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INTRODUCTION 

The contemporary educational landscape is increasingly characterized by the 

integration of digital technologies, a transformation that has fundamentally altered how 

students engage with scientific and mathematical concepts. Virtual laboratories, in 

particular, have emerged as powerful educational tools that bridge the gap between 

theoretical knowledge and practical application, offering students immersive, interactive 

learning experiences that traditional classroom settings often cannot provide. In an era 

where Science, Technology, Engineering, and Mathematics (STEM) education drives 

economic growth and innovation, the ability to cultivate integrative understanding across 

these domains has become paramount for preparing students to address complex global 

challenges (Zhang & Liu, 2024). 
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ABSTRACT 

This study aimed to investigate the impact of virtual laboratories on 

developing integrative concepts between mathematics and science among 

eighth-grade students. The research adopted an experimental design with 

three equivalent groups: the first experimental group studied mathematics 

using virtual laboratories, the second experimental group studied science 

using virtual laboratories, and the control group studied using the 

traditional method. The sample consisted of 83 eighth-grade students from 

basic education schools in Duhok Governorate for the academic year 2024-

2025. The researchers prepared an integrative concepts test consisting of 

18 items distributed equally across three concept elements (definition, 

discrimination, application). The results revealed statistically significant 

differences between the three groups in the post-test of integrative concepts 

in favor of both experimental groups, with no significant difference between 

the two experimental groups themselves. Additionally, both experimental 

groups showed significant improvement in their integrative concepts 

understanding from pre-test to post-test. The effect sizes were large, 

confirming the educational importance of these differences. Based on these 

findings, the researchers recommended providing the necessary 

infrastructure for implementing virtual laboratories in schools, training 

teachers to use them effectively, and developing curriculum materials that 

highlight the connections between mathematics and science concepts. The 

study suggested conducting further research on the impact of virtual 

laboratories on other educational aspects and in different educational 

stages. 

Keywords: Virtual Laboratories, Integrative Concepts, STEM Education, 

Mathematics-Science Integration, Middle School. 
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The integration of mathematics and science has gained significant momentum in 

recent educational research and practice. These disciplines are naturally complementary, 

sharing methodological approaches, conceptual frameworks, and problem-solving 

strategies. However, traditional educational structures often treat them as isolated 

domains, creating artificial boundaries that impede students' abilities to recognize and 

leverage their interconnections (Verma & Verma, 2025). Middle school represents a 

critical period in students' educational development, as it is during these formative years 

that students begin to develop more sophisticated understanding of abstract concepts and 

their applications across disciplines (Aguirre-Muñoz et al., 2022). 

Virtual laboratories provide a fertile ground for nurturing this integrative 

understanding by creating environments where students can explore the mathematical 

foundations of scientific phenomena and the scientific applications of mathematical 

principles. These digital platforms overcome many limitations of physical laboratories, 

including constraints related to safety, cost, time, and access to resources (Husnaini & 

Chen, 2019). Moreover, they afford opportunities for experimentation and exploration 

that might be impossible or impractical in traditional laboratory settings, enabling 

students to visualize abstract concepts, manipulate variables, and observe dynamic 

relationships in real-time (Ma et al., 2022). 

The COVID-19 pandemic has accelerated the adoption of virtual laboratories in 

educational settings worldwide, as educators sought innovative ways to maintain quality 

instruction amid widespread school closures. This global shift toward remote and hybrid 

learning models has highlighted both the potential and the challenges of virtual 

laboratories in supporting integrative STEM education (Govender, 2023). As Qolamani 

(2022) states, "Distance learning approaches are indispensable in times of crisis, such as 

the COVID-19 Pandemic, when it comes to assisting the educational process." As 

educational systems continue to evolve in response to technological advancements and 

changing societal needs, understanding the effectiveness of virtual laboratories in 

developing integrative concepts between mathematics and science becomes increasingly 

important. 

Research has demonstrated that virtual laboratories can enhance student 

engagement, motivation, and academic performance in STEM subjects (Papalazarou et 

al., 2024). However, studies specifically examining their impact on developing 

integrative concepts between mathematics and science remain limited, particularly in the 

middle school context. This gap in the literature is significant, as integrative 

understanding across STEM disciplines is essential for fostering the critical thinking, 

problem-solving, and innovation skills that students will need to navigate an increasingly 

complex world (Kelley & Knowles, 2016). 

Integrative concepts between mathematics and science include mathematical 

modeling, data analysis and interpretation, spatial reasoning, proportional relationships, 

and systems thinking. These concepts serve as intellectual bridges that enable students to 

transfer knowledge and skills across disciplinary boundaries, deepening their 

understanding of both domains and enhancing their ability to apply this knowledge in 
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novel contexts (Lumabit & Sagge, 2023). By providing structured opportunities for 

students to engage with these integrative concepts through hands-on exploration and 

discovery, virtual laboratories may offer a promising approach to strengthen connections 

between mathematics and science learning. 

The Middle East educational context presents unique opportunities and challenges 

for implementing innovative educational approaches like virtual laboratories. Countries 

in this region are increasingly investing in educational technology as part of broader 

initiatives to develop knowledge-based economies and equip students with 21st-century 

skills (Teo et al., 2014). However, disparities in digital infrastructure, pedagogical 

traditions, and resource availability influence how these technologies are integrated into 

classroom practice. Understanding the effectiveness of virtual laboratories in developing 

integrative concepts within this specific educational and cultural context can inform both 

local policy and international educational research. 

 Several previous studies have explored the effectiveness of virtual laboratories 

within specific subject domains. Sypsas et al. (2025) investigated the use of Onlabs, a 3D 

virtual reality biology lab, and found improvements in students’ engagement and 

understanding of biological concepts, though the study remained discipline-specific. 

Similarly, Papalazarou et al. (2024) compared physical and virtual inquiry-based 

experiments and concluded that virtual labs could be just as, if not more, effective than 

traditional labs in enhancing science learning outcomes and student attitudes. However, 

both studies focused solely on science, without exploring interdisciplinary applications. 

Lumabit and Sagge (2023) focused on mathematics, integrating virtual labs into an 

inquiry-based module, which improved students’ higher-order thinking and mathematical 

modeling skills. Nonetheless, the study was limited to mathematics and did not address 

integration with science or shared conceptual development. 

Other studies have also demonstrated the benefits of virtual laboratories in science 

education. Husnaini and Chen (2019) showed that guided inquiry in both virtual and 

physical labs improved conceptual understanding and inquiry performance in science 

classes, but did not explore cross-disciplinary impacts. Zacharia et al. (2008) found that 

virtual manipulatives could enhance students’ understanding of physics concepts like heat 

and temperature, though the study was confined to a single scientific topic. Verma and 

Verma (2025) reviewed innovative virtual lab practices in science education and 

highlighted their pedagogical value, accessibility, and interactivity. However, like the 

others, their review was limited to natural sciences and did not address how virtual labs 

might foster integrative understanding across mathematics and science. Collectively, 

these studies underscore the promise of virtual labs while revealing a clear gap in research 

on their interdisciplinary potential specifically the integration of mathematics and science 

concepts. 

While all six reviewed studies affirm the effectiveness of virtual laboratories in 

enhancing subject-specific learning outcomes—predominantly in science or mathematics 

none explicitly addressed the development of integrative concepts bridging mathematics 

and science. Most research either focused on a single subject domain or analyzed student 
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outcomes without examining cross-disciplinary conceptual growth. Furthermore, few 

studies utilized experimental designs with multiple groups or constructed instruments 

specifically targeting integrative conceptual understanding. 

The present research is among the first to experimentally assess the impact of virtual 

laboratories on the development of integrative concepts between mathematics and science 

among middle school students. It distinguishes itself by employing a three-group 

experimental design (mathematics virtual lab, science virtual lab, and traditional 

instruction), a standardized test of integrative concepts, and a focus on the middle school 

context in Iraq. By addressing a critical gap in the literature, this study advances our 

understanding of how virtual laboratories can foster interdisciplinary STEM learning and 

offers actionable recommendations for curriculum design, teacher professional 

development, and educational technology integration. 

 

RESEARCH METHOD 

This section details the procedures undertaken by the researchers, beginning with 

selecting an appropriate experimental design, defining the research population and 

sample, ensuring equivalence between the three groups (first experimental, second 

experimental, and control), preparing teaching plans for the groups, developing research 

instruments, and selecting appropriate statistical methods as follows: 

The researchers employed the experimental methodology in implementing the 

experiment, as it was most compatible with the research objectives and hypotheses. The 

researchers sought to identify the effectiveness of the independent variable (virtual 

laboratories) on the dependent variable (development of integrative concepts between 

mathematics and science) in the research sample. 

The experimental design represents the proper structure and appropriate strategy 

that controls the research and leads to reliable results in verifying research objectives and 

hypotheses. The researchers adopted the equivalent groups experimental design, as 

expressed in table (1): 

Table 1, Distribution of Experimental Design 

Research Groups Independent Variable Dependent Variable 

First Experimental 
Teaching mathematics using 

virtual laboratories Development of integrative 

concepts between 

mathematics and science 

Second 

Experimental 

Teaching science using virtual 

laboratories 

Control Traditional method 

The current research population was determined to include all eighth-grade 

students, totaling 4,514 male and female students in basic education schools affiliated 

with the Mosul Education Directorate in Duhok Governorate, distributed across 6 basic 

schools for the academic year (2024-2025). A random sample of 83 male and female 

students was selected from the research population. They were purposively selected from 

Ghanem Hamoudat School due to the availability of virtual laboratories (specialized 

classrooms for teaching each subject) for the eighth grade to represent the two 

experimental research groups, and Nineveh School to represent the control group. The 
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researchers randomly distributed students from the academic sections to the three research 

groups. Section (B), consisting of 24 students, represented the first experimental group, 

and Section (A), consisting of 31 students, represented the second experimental group 

from Ghanem Hamoudat School. Section (D), consisting of 28 students, represented the 

control group from Nineveh School, after excluding 4 students from the control group for 

having prior experience, as shown in Table 1. 

Table 2, Distribution of Research Sample Students 

Section Group 
Teaching 

Method 

Number of 

Students 

Before 

Exclusion 

Number of 

Repeating 

Students 

Number of 

Students 

After 

Exclusion 

B 
First 

Experimental 

Teaching 

mathematics 

using virtual 

laboratories 

24 ----- 24 

A 
Second 

Experimental 

Teaching science 

using virtual 

laboratories 

31 ----- 31 

D Control 
Traditional 

method 
32 4 28 

Total 87 4 83 

The researchers ensured statistical equivalence among the three research groups 

in several variables that might affect the experiment results. These variables were: 

1. Chronological Age, Students' ages were calculated in months until (1/10/2024). The 

mean for the first experimental group was (159.31), for the second experimental group 

(156.22), and for the control group (157.19). 

2. Science and Mathematics Grades from the Previous Year, The achievement scores for 

science and mathematics subjects from the previous year were used. For science, the 

mean for the first experimental group was (71.02), for the second experimental group 

(70.51), and for the control group (68.91). The t-value for the difference between the 

three groups was (1.004). For mathematics, the mean for the first experimental group 

was (74.03), for the second experimental group (72.15), and for the control group 

(69.78). 

3. Previous General Average, The researchers relied on the general average for each 

student from the previous year. The mean for the first experimental group was (75.12), 

for the second experimental group (77.06), and for the control group (70.19). For 

mathematics, the mean for the first experimental group was (73.82), for the second 

experimental group (76.10), and for the control group (70.72). 

4. Pre-test of Integrative Concepts, The integrative concepts test was applied on 

(18/10/2024). The mean for the first experimental group was (10.350), for the second 

experimental group (12.109), and for the control group (11.921). 

5. Intelligence Quotient, Raven's Colored Progressive Matrices Test (CPM), 

standardized for the Arab environment, was applied to measure the intelligence of the 

research groups. The mean for the first experimental group was (41.24), for the second 

experimental group (44.75), and for the control group (41.61). To statistically verify 

the equivalence of the three groups in these variables, the researchers applied the One-
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Way Analysis of Variance (ANOVA) test to compare the means of the three groups 

for the research variables. The results showed (0.395-0.993-1.726-1.294-0.135-1.385-

0.439), all of which are less than the tabulated value of (3.112) at a significance level 

of (0.05) and degrees of freedom (2). This means there is no statistically significant 

difference between the means of the three research groups for each variable, thus the 

groups are considered equivalent in the studied variables. 

6. Parents' Educational Level, The parents' educational level was divided according to 

the type of educational certificate, and the three groups were compared individually 

using the chi-square test. The calculated chi-square values for the father and mother 

variables were (0.569-0.273), which are less than the tabulated chi-square value of 

(12.59) at (0.05). This means there is no statistically significant difference in the 

educational level of parents among the members of the three research groups, 

indicating that the groups are equivalent in the variables of the father's and mother's 

educational level. 

To achieve the research objectives and test its hypotheses, preparing a number of 

requirements was necessary, including: 

1. Analysis of Scientific Material (Content), The content of the scientific material 

includes all topics scheduled for teaching in the eighth grade for science and 

mathematics subjects. It included chapters (first, second, and third) from the textbook 

for teaching mathematics and science subjects for the first semester of the academic 

year (2024-2025). The researchers adhered to those items that would be taught to the 

research groups later. 

2. Formulation of Behavioral Objectives, Based on the content, the researchers 

formulated behavioral objectives intended to be achieved during the first semester. 

They prepared (63) behavioral objectives for mathematics and (59) behavioral 

objectives for science based on Bloom's taxonomy (remembering, understanding, 

application). The behavioral objectives were then presented to a group of arbitrators 

and specialists in education and methods of teaching mathematics and science to solicit 

their opinions on the correctness of behavioral objective formulation and the 

appropriateness of the cognitive level for each objective. The researchers adopted an 

agreement rate of 80% or more among the arbitrators as a criterion for the validity and 

appropriateness of the objective. In light of their opinions, some were modified, and 

based on them, daily teaching plans were prepared. 

3. Preparation of Teaching Plans, In light of the scientific material scheduled for teaching 

to eighth-grade students and the prepared behavioral objectives, the researchers 

prepared (21) daily teaching plans for each group in the study for the experimental 

groups (first and second) according to specific steps applied inside the laboratory, 

which are determined by the following steps (introduction-preparation-

implementation-analysis) with the main components of virtual laboratories (practical 

devices and equipment, computer devices, communication network, programs specific 

to lesson topics, simulation programs designed with multimedia technology, and 

programs for laboratory and student management). In addition, teaching plans were 

prepared according to the usual method for the control group. A model for each of the 

teaching plans was presented to a group of arbitrators and specialists in education and 

methods of teaching mathematics to indicate their opinions on their validity and 

suitability for the specified time, content of the material, and behavioral objectives. 

All agreed on their validity and comprehensiveness for the course material. 
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To achieve the research objective and test its hypotheses, preparation of the 

integrative concepts test for mathematics and science subjects was required according to 

the following steps: 

1. Test Objective, The purpose of the test is to measure the level of acquisition of 

integrative concepts between mathematics and science subjects among the research 

sample individuals. The researchers prepared a conceptual test specific to the common 

topics between mathematics and science subjects for eighth-grade students. 

2. Identifying Common Concepts Between Mathematics and Science Subjects, The 

researchers prepared a list of the main common concepts between mathematics and 

science subjects in general, which represented (10) common concepts. From these 

concepts, (6) common concepts for the eighth grade were selected, which are: 

(mathematical models, relationships, probability and statistics, graphical 

representation, equations, units and conversions). 

3. Formulation of Behavioral Objectives, The researchers relied on the main concepts to 

be included in the concept acquisition test, distributed across levels (definition, 

discrimination, application). Based on these, test items were constructed and presented 

to a group of arbitrators and specialists in education and methods of teaching 

mathematics and science. The researchers adopted an agreement rate of (80%) from 

their opinions for acceptance, and all concepts achieved this rate. 

4. Preparation of Test Items, The researchers prepared test items consisting of (6) main 

and sub-integrative concepts; for each concept, (3) test items measuring the three 

concept acquisition processes (definition-discrimination-application). The items were 

chosen according to the type of multiple-choice and matching tests. The test consisted 

of three groups of questions as follows: 

a. First Group, Consisted of (6) items of the matching type in measuring the 

definition of the concept. 

b. Second Group, Consisted of (6) items of the multiple-choice type in 

discriminating the example from examples or through drawings for the concept. 

c. Third Group, Consisted of (6) items of the multiple-choice type in measuring the 

application of the concept. 

5. Test Validity, To ensure face validity, the researchers presented the test, its 

instructions, and the model answer to a committee of arbitrators and experts with 

experience in the field of teaching methods for mathematics and science to judge the 

validity of the items and their suitability for the requirements of the research sample. 

The researchers adopted an agreement rate of (80%) or more to accept the validity of 

each test item. In light of the observations they made, all test items received an 

acceptable rate, with some items linguistically reformulated, thus verifying the validity 

of the test. 

6. Statistical Analysis of Test Items, To verify the psychometric properties of the test and 

identify the clarity of its instructions, the test was applied to a pilot sample of (100) 

eighth-grade students. The clarity of the test was confirmed, and the time taken to 

answer the test items was between (30-35) minutes. The researchers then statistically 

analyzed the test items to detect weak items and work on reformulating or deleting 

them in terms of their ease, difficulty, discrimination, and effectiveness of alternatives, 

as well as calculating reliability. This was done after arranging the scores in 

descending order and then dividing them into upper and lower groups at a rate of 

(27%), with 27 students in each group. The ease coefficients for each test item were 

calculated, ranging between (0.39-0.64), and discrimination coefficients ranging 
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between (0.29-0.57), which are within the acceptable range. Regarding the 

effectiveness of alternatives, the researchers analyzed the responses of the pilot sample 

individuals to the objective items only at the example (discrimination) to verify the 

effectiveness of the wrong alternatives and their application. The calculated rates for 

the alternatives for all items indicated that they were negative and less than (0.05), 

meaning that all distractors were good, necessitating keeping them as they are without 

change. 

7. Test Reliability, To verify the reliability of the test, the researchers adopted the Kuder-

Richardson-20 formula after applying it to the pilot sample. The reliability coefficient 

was (0.81), which is a good reliability coefficient that can be relied upon. Thus, the 

test in its final form was ready for application, consisting of (18) items distributed 

equally across three concept elements (definition-discrimination-application). 

8. Test Scoring, To give a numerical characteristic to the responses of the research groups 

on the test and in light of the correction key, the researchers gave a score of (1) for the 

correct answer and (zero) for the wrong answer. The omitted item was treated as a 

wrong answer. Thus, the total score for the mathematical concepts test ranged between 

(0-18), with a hypothetical mean of (9) scores. 

After completing the requirements for conducting the experiment, the mathematics 

and science teachers in the school taught the three groups to avoid the effect of changing 

the subject teacher. In teaching the two experimental groups, the steps of teaching using 

virtual laboratories were used. The laboratory was organized using the learning cycle 

determined by the following steps (introduction-preparation-implementation-analysis), 

which represent (presenting the lesson through the smart board-presenting the lesson on 

computer devices-conducting calculations and experiments inside the laboratory-

providing an interactive environment for practical learning and application of algorithms-

improving students' abilities in analysis and design-using tangible materials to learn 

mathematical and scientific concepts) as follows: 

1. Teaching the First Experimental Group for Mathematics, The virtual laboratory 

method represents a teaching strategy where students test through equipment, 

drawings, screens, and computer devices to solve mathematical problems and develop 

concepts and skills. This method aims to give students practical experience and involve 

them in discovering mathematical facts through practical activities. The procedure 

includes providing materials, experiments, and conclusions to increase knowledge and 

build confidence for the student in addition to enjoying the lesson. 

2. Teaching the Second Experimental Group for Science, The virtual laboratory method 

represents a teaching strategy where students test through equipment, drawings, 

screens, and computer devices to develop scientific concepts, formulate hypotheses, 

analyze data, and draw conclusions, enhancing scientific thinking capabilities. 

3. Teaching the Control Group. The traditional method according to the teacher's guide 

distributed in basic education schools. The experiment lasted a full semester at a rate 

of (5) lessons per week, starting from (15/10/2024) until (14/12/2024), according to 
the teaching plans prepared for each group. 

After completing the teaching of the academic content, the integrative concepts test 

was applied to the students of the three research groups on (17-18/12/2024). The 

researchers clarified the test instructions and how to answer it, and directed students not 

to leave any item unanswered. 
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The researchers used a number of statistical methods in data processing, including 

(ease coefficient, discrimination formula, chi-square test, Kuder-Richardson-20 formula, 

one-way analysis of variance, Scheffe's test for post-comparisons). The SPSS statistical 

package was utilized. 

 

RESEARCH RESULTS AND DISCUSSION 

RESEARCH RESULTS 

A. First Main Hypothesis 

There is no statistically significant difference at a significance level of (0.05) 

between the mean scores of the first experimental group that studies mathematics using 

virtual laboratories, students of the second experimental group that studies general 

science using virtual laboratories, and students of the control group that studies by 

(traditional method) in the post-test of integrative concepts. 

To test this hypothesis, the arithmetic means and standard deviations of students' 

scores in the three groups on the integrative concepts test were calculated, as shown in 

Table 3. 

Table 3, Arithmetic Mean and Standard Deviation for the Post-test of Integrative 

Concepts for the Three Research Groups 

Group 
Number of 

Students 

Arithmetic 

Mean 

Standard 

Deviation 

Standard 

Error 

First 

Experimental 
24 14.95 2.215 0.452 

Second 

Experimental 
31 15.13 2.783 0.500 

Control 28 12.79 2.348 0.444 

Total 83 14.29 2.823 0.310 

Table 3 shows apparent differences between the mean scores of the three groups 

in the post-test of integrative concepts. To determine whether these differences are 

statistically significant, One-Way Analysis of Variance (ANOVA) was used. 

Table 4, Results of One-Way Analysis of Variance for the Scores of the Three Groups 

in the Post-test of Integrative Concepts and Effect Size Indicator 

Source 

of 

Varian

ce 

Sum 

of 

Squar

es 

Degre

es of 

Freedo

m 

Mean 

Sum 

of 

Squar

es 

F Value 

Significa

nce Level 

at 0.05 

Effe

ct 

Size 

(η²) 

Effect 

Size 

Interpretat

ion 

Calculat

ed 

Tabulat

ed 

Betwe

en 

Group

s 

216.5

83 
2 

108.2

92 

16.748 3.111 

Statistical

ly 

Significa

nt 

0.29

5 
Large Within 

Group

s 

517.0

32 
80 6.463 

Total 
733.6

15 
82  
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The results of the analysis of variance in Table (3) show that the calculated F 

value was (16.748), which is greater than the tabulated F value of (3.111) at degrees 

of freedom (2, 80) and a significance level of (0.05). This indicates statistically 

significant differences between the mean scores of the three groups in the post-test of 

integrative concepts. The effect size indicator (η²) shows a value of 0.295, which 

indicates a large effect size according to Cohen's criteria, confirming the educational 

importance of the recorded statistical differences. Based on this, the main null 

hypothesis is rejected, and the alternative hypothesis is accepted. 

1. First Sub-Hypothesis 

There are no statistically significant differences at a level of (0.05) between 

the mean scores of the first experimental group that studies mathematics using 

virtual laboratories and the mean scores of students of the second experimental 

group that studies science using virtual laboratories in the post-test of integrative 

concepts. 

Table 5, Results of Scheffe's Test for Comparison Between the Mean Scores of the First 

and Second Experimental Groups in the Post-test of Integrative Concepts and Effect 

Size Indicator 

Variab

le 
Group 

Sam

ple 

Arith

metic 

Mean 

Stand

ard 

Devia

tion 

Scheffe Value 
Signific

ance 

Level at 

0.05 

Eff

ect 

Siz

e 

(d) 

Effect 

Size 

Interpret

ation 

Calcul

ated 

Tabul

ated 

Integra

tive 

Conce

pts 

Test 

First 

Experim

ental 

24 14.95 2.215 

0.843 6.222 

Not 

Statistic

ally 

Signific

ant 

0.0

7 

Very 

Weak Second 

Experim

ental 

31 15.13 2.783 

Table 5 shows that the calculated Scheffe value for the comparison between 

the first and second experimental groups was (0.843), which is less than the 

tabulated Scheffe value of (6.222) at degrees of freedom (2, 80) and a significance 

level of (0.05), indicating no statistically significant difference between the mean 

scores of the two groups. The very weak effect size (d = 0.07) confirms that the 

difference between the groups has no educational or practical importance. Thus, 

the first sub-null hypothesis is accepted. 

2. Second Sub-Hypothesis 

There are no statistically significant differences at a level of (0.05) between 

the mean scores of the first experimental group that studies mathematics using 

virtual laboratories and the mean scores of students of the control group that 

studies by (traditional method) in the post-test of integrative concepts. 

Table 6, Results of Scheffe's Test for Comparison Between the Mean Scores of the First 

Experimental Group and the Control Group in the Post-test of Integrative Concepts and 

Effect Size Indicator 
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Variabl

e 
Group 

Samp

le 

Arithme

tic 

Mean 

Standar

d 

Deviati

on 

Scheffe Value 
Significa

nce Level 

at 0.05 

Effe

ct 

Size 

(d) 

Effect 

Size 

Interpretat

ion 

Calculat

ed 

Tabulat

ed 

Integrati

ve 

Concept

s Test 

First 

Experime

ntal 

24 14.95 2.215 
10.458  6.222  

Statistica

lly 

Significa

nt  

0.96  Large 

Control 28 12.79 2.348 

Table 6 shows that the calculated Scheffe value for the comparison between 

the first experimental group and the control group was (10.458), which is greater 

than the tabulated Scheffe value of (6.222) at degrees of freedom (2, 80) and a 

significance level of (0.05), indicating a statistically significant difference 

between the mean scores of the two groups in favor of the first experimental group 

that studied mathematics using virtual laboratories. This result is supported by the 

large effect size (d = 0.96), confirming the educational and practical importance 

of the statistical differences. Thus, the second sub-null hypothesis is rejected, and 

the alternative hypothesis is accepted. 

2. Third Sub-Hypothesis 

There are no statistically significant differences at a level of (0.05) between the 

mean scores of the second experimental group that studies science using virtual 

laboratories and the mean scores of students of the control group that studies by 

(traditional method) in the post-test of integrative concepts. 

Table 7, Results of Scheffe's Test for Comparison Between the Mean Scores of the 

Second Experimental Group and the Control Group in the Post-test of Integrative 

Concepts and Effect Size Indicator 

Variabl

e 
Group 

Samp

le 

Arithme

tic 

Mean 

Standar

d 

Deviati

on 

Scheffe Value 
Significa

nce Level 

at 0.05 

Effe

ct 

Size 

(d) 

Effect 

Size 

Interpretat

ion 

Calculat

ed 

Tabulat

ed 

Integrati

ve 

Concept

s Test 

Second 

Experime

ntal 

31 15.13 2.783 
12.982  6.222  

Statistica

lly 

Significa

nt  

0.91  Large 

Control 28 12.79 2.348 

Table 7 shows that the calculated Scheffe value for the comparison between the 

second experimental group and the control group was (12.982), which is greater than 

the tabulated Scheffe value of (6.222) at degrees of freedom (2, 80) and a significance 

level of (0.05), indicating a statistically significant difference between the mean scores 

of the two groups in favor of the second experimental group that studied science using 

virtual laboratories. This result is supported by the large effect size (d = 0.91), 

confirming the educational and practical importance of the recorded statistical 

differences. Thus, the third sub-null hypothesis is rejected, and the alternative 

hypothesis is accepted. 

B. Second Main Hypothesis 

There is no statistically significant difference at a significance level of (0.05) 

between the mean scores of integrative concepts development in the pre-test and post-

test among students of the first experimental group who study mathematics using 
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virtual laboratories and the second experimental group who study science using virtual 

laboratories. 

To verify this hypothesis, the paired samples t-test was used between the first 

and second experimental groups, as it is the most appropriate for comparing the 

performance of the same sample before and after the experimental intervention. The 

effect size (Cohen's d) was also calculated to indicate the importance of the change 

that occurred, which is an indicator of the effectiveness of using virtual laboratories in 

developing integrative concepts between mathematics and science subjects. 

Table 8, Results of Paired Samples t-test and Effect Size Analysis for Differences 

Between Pre-test and Post-test in the Integrative Concepts Test 

Group 

Num

ber of 

Stude

nts 

Mean Standa

rd 

Deviati

on of 

Differe

nce 

t Value 
Degre

es of 

Freed

om at 

(0.05) 

Statistic

al 

Signific

ance 

Effect 

Size 

(Cohe

n's d) 

Effect 

Size 

Interpret

ation 
Pre 

Pos

t 

Calcul

ated 

Tabula

ted 

First 

Experim

ental 

24 
10.

35 

14.

95 
2.40 7.29 2.069 23 

Signific

ant 
1.92 

Very 

Large 

Second 

Experim

ental 

31 
12.

11 

15.

13 
2.12 7.82 2.042 30 

Signific

ant 
1.42 Large 

It is clear from Table 8 that both the first and second experimental groups 

achieved statistically significant differences between the pre-test and post-test mean 

scores. The first experimental group recorded a pre-test mean of 10.35 and a post-test 

mean of 14.95 with a calculated t-value of 7.29, degrees of freedom 23, and a tabulated 

t-value of 2.069 (statistically significant). The second experimental group recorded a 

pre-test mean of 12.11 and a post-test mean of 15.13 with a calculated t-value of 7.82, 

degrees of freedom 30, and a tabulated t-value of 2.042 (statistically significant), 

indicating a clear effect of virtual laboratories in developing integrative concepts. The 

results of the effect size (Cohen's d) showed that the effect was very large in the first 

experimental group (1.92) and large in the second experimental group (1.42), 

confirming the effectiveness of the teaching method based on virtual laboratories. 

Based on this, the second null hypothesis is rejected, and the alternative hypothesis is 

accepted, which states that there are statistically significant differences between the 

mean scores of the pre-test and post-test of integrative concepts among students of the 

two experimental groups. 

 

DISCUSSIONS 

The results of the study showed the effectiveness of virtual laboratories in 

improving students' understanding of integrative concepts between mathematics and 

science. The results of the test of the first main hypothesis indicated the existence of 

statistically significant differences between the three groups in the post-test of integrative 

concepts, where the main null hypothesis was rejected, confirming a clear effect of the 
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teaching method used in developing integrative concepts among students. The large effect 

size confirmed the educational importance of these differences. 

When looking at the results of the pairwise comparisons between the groups using 

Scheffe's test, we find that there are no statistically significant differences between the 

first experimental group that studied mathematics using virtual laboratories and the 

second experimental group that studied science using virtual laboratories. The very weak 

effect size confirmed this result. This result can be explained by the fact that using virtual 

laboratories in teaching both subjects has a similar positive effect on developing 

integrative concepts, reflecting the strength and effectiveness of this educational tool 

regardless of the targeted academic subject. The use of virtual laboratories helps present 

abstract concepts in a tangible and concrete form, making it easier for students to 

comprehend them and recognize the relationships between them. These laboratories also 

allow for repeating experiments and practical applications without time or spatial 

constraints, which enhances self-learning and continuous learning opportunities for 

students. 

The results showed statistically significant differences between the first 

experimental group that studied mathematics using virtual laboratories and the control 

group that studied using the traditional method, in favor of the first experimental group. 

The large effect size supported this result, confirming its educational and practical 

importance. This result can be attributed to the fact that virtual laboratories provide an 

environment rich in visual and auditory stimuli that address various senses and suit 

diverse learning styles of students. They also help embody abstract mathematical 

concepts and represent them visually, making them easier to understand and comprehend. 

Additionally, virtual laboratories allow students to control experiment variables and 

observe their results directly, helping to develop scientific thinking skills and 

mathematical reasoning. In this interactive environment, the student's role changes from 

a passive receiver of information to an active participant in building knowledge, which 

aligns with modern educational theories that emphasize the importance of active learning 

and knowledge construction. 

The results also showed statistically significant differences between the second 

experimental group that studied science using virtual laboratories and the control group, 

in favor of the second experimental group. The large effect size confirmed this result and 

its importance from an educational perspective. This result can be explained by the fact 

that virtual laboratories allow students the opportunity to conduct scientific experiments 

that may be dangerous, costly, or unavailable in traditional laboratories, expanding their 

perceptions and enriching their educational experiences. They also help develop 

observation, analysis, and inference skills, which are fundamental skills in understanding 

science. Additionally, virtual laboratories help link scientific concepts to their 

applications in real life, making learning more meaningful and lasting. In this stimulating 

environment, students' curiosity and passion for science increase, positively reflecting on 

their academic achievement and understanding of scientific concepts. 



Guruku: Jurnal Pendidikan Profesi Guru Vol. 4 No. 2, Desember 2025  

e-ISSN: 2964-5689 | Page: 98-115 

 

111 

http://jurnal.radenfatah.ac.id/index.php/guruku 

The results of the test of the second main hypothesis indicated statistically 

significant differences between the pre-test and post-test for the first and second 

experimental groups. This result was confirmed by the effect size values, which were very 

large in the first experimental group and large in the second experimental group. This 

result can be explained by the fact that virtual laboratories provide an interactive learning 

environment that gives students the opportunity to explore and experiment on their own, 

helping them understand the mutual relationships between mathematical and scientific 

concepts more deeply and clearly. This learning environment also takes into account 

individual differences among students and allows them to learn according to their own 

abilities and pace, which increases their motivation toward learning and makes the 

educational process more enjoyable and attractive. 

The superiority of the two experimental groups over the control group confirms the 

effectiveness of virtual laboratories in developing integrative concepts between 

mathematics and science. This effectiveness can be attributed to several reasons, 

including that virtual laboratories help transcend the boundaries between different 

academic subjects, allowing students to see knowledge as an integrated whole rather than 

separate parts. They also help develop higher-order thinking skills such as analysis, 

synthesis, and evaluation, which are necessary skills for understanding the mutual 

relationships between different concepts. Additionally, virtual laboratories provide 

immediate feedback to students, helping them correct their mistakes and adjust their 

learning path continuously. 

It is also worth noting that virtual laboratories align with the requirements of the 

digital age and respond to the interests of the current generation of students who grew up 

in the age of technology and prefer to use it in various aspects of their lives, including 

education. This explains the higher level of motivation and participation among students 

of the two experimental groups compared to students of the control group. Virtual 

laboratories also help overcome some challenges facing traditional education such as 

limited time and resources, as students can use them at any time and from any place, 

making them effective tools for continuous and self-learning. 

The results of this study are consistent with the study of Zacharia et al. (2008), 

which confirmed that using virtual laboratories alongside real laboratories enhances 

students' understanding of scientific concepts related to heat and temperature. They also 

agree with the results of Sypsas et al. (2025), which showed that virtual laboratories 

provide unique educational advantages that complement real laboratories and help 

students link theoretical concepts to real phenomena. They are also consistent with the 

study of Wang & Zou (2025), which revealed the positive effect of digital games and 

simulations in enhancing learning and developing higher-order thinking skills. They also 

align with the results of Makransky et al. (2016), which showed the effectiveness of 

virtual simulation in improving basic laboratory skills and developing necessary non-

cognitive skills among students. 

The positive results shown by this study are consistent with modern global trends 

in education, which emphasize the importance of employing technology in the 
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educational process and the necessity of integrating and connecting knowledge. They also 

confirm the role of the teacher as a guide and mentor to the educational process, designing 

and organizing the learning environment in a way that ensures achieving the desired 

educational goals. Perhaps one of the most prominent aspects these results point to is the 

necessity of reconsidering traditional teaching methods and searching for modern 

teaching strategies and tools that suit the requirements and skills of the twenty-first 

century. 

Although this study focused on the effect of virtual laboratories on developing 

integrative concepts between mathematics and science, its results open the field for future 

studies addressing the effect of these laboratories on developing other aspects such as 

attitudes toward learning, creative thinking skills, and problem-solving ability. Research 

can also be conducted on the possibility of employing these laboratories in different 

educational stages and other academic subjects. It is also important to study the factors 

that affect the effectiveness of these laboratories such as learner characteristics, teacher 

competencies, and the nature of educational content. 

In light of the results of this study, it can be said that virtual laboratories represent 

a qualitative addition to the educational process, helping to overcome some challenges 

facing traditional education and providing better opportunities for active and effective 

learning. Therefore, it is necessary to provide the infrastructure needed to employ these 

laboratories in schools, train teachers to use them effectively, and develop educational 

content that suits their multiple capabilities. Students should also be encouraged to use 

these laboratories not only inside the school but also outside it, enhancing the principle 

of continuous and self-learning. 

 

CONCLUSIONS 

Based on the findings of this research, which demonstrated the positive impact of 

virtual laboratories on developing integrative concepts between mathematics and science 

among eighth-grade students, several conclusions, recommendations, and suggestions 

can be formulated. The study clearly indicated that virtual laboratories provide an 

effective educational environment that enhances students' understanding of the 

interconnections between mathematical and scientific concepts, promotes active learning, 

and develops higher-order thinking skills. Both mathematics and science virtual 

laboratories showed comparable effectiveness in developing integrative concepts, 

suggesting that this educational approach can be successfully implemented across 

different STEM disciplines. Moreover, the significant improvements observed in both 

experimental groups compared to their pre-test scores and to the control group highlight 

the transformative potential of virtual laboratories in middle school education. These 

findings align with contemporary educational theories that emphasize the importance of 

technology integration, constructivist learning approaches, and interdisciplinary 

connections in preparing students for the challenges of the 21st century. Based on these 

conclusions, it is recommended that educational institutions invest in the infrastructure 

necessary for implementing virtual laboratories, provide comprehensive professional 
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development for teachers to effectively utilize these technologies, develop curriculum 

materials that explicitly highlight the integrative concepts between mathematics and 

science, and create opportunities for students to access virtual laboratories both inside and 

outside the classroom. Future research should explore the long-term effects of virtual 

laboratory experiences on students' academic trajectories, investigate the impact of virtual 

laboratories on diverse student populations, examine the optimal balance between virtual 

and physical laboratory experiences, and develop standardized assessment tools for 

measuring integrative conceptual understanding across STEM disciplines. By embracing 

virtual laboratories as tools for developing integrative concepts, educators can create 

more engaging, effective, and equitable learning experiences that prepare students for 

success in an increasingly interconnected and technology-driven world. 
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