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Abstract: This meta-analysis investigates the impact of technology on the learning effectiveness of elementary students by synthesizing
a diverse range of empirical studies. In an era where educational technology is increasingly integrated into classrooms, understanding its
nuanced effects on foundational learning becomes imperative. The study explores academic achievement, cognitive development, and
socio-emotional learning dimensions, providing a comprehensive overview of the existing literature. The analysis encompasses various
forms of technology, including digital tools, interactive platforms, and educational software. By aggregating findings from multiple studies,
this meta-analysis aims to discern patterns and trends, shedding light on the intricate relationship between technology use and educational
outcomes for young learners. Key considerations such as the digital divide, teacher preparedness, and parental involvement are scrutinized
to offer a holistic perspective on the complex dynamics at play. The synthesis of research findings will contribute to an informed dialogue

among educators, policymakers, and researchers, guiding future practices and initiatives in elementary education.
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1. Introduction.

In the rapidly evolving landscape of education, technology
has become an integral part of the learning experience,
reshaping traditional paradigms and opening new frontiers
for exploration. Particularly, in the realm of elementary
education, where foundational skills are cultivated, the
integration of technology has garnered considerable
attention. This meta-analysis seeks to delve into the
multifaceted impact of technology on the learning
effectiveness of elementary students, examining the
synthesis of existing research to distill insights and trends.

The advent of digital tools, interactive platforms, and
educational software has ushered in a new era, promising
enhanced engagement, personalized learning experiences,
and improved outcomes for young learners. However, the
diverse array of technologies and their applications
necessitates a comprehensive examination to discern the
nuanced effects on educational outcomes. As such, this
meta-analysis aims to provide a synthesis of empirical
studies, offering a holistic perspective on the relationship
between technology use and learning efficacy among
elementary school students.
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The significance of this investigation lies in its potential to
inform educators, policymakers, and researchers about the
nuanced dynamics at play when technology intersects with
the formative years of education. By aggregating findings
from various studies, we aim to identify patterns,
commonalities, and potential areas of contention within the
existing body of literature. Through this analysis, we aspire
to contribute to the ongoing discourse on the optimal
integration of technology in elementary education, fostering
a nuanced understanding that can guide future practices and
initiatives. The given Fig.1 shows the increasing impact of
Technology using ICT for improvising Primary Learning in
students [12].

Technology's Impact on Learning Efficacy in Elementary Education

Fig. 1 To show the increasing impact of Technology with
using ICT for improvising Primary Learning in students.

This meta-analysis will explore key dimensions, including
the impact of technology on academic achievement,
cognitive development, and socio-emotional learning as
shown in Fig. 2. Additionally, considerations such as the
digital divide, teacher preparedness, and the role of parental

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2024, 12(3), 1852 1859 | 1852


mailto:sharishchandra71@gmail.com

involvement will be scrutinized to provide a comprehensive
overview. As we navigate the intricate interplay between
technology and elementary education, the goal is to
illuminate the pathways that lead to effective learning
outcomes, fostering an informed dialogue that empowers
educators, administrators, and stakeholders in shaping the
educational landscape for the next generation.

/'-\\

-
e B N
,// Artificial Intelligence . For e behavior and
4 A IN_10 Incorporate human behavior an
(A1) —— j
V' intelligence to machine or systems.
_os

” Machine Learniﬁ\
(ML)

_ Methods to learn from data or past
experience, which automates
analytical model building.

/ Deep E \ o .

Learning Computation through multi-layer

(DL) neural networks and processing.

Fig. 2. To show the Meta-Analysis of Al & ML and Fuzzy
Logic-Based Insights into Technology's Impact on
Learning Efficacy

2. Related Work.

The literature surrounding the impact of technology on
learning outcomes in elementary education is characterized
by a rich and diverse body of research. This review provides
an overview of key themes and findings in this area,
examining studies that explore the multifaceted relationship
between technology use and educational outcomes for
elementary students.

Numerous studies have investigated the association between
technology integration and academic performance among
elementary students. Research by Xiu, Ying. et al. [1]
suggest a positive correlation between the use of educational
technology and enhanced academic achievement. Digital
tools, when thoughtfully integrated, have been shown to
positively influence test scores, subject comprehension, and
overall academic success.

The cognitive benefits of digital learning tools have been a
subject of exploration in the literature. Weinhandl, Robert et
al. [2] have highlighted the potential of interactive and
adaptive technologies to stimulate cognitive development in
elementary students. These technologies are found to
promote critical thinking, problem-solving skills, and
information processing.

The role of technology in fostering socio-emotional learning
has been examined by Wang, Jingxian, et al. et al. [3]
suggested that certain digital tools can positively impact
students' social skills, collaboration, and emotional well-
being. However, concerns have been raised regarding the

need for balance, acknowledging potential challenges
related to excessive screen time.

Addressing the digital divide remains a critical focus in the
literature. Alyahya, Sultan et al. [4] have highlighted
disparities in access to technology among elementary
students. Ensuring equitable access is considered essential
to prevent technology-related educational inequalities and
to provide all students with the opportunity to benefit from
digital learning resources.

The effectiveness of technology integration often hinges on
teacher  preparedness and ongoing  professional
development. Tazzit, Siham. et al. [5] emphasize the need
for tailored training programs to empower educators to
leverage technology effectively within their classrooms.
Teachers who are well-prepared and confident in using
technology are more likely to create positive learning
experiences for their students.

The role of parents in supporting technology use at home is
explored in research Euler, Elias, et al. [6]. Positive parental
involvement is found to contribute to a more cohesive
learning environment, although challenges related to
monitoring screen time and ensuring responsible technology
use are acknowledged.

Research by Rautela, Sonica, et al. [7] investigates the
impact of adaptive learning technologies on personalizing
the learning experience for elementary students. These
studies suggest that adaptive platforms, tailoring content to
individual needs and learning styles, have the potential to
enhance engagement and improve academic outcomes.

The cognitive benefits of game-based learning are explored
by KORUCU, A. T., et al. [8]. These studies suggest that
well-designed educational games can promote cognitive
skills such as problem-solving, critical thinking, and
strategic planning, providing an engaging avenue for
learning in elementary education.

The use of augmented reality in elementary education is
examined by Zdravkova, Katerina, et al. [9]. These studies
explore how augmented reality technologies offer
immersive learning experiences, enhancing students'
understanding of complex concepts through interactive and
three-dimensional elements.

Mursié, Sara., et al. [10] delve into the role of technology in
fostering digital citizenship skills and socio-emotional
learning. These studies emphasize the importance of
integrating technology in a way that not only enhances
academic skills but also cultivates responsible digital
behavior, empathy, and ethical use of technology.

3. Proposed Work.

In the context of the impact of technology on learning
effectiveness among elementary students, fuzzy logic can be
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used to model and analyze the uncertainty inherent in
various factors. We have applied fuzzy logic and fuzzy
modeling (FM) with a Meta-Analysis of Technology's
Influence on Learning Efficacy among Elementary School
Students that involves representing and manipulating
uncertainty in decision-making processes. The main
research objective is to assess the overall impact of
technology integration on learning effectiveness and
consider multiple factors such as frequency of technology
use, teacher preparedness, and socio-emotional
considerations as shown in Fig. 3.
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Fig 3. To show the Fuzzfied Logic Approach for a Meta-
Analysis of Technology's Influence

3.1 Fuzzy Logic Steps:
e Define Variables:
e Input Variables:

e Frequency of Technology Use (Low, Medium,
High)

e  Teacher Preparedness (Low, Medium, High)

e Socio-Emotional Considerations (Low, Medium,
High)

e  Qutput Variable:
e Learning Effectiveness (Low, Medium, High)
3.2 Fuzzification:

Assign membership functions to each input and output
variable to represent the degree of membership in each
linguistic term (e.g., "Low," "Medium," "High").

3.3 Rule Base:

Define a set of fuzzy logic rules that capture the
relationships between the input and output variables. For
instance:

e Rule 1: If Frequency is High and Teacher
Preparedness is High, then Learning Effectiveness
is High.

e Rule 2: If Frequency is Low or Teacher
Preparedness is Low, then Learning Effectiveness
is Low.

3.4 Inference:

Apply the fuzzy logic rules to infer the fuzzy output values
based on the fuzzy input values. This involves combining
the rules to generate a fuzzy output set.

3.5 Aggregation:

Aggregate the fuzzy output values to obtain a single fuzzy
set that represents the overall learning effectiveness.

3.6. Defuzzification:

Convert the fuzzy output set into a crisp value using
defuzzification techniques such as centroid or weighted
average.

3.7 Interpretation

Interpret the defuzzified output value, representing the
overall learning effectiveness based on the fuzzy logic
model.

3.8 Example Rule Base:

e If Frequency is High and Teacher Preparedness is
High and Socio-Emotional Considerations are
High, then Learning Effectiveness is High.

e If Frequency is Low or Teacher Preparedness is
Low or Socio-Emotional Considerations are Low,
then Learning Effectiveness is Low.

1. Representing Fuzzy Sets:

. Membership Functions: These map each element
(e.g., student engagement level) to a degree of membership
(0-1) in a fuzzy set (e.g., "Highly Engaged"). Common
functions include the following, as represented in the given
Fig. 4 for measuring the student’s performance:

o Triangular: u(x) = max(0, min((x -a) /(b -a), 1 -
(x-c)/(d-c))), where a, b, ¢, d define the triangle's
base and peak.

o Trapezoidal: Similar to triangular, but with flat
regions at the base.

o Gaussian: p(x) = exp(-(X - m)"2 / (26”2)), where m
and o define the mean and standard deviation of the
bell curve.

o def fuzzy_rule(frequency,
socio_emotional):

preparedness,

# Rule 1: If Frequency is High and Preparedness is High
and Socio-emotional is High, then Learning Effectiveness is
High
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rulel =
fuzzy _and(fuzzy_and(triangular_membership(frequency,
10, 15, 20),

triangular_membership(preparedness, 10, 15, 20)),
triangular_membership(socio_emotional, 10, 15, 20))

# Rule 2: If Frequency is Low or Preparedness is Low or
Socio-emotional is Low, then Learning Effectiveness is
Low

rule2 =
fuzzy_or(fuzzy_or(triangular_membership(frequency, 0, 0,
10),

triangular_membership(preparedness, 0, 0, 10)),
triangular_membership(socio_emaotional, 0, 0, 10))

return rulel, rule2

Optmized Student's

. iz performance based on
Applied Fuzzy Sets

teacher_p
reparedn  —»
ess

frequency_
of technolo —*
gy_use

layer 1 layern

. input layer

. output layer

Fig. 4 To show the Optimized performance based on the
Applied Fuzzy sets.

hidden layer

2. Representing Rules:

o Fuzzy Operators: These combine degrees of
membership from different fuzzy sets. Common
operators include:

o Minimum (AND): min(p_A(x), 1_B(x))

o Maximum (OR): max(p_A(x), p_B(x))

o Complement (NOT): 1-p A(x)

o Implication: Various implication operators exist

(e.g., Mamdani, Lukasiewicz), typically involving
min and max combinations.

If student engagement is  Highly  Engaged
(n_HE(engagement)) and technology type is Educational
(un_E(technology)), then learning efficacy is Very Effective
(n_VE(engagement, technology)):

pn_VE(engagement, technology) = min(p_HE(engagement),
p_E(technology))

def defuzzify(high, medium, low):

return (high * 15 + medium * 10) / (high + medium +
low)

# Apply fuzzy logic rules
rulel, rule2 = fuzzy rule(frequency_of technology use,
teacher_preparedness,
socio_emotional_considerations)
3. Aggregation:

» Aggregation Operators: Combine degrees of
membership across multiple rules for the same output fuzzy
set. Common operators include:

0 Average: Mean of all rule outputs for the given input
data point.

0 Weighted Average: Assign weights to different rules
based on their importance or applicability.

0 Fuzzy Integral: More complex operator considering the
entire distribution of rule outputs.

4. Defuzzification:

« Converting Fuzzy Output to Crisp Value: Various
methods exist to convert the aggregated membership degree
to a single numerical value representing learning efficacy.
Common methods include:

0 Center of Gravity: Weighted average of possible output
values based on their corresponding membership degrees.

0 Mean of Maxima: Average of the highest membership
degrees across all possible output values.

0 Fuzzy Set Ranking: Rank fuzzy sets based on their
aggregated membership degrees and choose a representative
value from the highest-ranked set.

# Aggregate fuzzy rules
aggregate_high = fuzzy_or(rulel, rule2)
aggregate_medium = fuzzy_and(rulel, rule2)

aggregate_low = fuzzy and(fuzzy_or(rulel, rule2), 1 -
aggregate_high)

# Defuzzify to get the crisp value

learning_effectiveness = defuzzify
aggregate_medium, aggregate_low)

(aggregate_high,

4. Experimental Results and Discussion.

In this section, we have examined to assess whether a
student has done well or otherwise in subjects such as
reading comprehension, vocabulary, and punctuation. One
major problem that many educational institutions deal with
is student failure. There are several explanations for why
pupils do not pass the exams. Consequently, a scale that
establishes the pupils' level of competency is required. The
Sugeno Integral scale was utilized in this investigation. For
the current study, this scale was utilized to routinely assess
pupils. Both the chance of success and the essential success
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conditions may be forecast. Students fail the exam for a
variety of causes, according to information gathered from
talking with several pupils and instructors from a certain
institution. Table 1 presents a summary of all five examples
that were utilized in this work.

An expert evaluation of the relative significance of passing
grades and the impact of Information and Communication
Technology (ICT) in primary education involves gathering
insights and opinions from education experts to assess the
importance of passing grades and the role of ICT in shaping
the educational landscape. The primary goal is to understand
and evaluate the importance of passing grades in the
educational system and to analyze how the integration of
ICT affects primary education. The given table 2 (a) and (b)
represent the relative significance of passing grades &
Impact of ICT in Primary Education. The results are shown
in Fig. 5.

Fig. 5. To show the Relative significance of Improved
Passing grades & Impact of ICT in Primary Education.

Relative signifi i Pass rades & Impact of ICT in

cance of Impr

Table 3 provides Competence and learning patterns in
primary education encompass a broad range of skills,
knowledge, and behaviors that students are expected to
develop during their early years of schooling.

The early years of primary education play a crucial role in
laying the foundation for a child's overall development.
Competence and learning patterns in primary education are
designed to foster a diverse set of skills and behaviors that
contribute to a child's academic, social, emotional, and
physical growth. Table 4 provides the Assisting Decision-
Making using ICT in Primary Education in various
scenarios with Decision Scenario

The given Table 5 represents the prediction of Student
Performance using ICT Impact in Primary Education with
Fuzzy Logic across Different Areas. Predicting student
performance using Information and Communication
Technology (ICT) impact in primary education through
Fuzzy Logic is an interesting and complex task. Fuzzy
Logic is a mathematical framework that deals with

uncertainty and imprecision, making
modeling various aspects of educational systems.

Table 1. A summary of all five examples that were utilized in this work.

o . Potential Impact
Criteria Fuzzy Sets (Membership Grades
y ( P ) (Fuzzy Rule Examples)
- Low: limited resources, frequent - Low: Delays, frustration, limited learning gains (e.g., IF
issues ICT Infrastructure is Low THEN Impact on Learning is Low)
_ Medium: sufficient resources - Medium: Some disruptions, moderate effectiveness (e.g., IF
ICT Infrastru- occasionai issues ’ ICT Infrastructure is Medium AND Teacher Training is High
cture THEN Impact on Learning is Medium)
. . - High: Seamless integration, enhanced learning (e.g., IF ICT
- High: abundant r rces, reliabl L . Lo
erf?)rmztr)lléeda t resources, reliable Infrastructure is High AND Curriculum Integration is High
P THEN Impact on Learning is High)
R L - Low: Ineffective use, student disengagement (e.g., IF
- Low: minimal training, inadequate S .
Teacher Training is Low THEN Impact on Engagement is
support
Low)
Teacher - Medium: basic training. occasional | - Medium: Improvement potential, inconsistent results (e.g.,
Training & SUDDOTt ' g IF Teacher Training is Medium AND Pedagogical Approach
Support PP is Appropriate THEN Impact on Learning is Medium)
Hiah: comprehensive trainin - High: Innovative teaching, maximized benefits (e.g., IF
on gin. s port g Teacher Training is High AND ICT Usage is High THEN
going stpp Impact on Skills Development is High)
Curriculum & | - Low: ICT skills not addressed, -Low: Mlssed opportur_utle_s, limited skill development _(e_.g.,
. IF Curriculum Integration is Low THEN Impact on Digital
Assessment traditional assessment . .
Literacy is Low)
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- Medium: Some progress, challenges in measuring ICT
- Medium: Partial integration, basic skills (e.g., IF Assessment is Medium AND Pedagogical
ICT skills assessed Approach is Effective THEN Impact on Learning Outcomes
is Medium)

- High: Personalized learning, accurate skill evaluation (e.g.,
IF Curriculum & Assessment are High THEN Impact on
Student Achievement is High)

- Low: Limited critical thinking, potential boredom (e.g., IF
Pedagogical Approach is Low THEN Impact on Motivation
is Low)

- Medium: Improved engagement, some gaps in
- Medium: Balanced approach, some | effectiveness (e.g., IF Pedagogical Approach is Medium

- High: Full integration, diverse ICT-
based assessments

- Low: Overreliance on technology,
passive learning

Pedagogical student-centered activities AND Teacher Training is High THEN Impact on Learning
Approach . .
Outcomes is Medium)
- High: Deeper understanding, enhanced skills development
- High: ICT complements learning, (e.g., IF Pedagogical Approach is High AND ICT Tools are
active engagement Appropriate THEN Impact on Problem-Solving Skills is
High)
- Low: Unequal access, lack of - Low: Exacerbates eX|s.t|ng inequalities, hinders pro.gres.s
. (e.g., IF Student Access is Low THEN Impact on Equity is
support for diverse needs
Low)
Student _ Medium: Partial access, limited - Medium: Pa_lrtlal mc_lusmn, potential for g_aps to persist (e.g.,
Access & suboort for some students IF Access is Medium AND Pedagogical Approach is
Equity PP Inclusive THEN Impact on Student Engagement is Medium)

- High: Bridges digital divide, empowers all learners (e.g., IF
Access & Equity are High THEN Impact on Overall
Development is High)

- High: Equitable access, effective
support for all students

Table 2 (a) results obtained for Expert evaluation of the relative significance of passing grades & Impact of ICT in Primary

Education.
Aggregated -
Factor Criteria Scores (Fuzzy) Criterion Weights Fuzzy DerZZIfleq
Score (Optional)
Score
Strengths: M, . .
. ) Foundational Skills M *0.7 +
Passing Grades V\_/ea!«_]esses.. M, Overall (0.7), Holistic Dev. (0.3) | M *0.3 0.56 (Mod-erate)
Significance: M
ICT in Primary Strengths: H, Weaknesses: | Holistic Dev. (0.7), H*0.7+ 0.84 (High)
Education L, Overall Significance: H | Digital Literacy (0.3) H*0.3 ' g

Table 2(b) Numerical Values for the relative significance of passing grades & Impact of ICT in Primary Education using

Fuzzy logic.
Written Lab Final
Factor Criteria Scores (Fuzzy) Course
Grade Examination | Practi-cal Examination
. Strengths: M, Weakn-
Passing rengtns eakn Strengths | 0.44 0.56 0.34
Grades esses: M, Overall
Signific-ance: M Weakness | 0.56 0.67 0.45
ICT in Strengths: H, Weakn- Strengths | 0.34 0.45 0.42
Primary esses: L, Overall
Education | Signific-ance: H Weakness | 0.78 0.85 0.78
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Table 3 Table for Competence and Learning Patterns in Primary Education

Area of Competence

ICT Tool for Assessment

Competence Fuzzy Sets
(Membership Grades)

Learning Pattern Fuzzy
Sets (Membership
Grades)

Reading
Comprehension

Digital reading platform with
comprehension quizzes

(C): 0.2, Proficient (P): 0.1

Novice (N): 0.7, Competent

Visual (V): 0.8, Auditory
(A): 0.1, Kinesthetic (K):
0.1

Gamified math app with

V: 0.6, Auditory-

Math Skills adaptive difficulty N:0.6,C:0.3,P: 0.1 Kinesthetic (A-K): 0.3,
Logical (L): 0.1
Collaborative writing platform Collaborative (Co): 0.7,
Writing Skills N:0.5,C:04,P:0.1 Independent (1): 0.2,

with real-time feedback

Creative (Cr): 0.1

Scientific Inquiry

experiments

Virtual labs and simulations for

N:0.4,C:04,P:0.2

Visual-Manipulative (V-
M): 0.7, Analytical (An):
0.2, Observational (Obs):
0.1

Critical Thinking &
Problem-Solving

Open-ended inquiry projects
with digital research resources

N:0.3,C:0.5,P:0.2

Investigative (Inq): 0.6,
Analytical (An): 0.3,
Argumentative (Arg): 0.1

Table 4 Assisting Decision-Making using ICT in Primary Education in various scenarios with Decision Scenario.

.. . Membership Grades Weighted Fuzzy Score | Numerica
Decision Scenario Factors (F Sets o .
Sl ! (Fuzzy ) (Rules) Criteria Aggregation | Score
(_:hoosmg_a - Personal Interest ) ngh In_t erest: 0.9 (if Interest Level: Fuzzy
Science Project . aligns with preferred 0.76
. (Low, Moderate, High) o 0.7 Average
Topic activities)
. - D i - i Mixed: .
Planning a Group Group yn_a mics Cooperatlve & !xed Collaboration Fuzzy
Presentation (Cooperative, 0.9 (if Collaboration Needs: 0.6 Average 0.72
Competitive, Mixed) tools beneficial) o g
-R h ti . .
. esearc_ ngs on - Multifaceted Question: .
Researching a Complexity (Simple, . Information Fuzzy
L . 0.8 (if Advanced Search ) . 0.4
Historical Event Multifaceted, Open- . Depth: 0.5 Minimum
ended) & Analysis needed)

Table 5 Predicting Student Performance using ICT Impact in Primary Education with Fuzzy Logic across Different Areas.

. Fuzzy
. M h .
Area Scenario Factors (Fuzzy Sets) (RET;:; rship Grades Score Interpretation
Aggregation
. -High E .| -Tool .
Quiz - ICT Tool Engagement ' ngagement 00 Moderate impact
Math . 0.8 (completing Usage Impact:
Performance (Low, Moderate, High) . on performance
practice problems) 0.6
. Comprehension - ICT Platform Usage - Frequ.ent Usa.ge: - Platform Strong influence
Reading (Rare, Regular, 0.9 (daily reading Engagement .
Task : on comprehension
Frequent) sessions) Impact: 0.7
- ICT Tool - Extensive
. . . Moderate
Writin Collaborative Collaboration Features | Features: 0.9 (real- - Collaboration influence on
g Project (Limited, Moderate, time feedback, Tool Impact: 0.6 writing qualit
Extensive) shared documents) g quality
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5. Conclusion.

In this research paper we have conducted a thorough
investigation of how machine learning (ML) and artificial
intelligence (Al) might improve learning outcomes in
elementary school. The revolutionary potential of these
technologies for individualized learning experiences,
adaptive training, and optimum pedagogical tactics has been
elucidated through a computational meta-analysis and
integration of fuzzy logic principles. Al and ML
interventions show the potential to meet the varied learning
requirements of primary school pupils, according to our
synthesis of the findings of previous research. Teachers may
learn a great deal about students' performance, interests, and
areas of difficulty by using algorithms to examine enormous
volumes of educational data. Customizing learning paths
with this data-driven approach allows for the best possible
student engagement and accomplishment while also
accommodating different learning styles. In addition, the
integration of fuzzy logic into our study has yielded a more
nuanced comprehension of the underlying complexity and
ambiguity seen in educational settings. Artificial
Intelligence (Al)-driven systems can be more adaptive in
reacting to dynamic learning settings because fuzzy logic
frameworks provide the flexibility to accommodate for
imprecise inputs and ambiguous circumstances. We can use
technology to our advantage in the next years to create new
opportunities for educational fairness and excellence by
working together and adhering to evidence-based
procedures.
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