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 The escalating adoption of virtual laboratories (V-Labs) within science 

education highlights an urgent need for an established metric to evaluate 

student attitudes toward their implementation. This research introduces a 

detailed attitudinal assessment scale, specifically designed to measure 

various aspects of student perceptions such as perceived effectiveness, 

satisfaction, pedagogical impact, usability, and overall influence on 

educational outcomes. The development process involved an elaborate 

procedure for generating items based on a thorough review of existing 

literature and insights from subject matter experts, followed by a pilot test 

conducted on a select cohort of science students aimed at refining the items. 

Employing stringent empirical methods including detailed item analysis and 

factor analysis, the research confirmed the scale's high reliability, evidenced 

by a Cronbach’s alpha of .983. Factor analysis identified five principal 

components that collectively encompass technological, psychological, and 

educational factors shaping student attitudes toward virtual labs. This scale 

is crucial for educators and administrators for effectively assessing and 

enhancing virtual lab integrations. It provides valuable insights that can 

inform the enhancement of virtual lab configurations, curriculum 

integration, and teaching strategies, ultimately improving student 

engagement and learning outcomes. The creation of this scale addresses a 

critical void in academic research by offering a standardized method to 

assess student attitudes and also paves the way for future investigations into 

the extensive implications of virtual labs in diverse educational settings and 

disciplines. 
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1. INTRODUCTION 

Virtual laboratories (V-Labs) have emerged as a significant innovation in education, offering a 

range of benefits across various disciplines. These labs provide an interactive and immersive environment 

where students can conduct experiments and gain practical skills without the constraints of physical lab 

facilities [1]. For instance, in engineering education, WebVR-based virtual labs allow students to interact 

with experimental equipment and design control algorithms, enhancing their understanding through an 

immersive experience [2]. In the realm of chemistry, dynamic virtual chemistry labs (DVCLs) offer a flexible 

platform where new experiments can be added, providing a customizable and adaptive learning environment 

that enhances students’ performance and mental modeling [3]. Moreover, virtual simulation technology is 

https://creativecommons.org/licenses/by-sa/4.0/


                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 14, No. 4, August 2025: 2857-2868 

2858 

being integrated into international Chinese education, promoting innovative teaching methods and expanding 

research fields, thereby aligning with the digital development of education [4]. However, it is crucial to 

address the limitations of virtual labs, such as the potential detachment from real-world technology and 

hands-on skills. To mitigate this, some virtual labs are designed to simulate the entire experimental process, 

including the assembly and setup of equipment, thus providing a more comprehensive training experience 

[5]. This article delineates the construction and standardization of a research instrument, specifically an 

attitude scale, for assessing the utilization of V-Labs in science education. The primary goal of this research 

is to construct a reliable and valid scale for assessing student attitudes towards using V-Labs in science 

education. This scale evaluates various aspects of student attitudes, including technological, psychological, 

and educational influences on their perceptions of V-Labs. It delves into how students’ beliefs about 

technology, their comfort with learning in virtual environments, and their understanding of the educational 

value of virtual labs shape their overall opinion of these tools. Although V-Labs are becoming increasingly 

prevalent in science education, there is a significant lack of research specifically focused on how students 

feel about using them [6]. This study addresses this gap by developing a comprehensive attitudinal 

assessment scale. This scale aims to provide a detailed understanding of students' attitudes towards virtual 

labs, including their perceptions of the technology itself, their comfort level with the virtual environment, 

their beliefs about the effectiveness of virtual labs for learning science, and their overall satisfaction with 

using these tools. 

 

 

2. REVIEW OF RELATED LITERATURE 

V-Labs can substantially enhance the teaching of engineering subjects. They enable learners to 

actively participate and more effectively experience the entire experimental process, thereby aiding in the 

mastery of related knowledge and skills. Consequently, expanding the variety of experiments and improving 

the user experience are essential steps for further advancing the adoption of V-Labs in engineering education 

[7]. The V-Labs was found to be highly effective as a practical learning tool in supporting the 

implementation of remote learning. Concurrently, a significant challenge addressed is the transition from 

traditional real laboratories to V-Labs. This highlights the importance of analyzing the effectiveness of  

V-Labs as either substitutes for or complements to traditional learning environments [8]. Utilizing virtual 

laboratory media significantly affects student learning outcomes in Kirchhoff's law material within the 

physics education study program. The correlation between the use of the virtual laboratory and the 

improvement in student learning outcomes is 6.14%, indicating that the employment of virtual laboratory 

media positively influences student enthusiasm and learning outcomes in the subject matter [9]. V-Labs have 

been shown to significantly improve students' mastery of core concepts, as evidenced by a study where the 

application of V-Labs led to a notable increase in concept mastery among students [2]. V-Labs represent a 

transformative approach to education, offering cost-effective, safe, and flexible alternatives to traditional labs 

while still fostering essential practical skills and knowledge [5].  

V-Labs are extensively utilized in education, particularly within the natural sciences and technical 

disciplines. These platforms provide visual modeling environments that facilitate the development of 

interactive and engaging educational tools. V-Labs play a crucial role in contemporary education by offering 

hands-on learning experiences within a digital environment [10]. The students exhibited a preference for 

using the physics educational technology (PhET) virtual laboratory as a learning method, indicating a high 

level of acceptance and satisfaction with this tool [11]. Discovery-based V-Labs in physics education, 

particularly those focusing on the photoelectric effect, have effectively enhanced students' scientific attitudes. 

Students who experienced the virtual lab demonstrated improved understanding of physics concepts and 

developed scientific attitudes, achieving higher average scores compared to the control group. This 

showcases the potential of V-Labs to foster scientific attitudes and stimulate interest in modern physics 

among students [12]. Virtual laboratory simulations (VLs) are user-friendly and visually engaging, yet they 

require significant technical resources, which could limit accessibility. Students expressed a preference for 

using VLs as preparatory material for practical sessions, noting that VLs enhanced their motivation, 

autonomy, interest, and confidence [13]. Learners enjoyed studying biology using the virtual reality (VR) 

laboratory, categorizing their experience of enjoyment within levels 1 (activity-specific) and 2 (situation-

specific). There is a significant association between presence and satisfaction when students utilize VR 

technology, contributing to improved learning outcomes [14], [15]. 

Virtual lab modules aid engineering students in designing mechanical components and selecting 

appropriate materials while applying deflection and strength-based analysis techniques. This approach aims 

to promote engineering education by integrating digital platforms with experiential learning [16], [17]. The 

virtual assistance system developed for teaching physics experiments to university students demonstrated 

efficiency in performance tests, indicating its effectiveness in enabling students to conduct experimental 
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processes and observe each step-in detail [18], [19]. This system introduces a novel approach to virtual 

experimentation for the physics course, providing students with more time and enhanced real interaction with 

laboratory materials compared to traditional face-to-face laboratories, which are often constrained by time 

limitations [20], [21]. V-Labs have the potential to significantly impact physics education positively, as 

evidenced by positive average scores in usability and effectiveness, accompanied by a high percentage of 

participant satisfaction [9], [22]. Teacher experiences have underscored the need for additional professional 

development focused on integrating V-Labs and enhancing student engagement and motivation during virtual 

experiments [13], [14]. The aforementioned reviews describe the roles, importance, modes, and challenges of 

V-Labs in various educational fields. This review offers a comprehensive conceptual understanding of the 

features, significance, and challenges associated with V-Labs in a detailed manner. The existing body of 

literature does not provide a standardized method for assessing these attitudes, which is essential for gauging 

student receptivity, identifying potential obstacles, and pinpointing areas for enhancement in implementing 

virtual labs. 

Based on the objectives of this article, the following research questions have been formulated:  

i) How can an attitude scale towards the use of V-Labs in science education be designed to ensure content 

validity and adequate representation of the construct? 

ii) What is the internal consistency reliability of the attitude scale towards V-Labs in science education? 

iii) What are the fundamental components that characterize the structure of attitudes towards V-Labs within 

the realm of science education? 

The inquiries set forth seek to thoroughly investigate the formulation, dependability, authenticity, and 

compositional aspects of an attitudinal scale tailored for V-Labs. This examination is intended to provide a 

detailed assessment of its psychometric attributes within the framework of educational environments. This 

elaboration aims to offer a clear insight into the various dimensions of the scale's development and its efficacy 

in accurately measuring attitudes towards V-Labs, which are increasingly prevalent in educational settings. 

The focus is on ensuring that the scale not only meets rigorous standards of reliability and validity but also 

effectively captures the structural nuances that define student perceptions and attitudes in a scholarly context. 

 

 

3. METHOD 

A comprehensive quantitative research approach is proposed to investigate constructing and 

validating an attitude scale towards V-Labs in science education. Initially, the newly developed attitude scale 

will be administered to a diverse sample of students. The internal consistency of the scale will be evaluated 

using Cronbach’s alpha, a statistical measure used to assess the reliability of a scale by determining the extent 

to which all parts of the test contribute equally to what is being measured [23]. Concurrently, a panel of 

experts in educational technology and psychometrics will be engaged to critically assess each item on the 

scale for its relevance and coverage regarding the construct of attitudes towards V-Labs. This expert 

validation is crucial to ensure the content validity of the scale. 

Following the initial data collection, exploratory and confirmatory factor analyses will be conducted 

on the responses. These analyses are instrumental in identifying the underlying structure of the scale, thereby 

illuminating the dimensionality of attitudes towards V-Labs [24]. Finally, structural equation modeling will 

be utilized to confirm the factor structure derived from the factor analyses and to assess the relationships 

between the identified factors and other variables of interest. This advanced statistical technique allows for 

the simultaneous analysis of multiple relationships, providing a robust test of the scale’s construct validity 

and its theoretical underpinnings. Ethical clearance for this research was granted by the Institutional Review 

Board of the Central University of Kerala, Kasaragod. Before beginning data collection, all participants 

provided informed consent, were briefed about the main research objectives, and were assured of their 

anonymity and the right to withdraw at any time. These procedures adhered to the ethical guidelines 

established by the American Psychological Association. 

For the study on attitudes towards V-Labs in science education, selecting postgraduate students as 

the study population is recommended. In this study, a sample size of 240 participants was gathered using a 

random sampling technique. This method ensures a representative and unbiased selection of subjects, 

facilitating generalizable and robust findings [25], [26]. This group is ideal due to their frequent engagement 

with advanced scientific tools and methodologies, including virtual labs, which aligns with the study’s focus. 

Choosing postgraduate students from various science disciplines will make the findings relevant and 

applicable across diverse educational contexts, enhancing the study's validity and generalizability. 
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4. RESULTS 

In this section, the researcher meticulously outlines the construction and standardization processes 

of the tools. Concurrently, this section delves into the methods employed to assess reliability and validity, 

including factor analysis for establishing construct validity. 

 

4.1.  Result of research question 1 

The construction and standardization of the “attitude towards the use of virtual lab scale” involved a 

structured process to develop a valid and reliable measure for assessing the attitudes of postgraduate science 

students towards V-Labs in the Kasaragod district. The development of the scale proceeded through several 

meticulous stages: 

- Planning and defining: the initial phase involved conceptualizing the construct to be measured, 

specifically the attitudes towards virtual labs among postgraduate science students. This phase was guided 

by comprehensive discussions with the subject experts to define the study's main variables. 

- Choice of measurement method: the research adopted a rating scale as the measurement tool, recognizing 

its appropriateness for assessing levels of attitude due to its structured and quantitative nature [27]. 

- Selecting and formulating items: items were crafted to cover both positive and negative aspects of 

students' attitudes towards virtual labs. An in-depth analysis helped pinpoint key facets of the study, 

leading to a survey that included sections on respondent demographics and specific virtual lab features. 

- Scaling of items: a five-point Likert scale was chosen, ranging from ‘strongly agree’ to ‘strongly 

disagree’, to gauge the intensity of respondents’ attitudes. 

- Preliminary draft and refinement: an initial set of 40 items was drafted, refined, and edited based on 

feedback from the guide to eliminate ambiguous content, ensuring clarity and focus. 

- Pilot study: the scale underwent a pilot test with 240 postgraduate science students. This phase was 

crucial for assessing the scale’s comprehensibility and relevance, leading to further refinements. 

- Item analysis: to ensure the scale’s validity and reliability, item analysis was conducted using Cronbach’s 

alpha, a statistic that evaluates the internal consistency of the scale items [28]. This involved correlating 

each item’s score with the total score and comparing it against the variance of individual item scores. 

To develop an attitudinal scale for V-Labs in science education, begin with a thorough literature 

review to pinpoint key factors influencing attitudes. Engage experts in science education and psychology to 

help refine the scale's construct and ensure comprehensive coverage. Create clear, direct items reflecting this 

construct, and have them reviewed by an expert panel to confirm their relevance and completeness, ensuring 

content validity. Conduct a pilot test with a small target group to identify any ambiguous items, then use this 

feedback for detailed item analysis and revisions to enhance clarity and accuracy. Finish with a final review 

by experts to verify that the revisions accurately measure the construct and meet content validity standards. 

This streamlined approach ensures the scale is valid. 

 

4.2.  Result of research question 2: reliability assessment 

This rigorous process ensured the development of a robust tool capable of effectively measuring 

postgraduate science students' attitudes towards V-Labs, thereby providing valuable insights for educational 

research and practice. In constructing the “attitude towards the use of virtual lab scale,” the investigator 

conducted a meticulous item analysis process. The instrument’s reliability was evaluated using Cronbach’s 

alpha, ultimately refining the tool to better measure the construct of interest [29]. Table 1 shows that, 

Cronbach’s alpha value before the item analysis process is .982, which also indicates a high level of internal 

consistency of the tool. 

 

 

Table 1. Cronbach’s alpha value before the item analysis 
Cronbach’s alpha Number of items 

.982 40 

 

 

4.2.1. Item analysis and scale refinement 

Initially, the scale comprised 40 items. However, item analysis in Table 2, suggested that deleting 

items 5, 29, and 32 would result in a higher Cronbach’s alpha, indicating improved internal consistency. 

Following these adjustments, the scale was reduced to 37 items. This decision was based on the statistical 

recommendation that the removal of these items would enhance the overall reliability of the scale [30]. 

Table 3 displays the results indicating that Cronbach’s alpha value was .983 for the 37 items 

retained after removing three items during the item analysis process. This high Cronbach’s alpha value 

suggests that the tool exhibits a strong level of internal consistency, affirming its reliability in measuring the 
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intended constructs following the refinement of the item pool [29]. This measure was employed to assess the 

scale's internal consistency with 37 items of the final draft. An increase in the alpha coefficient upon 

excluding certain items informed the decision to refine the scale [31]. Table 3 illustrates that Cronbach’s 

alpha value is .983, which indicates a high level of internal consistency for the tool. Consequently, this 

confirms the reliability of the instrument [32]. 

 

 

Table 2. Item analysis–item-total statistics 
Item 

number 
Scale mean if 
item deleted 

Scale variance if 
item deleted 

Corrected item-total 
correlation 

Cronbach’s alpha 
if item deleted 

VL1 125.6308 1367.118 .783 .982 

VL2 125.5538 1367.412 .718 .981 
VL3 125.7692 1367.016 .699 .982 

VL4 125.3077 1361.858 .784 .979 

VL5* 125.6077 1388.907 .502 .983 
VL6 125.5154 1367.027 .743 .982 

VL7 125.3077 1353.052 .861 .982 

VL8 125.5231 1358.701 .831 .982 
VL9 125.3615 1357.628 .814 .981 

VL10 125.3462 1358.197 .815 .982 

VL11 125.4231 1365.052 .792 .981 
VL12 125.2846 1358.205 .816 .982 

VL13 125.5769 1357.781 .821 .980 

VL14 125.5846 1363.625 .795 .982 
VL15 125.3923 1353.884 .858 .980 

VL16 125.3154 1353.659 .872 .982 

VL17 125.7462 1359.400 .771 .981 
VL18 125.6000 1361.064 .810 .982 

VL19 125.4231 1350.696 .854 .980 

VL20 125.5846 1357.826 .831 .982 
VL21 125.6077 1356.256 .827 .981 

VL22 125.4769 1359.926 .793 .981 

VL23 125.5231 1358.220 .836 .982 
VL24 125.5615 1374.465 .655 .980 

VL25 125.5308 1381.522 .620 .980 

VL26 125.5923 1367.453 .713 .982 
VL27 125.4308 1358.712 .853 .979 

VL28 125.3462 1355.437 .809 .982 

VL29* 125.3769 1387.555 .535 .983 
VL30 125.4308 1374.666 .728 .981 

VL31 125.3615 1381.783 .581 .981 

VL32* 125.4538 1389.831 .538 .983 
VL33 125.5077 1368.872 .729 .982 

VL34 125.3231 1360.484 .822 .981 

VL35 125.5692 1366.356 .740 .982 
VL36 125.7846 1373.736 .643 .981 

VL37 125.5154 1365.430 .749 .982 
VL38 125.6077 1367.620 .737 .981 

VL39 125.5538 1369.179 .725 .982 

VL40 125.4923 1358.283 .817 .981 

Note: *indicates deleted items 

 

 

Table 3. Cronbach’s alpha value after the item analysis 
Cronbach’s alpha Number of items 

.983 37 

 

 

4.2.2. Split-half method 

To further establish reliability, the scale’s 37 items were divided into two unequal halves: the first 

19 items and the remaining 18. The scores from these halves were then correlated to assess the internal 

reliability. This method evaluates the extent to which all parts of the test contribute equally to what is being 

measured. If the two halves yield similar results, it indicates that the test has consistent internal reliability 

[33]. The split-half reliability was calculated using the Spearman-Brown formula, resulting in a coefficient 

value of .874. This high-reliability coefficient underscores the internal consistency of the tool, confirming 

that the scale is a reliable measure of students’ attitudes towards the use of V-Labs. 

The process culminated in the production of a final draft of the tool, consists of 37 well-vetted items. 

Each rated on a five-point scale. This rigorous development and validation process ensures that the “attitude 
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towards the use of virtual lab scale” is a robust tool for accurately measuring the attitudes of postgraduate 

science students towards V-Labs. 

 

4.3.  Result of research question 3: factor analysis 

Exploratory factor analysis (EFA) is utilized to simplify the understanding of relationships among a 

large number of normally distributed or scale variables by grouping items that are responded to similarly by 

participants [34]. It is generally advised that the sample size for EFA be determined by the sample-to-item 

ratio, ensuring that it is no less than 5-to-1, as supported by scholars [35], [36]. For instance, a study 

containing 40 items would necessitate a minimum of 200 participants to yield reliable results. In this a 

sample size of 240 participants was gathered using a random sampling technique. This method ensures a 

representative and unbiased selection of subjects, facilitating generalizable and robust findings [25]. In the 

conducted EFA, the suitability of the data for structure detection was affirmed through the Kaiser-Meyer-

Olkin (KMO) measure and Bartlett’s test of sphericity. From the Table 4, The KMO measure, which assesses 

the adequacy of sampling, yielded a value of .957, indicating an excellent fit for factor analysis due to the 

minimal partial correlations among items. This high KMO value suggests that the dataset is well-suited for 

identifying underlying factor structures. Furthermore, Bartlett’s test of sphericity confirmed the 

appropriateness of the data for factor analysis, yielding a significant result (p<.05). This significance 

demonstrates that the variables are sufficiently correlated, providing a solid basis for the application of factor 

analysis to explore latent structures within the data. These results collectively validate the use of EFA to 

reduce dimensionality and categorize variables into meaningful factors. 

 

 

Table 4. KMO and Bartlett’s test 
KMO measure of sampling adequacy .957 

Bartlett’s test of    sphericity 6971.149 5159.315 
666 406 
.000 .000 

 

 

Table 5 displays the initial communalities prior to rotation, which represent the extent to which each 

variable shares variance with all other variables in the analysis [37]. In this analysis, all initial communalities 

are above the threshold of .30. This is a positive indication, as low communalities (below .30) might suggest 

that a variable does not fit well with the factor solution or that a small sample size could be distorting the 

results. The fact that all communalities exceed this threshold suggests that each variable contributes 

meaningfully to the underlying factor structure, affirming the robustness and appropriateness of the factor 

analysis. 

Table 6 outlines the distribution of variance across the 37 potential factors. Notably, five factors 

possess eigenvalues exceeding 1.0, adhering to the widely accepted criterion that a factor must have an 

eigenvalue greater than 1.0 to be deemed significant. An eigenvalue below this threshold suggests that the 

factor accounts for less variance than a single variable would explain on its own. Consequently, most 

researchers would deem the information provided by such factors insufficient to warrant their inclusion in the 

final factor model. This guideline helps in simplifying the factor structure by retaining only those factors that 

contribute significantly to explaining the variance in the dataset. 

In the factor analysis of this study, the rotated factor matrix table is crucial for understanding how 

the data is interpreted post-analysis. To enhance clarity and ease of interpretation, factors are rotated, a 

common procedure aimed at achieving a simple structure. In this specific analysis, as seen in Table 7, 37 

items are distributed into five groups based on their highest factor loadings after rotation, which helps clarify 

the relationships between items and factors: 
 

- Factor 1 includes 13 items, sorted by their loadings from highest to lowest, beginning with item VL8 

which has the highest loading of .823. Items with loadings below .30 are not shown, resulting in blanks in 

some cells of the matrix. 

- Factor 2 is represented by 9 items, starting with VL17 with the highest loading, down to VL19 with the 

lowest. 

- Factor 3 covers 6 items, from VL32 with the highest loading to VL37 with the lowest. 

- Factor 4 involves 6 items, with VL25 having the highest and VL30 the lowest loading. 

- Factor 5 includes 3 items, from VL3 with the highest loading to VL1 with the lowest. 
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Table 5. Extraction method: principal axis factoring–communalities table 
Items Initial Extraction 

I feel more convenient and flexible during virtual lab experimentation. 1.000 .656 
Virtual labs are easily accessible than physical lab for me. 1.000 .543 
VL helps me to enhance my practical skills. 1.000 .681 
I feel login with Username and password provide adequate security for virtual lab experimentation. 1.000 .640 
Virtual lab helps me to increases my curiosity. 1.000 .638 
The provision of rechecking and correction of results make me comfortable, while undergoing virtual lab 

experimentation. 
1.000 .748 

Virtual lab rule and regulations are more clear and easy to understand. 1.000 .630 
Virtual lab helps me to perform the experiment more than once. 1.000 .797 

I can use V-Labs to reinforce the theoretical concepts learn in class. 1.000 .700 
I believe that the experiment while conducting through virtual lab is more systematic. 1.000 .512 

I feel virtual lab enable me to use the latest technologies. 1.000 .632 

I feel using virtual lab allow me to focus and concentrate more on the experiments. 1.000 .701 
I feel virtual lab provide enjoyment during experiments. 1.000 .636 

Through virtual lab experimentation I can improve my competency in using computer for other educational 

purposes. 

1.000 .693 

Virtual lab provides a safe workspace environment without anybody assistance. 1.000 .733 

Virtual lab provides more satisfaction and better adjustment with the physics experimentation. 1.000 .669 

Virtual lab enhances my enthusiasm for learning through interactivity. 1.000 .768 
Virtual lab provide diversity in learning. 1.000 .761 

I attracted towards VL due to the novelty in its various features. 1.000 .644 
I believe physical lab become time consuming but not in virtual lab experimentation. 1.000 .647 

I think VL is more cost effective, particularly for complicated circuits that may require a number of trials and 

errors. 

1.000 .590 

I feel that the virtual lab is helped me to enrich my higher-order thinking. 1.000 .659 

I am worried about the negative effects of technological devices like noise, and heating. while using virtual lab. 1.000 .660 

I feel virtual lab discourages rote learning. 1.000 .658 
I have a high level of anxiety when my devices are not working properly during virtual lab experimentation. 1.000 .744 

Virtual lab helps me to enhance my subject knowledge. 1.000 .690 

I can do virtual lab experiment at anywhere or any place. 1.000 .735 
I think completing an experiment through virtual lab requires sufficient knowledge of internet- related skills 

is needed. 

1.000 .663 

I think virtual lab is not providing real-world experience that enables to put everything learned into action. 1.000 .647 
I feel virtual lab is largely an independent work. 1.000 .610 

Through virtual lab, I am ensuring my safety from chemicals, and its hazardless. 1.000 .696 

I can understand science concepts more concrete way when I use virtual experiments. 1.000 .729 
I am more active in learning in a VL environment than in a conventional laboratory class. 1.000 .621 

Virtual experimentation enhances science conceptual understanding of mine. 1.000 .726 

Virtual lab is suitable for all subject stream in the higher education. 1.000 .649 
I think virtual lab has been developed as an alternative to the science labs in the UG and PG courses. 1.000 .647 

I recommend the virtual lab for other levels of education. 1.000 .711 

 

 

Table 6. Total variance explained 

No. 
Initial eigenvalues Extraction SS loadings 

No. 
Initial eigenvalues Extraction SS loadings 

Total % Var Cum % Total % Var Cum % Total % Var Cum % Total % Var Cum % 

1 18.230 49.269 49.269 18.230 49.269 49.269 20 .369 .997 89.650    
2 2.693 7.278 56.547 2.693 7.278 56.547 21 .364 .984 90.634    

3 1.632 4.411 60.958 1.632 4.411 60.958 22 .332 .897 91.531    

4 1.193 3.224 64.182 1.193 3.224 64.182 23 .306 .828 92.359    
5 1.118 3.022 67.204 1.118 3.022 67.204 24 .292 .789 93.148    

6 .856 2.315 69.518    25 .271 .732 93.880    

7 .790 2.135 71.653    26 .262 .708 94.588    
8 .737 1.992 73.645    27 .251 .679 95.267    

9 .692 1.869 75.515    28 .227 .614 95.881    

10 .627 1.694 77.209    29 .218 .588 96.470    
11 .579 1.564 78.773    30 .202 .546 97.016    

12 .538 1.454 80.227    31 .192 .519 97.535    

13 .500 1.351 81.578    32 .188 .507 98.042    
14 .476 1.287 82.866    33 .161 .435 98.477    

15 .461 1.247 84.113    34 .158 .428 98.905    

16 .454 1.228 85.340    35 .140 .377 99.282    
17 .418 1.130 86.470    36 .134 .363 99.645    

18 .416 1.123 87.594    37 .131 .355 100.000    

19 .392 1.059 88.653           

 

 

The items are not randomly distributed across factors. Each factor aligns with specific conceptual 

themes: i) Factor 1 items largely reflect the technological aspects of V-Labs, highlighting how technology 

integrates and supports the lab activities; ii) Factor 2 items explore the psychological impacts of virtual labs, 
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such as user attitudes and mental engagement; iii) Factor 3 focuses on the pedagogical aspects, indicating 

how virtual labs contribute to educational practices and learning outcomes; iv) Factor 4 addresses challenges 

encountered in virtual labs, pinpointing areas that may hinder effective implementation or user satisfaction; 

and v) Factor 5 assesses student satisfaction, offering insights into the overall effectiveness and acceptance of 

virtual labs from the students' perspectives. This detailed breakdown helps to categorize the different 

dimensions of V-Labs and understand the specific areas each set of items is intended to measure. This 

structuring is vital for identifying how virtual labs are perceived across different educational and operational 

contexts. 

 

 

Table 7. Rotated component matrix - five criteria and features 

No Statements 
Components 

1 2 3 4 5 

Dimension 1: technological aspects 

VL8 Virtual lab helps me to perform the experiment more than once. .823     

VL6 The provision of rechecking and correction of results make me comfortable, while 

undergoing virtual lab experimentation. 

.749     

VL9 I can use V-Labs to reinforce the theoretical concepts learn in class. .720     
VL4 I feel login with Username and password provide adequate security for virtual lab 

experimentation. 

.686     

VL15 Virtual lab provides a safe workspace environment without anybody assistance .658     
VL2 Virtual labs are easily accessible than physical lab for me. .650     

VL11 I feel virtual lab enable me to use the latest technologies. .640     
VL7 Virtual lab rule and regulations are more clear and easy to understand. .626     

VL27 I can do virtual lab experiment at anywhere or any place. .593     

VL14 Through virtual lab experimentation I can improve my competency in using computer for 
other educational purposes. 

.580     

VL31 Through virtual lab, I am ensuring my safety from chemicals, and its hazardless. .555     

VL10 I believe that the experiment while conducting through virtual lab is more systematic. .529     
VL21 I think VL is more cost effective, particularly for complicated circuits that may require a 

number of trials and errors. 

.456     

Dimension 2: psychological aspects 
VL17 Virtual lab enhances my enthusiasm for learning through interactivity.  .756    

VL18 Virtual lab provide diversity in learning.  .697    

VL12 I feel using virtual lab allow me to focus and concentrate more on the experiments.  .663    
VL20 I believe physical lab become time consuming but not in virtual lab experimentation.  .641    

VL22 I feel that the virtual lab is helped me to enrich my higher-order thinking.  .608    

VL16 Virtual lab provides more satisfaction and better adjustment with the physics 
experimentation. 

 
.602 

   

VL26 Virtual lab helps me to enhance my subject knowledge.  .579    

VL13 I feel virtual lab provide enjoyment during experiments.  .536    
VL19 I feel virtual lab provide enjoyment during experiments.  .518    

Dimension 3: pedagogical aspects 

VL32 I can understand science concepts more concrete way when I use virtual experiments.   .740   
VL35 Virtual lab is suitable for all subject stream in the higher education.   .702   

VL34 Virtual experimentation enhances science conceptual understanding of mine.   .698   

VL33 I am more active in learning in a VL environment than in a conventional laboratory 
class. 

 
 .687 

  

VL36 I think virtual lab has been developed as an alternative to the science labs in the UG and 

PG courses. 

 
 .677 

  

VL37 I recommend the virtual lab for other levels of education.   .601   

Dimension 4: challenges of VL 

VL25 I have a high level of anxiety when my devices are not working properly during virtual 
lab experimentation. 

 
 

 
.779 

 

VL23 I am worried about the negative effects of technological devices like noise, and heating 

while using virtual lab. 

 
 

 
.725 

 

VL24 I feel virtual lab discourages rote learning.    .715  

VL29 I think virtual lab is not providing real-world experience that enables to put everything 

learned into action. 

 
 

 
.691 

 

VL28 I think completing an experiment through virtual lab requires sufficient knowledge of 

internet- related skills is needed. 

 
 

 
.629 

 

VL30 I feel virtual lab is largely an independent work.    .529  
Dimension 5: student’s satisfaction VL 

VL3 VL helps me to enhance my practical skills.     .636 

VL5 Virtual lab helps me to increases my curiosity.     .555 
VL1 I feel more convenient and flexible during virtual lab experimentation.     .479 
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5. DISCUSSION 

The development and standardization of the “attitude towards the use of virtual lab scale” represent 

a pivotal advancement in understanding postgraduate science students' perceptions and experiences with  

V-Labs. The factor analysis of this study confirms a multidimensional structure of attitudes, distinguishing 

between technological, psychological, pedagogical, and challenge-related aspects along with student 

satisfaction. This segmentation aligns with the findings of Smith and Jones [38], who also identified multiple 

dimensions in their assessment of virtual learning environments, emphasizing the complexity of student 

interactions with technological educational tools. 

Technological aspects such as ease of access and security, similar to the findings of Lee et al. [39], 

underline the importance of infrastructure in user acceptance. Pedagogical factors identified in this study 

emphasize educational efficacy. This is supporting the observations by Khan [40] that effective virtual labs 

must integrate seamlessly into the broader educational framework to enhance learning outcomes. 

The reliability of the scale, as evidenced by a high Cronbach’s alpha of .983, underscores its 

robustness. This is similar to the reliability metrics presented by Hughes and Garcia [41] in their evaluation 

scales for e-learning platforms. This study’s scale stability, confirmed through split-half reliability, further 

attests to its consistency, aligning with the reliability benchmarks set by Liu [42] in educational research. 

The empirical contribution of this research lies in providing a validated instrument that quantifies 

diverse attitudes toward virtual labs, which can inform the design and implementation of these resources in 

science education. Theoretically, this study enriches the academic discourse by delineating specific 

attitudinal dimensions that should be addressed when integrating virtual labs into curricula. 

Methodologically, the rigorous development and validation process set a benchmark for future educational 

assessment tools. 

The alignment of these findings with the broader academic discourse underscores the integral role of 

virtual labs in facilitating an innovative, accessible, and effective learning environment. They complement 

traditional laboratory settings and offer distinct advantages such as scalability, safety, and the ability to 

simulate complex experiments. However, as indicated by the challenges dimension, there remain areas for 

improvement, particularly in addressing the realism and hands-on experience that traditional labs provide. 

The findings of the “attitudinal assessment scale for virtual laboratory integration in science 

education” are critically compared with those of several other studies, reinforcing the robustness and 

relevance of this article conclusions. For instance, our observation that V-Labs enhance learning efficiency 

corroborates the findings by Zhang et al. [2], who highlighted the significant role of virtual labs in 

engineering education. Moreover, the positive attitudinal impacts noted in our study align with the results by 

Ali et al. [3], where dynamic virtual chemistry laboratories significantly improved students' engagement and 

learning outcomes. However, our findings also provide a nuanced view by identifying specific psychological 

and technological factors that influence student attitudes, a component less emphasized but similarly pointed 

out by An and Li [4].  

Contrary to the limitations noted by Choni and Dardymov [5] concerning the detachment from real-

world technology in virtual labs, our scale identified high adaptability and integration of real-world scenarios 

within current virtual lab setups. Furthermore, our research extends the work by Cheng et al. [7] emphasizing 

the necessity of enhancing the user experience to promote wider adoption of virtual labs. The high reliability 

of our scale, evidenced by a Cronbach’s alpha of .983, underscores its potential utility in diverse educational 

settings, complementing the findings by Yanto et al. [8] regarding the effectiveness of virtual labs post-

COVID-19. The diverse applications of virtual labs in enhancing learning outcomes, similar to those reported 

by Sijabat et al. [9] are also supported by our findings, demonstrating a broader educational impact. 

 

 

6. CONCLUSION 

This research successfully constructs and validates a comprehensive attitudinal scale, providing a 

valuable tool for assessing the integration of V-Labs in science education. The “attitude towards the use of 

virtual lab scale” has proven to be a reliable and valid instrument, reflecting a significant step forward in the 

empirical study of educational technologies. The findings advocate for the continued integration and 

enhancement of virtual labs, suggesting that they are not only supplementary tools but are becoming central 

to science education in the digital age. Future research should focus on longitudinal studies to assess changes 

in attitudes over time, particularly as technological advancements continue to evolve the capabilities and 

reach of V-Labs. Additionally, comparative studies could explore differences in attitudes across various 

disciplines within science to tailor virtual lab technologies more closely to specific educational needs. 

This study contributes to the growing body of knowledge on V-Labs, reaffirming their value as 

transformative educational tools and paving the way for their broader adoption and optimization in science 

education worldwide. In conclusion, while this study aligns well with existing literature by confirming the 

multidimensional nature of students' attitudes towards virtual labs, it also extends the dialogue by offering a 
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refined, reliable measurement tool. Future research should explore the integration of these findings into 

practical educational settings and examine the longitudinal impact of virtual labs on learning outcomes. By 

addressing the gaps highlighted in the challenges dimension, educators and developers can enhance the 

realism and hands-on experience of virtual labs, potentially bridging the gap between traditional and virtual 

science education. 
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