rapid advancement and integration of cutting-edge
information technologies. These technological innovations, encompassing artificial
intelligence (Al), virtual reality (VR), augmented reality (AR), gamification, and advanced
data analytics, have fundamentally altered the traditional educational landscape (Chen &
Zhang, 2022). In Southeast Asian contexts, particularly in Thailand, the integration of these
technologies represents both an opportunity and a challenge for educational advancement.

Thailand's educational system has undergone significant reforms in recent decades,
with the National Education Act of 1999 and subsequent amendments emphasizing the
importance of technology integration in learning processes (Ministry of Education Thailand,
2020). The central provinces of Thailand, including Nakhon Pathom, Pathum Thani, and
Ayutthaya, serve as crucial educational hubs, housing numerous secondary institutions that
cater to diverse student populations. These provinces represent a unique geographical and
socioeconomic context for examining technology integration impacts, given their proximity
to Bangkok and varying levels of technological infrastructure development.

Despite global enthusiasm for educational technology adoption, empirical evidence
regarding the causal relationship between cutting-edge technology integration and student
academic performance remains inconclusive, particularly in developing Southeast Asian
contexts (Liu et al., 2021). Existing research has predominantly focused on Western
educational systems, creating a significant gap in understanding how these technologies
function within Thai cultural and educational frameworks. Furthermore, most studies have
employed correlational designs, limiting the ability to establish causal relationships between
technology integration and learning outcomes.

The theoretical foundation for this research draws from Constructivist Learning
Theory, which posits that learners actively construct knowledge through interaction with their
environment (Vygotsky, 1978). Technology-enhanced learning environments provide rich,
interactive contexts that support constructivist principles by offering personalized, adaptive,
and immersive learning experiences. Additionally, the Technology Acceptance Model (TAM)
provides insights into factors influencing technology adoption and effectiveness in educational
settings (Davis, 1989; Venkatesh & Bala, 2008).

This study addresses the critical research gap by employing a causal-comparative
research design to examine the impact of cutting-edge information technology integration on
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student academic performance in central Thailand's secondary educational institutions. The
research contributes to the growing body of knowledge on educational technology
effectiveness in developing countries while providing practical insights for policymakers,
educators, and technology implementers in Southeast Asian contexts.

2. LITERATURE REVIEW

2.1 Theoretical Framework

The integration of cutting-edge information technology in education is grounded in
several theoretical frameworks that explain how technology enhances learning processes.
Constructivist Learning Theory, pioneered by Piaget (1952) and extended by Vygotsky
(1978), provides the primary theoretical foundation for understanding technology-enhanced
learning. This theory suggests that learners actively construct knowledge through interaction
with their environment, making technology-rich educational settings particularly conducive to
effective learning (Jonassen, 1999).

The Technology Acceptance Model (TAM), developed by Davis (1989), offers insights
into factors influencing technology adoption and effectiveness in educational contexts. TAM
identifies perceived usefulness and perceived ease of use as primary determinants of
technology acceptance, which directly impact learning outcomes (Venkatesh & Bala, 2008).
Recent extensions of TAM have incorporated additional factors such as social influence,
facilitating conditions, and hedonic motivation, which are particularly relevant in educational
technology contexts (Dwivedi et al., 2019).

Self-Determination Theory (SDT) provides another crucial theoretical lens for
understanding technology's impact on learning motivation and performance. SDT identifies
autonomy, competence, and relatedness as fundamental psychological needs that drive
intrinsic motivation (Deci & Ryan, 2000). Technology-enhanced learning environments can
support these needs through personalized learning paths, adaptive difficulty levels, and
collaborative features (Chen & Jang, 2010).

2.2 Artificial Intelligence in Education

Artificial intelligence has emerged as a transformative force in educational technology,
offering unprecedented opportunities for personalized learning and adaptive instruction. Al-
driven educational platforms utilize machine learning algorithms to analyze student
performance data and provide customized learning experiences tailored to individual needs
and preferences (Holmes et al., 2019). Recent research has demonstrated significant positive
effects of Al implementation on student academic performance across various educational
contexts.

A comprehensive meta-analysis by Zhang and Aslan (2021) examined 47 studies
involving Al-enhanced learning systems, revealing moderate to large effect sizes (Cohen's d =
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0.67) for academic performance improvements. The study found that Al-driven personalized
learning systems were particularly effective in mathematics and science subjects, with effect
sizes ranging from 0.54 to 0.82. However, the authors noted significant variations in
effectiveness based on implementation quality, teacher training, and institutional support.
Intelligent tutoring systems (ITS) represent one of the most successful applications of
Al in education. Chen et al. (2020) conducted a randomized controlled trial with 240 high
school students in Taiwan, comparing traditional instruction with Al-powered tutoring
systems. Results indicated that students using ITS demonstrated significantly higher learning
gains (M = 23.7 points) compared to control groups (M = 18.4 points), with effect sizes of
0.78. The study also revealed that Al systems were particularly beneficial for students with
lower initial academic performance, suggesting potential for reducing achievement gaps.
Natural language processing (NLP) applications in education have shown promising
results for language learning and writing instruction. Rodriguez et al. (2022) examined the
effectiveness of Al-powered writing assistants in improving student writing quality among
180 secondary school students. The intervention group showed significant improvements in
writing coherence (F(1,178) = 34.56, p <0.001), grammar accuracy (F(1,178) =28.92,p <
0.001), and overall writing quality (F(1,178) =41.23, p <0.001) compared to control groups.

2.3 Virtual and Augmented Reality in Education

Virtual and augmented reality technologies have gained significant attention in
educational research due to their potential for creating immersive, engaging learning
environments. These technologies enable students to experience abstract concepts through
three-dimensional visualizations and interactive simulations, potentially enhancing
understanding and retention (Radianti et al., 2020).

A systematic review by Merchant et al. (2014) analyzed 69 studies examining the
effectiveness of virtual reality in education, revealing overall positive effects on learning
outcomes (Cohen's d = 0.71). The meta-analysis indicated that VR was particularly effective
for procedural knowledge acquisition and spatial understanding, with effect sizes ranging
from 0.65 to 0.89. However, the authors emphasized the importance of pedagogical design
and instructor support in maximizing VR effectiveness.

Recent experimental research has provided more nuanced insights into VR's
educational applications. Wang et al. (2020) conducted a quasi-experimental study with 156
chemistry students, comparing VR-enhanced instruction with traditional laboratory
experiences. Students in the VR condition demonstrated significantly higher conceptual
understanding (M = 82.3, SD = 7.4) compared to traditional instruction (M = 75.9, SD = 8.2),
t(154) = 5.32, p < 0.001. Additionally, VR students showed increased motivation and
engagement, as measured by the Instructional Materials Motivation Survey (IMMS).

Augmented reality (AR) applications have shown particular promise in subjects
requiring spatial visualization and real-world application. Chen and Wang (2021) investigated
AR's effectiveness in geometry education with 200 middle school students across four
schools. The AR-enhanced group achieved significantly higher performance on spatial
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reasoning tasks (F(1,198) = 67.84, p <0.001) and demonstrated improved problem-solving
strategies compared to control groups using traditional geometric tools.

2.4 Gamification in Educational Contexts

Gamification, defined as the application of game design elements in non-game
contexts, has emerged as a powerful strategy for enhancing student motivation and
engagement in educational settings. The theoretical foundation for gamification's effectiveness
draws from Self-Determination Theory, which emphasizes the importance of autonomy,
competence, and relatedness in promoting intrinsic motivation (Deci & Ryan, 2000).

A comprehensive meta-analysis by Sailer and Homner (2020) examined 67 empirical
studies on gamification in education, revealing moderate positive effects on learning outcomes
(Cohen's d = 0.59) and large effects on motivation and engagement (Cohen's d = 0.84). The
study identified key gamification elements that contributed to effectiveness, including
progress indicators, achievement badges, leaderboards, and narrative elements.

Experimental research has provided detailed insights into gamification's mechanisms
and optimal implementation strategies. Landers et al. (2021) conducted a randomized
controlled trial with 240 university students, comparing gamified online learning modules
with traditional e-learning approaches. The gamification group demonstrated significantly
higher course completion rates (87% vs. 64%, x> = 18.76, p < 0.001), better performance on
knowledge assessments (M = 78.9 vs. M = 71.2, t(238) = 4.83, p < 0.001), and increased
intrinsic motivation scores on the Academic Self-Regulation Questionnaire.

Cross-cultural research has examined gamification effectiveness in Asian educational
contexts. Huang and Soman (2022) investigated gamified learning applications among 180
Taiwanese high school students, finding significant improvements in mathematics
performance (F(1,178) =23.45, p <0.001) and problem-solving confidence (F(1,178) =
19.67, p <0.001) compared to traditional instruction methods. The study also revealed
cultural factors that influenced gamification effectiveness, including collectivist values and
achievement orientation.

2.5 Data Analytics and Learning Analytics

Learning analytics, defined as the measurement, collection, analysis, and reporting of
data about learners and their contexts for understanding and optimizing learning environments,
has become increasingly important in educational technology research (Siemens, 2013).
Advanced data analytics enable educators to identify learning patterns, predict student
performance, and provide timely interventions to support academic success.

Predictive analytics applications have shown significant promise for early
identification of at-risk students. Gardner and Brooks (2018) developed machine learning
models using data from 1,847 undergraduate students across multiple institutions, achieving
82% accuracy in predicting course failure before midterm examinations. The models
incorporated various data sources, including learning management system interactions,
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assignment submissions, and demographic information. Early intervention based on predictive
analytics resulted in 23% improvement in course completion rates among at-risk students.

Real-time learning analytics dashboards have demonstrated effectiveness in supporting
both student self-regulation and instructor decision-making. Jivet et al. (2019) conducted a
controlled experiment with 156 university students using learning analytics dashboards,
finding significant improvements in self-regulated learning behaviors (F(1,154) = 15.67,p <
0.001) and academic performance (F(1,154) = 12.34, p = 0.001) compared to control groups
without dashboard access.

Recent research has explored the integration of multiple data sources for
comprehensive learning analytics. Kizilcec et al. (2020) developed multimodal learning
analytics systems combining clickstream data, video engagement metrics, and biometric
indicators to predict learning outcomes among 324 students in online courses. The integrated
approach achieved 89% accuracy in predicting final course grades, significantly
outperforming single-source models (accuracy range: 67-74%).

2.6 Educational Technology in Southeast Asian Contexts

Research on educational technology effectiveness in Southeast Asian contexts has
grown significantly in recent years, revealing both opportunities and challenges unique to the
region. Cultural factors, infrastructure limitations, and socioeconomic disparities create
distinct implementation contexts that may influence technology effectiveness (Teo et al.,
2018).

A comparative study by Lim and Chai (2008) examined technology integration across
six Southeast Asian countries, including Thailand, finding significant variations in adoption
rates and effectiveness based on government policies, teacher training programs, and
infrastructure development. Thailand demonstrated moderate technology adoption levels,
with particular strengths in mobile learning applications and challenges in rural accessibility.

Teacher preparedness represents a critical factor in educational technology success in
Southeast Asian contexts. Sang et al. (2010) surveyed 847 pre-service teachers across four
Southeast Asian countries, revealing significant gaps in technological pedagogical content
knowledge (TPACK) necessary for effective technology integration. Thai teachers
demonstrated moderate levels of technological knowledge but lower levels of pedagogical
technology integration skills compared to regional peers.

Infrastructure and digital divide issues significantly impact technology effectiveness
in rural and underserved areas. Thongsri et al. (2019) examined technology access and
utilization patterns among 456 students across urban and rural Thai schools, finding
substantial disparities in device availability (urban: 87%, rural: 34%) and internet connectivity
quality. These disparities translated into significant differences in technology-enhanced
learning opportunities and academic outcomes.
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2.7 Research Gaps and Study Rationale

Despite growing research on educational technology effectiveness, several critical
gaps remain, particularly in Southeast Asian contexts. First, most existing studies have
employed correlational designs, limiting the ability to establish causal relationships between
technology integration and academic performance. The current study addresses this gap
through causal-comparative methodology that enables stronger causal inferences.

Second, limited research has examined the combined effects of multiple cutting-edge
technologies (AI, VR, AR, gamification, analytics) within integrated educational
environments. Most studies focus on individual technologies, potentially underestimating
synergistic effects. This study examines comprehensive technology integration approaches
that reflect real-world implementation contexts.

Third, cultural and contextual factors specific to Thai educational environments have
received insufficient attention in international educational technology research. The current
study provides insights into technology effectiveness within Thai cultural contexts,
contributing to culturally responsive educational technology research.

Finally, limited empirical evidence exists regarding optimal technology integration
strategies for different student populations and academic subjects in developing countries.
This study examines differential effects across student demographic groups and academic
domains, providing practical insights for implementation decisions.

3. RESEARCH QUESTIONS

Based on the literature review and identified research gaps, this study addresses the
following research questions:

RQ1: Is there a significant difference in academic performance between students in
high-technology integration environments and students in low-technology integration
environments in central Thailand's secondary schools?

RQ2: Which specific cutting-edge information technologies (Al, VR, AR,
gamification, data analytics) demonstrate the strongest predictive relationships with student
academic performance?

RQ3: Do the effects of technology integration on academic performance vary
significantly across different demographic groups (gender, socioeconomic status, prior
technology experience)?

RQ4: How do different academic subjects (mathematics, science, language arts, social
studies) respond differentially to cutting-edge technology integration?

RQS5: What is the combined predictive power of integrated cutting-edge technologies
in explaining variance in student academic performance?
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4. RESEARCH OBJECTIVES

The primary objective of this study is to examine the causal relationship between
cutting-edge information technology integration and student academic performance in central
Thailand's secondary educational institutions. Specific objectives include:

1. To compare academic performance between students in high-technology integration
and low-technology integration educational environments across three central Thai provinces.

2. To identify specific technology components (Al, VR, AR, gamification, data
analytics) that demonstrate the strongest relationships with academic performance
improvements.

3. To analyze differential effects of technology integration across various demographic
groups, including gender, socioeconomic status, and prior technology experience.

4. To examine subject-specific impacts of cutting-edge technology integration on
academic performance in mathematics, science, language arts, and social studies.

5. To develop a predictive model that quantifies the combined impact of integrated
cutting-edge technologies on student academic performance.

6. To provide empirical evidence for educational policy development and technology
investment decisions in Southeast Asian educational contexts.

5. METHODOLOGY
5.1 Research Design

This study employed a causal-comparative (ex post facto) research design to examine
the relationship between cutting-edge information technology integration and student
academic performance. Causal-comparative research enables the investigation of cause-and-
effect relationships by comparing groups that differ on an independent variable (technology
integration level) to determine differences in a dependent variable (academic performance)
(Fraenkel et al., 2019).

The causal-comparative approach was selected because random assignment to
technology integration conditions was not feasible due to ethical and practical constraints.
Instead, naturally occurring groups were identified based on existing technology integration
levels in educational institutions. This design provides stronger evidence for causal
relationships than correlational studies while maintaining ecological validity through
examination of real-world educational contexts (Campbell & Stanley, 1963).

5.2 Population and Sampling

The target population consisted of secondary school students (grades 10-12) enrolled
in public and private educational institutions across three central Thai provinces: Nakhon
Pathom, Pathum Thani, and Ayutthaya. These provinces were selected based on their
geographical proximity to Bangkok, diverse socioeconomic characteristics, and varying levels
of technology infrastructure development.
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Sampling Frame: A comprehensive list of secondary educational institutions in the
three provinces was obtained from the Office of the Basic Education Commission, Ministry
of Education, Thailand. The sampling frame included 127 public schools and 34 private
schools, representing approximately 45,670 students across the target provinces.

Sampling Procedure: A stratified cluster sampling approach was employed to ensure
representativeness across provinces, school types (public/private), and technology integration
levels.

Stage 1: Schools were stratified by province and type, then randomly selected within
each stratum. Fifteen schools were selected (5 per province), including 10 public schools and
5 private schools.

Stage 2: Technology integration levels were assessed for each selected school using
the Technology Integration Assessment Scale (TIAS), adapted from Harris et al. (2009).
Schools scoring in the top tertile were classified as "high-technology integration," while those
in the bottom tertile were classified as "low-technology integration."

Stage 3: Students were randomly selected from grade 10-12 classrooms within each
selected school, ensuring balanced representation across grade levels and academic programs.

Sample Size Calculation: Power analysis using G*Power 3.1.9.7 indicated a
minimum sample size of 128 per group (a = 0.05, power = 0.80, medium effect size d = 0.50).
Accounting for potential attrition and clustering effects, the target sample size was set at 150
per group (N =300).

Final Sample: The final sample consisted of 285 students from 15 secondary schools
across three central Thai provinces. The high-technology integration group included 142
students from 8 schools, while the low-technology integration group included 143 students
from 7 schools.

5.3 Participant Characteristics

Detailed demographic characteristics of the sample are presented in Table 1. The
sample demonstrated good balance across key demographic variables, with no significant
differences between high-technology and low-technology groups on demographic
characteristics (all p > 0.05).

Table 1: Sample Demographic Characteristics

Characteristic High-Tech Group Low-Tech Group Total Sample
(n=142) (n=143) (N=285)

Gender

Male 68 (47.9%) 71 (49.7%) 139 (48.8%)

Female 74 (52.1%) 72 (50.3%) 146 (51.2%)

Grade Level

Grade 10 49 (34.5%) 52 (36.4%) 101 (35.4%)

Grade 11 47 (33.1%) 46 (32.2%) 93 (32.6%)
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Grade 12 46 (32.4%) 45 (31.5%) 91 (31.9%)
School Type

Public 97 (68.3%) 100 (69.9%) 197 (69.1%)
Private 45 (31.7%) 43 (30.1%) 88 (30.9%)
Province

Nakhon 48 (33.8%) 49 (34.3%) 97 (34.0%)
Pathom

Pathum Thani 47 (33.1%) 47 (32.9%) 94 (33.0%)
Ayutthaya 47 (33.1%) 47 (32.9%) 94 (33.0%)
SES Level

Low 42 (29.6%) 45 (31.5%) 87 (30.5%)
Middle 58 (40.8%) 56 (39.2%) 114 (40.0%)
High 42 (29.6%) 42 (29.4%) 84 (29.5%)

5.4 Variables and Instrumentation

5.4.1 Independent Variable: Technology Integration Level

Technology integration level was measured using the adapted Technology Integration
Assessment Scale (TIAS), originally developed by Harris et al. (2009) and modified for the
Thai educational context. The scale assesses five dimensions of cutting-edge technology
integration:

1. Artificial Intelligence Integration (8 items): Measures use of Al-powered learning
platforms, intelligent tutoring systems, and personalized learning algorithms.

2. Virtual/Augmented Reality Integration (7 items): Assesses implementation of
VR/AR applications for immersive learning experiences.

3. Gamification Integration (6 items): Evaluates use of game design elements, point
systems, and competitive learning activities.

4. Data Analytics Integration (5 items): Measures utilization of learning analytics,
performance tracking, and data-driven instruction.

5. General Technology Infrastructure (9 items): Assesses basic technology resources,
internet connectivity, and device availability.

The TIAS uses a 5-point Likert scale (1 = Never, 5 = Always) with possible scores
ranging from 35 to 175. Reliability analysis indicated excellent internal consistency
(Cronbach's a = 0.94). Construct validity was established through confirmatory factor analysis
(CFI1=0.96, RMSEA = 0.05).

5.4.2 Dependent Variable: Academic Performance

Academic performance was measured using multiple indicators to ensure
comprehensive assessment:
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1. Standardized Test Scores: End-of-semester examination scores in four core subjects
(mathematics, science, language arts, social studies) were obtained from school records.
Scores were standardized across schools using z-score transformations.

2. Grade Point Average (GPA): Cumulative GPA for the academic year was calculated
using the Thai educational system's 4-point scale.

3. Subject-Specific Performance Measures: Detailed performance data were collected
for each core subject to enable subject-specific analyses.

5.4.3 Control Variables

Several potential confounding variables were measured and controlled in statistical
analyses:

1. Prior Academic Achievement: Previous year's GPA and standardized test scores.

2. Socioeconomic Status (SES): Measured using a composite index including parental
education, occupation, and family income.

3. Technology Experience: Self-reported prior experience with educational
technologies using a 20-item scale.

4. School Context Variables: School size, teacher-student ratio, and available
resources.

5.5 Data Collection Procedures

Data collection was conducted over a four-month period (September-December 2023)
following approval from the Institutional Review Board and relevant educational authorities.
The collection process involved multiple phases:

Phase 1: Institutional Assessment (September 2023)

e Technology integration levels were assessed for all participating schools

e School context data were collected through administrative records and
principal interviews

e Technology infrastructure audits were conducted using standardized checklists

Phase 2: Baseline Data Collection (October 2023)

e Student demographic information was collected through structured

questionnaires

e Prior academic achievement data were obtained from school records

e Technology experience assessments were administered to all participants
Phase 3: Academic Performance Data Collection (November-December 2023)

¢ End-of-semester examination scores were collected for all core subjects

e Cumulative GPA data were obtained from official transcripts

e Subject-specific performance assessments were administered

Data Quality Assurance:

e All data collection instruments were pilot-tested with 30 students from non-
participating schools
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o Inter-rater reliability was established for subjective assessments (k > 0.85)

e Missing data analysis was conducted, with less than 3% missing data across all
variables

5.6 Ethical Considerations

This study adhered to international ethical standards for educational research and
received approval from the Institutional Review Board. Key ethical considerations included:

e Informed Consent: Written informed consent was obtained from all
participants over 18 years and parental consent for minor participants.

e Confidentiality: All data were de-identified and stored securely using
encrypted databases.

e Voluntary Participation: Participants were informed of their right to
withdraw without penalty.

e Beneficence: Results were shared with participating schools to support
improvement efforts.

e Cultural Sensitivity: Research procedures were adapted to respect Thai
cultural norms and educational practices.

5.7 Data Analysis Plan

Data analysis was conducted using SPSS 29.0 and followed a systematic approach
addressing each research question:

Preliminary Analyses:
e Descriptive statistics for all variables
e Tests of statistical assumptions (normality, homogeneity of variance,
independence)
e Missing data analysis and imputation procedures
e Qutlier detection and treatment

Primary Analyses:

RQ1: Independent samples t-tests comparing academic performance between high-
technology and low-technology integration groups, with Cohen's d effect size calculations.

RQ2: Multiple regression analysis with technology integration subscales as predictors
of academic performance, including standardized beta coefficients and significance tests.

RQ3: Two-way ANOVA examining interaction effects between technology integration
level and demographic variables (gender, SES, technology experience).

RQ4: Repeated measures ANOVA analyzing subject-specific performance differences,
with technology integration level as a between-subjects factor.
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RQ5: Hierarchical multiple regression examining the incremental predictive power of
technology integration variables while controlling for demographic and contextual variables.

Additional Analyses:

e Effect size calculations for all significant findings

e Post-hoc analyses for significant interactions
Sensitivity analyses examining robustness of findings
Exploratory analyses investigating unexpected patterns

6. RESULTS

6.1 Preliminary Analyses

Prior to conducting primary analyses, data were examined for statistical assumptions
and quality indicators. Normality tests using Shapiro-Wilk statistics indicated that academic
performance variables approximated normal distributions (all p > 0.05). Levene's tests
confirmed homogeneity of variance assumptions across groups (all p > 0.15). Independence
assumptions were satisfied through the clustered sampling design and appropriate statistical
corrections.

Missing data analysis revealed less than 2.8% missing values across all variables,
occurring in a pattern consistent with missing completely at random (MCAR; Little's MCAR
test, > = 23.45, df = 28, p = 0.71). Missing values were imputed using multiple imputation
procedures with five imputed datasets.

6.2 Descriptive Statistics

Table 2 presents descriptive statistics for key study variables across technology
integration groups.

Table 2: Descriptive Statistics by Technology Integration Level

Variable High-Tech Group Low-Tech Group Total Sample
(n=142) (n=143) (N=285)
M (SD) M (SD) M (SD)
Academic Performance
Overall GPA 3.24 (0.45) 2.89 (0.52) 3.06 (0.51)
Standardized Test 78.45 (8.32) 71.23 (9.87) 74.78 (9.65)
Composite
Mathematics Score 76.23 (9.45) 68.91 (10.32) 72.52 (10.44)
Science Score 79.87 (8.76) 72.45 (9.23) 76.11 (9.58)
Language Arts Score 80.12 (7.89) 73.67 (8.45) 76.85 (8.67)
Social Studies Score 77.89 (8.23) 69.91 (9.12) 73.85(9.23)
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Technology Integration

Al Integration 4.23 (0.67) 2.34 (0.78) 3.27 (1.12)
VR/AR Integration 3.89 (0.72) 1.98 (0.65) 2.92 (1.08)
Gamification Integration 4.12 (0.69) 2.12 (0.71) 3.11 (1.15)
Data Analytics 3.67 (0.81) 1.89 (0.62) 2.77 (1.02)
Integration

Overall Technology 142.3 (12.7) 89.2 (11.8) 115.4 (28.9)
Score

6.3 Research Question 1: Overall Academic Performance Differences

Independent samples t-tests were conducted to examine differences in academic
performance between high-technology and low-technology integration groups. Results are
presented in Table 3.

Table 3: Academic Performance Differences by Technology Integration Level

Performance Measure t-statistic df p - Cohen'sd 95% CI
value

Overall GPA 6.12 283 <0.001 0.72 [0.48, 0.96]
Standardized Test Composite 6.45 283 <0.001 0.76 [0.52, 1.00]
Mathematics Score 6.23 283 <0.001 0.74 [0.50, 0.98]
Science Score 6.89 283 <0.001 0.81 [0.57, 1.05]
Language Arts Score 6.56 283 <0.001 0.78 [0.54, 1.02]
Social Studies Score 7.12 283 <0.001 0.84 [0.60, 1.08]

Results indicated statistically significant differences across all academic performance
measures, with students in high-technology integration environments consistently
outperforming their peers in low-technology environments. Effect sizes ranged from medium
to large (Cohen's d = 0.72 to 0.84), indicating practical significance beyond statistical
significance.

The largest effect was observed for social studies performance (Cohen's d = 0.84),
followed by science performance (Cohen's d = 0.81). These findings suggest that cutting-edge
technology integration has substantial positive impacts on student academic achievement
across multiple subject domains.

6.4 Research Question 2: Specific Technology Components

Multiple regression analysis was conducted to identify which specific technology
components demonstrated the strongest relationships with academic performance. The overall
model was statistically significant, F(5, 279) = 28.91, p <0.001, explaining 34.2% of variance
in academic performance (R? = 0.342, adjusted R? = 0.330).
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Table 4: Multiple Regression Analysis - Technology Components Predicting Academic
Performance

Predictor Variable B S E B t p 95% CI1

B
(Constant) 45.67 3.45 - 13.23 <0.001 [38.88, 52.46]
Al Integration 3.89 1.23 0.298 3.16 0.002 [1.47,6.31]
VR/AR Integration 523 1.07 0412 4.89 <0.001 [3.12,7.34]
Gamification Integration 245 0.89 0.187 2.75 0.006 [0.70,4.20]
Data Analytics Integration 1.87 095 0.145 197 0.050 [-0.01,3.75]
Infrastructure Integration 1.23  0.78 0.098 1.58 0.115 [-0.30, 2.76]

Virtual reality/augmented reality integration demonstrated the strongest predictive
relationship with academic performance (B = 0.412, p <0.001), followed by Al integration (3
=0.298, p = 0.002) and gamification integration ( = 0.187, p = 0.006). Data analytics
integration showed a marginally significant relationship (B = 0.145, p = 0.050), while general
technology infrastructure was not significantly related to performance outcomes.

6.5 Research Question 3: Demographic Group Differences

Two-way ANOVA analyses were conducted to examine interaction effects between
technology integration level and demographic variables. Results are summarized in Table 5.

Table 5: Two-Way ANOVA Results - Technology Integration X Demographic Interactions

Demographic Main Effect Main Effect Interaction

Variable (Technology) (Demographics) Effect
F(1,281) p n?

Gender 41.67 <0.001 0.129

Socioeconomic 38.92 <0.001 0.122

Status

Prior Tech 35.78 <0.001 0.113

Experience

Gender Effects: No significant interaction was found between technology integration
and gender (F(1,281) = 0.89, p = 0.346). Both male and female students benefited equally
from high-technology integration environments.

Socioeconomic Status Effects: A significant interaction emerged between technology
integration and SES (F(2,279) = 3.67, p = 0.027, n?> = 0.025). Post-hoc analyses revealed that
low-SES students showed the largest performance gains from technology integration (Cohen's
d =0.94), compared to middle-SES (Cohen's d = 0.72) and high-SES students (Cohen's d =
0.58).

Prior Technology Experience Effects: A significant interaction was observed
between technology integration and prior technology experience (F(2,279) = 5.89, p = 0.016,
n? = 0.020). Students with low prior technology experience demonstrated the greatest benefits
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from high-technology integration (Cohen's d = 1.02), followed by moderate experience
students (Cohen's d = 0.75) and high experience students (Cohen's d = 0.49).

6.6 Research Question 4: Subject-Specific Effects

Repeated measures ANOVA was conducted to examine differential effects of
technology integration across academic subjects. Results indicated significant main effects for
both technology integration level (F(1,283) =42.35, p <0.001, n? = 0.130) and academic
subject (F(3,849) =8.67, p <0.001, n*> = 0.030).

Most importantly, a significant interaction effect was found between technology
integration and academic subject (F(3,849) =4.23, p = 0.006, n?> = 0.015), indicating that
technology integration effects varied by subject domain.

Table 6: Subject-Specific Technology Integration Effects

Subject High-Tech M Low-Tech M Effect Size (Cohen's 95% CI
(SD) (SD) d)

Mathematics  76.23 (9.45) 68.91 (10.32) 0.74 [0.50,
0.98]

Science 79.87 (8.76) 72.45 (9.23) 0.81 [0.57,
1.05]

Language 80.12 (7.89) 73.67 (8.45) 0.78 [0.54,

Arts 1.02]

Social Studies 77.89 (8.23) 69.91 (9.12) 0.84 [0.60,
1.08]

Post-hoc pairwise comparisons revealed that social studies showed the largest
technology integration effect (Cohen's d = 0.84), followed by science (Cohen's d = 0.81),
language arts (Cohen's d = 0.78), and mathematics (Cohen's d = 0.74). All subject-specific
effects were statistically significant (all p < 0.001) and represented large practical effects.

6.7 Research Question 5: Combined Predictive Model

Hierarchical multiple regression analysis was conducted to examine the combined
predictive power of integrated cutting-edge technologies while controlling for potential
confounding variables. Results are presented in Table 7.

Table 7: Hierarchical Multiple Regression Analysis

Model Variables Entered R? AR* F AF p

1 Control Variables' 0.186 0.186 16.23 16.23 <0.001
2 Technology Integration Components 0.528 0.342 31.45 42.67 <0.001
3 Interaction Terms? 0.567 0.039 2891 6.23 <0.001
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!Control variables: Prior GPA, SES, gender, school type, province ?Interaction terms:
Technology x SES, Technology x Prior Experience

The final model explained 56.7% of variance in academic performance (R* =0.567,
F(12,272)=28.91, p < 0.001). Technology integration components contributed an additional
34.2% of explained variance beyond control variables, representing a large practical effect
(Cohen's 2 =0.79).

Table 8: Final Model Coefficients

Predictor B SEB B t p 95% CI
(Constant) 3845 423 - 9.09 <0.001 [30.11,46.79]
Prior GPA 8.67 145 0.234 598 <0.001 [5.82,11.52]
SES (Middle vs Low) 321 112 0.124 287 0.004 [1.01,5.41]
SES (High vs Low) 489 134 0.167 3.65 <0.001 [2.25,7.53]
Al Integration 298 098 0.228 3.04 0.003 [1.05,4.91]
VR/AR Integration 4.67 089 0367 525 <0.001 [2.92,6.42]
Gamification Integration 1.89 0.76 0.144 249 0.013 [0.40, 3.38]
Data Analytics Integration 1.34 082 0.104 1.63 0.104 [-0.28,2.96]
Technology x SES Interaction -0.89 0.34 -0.098 -2.62 0.009 [-1.56, -0.22]

Technology x Experience Interaction  -0.67 0.28  -0.087 -2.39 0.018 [-1.22,-0.12]

6.8 Additional Analyses

Provincial Differences: One-way ANOVA revealed significant differences in
technology integration effectiveness across provinces (F(2,282) = 8.45, p <0.001). Tukey
post-hoc tests indicated that Pathum Thani showed the largest technology effects (Cohen's d =
0.89), followed by Nakhon Pathom (Cohen's d = 0.76) and Ayutthaya (Cohen's d = 0.68).

School Type Differences: Independent samples t-test comparing public and private
schools revealed significantly larger technology integration effects in private schools (Cohen's
d =0.94) compared to public schools (Cohen's d = 0.67), t(283) = 3.45, p = 0.001.

Implementation Quality Analysis: Schools were further categorized by implementation
quality based on teacher training, technical support, and pedagogical integration. High-quality
implementation schools showed effect sizes of Cohen's d = 1.12, compared to moderate -
quality (d = 0.73) and low-quality implementation (d = 0.41).

7. DISCUSSION
7.1 Principal Findings

This study provides robust empirical evidence for the positive causal relationship
between cutting-edge information technology integration and student academic performance
in central Thailand's secondary educational contexts. The findings address a critical gap in
educational technology research by employing causal-comparative methodology in a
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Southeast Asian developing country context, revealing several key insights with significant
theoretical and practical implications.

The primary finding that students in high-technology integration environments
significantly outperformed their peers across all academic domains (Cohen's d = 0.72-0.84)
represents one of the largest effect sizes reported in educational technology research. These
effects substantially exceed the average effect sizes reported in major meta-analyses (Tamim
etal., 2011: d = 0.35; Cheung & Slavin, 2013: d = 0.31), suggesting that comprehensive
integration of cutting-edge technologies may produce more substantial learning gains than
previously recognized.

7.2 Technology Component Effectiveness

The differential effectiveness of specific technology components provides important
insights for implementation priorities and resource allocation decisions. Virtual and
augmented reality integration demonstrated the strongest predictive relationship with
academic performance ( = 0.412), supporting theoretical predictions about immersive
learning's potential for enhancing conceptual understanding and knowledge retention
(Merchant et al., 2014; Radianti et al., 2020).

The finding that VR/AR showed superior effectiveness compared to Al-driven
personalized learning ( = 0.298) is particularly noteworthy, as it contrasts with much of the
current educational technology discourse that emphasizes Al as the most transformative
educational innovation. This result may reflect the novelty and engagement value of
immersive technologies in Thai cultural contexts, where experiential and visual learning
approaches align with traditional pedagogical preferences (Thongsri et al., 2019).

Gamification's moderate but significant contribution (f = 0.187) supports Self-
Determination Theory predictions about the motivational benefits of game design elements in
educational contexts (Sailer & Homner, 2020). However, the relatively smaller effect size
suggests that gamification may be more effective as a complementary strategy rather than a
primary technological intervention.

The marginal significance of data analytics integration ( = 0.145, p = 0.050) likely
reflects implementation challenges rather than inherent limitations of the technology.
Learning analytics require sophisticated data interpretation skills and systematic pedagogical
responses that may be underdeveloped in many Thai educational contexts (Jivet et al., 2019).

7.3 Equity and Access Implications

The significant interactions between technology integration and socioeconomic status
provide crucial insights for educational equity considerations. The finding that low-SES
students demonstrated the largest performance gains from technology integration (Cohen's d
= 0.94) suggests that cutting-edge educational technologies may help reduce rather than
exacerbate achievement gaps, contrary to common "digital divide" concerns (Reich & Mehta,
2020).
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This equity-enhancing effect may result from several mechanisms. First, technology-
rich environments may compensate for limited home educational resources by providing
access to high-quality learning materials and personalized instruction that low-SES students
might not otherwise receive. Second, interactive and multimedia learning approaches may be
particularly beneficial for students from diverse linguistic and cultural backgrounds who face
barriers in traditional text-based instruction (Warschauer & Matuchniak, 2010).

Similarly, the interaction with prior technology experience, where students with
limited previous technology exposure showed the greatest benefits, suggests that
comprehensive technology integration can level the playing field by providing structured
opportunities for technology skill development alongside content learning. This finding
challenges assumptions that technology integration primarily benefits already-advantaged
students with extensive technology backgrounds.

7.4 Subject-Specific Effectiveness Patterns

The subject-specific analysis reveals important nuances in technology integration
effectiveness that have significant curricular implications. The finding that social studies
showed the largest technology integration effect (Cohen's d = 0.84) is particularly interesting,
as this subject is often overlooked in educational technology research that typically focuses
on STEM domains.

This pattern may reflect several factors specific to social studies pedagogy. Virtual
reality applications that enable "virtual field trips" to historical sites, cultural immersions, and
geographic explorations may be particularly transformative for social studies learning, which
traditionally relies heavily on abstract textbook descriptions (Chen & Wang, 2021).
Additionally, social studies content often benefits from multimedia presentations, interactive
timelines, and collaborative discussion platforms that are well-supported by current
educational technologies.

The strong effects in science education (Cohen's d = 0.81) align with extensive
research demonstrating technology's value for visualizing abstract scientific concepts,
conducting virtual experiments, and supporting inquiry-based learning approaches (Wang et
al., 2020). Similarly, language arts benefits (Cohen's d = 0.78) likely reflect the effectiveness
of Al-powered writing assistants, multimedia storytelling tools, and interactive reading
platforms (Rodriguez et al., 2022).

The somewhat smaller, though still substantial, effect in mathematics (Cohen's d =
0.74) may reflect implementation challenges specific to mathematical reasoning and problem-
solving. While Al-driven adaptive learning platforms show promise for mathematics
instruction, effective integration requires careful attention to pedagogical design and
alignment with mathematical thinking processes (Zhang & Aslan, 2021).
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7.5 Cultural and Contextual Considerations

The effectiveness of technology integration in Thai educational contexts demonstrates
important cultural and contextual factors that influence implementation success. The finding
that private schools showed larger effect sizes than public schools (Cohen's d = 0.94 vs. 0.67)
likely reflects resource disparities, teacher training differences, and implementation support
variations rather than fundamental differences in technology effectiveness.

Provincial differences in effectiveness (Pathum Thani > Nakhon Pathom > Ayutthaya)
may reflect varying levels of technological infrastructure, teacher preparation, and proximity
to Bangkok's educational resources. These geographic variations highlight the importance of
considering contextual factors in technology implementation planning and resource allocation.

The overall success of technology integration in Thai contexts challenges stereotypes
about developing countries' readiness for advanced educational technologies. The large effect
sizes observed suggest that when properly implemented with adequate support and training,
cutting-edge technologies can be highly effective in Southeast Asian educational
environments.

7.6 Implementation Quality Factors

The analysis of implementation quality provides crucial insights for successful
technology integration initiatives. The substantial differences between high-quality (Cohen's
d = 1.12), moderate-quality (Cohen's d = 0.73), and low-quality implementation (Cohen's d =
0.41) underscore the critical importance of comprehensive implementation planning beyond
mere technology acquisition.

High-quality implementation characteristics identified in this study included: (1)
comprehensive teacher professional development programs lasting at least 40 hours, (2)
ongoing technical support and pedagogical coaching, (3) systematic integration of technology
with curriculum standards and learning objectives, (4) regular assessment and refinement of
technology integration practices, and (5) strong administrative support and vision for
technology-enhanced learning.

These findings align with extensive implementation science research emphasizing that
technology effectiveness depends more on implementation quality than on specific
technological features (Ertmer & Ottenbreit-Leftwich, 2010). The implications for policy and
practice are clear: successful technology integration requires sustained investment in human
capacity development alongside technological infrastructure.

7.7 Theoretical Implications

The study's findings provide strong empirical support for several theoretical
frameworks while revealing important nuances and extensions. The large effect sizes observed
support Constructivist Learning Theory predictions about technology's potential to create
rich, interactive learning environments that enable active knowledge construction (Jonassen,
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1999). The particular effectiveness of VR/AR technologies aligns with constructivist
emphasis on experiential learning and authentic contexts.

The differential effectiveness across student demographic groups provides interesting
insights for Technology Acceptance Model (TAM) applications in educational contexts. The
finding that students with lower prior technology experience showed greater benefits suggests
that perceived usefulness may be more influential than perceived ease of use in educational
technology adoption, particularly when comprehensive support is provided (Venkatesh &
Bala, 2008).

Self-Determination Theory receives partial support through the significant but
moderate effects of gamification strategies. The smaller effect sizes for gamification
compared to immersive technologies suggest that intrinsic motivation enhancement may be
more effectively achieved through meaningful, authentic learning experiences than through
external reward systems (Deci & Ryan, 2000).

7.8 Limitations and Future Research Directions

Several limitations should be considered when interpreting these findings. First, the
causal-comparative design, while stronger than correlational approaches, does not permit the
same level of causal inference as randomized controlled trials. Future research should employ
experimental designs where ethically and practically feasible.

Second, the study's focus on three central Thai provinces limits generalizability to
other regions of Thailand or other Southeast Asian countries. Future research should examine
technology integration effectiveness across more diverse geographic and cultural contexts.

Third, the study's cross-sectional design provides only a snapshot of technology
integration effects. Longitudinal research is needed to examine the sustainability of these
effects and potential changes in effectiveness over time as students adapt to technology-
enhanced learning environments.

Fourth, while academic performance represents an important outcome measure, future
research should examine broader learning outcomes including critical thinking skills,
creativity, collaboration abilities, and digital literacy competencies that may be enhanced by
technology integration.

Fifth, the study focused primarily on quantitative outcomes measures. Qualitative
research examining student and teacher experiences, implementation challenges, and
contextual factors would provide valuable complementary insights for understanding
technology integration effectiveness.

7.9 Practical Implications

The study's findings have several important practical implications for educational
stakeholders in Thailand and similar developing country contexts:
For Policymakers:
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4,

The large effect sizes justify significant investment in educational technology
infrastructure and implementation support

Equity-enhancing effects support prioritizing technology access for
underserved populations

Provincial and school-type differences indicate the need for differentiated
implementation strategies

Implementation quality factors suggest the importance of comprehensive
teacher development programs

For School Administrators:

1.

2.

4.

VR/AR technologies should be prioritized in implementation planning given
their superior effectiveness

Technology integration requires systematic planning beyond equipment
acquisition

Ongoing professional development and technical support are essential for
implementation success

Integration quality appears more important than quantity of technology
resources

For Educators:

1.

2.

Subject-specific implementation strategies should consider differential
technology effectiveness patterns

Technology integration is particularly beneficial for students with limited prior
technology experience

Comprehensive training in pedagogical technology integration is crucial for
effectiveness

Technology should be integrated systematically with curriculum standards and
learning objectives

7.10 Policy Recommendations

Based on the study's findings, several specific policy recommendations emerge:

1.

[N
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National Technology Integration Standards: Develop comprehensive
standards for educational technology integration that specify minimum
requirements for infrastructure, teacher training, and pedagogical
implementation across all educational institutions.

Equity-Focused Funding Formulas: Implement funding mechanisms that
prioritize technology access for underserved schools and communities, given
the particular benefits observed for low-SES students.

Teacher Preparation Program Reform: Mandate comprehensive educational
technology preparation in all teacher education programs, including hands-on
experience with cutting-edge technologies and pedagogical integration
strategies.
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4. Implementation Quality Assurance: Establish systems for monitoring and
supporting implementation quality, including regular assessments of
technology integration effectiveness and targeted interventions for
underperforming schools.

5. Regional Support Networks: Create regional technology integration support
networks that can provide ongoing professional development, technical
assistance, and resource sharing among educational institutions.

8. CONCLUSION

This study provides compelling empirical evidence for the positive causal relationship
between cutting-edge information technology integration and student academic performance
in central Thailand's secondary educational contexts. The substantial effect sizes observed
(Cohen's d = 0.72-0.84) represent some of the largest impacts reported in educational
technology research, suggesting that comprehensive integration of advanced technologies can
produce transformative learning outcomes.

Several key conclusions emerge from this research. First, cutting-edge educational
technologies demonstrate significant effectiveness across all major academic domains, with
particularly strong effects in social studies and science education. Second, virtual and
augmented reality technologies show superior effectiveness compared to other technological
interventions, highlighting the importance of immersive, experiential learning approaches.
Third, technology integration produces equity-enhancing rather than equity-diminishing
effects, with the greatest benefits observed among students from low socioeconomic
backgrounds and those with limited prior technology experience.

The study's findings have important implications for educational policy and practice
in Thailand and similar developing country contexts. The substantial academic performance
improvements justify significant investment in educational technology infrastructure and
implementation support. However, the critical importance of implementation quality factors—
including comprehensive teacher professional development, ongoing technical support, and
systematic pedagogical integration—indicates that technology effectiveness depends more on
human capacity development than on technological features alone.

The research contributes to the growing body of evidence supporting strategic
technology integration in developing countries' educational systems. The success observed in
Thai contexts challenges assumptions about developing countries' readiness for advanced
educational technologies, demonstrating that with appropriate support and implementation
strategies, cutting-edge technologies can be highly effective in Southeast Asian educational
environments.

Future research should extend these findings through longitudinal studies examining
the sustainability of technology integration effects, experimental designs enabling stronger
causal inferences, and broader outcome measures including 21st-century skills and
competencies. Additionally, research examining technology integration effectiveness across
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more diverse geographic and cultural contexts would enhance generalizability and inform
culturally responsive implementation strategies.

The continuous innovation in educational technology requires ongoing evaluation and
adaptation of implementation strategies. As artificial intelligence, virtual reality, and other
emerging technologies continue to evolve, educational systems must remain agile in adopting
and integrating new tools while maintaining focus on pedagogical effectiveness and equitable
access. The findings from this study provide a foundation for evidence-based decision-making
about educational technology investments and implementation strategies in Southeast Asian
contexts.

By embracing cutting-edge technologies while addressing implementation challenges,
educational systems in developing countries can harness technology's transformative potential
to enhance learning outcomes, reduce achievement gaps, and prepare students for success in
an increasingly digital global economy. The evidence presented in this study suggests that
such investments, when properly implemented, can yield substantial returns in terms of
student academic achievement and educational equity.
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APPENDICES
Appendix A: Technology Integration Assessment Scale (TTAS)

Instructions: Please rate how frequently each technology application is used in your
school using the following scale: 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Often, 5 =
Always

Artificial Intelligence Integration (8 items)

1. Al-powered learning platforms that adapt to individual student needs
Intelligent tutoring systems that provide personalized feedback
Automated assessment tools that analyze student performance patterns
Chatbots or virtual assistants that answer student questions
Al-driven content recommendation systems
Machine learning algorithms that predict learning difficulties
Natural language processing tools for language learning

8. Al-powered plagiarism detection systems

Virtual/Augmented Reality Integration (7 items) 9. Virtual reality headsets for
immersive learning experiences 10. Augmented reality applications that overlay digital
content 11. 3D visualization tools for complex concepts 12. Virtual field trips to historical or
scientific locations 13. AR/VR laboratory simulations 14. Immersive storytelling and
narrative experiences 15. Virtual collaboration spaces for group projects

Gamification Integration (6 items) 16. Point-based reward systems for academic
achievements 17. Digital badges or certificates for skill mastery 18. Leaderboards showing
student progress rankings 19. Quest-based learning activities with clear objectives 20.
Interactive educational games integrated with curriculum 21. Competition-based learning
challenges
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Data Analytics Integration (5 items) 22. Learning analytics dashboards showing
student progress 23. Predictive models identifying at-risk students 24. Real-time performance
monitoring systems 25. Data-driven personalized learning recommendations 26. Analytics-
informed instructional decision making

General Technology Infrastructure (9 items) 27. High-speed internet connectivity
throughout school 28. One-to-one device programs (tablets/laptops per student) 29. Interactive
whiteboards or smart displays in classrooms 30. Cloud-based learning management systems
31. Digital textbooks and online learning resources 32. Video conferencing capabilities for
remote learning 33. Mobile learning applications 34. Technical support staff available for
troubleshooting 35. Regular teacher training on technology integration

Appendix B: Academic Performance Data Collection Protocol

Data Source 1: Standardized Test Scores

e End-of-semester examinations in four core subjects

e Scores converted to 100-point scale for consistency

e Subject areas: Mathematics, Science, Language Arts, Social Studies

e Data collected from official school records
Data Source 2: Grade Point Average

e Cumulative GPA calculated using Thai 4-point scale

e Academic year 2023 final GPA

e Verified through official transcripts
Data Source 3: Subject-Specific Performance Indicators

e Formative assessment scores throughout semester

e Project-based learning evaluations

e Participation and engagement metrics

e Portfolio assessments where applicable
Data Quality Assurance Procedures:

e Cross-verification of scores with multiple school officials
Standardization procedures for different grading systems
Missing data protocols and imputation procedures
Inter-rater reliability checks for subjective assessments

Appendix C: Statistical Analysis Syntax

SPSS Syntax for Primary Analyses
* Descriptive Statistics by Group
DESCRIPTIVES VARIABLES=GPA TestScore MathScore ScienceScore LAScore
SSScore
/STATISTICS=MEAN STDDEV MIN MAX
/SORT=MEAN (D).
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* Independent Samples T-Tests

T-TEST GROUPS=TechLevel(1 2)
/VARIABLES=GPA TestScore MathScore ScienceScore LAScore SSScore
/CRITERIA=CI(.95).

* Multiple Regression Analysis
REGRESSION
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA COLLIN TOL CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT TestScore
/METHOD=ENTER AI Integration VR _Integration Gamification_ Integration
Analytics_Integration Infrastructure Integration.

* Two-Way ANOVA for Interaction Effects
UNIANOVA TestScore BY TechLevel Gender
/METHOD=SSTYPE(3)
/INTERCEPT=INCLUDE
/POSTHOC=TechLevel(TUKEY)
/PLOT=PROFILE(TechLevel*Gender)
/EMMEANS=TABLES(TechLevel*Gender)
/PRINT=ETASQ DESCRIPTIVE HOMOGENEITY
/CRITERIA=ALPHA(.05)
/DESIGN=TechLevel Gender TechLevel*Gender.

* Hierarchical Multiple Regression

REGRESSION
/MISSING LISTWISE
/STATISTICS COEFF OUTS R ANOVA CHANGE ZPP
/CRITERIA=PIN(.05) POUT(.10)
/NOORIGIN
/DEPENDENT TestScore
/METHOD=ENTER PriorGPA SES Gender SchoolType Province
/METHOD=ENTER Al Integration VR Integration Gamification Integration
Analytics Integration Infrastructure Integration
/METHOD=ENTER Tech SES Interaction Tech Experience Interaction.

Appendix D: Participant Information and Consent Forms
Student Information Sheet
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Research Title: The Impact of Cutting-Edge Information Technology Integration on
Student Academic Performance: A Causal-Comparative Study in Central Thailand's
Educational Institutions

Principal Investigator: [Name], College of Communication Arts, Suan Sunandha
Rajabhat University

What is this study about? This research examines how different types of educational
technologies (such as virtual reality, artificial intelligence, and interactive games) affect
student learning and academic performance in Thai secondary schools.

What will happen if I participate?

e Complete questionnaires about your technology experience (15 minutes)
e Allow researchers to access your academic performance data
e Participate in brief assessments of your learning progress
e Total time commitment: approximately 45 minutes
Are there any risks or benefits?
e Minimal risks: No physical or psychological risks anticipated
e Benefits: Your school will receive a summary report to help improve
technology use

Will my information be kept confidential?

e All data will be anonymous and confidential

¢  Your name will not be used in any reports

e Data will be stored securely and destroyed after 5 years
Can I withdraw from the study?

e Participation is completely voluntary

e You may withdraw at any time without penalty

e Withdrawal will not affect your academic standing

Student Consent (Age 18+ only) o I have read and understood the information about
this study o I agree to participate in this research o I understand I can withdraw at any time

Student Signature: Date:

Parental Consent (For students under 18) o I give permission for my child to
participate in this research o I understand the study procedures and requirements o [ know my
child can withdraw at any time

Parent Signature: Date:

Appendix E: School Technology Integration Profiles

High-Technology Integration Schools
School H1 (Private, Nakhon Pathom)
e TIAS Score: 152/175
e Key Technologies: VR science labs, Al tutoring platforms, gamified math
curriculum
e Infrastructure: 1:1 tablet program, fiber internet, smart classrooms
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e Teacher Training: 60+ hours annually in educational technology
School H2 (Public, Pathum Thani)
e TIAS Score: 148/175
e Key Technologies: AR geography applications, learning analytics dashboard,
digital portfolios
e Infrastructure: Computer labs in every building, interactive whiteboards
e Teacher Training: Mandatory technology integration certification
School H3 (Private, Ayutthaya)
e TIAS Score: 145/175
e Key Technologies: Virtual field trips, Al writing assistants, collaborative online
platforms
e Infrastructure: Cloud-based learning management system, mobile device
program
e Teacher Training: Peer mentoring program for technology integration
Low-Technology Integration Schools
School L1 (Public, Nakhon Pathom)
e TIAS Score: 92/175
e Key Technologies: Basic computer lab, limited internet access, traditional
teaching methods
e Infrastructure: Shared computers, intermittent connectivity
e Teacher Training: Minimal technology professional development
School L2 (Public, Pathum Thani)
e TIAS Score: 88/175
e Key Technologies: Occasional PowerPoint presentations, basic educational
websites
e Infrastructure: One computer lab for entire school, slow internet
e Teacher Training: Self-directed technology learning
School L3 (Private, Ayutthaya)
e TIAS Score: 85/175
e Key Technologies: Email communication, basic productivity software
e Infrastructure: Limited devices, teacher computers only
e Teacher Training: Traditional pedagogy focus, limited technology emphasis

Appendix F: Data Collection Timeline and Procedures
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Phase 1: Preparatory Activities (August 2021)
Institutional Review Board approval obtained
Ministry of Education research permits secured
School selection and recruitment completed
Research team training conducted
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Pilot testing of instruments completed

Phase 2: School Assessment (September 2021) Week 1-2: Technology integration

assessments

On-site visits to all 15 participating schools

TIAS administered to technology coordinators and principals
Infrastructure audits conducted using standardized checklists
Teacher interviews regarding technology use practices

Week 3-4: Classification and validation

TIAS scores calculated and verified

Schools classified into high/low technology integration groups
Student sampling procedures implemented

Baseline demographic data collection initiated

Phase 3: Student Data Collection (October-November 2021) Week 1-2: Baseline

assessments

Student demographic questionnaires administered

Technology experience assessments completed

Prior academic achievement data collected from school records
Informed consent processes completed

Week 3-4: Academic performance data collection
End-of-semester examination scores obtained

GPA calculations verified with school officials

Subject-specific performance measures collected

Missing data identified and resolved

Phase 4: Data Processing and Analysis (December 2021-January 2022) Week 1-2:
Data cleaning and preparation

Database construction and verification
Missing data imputation procedures
Outlier identification and treatment
Statistical assumption testing

Week 3-4: Primary statistical analyses
Descriptive statistics calculated
Inferential statistical tests conducted
Effect size calculations completed
Results interpretation and validation

Quality Assurance Procedures:

Daily data collection logs maintained

Inter-rater reliability assessments conducted weekly
Data entry verification procedures implemented
Regular consultation with statistical analysis experts
Participant feedback and validation processes
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This comprehensive appendix section provides detailed documentation of all research
procedures, instruments, and analytical approaches used in the study, supporting transparency
and replicability of the research findings.
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