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Effectiveness of Virtual Laboratories in Science Education:
A Meta-Analysis

Marc Lancer Santos and Maricar Prudente

Abstract—The development of technologies had transformed
the way we deliver our instruction to the students. Many
researchers and teachers alike are advocating for the
integration of technology into their instruction as it provides
promising results. One key aspect as to which technology can be
of great help is through virtual laboratory activities. This
meta-analysis offered information on the effectiveness of using
virtual laboratory activities to student achievement. Results of
the meta-analysis revealed a medium effect size (g = 0.587)
towards the use of virtual laboratories. The subject area and
level of study were used as subgrouping to further explore the
effectiveness of conducting virtual laboratories.

Index Terms—Educational technology, laboratory activities,
meta-analysis, virtual laboratories.

I. INTRODUCTION

Laboratory activities are an essential part of every science
curriculum as they provide the practical applications of the
theories studied by the students as well as opportunities to
develop practical skills [1], [2]. Throughout time, it has been
established that laboratory activities enhance students'
understanding and attitude towards the different science
courses [3], [4]. To provide more evidence, in the field of
chemistry education, chemistry laboratory activities play a
vital role in the development of the students’ conceptual
understanding of various chemical principles. and their
attitude towards learning chemistry [5]. Although most
studies have revealed that laboratory activities yield positive
effects to the students, most schools in developing countries
would not even have a viable laboratory mainly due to cost
and maintenance [6]. Furthermore, some studies have
reported hesitancy in implementing laboratory activities
because of the potential risks to safety and time constraints
[7]. Therefore, science educators continue to find innovative
ways to deliver laboratory activities to students [4].

With the way technology has been shaping the educational
landscape [8], [9], an innovative way to deliver laboratory
activities with not the much-added cost is through virtual
laboratories [10]-[12]. Virtual laboratories provide simulated
versions of traditional laboratories where the learner is
provided with virtual representations of the real objects used
in traditional laboratories [9], [13], [14]. Toth et al. [15]
mentioned that virtual laboratories allow the students to
conduct the same scientific inquiry afforded by traditional
laboratory activities but at a reduced cost [16], hazards [9],
and time constraints. In contrast with traditional laboratory
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activities, virtual laboratory activities allow students to have
unlimited opportunities to re-do the simulations that can aid
in further conceptual development [17]. Virtual learning
environments also offer instant feedback from data
manipulations, as well as opportunities to practice and
prepare for conceptually complex hands-on experiments

[18].

Despite the positive reports in the implementation of
virtual laboratory activities, certain criticisms of virtual
laboratory activities were made (difficult to integrate into the
learning process [19], [20]; lack of practicality [17]; negative
student attitudes [20]). Furthermore, while most of the
studies focused on the implementation of virtual laboratories
to physics and chemistry education, little attention was given
to other pertinent science education subject areas such as
biology and earth science. Lastly, most of the available
studies in virtual laboratory activities included pre-service
teachers who are expected to have already possessed
foundational concepts. Samples that included secondary and
elementary students were somehow limited. Thus, this study
aims to establish the effect of implementing virtual
laboratory activities compared to a traditional laboratory on
student academic achievement in science courses through a
comprehensive meta-analysis.

To establish the effectiveness of virtual laboratory
activities in improving student academic achievement in
science education, the present study wishes to conduct a
meta-analysis to determine the following:

1) The overall effect size of the use of virtual laboratories on
student achievement in science discourses against
traditional laboratory set-ups.

2) A statistically significant difference between virtual and
traditional laboratory activities when subject area and
level of study were used as sub-group.

Il. METHODS

A. Meta-Analysis

As defined by Glass [21], meta-analysis is the “statistical
analysis of a large collection of analysis results from
individual studies for the purpose of integrating findings”.
The study is in a form of survey research where previously
done work is surveyed instead of people [22]. Furthermore,
doing meta-analysis allows the researcher to formulate
reliable general statements since the process of doing such
combines relative sample and effect size of previously done
work [23]. Specifically, Glass et al. [24] prescribed steps to
perform meta-analysis which includes 1) collection of studies,
2) coding features of the study, 3) calculation of the effect
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size in a particular construct, 4) investigation of the
moderating effects of a study’s characteristics on outcome
measures.

B. Search Protocol

The studies included in this paper were searched mainly
from Google Scholar, and Scopus since both databases when
used in systematic reviews offered stability of coverage [25].
Since the Scopus database contains most of the articles found
in other databases, it was used jointly with the ScienceDirect
database for cases where full-text papers cannot be accessed
through Scopus. Additionally, the Crossref database was
used to look for additional research that includes published
studies in conference proceedings. The key terms used in
searching for the articles were “Virtual Laboratories”,
“Virtual Lab” coupled with “Science”, “Science Education”
and “Student Achievement”.

C. Inclusion and Exclusion Criteria

To evaluate the effectiveness of using virtual laboratories
in science education, meta-analysis was utilized on qualified
studies. Titles and abstracts of the gathered studies were
inspected for the following five criteria:

1) The study must explicitly made use of virtual laboratories
as its intervention in a science discourse which includes,
Biology, Chemistry, Earth Science, and Physics at either
undergraduate or K-12 level.

The study measured student achievement in either of the
scientific discourse previously mentioned.

The study employed either the use of quasi-experimental
or experimental research designs; this was added in the
inclusion criteria to ensure that studies made use of virtual
laboratories as educational interventions and that the
measure variable of learning gains be correspondent to
the implementation of virtual laboratories and not of
random chance.

The study provided the necessary statistical information
to compute for the effect size (e.g., sample size, standard
deviation, mean, t-values, Cohen’s d).

The study is written in English and was published in a
peer-reviewed journal or included in a conference
proceeding within the years 2015-2020. The year
2015-2020 was chosen for this study since some
literature reviews [26] were done already in 2000 until
early 2010. Instead of adding to their work, the
researchers decided to venture on newer studies that
passed the criteria set for this meta-analysis.

Studies were excluded from the meta-analysis if the article

1) did not come from either a peer-reviewed journal article or

at the least conference proceeding; 2) no control group was

used (traditional laboratories), or 3) lack of statistical
information which would not allow for the computation of

effect size (hedge’s g).

D. Identification and Selection of Studies for Inclusion

The first phase of identifying and selecting the studies for
inclusion in the meta-analysis is through a database search.
Google Scholar, Scopus, and Crossref databases were
utilized using the key terms mentioned earlier. A total of
1172 studies were collected and were reviewed against the
inclusion criteria through an inspection of the titles and

2)

3)

4)

5)
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abstract. 11 studies were excluded after inspection for
duplication. A total of 63 studies remained after examination
of which 970 were excluded due to the inappropriateness of
key terms in the title while 128 studies were excluded after
the review of the abstract.

The remaining 63 studies entered the second phase of
identifying and selecting the studies which include a full
paper review. 28 studies were excluded from the
meta-analysis due to a lack of data for student achievement in
science. Majority of the 28 studies measured attitude towards
virtual laboratories which is an outcome not included in this
study. Furthermore, 20 studies were excluded because of the
lack of statistical information that would hinder the
computation of the effect size. Although some papers
reported the mean and sample sizes, the standard deviations
were not presented which would not allow for the
determination of the effect size. After the two phases of
reviews, 15 studies were included to participate in the
meta-analysis. Fig. 1 illustrates and summarized the whole
identification and selection of studies done in this paper.
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Fig. 1. Flow diagram of article selection.

E. Effect Size Calculation and Data Analysis

As described by Hedges & Olkin [27], the effect size and
the standard error of the effect sizes were calculated using the
software Comprehensive Meta-Analysis (CMA) of
Borenstein et al. [28] to conduct a meta-analysis. Effect size
in this study is reported using Hedge’s g since Hedge’s g is
better than Cohen’s d in adjusting for small sample size bias
[29].

For this meta-analysis, the means and standard deviations
were primarily selected to compute the effect size. Out of the
15 studies included in the analysis, only the study [30]
utilized the means and t-test value to compute the effect size.
As suggested by Lipsey & Wilson [22], a single effect size
was calculated across all studies to prevent overall effect size
bias due to statistical dependence which resulted from
multiple effect size coming from one study. In studies that
utilize unique research designs like multiple experimental
and control groups, and experiments or assessments, the
weighted average was used to determine single effect size.
Moreover, for studies that included multiple constructs,
careful determination of effect size basing on the selection
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criteria was used to determine the single effect size [31].

The random effects model was used to present the pooled
effect size in this meta-analysis since according to Borenstein
et al. [29] a random effects model is more appropriate for
studies that differ in effect sizes and source of data. To
support the use of the random effects model in reporting the
pooled effect size and to confirm the subgroup analysis, a test
for heterogeneity will be considered by calculating the Q
statistic and the I? statistic. The null hypothesis of
homogeneity is rejected when the Q statistic is significant.
Furthermore, a significant Q statistic suggests that the
variability between effect sizes is greater compared to the
probable result of subject-level sampling error alone [22]. In
the case of |2 statistic, 25%, 50%, and 75% are associated to
have low heterogeneity, moderate heterogeneity, and high
heterogeneity respectively [28].

Out of the 1172 papers initially retrieved from the
literature search, a total of 15 studies that met the inclusion
criteria previously mentioned in this paper were used for
meta-analysis. Table | shows the summary of the studies
depicting significant details. The total sample size is N =
2642 students where n = 1392 experience virtual laboratory
experiments and n = 1250 students underwent traditional
laboratory set-ups. The sample size per study ranges from
30-526 participants. Two studies made use of post-test only
measurement while the majority of the studies utilized a
quasi-experimental design (n = 8) Other studies made use of
random experimental design (n = 6) and mixed-method (n =
1).

RESULTS

TABLE I: SUMMARY OF INCLUDED STUDIES FOR META-ANALYSIS

Study Sample size Virtual lab Subject Method Measurement
(year) (Tradional lab) (level)

Ambusaidi et al. [32] 68 35(33) Chemistry (Secondary) QED Pre-test & Post-test
Chao et al. (2015) [33] 30 16 (14) Chemistry (Secondary) QED Pre-test & Post-test
Faour & Ayoubi (2018) [13] 50 25 (25) Physics (Secondary) RED Pre-test & Post-test
Ghergulescu et al. (2019) [34] 78 42 (36) Chemistry (Secondary) QED Pre-test & Post-test

Herga et al. (2015) [35] 225 144 (81) Chemistry (Secondary) RED Post-test only

Herga et al. (2016) [36] 109 62 (47) Chemistry (Secondary) RED Post-test only
Hodges et al. (2018) [37] 351 184 (167) Chemistry (Secondary) MIX Pre-test & Post-test
Husnaini & Chen (2019) [38] 68 34 (34) Physics (Secondary) RED Pre-test & Post-test
Makransky etl al. (2016) [39] 189 95 (94) Biology (Undergraduate) RED Pre-test & Post-test

Oser & Fraser (2015) [40] 322 169 (153) Biology (Secondary) QED Post-test only
Ranjan (2017) [30] 208 105 (103) Physics (Secondary) QED Pre-test & Post-test
Sapriadil et al, (2019) [41] 70 35 (35) Physics (Secondary) QED Pre-test & Post-test
Sari Ay & Yilmaz (2015) [42] 69 36 (33) Physics (Secondary) QED Pre-test & Post-test
Usman et al. (2019) [43] 526 269 (257) Earth Science (Secondary) QED Pre-test & Post-test
Winkelmann et al. (2020) [44] 279 141 (138) Chemistry (Secondary) RED Pre-test & Post-test

*RED = Random Experimental Design, QED = Quasi-Experimental Design, MIX = Mixed Research Design.

A. Overall Effect Size of Virtual Laboratory Activities

The forest plot of the overall effect size is presented in Fig.
2. As presented in Fig. 2, four studies [32], [38]-[40] resulted
in negative effect size towards the implementation of virtual
laboratory activities while the remaining 11 were positive
towards virtual laboratory activities which range from an
effect size of 0.050 to 1.938. Only one study [44] resulted in a
positive effect size that is not significant at p < 0.05. The
overall effect size using the random effects model resulted to
a value of g = 0.587 (SE = 0.141; 95% confidence interval
0.310-0.865) is statistically significant. Furthermore, the
overall effect size is interpreted to have a medium effect size
[45], [46].

Testing for heterogeneity, the I? resulted in a value of
91.063% which can be interpreted to have high heterogeneity
[47] implying that either a subgroup or moderator analysis be
made. Therefore, the meta-analysis can proceed with the
second objective of subgrouping analysis of the level of study
and subject area.
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Fig. 2. Forest plot of effect sizes per study.
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B. Subgroup Analysis

1) Level of study

Undergraduate students were observed to have a very
small effect size (g = 0.012, n = 468) compared to secondary
students’ medium effect size (g = 0.689, n = 2174). The
overall effect size when the level of study is used as
subgrouping yielded to g = 0.186 which accounts for a small
effect size [45], [46] showing statistical significance (p <
0.025, SE 0.079). The results of this subgroup analysis may
indicate that virtual laboratory activities are effective when
implemented to secondary students.

2) Subject area

The mixed effect analysis was used to perform further
statistical analysis. The subject area of Biology (g = -0.044, n
= 511) received a negative effect size while Chemistry (g =
0.787, n = 1140) Earth Science (g = 0.425, n = 526), and
Physics (g = 0.652, n = 465) all resulted to a positive effect
size. Chemistry received the highest effect size among all
subject area. The overall effect size when grouped according
to subject area is g = 0.244 which is analogous to a small
effect size is statistically significant (p < 0.025, SE = 0.059).
All in all, the result of the subgroup analysis for the subject
area yielded with a small effect size that is statistically
significant may imply that across all subject areas in science,
virtual laboratories could have improved student
achievement with physics and chemistry having the most
benefit.

C. Publication Bias

Although initial visual inspection of the funnel plot (see
Fig. 3) suggests asymmetric distribution towards the bottom
right side of the plot, both the rank correlation test (Kendal
tau = 0.27 p = 0.07) and Egger’s regression test (intercept =
292, p 0.09) resulted in statistically insignificant
coefficient suggesting that to accept the null hypothesis, there
should be symmetric distribution. As suggested, a symmetric
plot means the absence of publication bias in the
meta-analysis [48], [49]. Furthermore, the Classic fail-safe N
test revealed that there are 524 additional studies needed to
nullify the overall effect size calculated in this study [50]. To
further support the claim of the absence of publication bias,
Orwin’s fail-safe N was determined revealing that 637
missing studies are needed to bring the effect size to a trivial
value (g = 0.01) [51].

Funnel Plot of Standard Error by Hedges's g

Standard Error

05

Hedges's g

Fig. 3. Funnel plot.

IVV. DiscussioN
As technology gets more accessible and sophisticated,
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integrating technology into educational environments is
inevitable [52]. A clear integration of technology into the
educational environment is through virtual laboratories.
Virtual laboratories are simulations of the traditional
hands-on experiment where virtual representations are used
[13]. To establish the effect of virtual laboratories on science

education, this meta-analysis explored studies that
implemented virtual laboratory experiments against
traditional  laboratory  set-ups. While there were

meta-analysis studies about computer-simulated instruction
[31], [53]-[55] and bibliographic review studies [20], [52],
there were no meta-analyses (to the best knowledge of the
researchers) done specifically to the application of virtual
laboratories in science education. Furthermore, the subject
area and level of study were considered as a subgroup to
verify if virtual laboratory activities are effective on the
subgroups identified.

A total of 15 studies were included and analyzed in this
meta-analysis. All the studies made use of the virtual
laboratory to science disciplines which include Biology,
Chemistry, Earth Science, and Physics. A standardized
Hedge’s g was calculated for each study to prevent statistical
bias [22]. The overall effect size using the random effects
model resulted in a value of g = 0.587 (SE = 0.141; 95%
confidence interval 0.310-0.865) is statistically significant
and considered to have a medium effect size. The result of the
meta-analysis is consistent with previous efforts to look at the
overall effects of virtual simulations in educational
environments. Merchant et al. [31] revealed that students
who received instruction using desktop virtual simulations
outperformed those using traditional set-ups. It could be
noted that students performed well upon implementation of
virtual laboratories since students doing traditional
laboratory activities focus more on the practical and physical
aspects rather than the variables being explored in the
experiment [56]. Another factor that might have caused
increased cognitive outcomes for students using virtual
laboratories is their exposure time. Hands-on laboratories are
only allowed for a limited time and are not ideal for repetition
[57]; while virtual laboratories allow students to repeat the
experiment with no added cost [38], [58]. In doing so,
students have more opportunities to understand the
underlying concepts being studied in their science class.

The level of study was as a subgrouping in this
meta-analysis to verify if virtual laboratories work effectively
in both secondary and undergraduate levels. The results
revealed that when grouped according to the level of study
using the mixed effect analysis the overall hedge’s g value is
0.186 (SE = 0.079, p = 0.020) which is categorized to have
small effect size. Secondary level students were observed to
benefit most from virtual laboratories due to an observed
medium effect size (g 0.689, n 2174) while
undergraduate students received only a small effect size (g =
0.012, n = 468).

The subject area was also used as a subgroup to determine
the effect of virtual laboratories on Chemistry, Physics,
Biology, and Earth Science. Using the mixed effect analysis,
the overall effect size was calculated to have a Hedge’s g
value of 0.244 (SE = 0.059, p = 0.000) and is interpreted to
have a small effect size [11], [12]. The subject area of
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chemistry received the highest effect size (g = 0.787, n =
1140) while a negative effect size was observed for Biology
(g =-0.044, n = 511). Arguably, the observed negative effect
size in Biology is non-conclusive and may not have
represented the entire literature due to the limitation that only
two studies were included and analyzed. Oser & Fraser [40]
suggested that even if virtual laboratories were not an
effective strategy in making significant learning gains to the
students, it could still be used as supplementary instruction
that would not negatively affect the students. Virtual
laboratories in the field of biology could still be a good way
to prepare students before the actual laboratory since the use
of virtual laboratories reduces the cognitive load of the
students [59], [60].

V. EDUCATIONAL IMPLICATIONS

The decision to promote and use virtual laboratories is still
at the judgment of the teachers and administrators since
additional provisions for cost and teacher training shall
follow when implemented. As revealed by the meta-analysis,
there is a medium effect size indicating that the use of virtual
laboratories can indeed promote a better understanding of
scientific concepts.

Through this meta-analysis, the overall effect of virtual
laboratories on student achievement has been calculated
using a standardized Hedge’s g. Furthermore, the effect of
virtual laboratories on subgroupings such as level of study
and subject area was reported. Because of this, students and
administrators can have a basis to inform them on the
implementation of a promising intervention that integrates
technology.

Thus, the integration and use of virtual laboratories should
be further explored by future researchers so that a more
sophisticated way of delivery can be empirically explored.
Teachers might consider coupling the use of virtual
laboratories which is a good constructivist approach [61] to
other well-known science education teaching principles to
maximize further the learning gains of the students. A
possible blending is through problem-based learning. Since
science education offers practical and observable phenomena,
the use of carefully designed projects and testing in virtual
laboratories could possibly allow students to have a deeper
understanding of the theories and concepts behind natural
phenomena presented in the problems [62].

Another consideration in the use of virtual laboratories is
the design and implementation of the activities. Estriegana et
al. [19], suggested that efficiency and playfulness are factors
that positively influence the student’s adoption of e-learning
systems since playfulness and enjoyment engage students
towards the learning process thus motivating them to accept
the use of these tools. Furthermore, it was considered that
cognitive, affective, psychomotor skills influence each other
even on virtual learning set-ups [63]; thus, implying that
teachers and even developers to consider sophisticated
designs to ease the use of virtual learning.

Lastly, the issue of collaboration must be able addressed as
well by teachers. Possible ways were identified by Herdio et
al. [52], which includes the integration to LMS which
supports synchronous and asynchronous collaboration tools,
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the integration of virtual laboratory activities to virtual reality
devices, and the development of technology that would
support multiple users at a time.

A. Limitations of the Study

The inclusion and exclusion criteria discussed in this paper
suggest that studies not published in peer-review journals and
conferences were excluded from the meta-analysis. Although
it might be argued that publishers often publish positive
results [64], there were studies included in this meta-analysis
that yielded negative effect sizes. In this case, the results of
this paper are limited only to the studies included for
meta-analysis and may possibly not be representative of the
entire effect size. Furthermore, the study is limited only to
student achievement measures and is not in itself explaining
factors such as motivations and attitudes towards the use of
virtual laboratory experiments in science education. The
subgrouping explored in the study was also limited by the
studies that had passed our inclusion criteria thus this paper
acts as an initial attempt to guide instructors and designers on
the possible effects of level of study and subject area on the
implementation of virtual laboratories.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

M.L. Santos conducted the research, analyzed the data,
and wrote the manuscript. M. Prudente supervised and give
very insightful ideas throughout the conduct of the study.

ACKNOWLEDGMENT

The authors would like to thank the DOST-SEI-CBPSME
Scholarship for funding the publication of the paper.

REFERENCES

T. Jong, M. C. Linn, and Z. C. Zacharia, “Physical and virtual
laboratories in science and engineering education,” Science (80-. )., vol.
340, no. 6130, pp. 305-308, Apr. 2013, doi: 10.1126/science.1230579.
B. Duan, K.-V. Ling, H. Mir, M. Hosseini, and R. K. L. Gay, “An
online laboratory framework for control engineering courses,” Int. J.
Eng. Educ., vol. 21, no. 6 PART I, pp. 1068-1075, 2005.

A. Hofstein and V. N. Lunetta, “The role of the laboratory in science
teaching: Neglected aspects of research,” Rev. Educ. Res., vol. 52, no. 2,
pp. 201217, Jun. 1982, doi: 10.3102/00346543052002201.

A. Hofstein and V. N. Lunetta, “The laboratory in science education:
Foundations for the twenty-first century,” Sci. Educ., vol. 88, no. 1, pp.
28-54, 2004, doi: 10.1002/sce.10106.

R. Ben-Zvi, A. Hofstein, D. Samuel, and R. F. Kempa, “The
effectiveness of filmed experiments in high school chemical
education,” J. Chem. Educ., vol. 53, no. 8, p. 518, Aug. 1976, doi:
10.1021/ed053p518.

D.R. Cruz and D. M. M. Mendoza, “Design and development of virtual
laboratory: A solution to the problem of laboratory setup and
management of pneumatic courses in Bulacan State University College
of Engineering,” 2018 IEEE Games, Entertain. Media Conf. GEM
2018, pp. 20-23, 2018, doi: 10.1109/GEM.2018.8516467.

J. R. Lehman, “Chemistry teachers’ and chemistry students’ perceived
advantages and disadvantages of high school chemistry laboratories,”
Sch. Sci. Math., vol. 89, no. 6, pp. 510-514, Oct. 1989, doi:
10.1111/j.1949-8594.1989.th11953.X.

M. Au-Yong-Oliveira, R. Gongalves, J. Martins, and F. Branco, “The
social impact of technology on millennials and consequences for higher
education and leadership,” Telemat. Informatics, vol. 35, no. 4, pp.
954-963, 2018, doi: 10.1016/j.tele.2017.10.007.

(1]

[2

31

(4]

(5]

(6]

(71

(8]



(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

International Journal of Information and Education Technology, Vol. 12, No. 2, February 2022

E. Salmer&-Manzano and F. Manzano-Agugliaro, “The higher
education sustainability through virtual laboratories: The Spanish
University as case of study,” Sustain., vol. 10, no. 11, 2018, doi:
10.3390/su10114040.

C. L. Borgman et al., “Fostering learning in the networked world: The
cyberlearning opportunity and challenge. A 21st century agenda for the
national science foundation,” 2008.

1. Hawkins and A. J. Phelps, “Virtual laboratory vs. traditional
laboratory: Which is more effective for teaching electrochemistry?”
Chem. Educ. Res. Pract., vol. 14, no. 4, pp. 516-523, 2013, doi:
10.1039/c3rp00070b.

K. Tran, A. Beshir, and A. Vaze, “A tale of two lab courses: An account
and reflection on the teaching challenges experienced by organic and
analytical chemistry laboratories during the COVID-19 period,” J.
Chem. Educ., 2020, doi: 10.1021/acs.jchemed.0c00649.

M. A. Faour and Z. Ayoubi, “The effect of using virtual laboratory on
grade 10 students’ conceptual understanding and their attitudes
towards physics,” Journal of Education in Science Environment and
Health, vol. 4, no. 1. pp. 54-68, 2018, doi: 10.21891/jeseh.387482.

R. Wijayanti, K. H. Sugiyarto, and J. Ikhsan, “Effectiveness of using
virtual chemistry laboratory integrated hybrid learning to students’
learning achievement,” J. Phys. Conf. Ser., vol. 1156, no. 1, 2019, doi:
10.1088/1742-6596/1156/1/012031.

E. E. Toth, B. L. Morrow, and L. R. Ludvico, “Designing blended
inquiry learning in a laboratory context: A study of incorporating
hands-on and virtual laboratories,” Innov. High. Educ., vol. 33, no. 5,
pp. 333-344, 2009, doi: 10.1007/s10755-008-9087-7.

M. E. Ahmed, “An instructional design model and criteria for
designing and developing online virtual labs,” Int. J. Digit. Inf. Wirel.
Commun., vol. 4, no. 3, pp. 355-371, 2014, doi: 10.17781/P001289.
Y. Daineko, V. Dmitriyev, and M. Ipalakova, “Using virtual
laboratories in teaching natural sciences: An example of physics
courses in university,” Comput. Appl. Eng. Educ., vol. 25, no. 1, pp.
39-47, Jan. 2017, doi: 10.1002/cae.21777.

Z. Zacharia and O. R. Anderson, “The effects of an interactive
computer-based simulation prior to performing a laboratory
inquiry-based experiment on students’ conceptual understanding of
physics,” Am. J. Phys., vol. 71, no. 6, pp. 618-629, Jun. 2003, doi:
10.1119/1.1566427.

R. Estriegana, J. A. Medina-Merodio, and R. Barchino, “Student
acceptance of virtual laboratory and practical work: An extension of
the technology acceptance model,” Comput. Educ., 2019.

V. Potkonjak et al., “Virtual laboratories for education in science,
technology, and engineering: A review,” Comput. Educ., vol. 95, pp.
309-327, 2016, doi: 10.1016/j.compedu.2016.02.002.

G. V Glass, “Primary, secondary, and meta-analysis of research,” Educ.
Res., wvol. 5 ~no. 10, pp. 3-8 Nov. 1976, doi:
10.3102/0013189X005010003.

M. W. Lipsey and D. B. Wilson, Practical Meta-Analysis, Thousand
Oaks, CA, US: Sage Publications, Inc, 2001.

J. Garzon and J. Acevedo, “Meta-analysis of the impact of Augmented
Reality on students’ learning gains,” Educ. Res. Rev., vol. 27, no. April,
pp. 244-260, 2019, doi: 10.1016/j.edurev.2019.04.001.

G. V. Glass, B. MacGaw, and M. L. Smith, Meta-Analysis in Social
Research, Beverly Hills, CA: Sage, 1981.

A.-W. Harzing and S. Alakangas, “Google Scholar, Scopus and the
Web of Science: A longitudinal and cross-disciplinary comparison,”
Scientometrics, vol. 106, no. 2, pp. 787-804, 2016, doi:
10.1007/s11192-015-1798-9.

Z. Tatli and A. Ayas, “Virtual laboratory applications in chemistry
education,” Procedia - Soc. Behav. Sci., vol. 9, pp. 938-942, 2010, doi:
10.1016/j.sbspro.2010.12.263.

L. Hedges and I. Olkin, Statistical Methods for Meta-Analysis,
Academic press, 1985.

M. Borenstein, L. Hedges, J. Higgins, and H. Rothstein,
Comprehensive Meta-Analysis Version 3, Biostat, Englewood, NJ,
2013.

M. Borenstein, L. V Hedges, J. P. T. Higgins, and H. R. Rothstein, “A
basic introduction to fixed-effect and random-effects models for
meta-analysis,” Res. Synth. Methods, vol. 1, no. 2, pp. 97-111, Apr.
2010, doi: 10.1002/jrsm.12.

A. Ranjan, “Effect of virtual laboratory on development of concepts
and skills in physics,” Int. J. Tech. Res. Sci., vol. 2, no. 1, pp. 15-21,
2017.

Z.Merchant, E. T. Goetz, L. Cifuentes, W. Keeney-Kennicutt, and T. J.
Davis, “Effectiveness of virtual reality-based instruction on students’
learning outcomes in K-12 and higher education: A meta-analysis,”

155

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

Comput.  Educ.,, vol. 70, 29-40, 2014, doi:
10.1016/j.compedu.2013.07.033.

A. Ambusaidi, A. Al Musawi, S. Al-Balushi, and K. Al-Balushi, “The
impact of virtual lab learning experiences on 9th grade students’
achievement and their attitudes towards science and learning by virtual
lab,” J. Turkish Sci. Educ., vol. 15, no. 2, pp. 13-29, 2018, doi:
10.12973/tused.10227a.

J. Chao, J. L. Chiu, C. J. DeJaegher, and E. A. Pan, “Sensor-augmented
virtual labs: Using physical interactions with science simulations to
promote understanding of gas behavior,” J. Sci. Educ. Technol., vol. 25,
no. 1, pp. 16-33, Feb. 2015, doi: 10.1007/s10956-015-9574-4.

I. Ghergulescu, A. N. Moldovan, C. H. Muntean, and G. M. Muntean,
“Atomic structure interactive personalised virtual lab: Results from an
evaluation study in secondary schools,” CSEDU 2019 - Proc. 11th Int.
Conf. Comput. Support. Educ., vol. 1, no. Csedu, pp. 605-615, 2019,
doi: 10.5220/0007767806050615.

N. A.R. Herga, S. A. GlaZar, and D. Dinevski, “Dynamic visualization
in the virtual laboratory enhances the fundam ental understanding of
chemical concepts,” J. Balt. Sci. Educ., vol. 14, no. 3, pp. 351-365,
2015.

N. R. Herga, B. Cagran, and D. Dinevski, “Virtual laboratory in the role
of dynamic visualisation for better understanding of chemistry in
primary school,” Eurasia J. Math. Sci. Technol. Educ., vol. 12, no. 3,
pp. 593-608, 2016, doi: 10.12973/eurasia.2016.1224a.

G. W. Hodges, L. Wang, J. Lee, A. Cohen, and Y. Jang, “An
exploratory study of blending the virtual world and the laboratory
experience in secondary chemistry classrooms,” Comput. Educ., vol.
122, pp. 179-193, 2018, doi: 10.1016/j.compedu.2018.03.003.

S. J. Husnaini and S. Chen, “Effects of guided inquiry virtual and
physical laboratories on conceptual understanding, inquiry
performance, scientific inquiry self-efficacy, and enjoyment,” Phys.
Rev. Phys. Educ. Res., vol. 15, no. 1, p. 010119, Mar. 2019, doi:
10.1103/PhysRevPhysEducRes.15.010119.

G. Makransky et al., “Simulation based virtual learning environment in
medical genetics counseling: an example of bridging the gap between
theory and practice in medical ...,” BMC Med. ..., 2016.

R. Oser and B. J. Fraser, “Effectiveness of virtual laboratories in terms
of learning environment, attitudes and achievement among high-school
genetics students,” Curric. Teach., vol. 30, no. 2, pp. 65-80, Jan. 2015,
doi: 10.7459/ct/30.2.05.

S. Sapriadil et al., “Effect of higher order thinking virtual laboratory
(HOTVL) in electric circuit on students’ creative thinking skills,” J.
Phys. Conf. Ser, wvol. 1204, no. 1, 2019, doi:
10.1088/1742-6596/1204/1/012025.

O. Sari Ay and S. Yilmaz, “Effects of virtual experiments oriented
science instruction on students’ achievement and attitude,” Ilkogretim
Online, wvol. 14, no. 2, pp. 609-620, Apr. 2015, doi:
10.17051/i0.2015.25820.

H. Usman, T. O. Alabi, O. C. Falode, and B. Y. Muhammed, “Effects of
physical and virtual laboratories on the achievement of secondary
school geography students in North Central Nigeria,” Int. J. Educ.
Educ. Res., vol. 2, no. 2, pp. 1-23, 2019.

K. Winkelmann, W. Keeney-Kennicutt, D. Fowler, M. L. Macik, P. P.
Guarda, and C. J. Ahlborn, “Learning gains and attitudes of students
performing chemistry experiments in an immersive virtual world,”
Interact. Learn. Environ., vol. 28, no. 5, pp. 620-634, Jul. 2020, doi:
10.1080/10494820.2019.1696844.

J. Cohen, Statistical Power Analysis for the Behavioural Sciences, 2nd
edn.(Hillsdale, NJ: L. Erlbaum Associates), 1988.

J. Cohen, “A power primer.,” Psychol. Bull.,, vol. 112, no. 1, pp.
155-159, 1992, doi: 10.1037/0033-2909.112.1.155.

J. P. T. Higgins and S. G. Thompson, “Quantifying heterogeneity in a
meta-analysis,” Stat. Med., vol. 21, no. 11, pp. 1539-1558, 2002, doi:
10.1002/sim.1186.

M. Borenstein, L. V Hedges, J. P. T. Higgins, and H. R. Rothstein,
Introduction to Meta-Analysis, John Wiley & Sons, 2011.

S. Duval and R. Tweedie, “Trim and fill: A simple funnel-plot-based
method of testing and adjusting for publication bias in meta-analysis,”
Biometrics, vol. 56, no. 2, pp. 455-463, Jun. 2000, doi:
10.1111/j.0006-341x.2000.00455.x.

R. Rosenthal, “The file drawer problem and tolerance for null results,”
Psychol. Bull., vol. 86, no. 3, p. 638, 1979.

R. G. Orwin, “A fail-safe n for effect size in meta-analysis,” J. Educ.
Stat, wvol. 8, no. 2, pp. 157-159, Jun. 1983, doi:
10.3102/10769986008002157.

R. Heradio, L. Torre, D. Galan, F. J. Cabrerizo, E. Herrera-Viedma, and
S. Dormido, “Virtual and remote labs in education: A bibliometric

pp.



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

International Journal of Information and Education Technology, Vol. 12, No. 2, February 2022

analysis,” Comput. Educ., vol. 14-38, 2016, doi:
10.1016/j.compedu.2016.03.010.

J. Lee, “Effectiveness of computer-based instructional simulation: A
meta analysis,” Int. J. Instr. Media, vol. 26, no. 1, p. 71, 1999.

T. Sitzmann, “A meta-analytic examination of the instructional
effectiveness of computer-based simulation games,” Pers. Psychol.,
vol. 64, no. 2, pp. 489-528, 2011, doi:
10.1111/j.1744-6570.2011.01190.x.

J. J. Vogel, D. S. Vogel, J. Cannon-Bowers, G. A. Bowers, K. Muse,
and M. Wright, “Computer gaming and interactive simulations for
learning: A meta-analysis,” J. Educ. Comput. Res., vol. 34, no. 3, pp.
229-243, 2008, doi: 10.2190/FLHV-K4WA-WPVQ-HOY M.

E. E. Toth, L. R. Ludvico, and B. L. Morrow, “Blended inquiry with
hands-on and virtual laboratories: the role of perceptual features during
knowledge construction,” Interact. Learn. Environ., vol. 22, no. 5, pp.
614-630, Sep. 2014, doi: 10.1080/10494820.2012.693102.

W.-M. Roth, “Experimenting in a constructivist high school physics
laboratory,” J. Res. Sci. Teach., vol. 31, no. 2, pp. 197-223, Feb. 1994,
doi: 10.1002/tea.3660310209.

C. E. Hmelo, D. L. Holton, and J. L. Kolodner, “Designing to learn
about complex systems,” J. Learn. Sci., vol. 9, no. 3, pp. 247-298, Jul.
2000, doi: 10.1207/S15327809JL.S0903_2.

B. Dalgarno, A. G. Bishop, W. Adlong, and D. R. Bedgood,
“Effectiveness of a virtual laboratory as a preparatory resource for
distance education chemistry students,” Comput. Educ., vol. 53, no. 3,
pp. 853-865, 2009, doi: 10.1016/j.compedu.2009.05.005.

G. Makransky, M. W. Thisgaard, and H. Gadegaard, “Virtual
simulations as preparation for lab exercises: Assessing learning of key
laboratory skills in microbiology and improvement of essential
non-cognitive ...,” PloS One, 2016.

W. R. Joolingen, T. Jong, A. W. Lazonder, E. R. Savelsbergh, and S.
Manlove, “Co-Lab: Research and development of an online learning
environment for collaborative scientific discovery learning,” Comput.
Human Behav., vol. 21, no. 4, pp. 671-688, 2005, doi:
10.1016/j.chb.2004.10.039.

T. Sheorey, “Empirical evidence of relationship between virtual lab
development and students learning through field trials on vlab on
mechatronics,” Int. J. Inf. Educ. Technol., vol. 4, no. 1, pp. 97-102,
2014, doi: 10.7763/ijiet.2014.v4.377.

N. Z. Khidzir, K. A. M. Daud, and M. A. H. Ibrahim, “The relationship
among student’s domain of learning development implementing virtual
learning in higher learning institutions,” Int. J. Inf. Educ. Technol., vol.
6, no. 6, pp. 418-422, 2016, doi: 10.7763/ijiet.2016.v6.725.

E. M. Furtak, T. Seidel, H. Iverson, and D. C. Briggs, “Experimental
and quasi-experimental studies of inquiry-based science teaching: A
meta-analysis,” Rev. Educ. Res., vol. 82, no. 3, pp. 300-329, 2012, doi:
10.3102/0034654312457206.

98, pp.

156

Copyright © 2022 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits unrestricted
use, distribution, and reproduction in any medium, provided the original
work is properly cited (CC BY 4.0).

Marc Lancer Santos was born in the Philippines. He
finished both his bachelor in secondary education
major in chemistry and master of science in teaching
major in chemistry from the De La Salle
University-Manila, Philippines.

Maricar S. Prudente is presently a full professor of
the Science Education Department at De La Salle
University-Manila. Professor Prudente completed her
Ph.D. in environmental chemistry and ecotoxicology at
Ehime University, Japan under a Japan Society for the
Promotion of Science (JSPS) Ronpaku Fellow Grant.

L As an educator, Dr. Prudente has served as
u administrator in various capacities at De La Salle
University- Manila — as academic chairperson of the Science Education
Department and as Research Director of the Lasallian Institute for
Development and Educational Research (LIDER). Dr. Prudente has also
served as a resource person, facilitator and coordinator in various seminars,
workshops and training programs dealing with action research,
environmental issues, science education, and technology integration. She is
the Chairperson and Organizer of the Action Research Action Learning
(ARAL) International Congress held annually at De La Salle University
Manila.

She has authored and co-authored 56 scientific research papers published in
IS and Scopus-indexed journal and she has 35 research papers on science
education and action research that were also published in peer-reviewed
Scopus-indexed journals.

Prof. Prudente’s involvement in research was recognized in 2015 when she
was awarded the Lasallian Pillar of Excellence in Research by De La Salle
University-Manila. In the same year, Dr. Prudente was the recipient of the
2015 Lifetime National Achievement Award of the National Research
Council of the Philippines (NRCP). Moreover, Prof. Prudente was recently
recognized as the 2018 Outstanding Filipino JSPS Fellow in the field of
Education by the Department of Science and Technology (DOST) and the
Japan Society for the Promotion of Science (JSPS).


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

