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ABSTRACT

Although virtual laboratories are increasingly used to address constraints on practical science learning, evidence
remains limited on locally developed virtual laboratories in Moroccan lower-secondary science and on evaluations
that combine objective conceptual and procedural learning outcomes with multidimensional learner perceptions.
This study compared students’ conceptual and procedural knowledge after using LabInnov or receiving conven-
tional non-laboratory instruction and examined users’ perceptions of the platform. A quantitative exploratory
quasi-experimental study used a post-test-only non-equivalent-group design with 34 third-year lower-secondary
students from two intact classes, with one class assigned to each instructional condition. The experimental group
(n = 17) used LabInnov during two 120-minute sessions, while the control group (n = 17) studied the same scien-
tific content conventionally. Both groups completed a ten-item post-test scored from 0 to 20, and the experimental
group completed a 15-item questionnaire assessing satisfaction, usability, perceived understanding, motivation,
and collaboration. The experimental group achieved higher post-test scores (M = 13.06, SD = 2.34) than the con-
trol group (M = 9.06, SD = 2.04), with a mean difference of 4.00 points, 95% CI [2.47, 5.53], t(32) = 5.318, p <
.001, with a large effect (d = 1.82). Questionnaire means ranged from 3.65 to 4.67, and motivation was positively
associated with perceived understanding (Spearman’s p = .631, p = .006). These findings suggest that LabInnov
may support conceptual and procedural knowledge when regular practical work is constrained. However, the
small sample, post-test-only design, and use of only one intact class per condition prevent causal attribution and
leave open the possibility that the observed difference partly reflects class-level characteristics. Conceptually, the
study contributes an integrated evaluative perspective on virtual laboratory learning by considering objective con-
ceptual and procedural outcomes alongside multidimensional learner perceptions and the relationship between
motivation and perceived understanding within a locally developed Moroccan virtual laboratory context.
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INTRODUCTION

Achieving inclusive and equitable quality
education, as promoted by Sustainable Deve-
lopment Goal 4 (SDG 4), requires learning con-
ditions that enable students not only to acquire
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scientific knowledge but also to investigate pheno-
mena, interpret evidence, and develop relevant
digital competencies (Vuorikari et al., 2022). The
UNESCO Global Education Monitoring Report
indicates that technology is explicitly involved in
six of the ten SDG 4 targets and may contribute
to educational access, equity, quality, skills deve-
lopment, and system management (UNESCO,
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2023). Nevertheless, technology’s educational va-
lue is not automatic; it depends on accessibility,
pedagogical relevance, sustainability, and integra-
tion into coherent teaching practices. In science
education, this issue matters because understan-
ding scientific concepts is closely connected to
opportunities for observation, experimentation,
and interpretation.

The need to strengthen science learning
is particularly evident in the Moroccan context.
According to the 2022 Program for Internatio-
nal Student Assessment, only 25% of Moroccan
students attained at least Level 2 proficiency in
science, compared with an average of 76% across
OECD countries (OECD, 2023). These interna-
tional findings are complemented by previous
research documenting the challenges associated
with ICT integration in Moroccan Life and Earth
Sciences education (Nafidi et al., 2018) and by
empirical evidence collected in the Moroccan
school context. In a preliminary study of 720 Life
and Earth Sciences teachers and 575 secondary
school students, nearly 60% of teachers reported
that they rarely organized practical work sessions.
Technical constraints, including insufficient
equipment and expired materials, were reported
by 84% of the teachers, while 66.2% identified
oversized classes as an additional obstacle (Jebara
et al., 2025a). These results provide an empirical
basis for investigating context-appropriate digital
environments that can expand students’ access to
experimental learning opportunities.

Practical work is an essential component
of science education because it helps students
connect scientific concepts with procedures, ob-
servations, and evidence (Najoui & Alami, 2017,
Oliveira & Bonito, 2023). However, its regular
implementation may be restricted by insuffi-
cient equipment, limited instructional time, large
classes, and other logistical constraints, inclu-
ding those documented in Moroccan secondary
education (Akuma & Callaghan, 2019). Virtual
laboratories can complement practical science
activities when access to physical laboratories is
limited, offering students opportunities to engage
with simulated experimental tasks under reduced
material constraints (Fadda et al., 2022; Shamba-
re & Simuja, 2022). Their educational value and
adoption nevertheless depend on interactivity,
platform effectiveness, and appropriate instruc-
tional design (Achuthan et al., 2021; Chan et al.,
2021; Radhamani et al., 2021). Meta-analytic
evidence further indicates that digital tools and
computer simulations can support science lear-
ning, particularly when integrated with other
instructional approaches rather than used as sub-
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stitutes (Hillmayr et al., 2020). A second-order
systematic review of virtual and remote labora-
tories in secondary STEM education found that
online laboratories generally supported learning
outcomes comparable to those in physical labo-
ratories, particularly when integrated into con-
ventional instruction and accompanied by ap-
propriate teacher feedback (Fadda et al., 2022).
At the same time, adding immersive features does
not automatically improve learning, because in-
creased presence may bring additional cognitive
demands (Makransky et al., 2019). The same re-
view nevertheless showed that content knowledge
remained the most frequently assessed outcome,
whereas practical skills, inquiry processes, and
variables related to students’ learning experiences
were examined less consistently. Recent studies
also emphasize designing virtual laboratories and
digital learning platforms around accessibility,
sustainability, disciplinary alignment, and adap-
table learning scenarios (El Kharki et al., 2021;
Shchevliagin & Koroleva, 2024; Zhang & Liu,
2024).

Recent empirical studies illustrate both the
potential of digital simulations and the remaining
research gaps. Ahmad et al. (2021) examined an
interactive computer animation and simulation
module for learning electrochemistry through a
quasi-experimental design focusing on achieve-
ment and motivation. Their findings supported
the educational value of interactive simulations,
but the investigation was limited to a specific che-
mistry topic and did not examine a broader pro-
file of usability, satisfaction, perceived understan-
ding, and collaboration. Similarly, Widiyatmoko
et al. (2023) found that virtual reality game-based
learning improved eighth-grade students’ STEM
literacy. However, their study focused on energy
concepts and did not examine virtual practical
work in Life and Earth Sciences or a multidi-
mensional profile of students’ perceptions. Taken
together, these studies reveal a specific research
gap: classroom-based evidence remains limited
on locally developed virtual practical-work envi-
ronments in Moroccan lower-secondary Life and
Earth Sciences that combine objective assessment
of conceptual and procedural knowledge with a
multidimensional examination of students’ per-
ceptions. Previous research has examined moti-
vation, experiences, and attitudes in virtual labo-
ratory settings (Dyrberg et al., 2017; Diwakar et
al., 2023; Kapici et al., 2020), but these outcomes
have rarely been examined alongside objective
knowledge outcomes within the same classroom
investigation.
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Against this background, LabInnov was
developed as an interactive platform designed
to support virtual practical work across diffe-
rent topics in Life and Earth Sciences. Previous
research focused on the platform’s instructional
design, technological development, pedagogical
scripting, and initial evaluation following the
ADDIE model (Jebara et al., 2025b). Initial user
feedback indicated favorable perceptions of its
usability, interactivity, and pedagogical potential,
while also identifying areas for improvement,
including cross-device compatibility and expan-
ding available experimental content. The present
research moves from platform design and initial
evaluation to a comparative pilot investigation in
an authentic lower-secondary classroom setting.
The experimental identification of food consti-
tuents is the activity selected for this classroom
evaluation, not the only scientific content for
which LabInnov was designed. The five percep-
tion dimensions were treated as complementary
indicators of students’ experience rather than as
components of a single theoretical model. Self-
Determination Theory informed motivation, in-
terface usability by the Technology Acceptance
Model, and social interaction and collaboration
by Moore’s learner—learner interaction frame-
work, whereas satisfaction and perceived under-
standing were treated as exploratory indicators
of affective experience and subjective learning,
respectively (Davis, 1989; Moore, 1989; Ryan &
Deci, 2020). The association between motivation
and perceived understanding was of particular
theoretical interest because Self-Determination
Theory links motivation to engagement and sus-
tained learning effort, making its relationship
with students’ subjective appraisal of their un-
derstanding theoretically relevant (Ryan & Deci,
2020).

This study’s novelty lies in its context-
sensitive pilot evaluation of a locally developed
virtual practical-work platform in Moroccan
lower-secondary Life and Earth Sciences, using
complementary evaluation perspectives. Speci-
fically, the study combines an objective compa-
rison of conceptual and procedural knowledge
with a five-dimensional examination of students’
perceptions and an exploratory analysis of asso-
ciations among these perceptions. Importantly,
the comparison is between Lablnnov and con-
ventional non-laboratory instruction; the cont-
rol condition did not involve physical laboratory
work or a teacher demonstration of the experi-
ment. Accordingly, the study does not evaluate
whether virtual laboratories are superior to physi-
cal laboratory activities.
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This study aims to support and extend
previous findings concerning the educational po-
tential of virtual laboratories. More specifically,
it aims to: (1) compare the post-test conceptual
and procedural knowledge scores of students
using LabInnov with those of students recei-
ving conventional non-laboratory instruction; (2)
quantify the levels of satisfaction, interface usa-
bility, perceived understanding, motivation, and
social interaction and collaboration reported by
LabInnov users; and (3) examine the associations
among these five perception dimensions using
Spearman’s rank correlations.

Accordingly, the study addresses the follo-
wing research questions:

RQL1. Do the post-test conceptual and pro-
cedural knowledge scores of students who use
LabInnov differ from those of students receiving
conventional non-laboratory instruction on the
same scientific content?

RQ2. What levels of satisfaction, interface
usability, perceived understanding, motivation,
and social interaction and collaboration do stu-
dents report after using LabInnov?

RQ3. What associations exist among these
five perception dimensions, with particular atten-
tion to the theoretically motivated association bet-
ween motivation and perceived understanding?

This study is positioned as a pilot investi-
gation of a locally developed virtual laboratory
in lower-secondary Life and Earth Sciences. Its
findings are intended to provide preliminary
evidence on students’ performance and percep-
tions rather than establish the general superiority
of virtual laboratories or broadly generalizable
causal effects.

METHODS

This study is part of a progressive research
program devoted to developing and evaluating
LabInnov. Previous work focused on the plat-
form’s instructional design, technological devel-
opment, pedagogical scripting, and initial evalu-
ation following the ADDIE model (Jebara et al.,
2025b). The present study therefore represents
the next stage of this research process, moving
from platform development and initial evaluation
to a first comparative investigation under authen-
tic classroom conditions. It was designed as a pi-
lot study involving two intact classes from a sin-
gle school, comprising 34 students. The limited
sample size aligned with the exploratory purpose
of this stage, which aimed to gather preliminary
evidence on students’ performance and user ex-
perience before conducting larger-scale investiga-
tions. Accordingly, the sample was not intended
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to represent the broader secondary-school popu-
lation, and the findings should be interpreted as
preliminary evidence to inform subsequent stud-
ies with larger and more diverse samples.

Guided by established and contemporary
principles of quasi-experimental research (Reich-
ardt, 2019; Shadish et al., 2002), the study was
organized into five researcher-defined stages: (1)
inclusion of the two pre-existing intact classes
and establishment of the two instructional condi-
tions; (2) development and content review of the
research instruments; (3) implementation of the
experimental and conventional learning activi-
ties; (4) administration of the knowledge post-test
and perception questionnaire; and (5) quantita-
tive data processing, analysis, and interpretation.
Within this methodological framework, the pro-
cedure was adapted to the school’s organizational
constraints by retaining intact classes, omitting
individual randomization, and using a post-test-
only design. These adaptations preserved the
school’s usual organization while allowing com-
parison of the two instructional conditions under
structured conditions.

The participants were 34 third-year lower-
secondary students enrolled in a private school in
Casablanca, Morocco. They belonged to the two
pre-existing third-year lower-secondary classes
available in the participating school and followed
the same Life and Earth Sciences curriculum.
The school administration formed these classes
at the beginning of the academic year, before the
study was planned, as part of the school’s usual
organization. According to the school’s adminis-
trative practice, class composition was intended
to maintain broadly balanced groups. Because the
classes followed fixed timetables and could not be
reorganized for research purposes, students were
neither reassigned nor mixed across classes. The
study therefore involved both intact classes, and
the sample size reflected the accessible popula-
tion rather than an a priori power-based deter-
mination (Lakens, 2022). One class formed the
experimental group (n = 17), while the other
formed the control group (n = 17). The designa-
tion of the two intact classes as experimental or
control was pragmatic and followed the order
of the scheduled sessions: the class taught in the
first session was designated as the experimental
group, whereas the other served as the control
group. No random procedure assigned classes
to the two instructional conditions. Assignment
consequently occurred at the class level without
individual randomization. Administrative ef-
forts to balance class composition should not
be interpreted as evidence of statistical baseline
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equivalence between the two groups. Because in-
structional condition coincided with class mem-
bership, observations within each class may not
have been fully independent. With only one in-
tact class per condition, intra-class correlation
and class-specific effects could not be estimated
separately from the instructional-condition effect;
we therefore considered this limitation when in-
terpreting the between-group comparison.

The school administration authorized the
study. The collected data were anonymized and
used exclusively for research purposes. Participa-
tion in the study had no consequences for stu-
dents’ school grades.

The intervention took place over two
120-minute sessions, for a total of 240 minutes,
and focused on the experimental identification
of food constituents. At the beginning of the first
session, the teacher presented the learning objec-
tives and general instructions. The experimental
group then began the virtual practical activities
using LabInnov in a multimedia room equipped
with individual computers. Students selected vir-
tual equipment and reagents, followed the experi-
mental protocols, and observed simulated reac-
tions used to identify different food constituents.

During the same period, the control group
studied the same scientific content using textual
materials and teacher explanations, without us-
ing a virtual laboratory or conducting physical
experimental manipulations. This condition re-
flected the constraints observed in various Mo-
roccan schools, where insufficient or unavailable
laboratory equipment can limit the regular imple-
mentation of practical activities in Life and Earth
Sciences (Jebara et al., 2025a). The second ses-
sion continued and completed the learning activi-
ties in both groups. The scientific content, learn-
ing objectives, overall instructional duration, and
teacher were kept comparable across the two
conditions. The main difference concerned the
learning modality and instructional resources
used. Both groups were supervised by their regu-
lar teacher to limit variation from teacher change
and maintain a familiar learning environment.

At the end of the second session, all 34
students completed the same knowledge post-test
under identical instructions. Students were given
20 minutes to complete the post-test. Immedi-
ately afterward, the 17 students in the experimen-
tal group completed a questionnaire concerning
their experience with LabInnov. No missing data
were observed. Consequently, all 34 post-tests
and all 17 questionnaires were included in the
statistical analyses.
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Two quantitative instruments were used:
a criterion-referenced knowledge post-test ad-
ministered to both groups and a perception
questionnaire administered only to the experi-
mental group. The post-test comprised ten mul-
tiple-choice questions assessing conceptual and
procedural knowledge related to the experimental

473

identification of food constituents. Each question
had one correct answer. Correct answers were
awarded two points, while incorrect or unan-
swered responses received zero points, resulting
in a total score ranging from 0 to 20. Table 1 pres-
ents the post-test structure.

Table 1. Structure of the Conceptual and Procedural Knowledge Post-Test

Assessed domain Items Nu.mber Maximum
of items score
Purpose of the practical activity and functions of the Q1-Q2 2 4
reagents
Food constituents, reagents, and expected results Q3-Q7 5 10
Equipment, procedures, and hygiene rules Q8-Q10 3 6
Total Q1-Q10 10 20

Three teachers specializing in Life and
Earth Sciences qualitatively examined the post-
test content validity, following the general princi-
ples of expert-based content validation described
by Lynn (1986). The experts examined the sci-
entific relevance, clarity, and alignment of each
item with the intended learning objectives. Their
observations resulted in minor wording revisions
before the instrument was administered. The to-
tal score indicated students’ conceptual and pro-
cedural knowledge related to this specific learn-
ing activity rather than their overall experimental
competence.

The post-activity questionnaire comprised
15 items organized into five dimensions of three
items each: general satisfaction, interface usabil-
ity, perceived understanding, motivation to par-
ticipate, and social interaction and collaboration.
Responses were recorded on a five-point Likert-
type scale ranging from 1, “strongly disagree,”
to 5, “strongly agree” (Likert, 1932; Jebb et al.,
2021). A score was calculated for each dimension
by averaging responses to its three corresponding
items. Dimension scores therefore ranged from 1
to 5, with higher values representing more posi-
tive perceptions.

The researchers developed the question-
naire items using complementary theoretical
frameworks and adapted them to the students’
age, the virtual practical-work setting, and the
functions of LabInnov. They were not direct
reproductions of standardized scales. Items ad-
dressing motivation and interest in the activ-
ity were informed by Self-Determination Theory
(Ryan & Deci, 2000, 2020) and recent work on
measuring student engagement (Fredricks et al.,
2019). Perceived interface usability was informed
by the Technology Acceptance Model (Davis,
1989). Items addressing exchanges, peer support,
and collaboration were linked to learner—learner

interaction in Moore’s (1989) interaction frame-
work. General satisfaction and perceived under-
standing were treated as exploratory indicators
of students’ experiences. Perceived understand-
ing represented students’ subjective assessment
of the extent to which LabInnov supported their
understanding of the scientific content and was
therefore distinguished from the objective perfor-
mance assessed by the post-test.

Three experts qualitatively examined the
questionnaire’s content validity: two specialists in
Life and Earth Sciences education and one spe-
cialist in educational psychology. Following the
principles of expert judgment described by Lynn
(1986), they examined the relevance, clarity, and
correspondence of the items with their intended
dimensions. Their feedback led to minor word-
ing adjustments before administration. Because
the questionnaire was developed specifically for
this exploratory study, the internal consistency
of each three-item dimension was subsequently
examined using Cronbach’s alpha (Cronbach,
1951; Taber, 2018). Taken together, the expert re-
view and internal-consistency analyses provided
preliminary evidence regarding content validity
and internal consistency. Given the small number
of experts, the limited sample of 17 respondents,
and the three-item structure of each dimension,
these results should not be interpreted as consti-
tuting a full psychometric validation of the ques-
tionnaire.

The statistical analyses were conducted
using R version 4.5.0 within RStudio version
2024.12.1+563 (Posit Team, 2025). Means, medi-
ans, standard deviations, first and third quartiles,
and minimum and maximum values were calcu-
lated to summarize post-test performance and
questionnaire dimension scores. Frequency histo-
grams also displayed the distribution of post-test
scores in each group.
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Before comparing post-test means, the as-
sumptions underlying the independent-samples
Student’s rtest were examined. The Shapiro-
Wilk test (Shapiro & Wilk, 1965) and visual in-
spection of the distributions were used to assess
the normality of post-test scores in each group.
Homogeneity of variance was examined using
Levene’s test (Levene, 1960). Because the nor-
mality and homogeneity assumptions were met,
the mean post-test scores between the experimen-
tal and control groups were compared using an
independent-samples Student’s #test (Student,
1908). The mean difference was reported with its
95% confidence interval.

Cohen’s d and its small-sample bias-cor-
rected estimate, Hedges’ g, were calculated to
quantify the magnitude of the between-group
difference (Hedges, 1981; Cohen, 1988). These
foundational effect-size measures were interpret-
ed alongside confidence intervals and statistical
significance, following more recent recommenda-
tions emphasizing contextual and cautious inter-
pretation of effect magnitude (Funder & Ozer,
2019).

The internal consistency of each question-
naire dimension was evaluated separately using
Cronbach’s alpha. Descriptive statistics were then
calculated for each of the five dimensions. Spear-
man’s rank correlation coefficients were used to
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examine associations among general satisfac-
tion, interface usability, perceived understanding,
motivation, and collaboration (Spearman, 1904;
Schober et al., 2018). Spearman’s coefficient was
selected because the dimension scores were de-
rived from Likert-type responses and because of
the small sample size. The relationship between
motivation and perceived understanding consti-
tuted the main theoretically relevant association,
while the remaining correlations were treated as
exploratory. All inferential tests were two-sided,
and the statistical significance threshold was .05.
Given the small sample, we interpreted question-
naire-based associations cautiously and did not
treat them as evidence of causal or predictive
relationships. No multivariable regression analy-
sis was retained because the experimental-group
sample was too small to provide stable estimates
for a model with several predictors.

RESULTS AND DISCUSSION

The analysis addressed the two compo-
nents of the research problem: the difference in
post-test performance between the experimental
and control groups and the perceptions reported
by students who used LabInnov. Table 2 presents
the descriptive statistics for the conceptual and
procedural knowledge post-test.

Table 2. Post-Test Scores of the Experimental and Control Groups

Group n Mean SD Minimum-maximum
Experimental group 17 13.06 2.34 10.00-17.00
Control group 17 9.06 2.04 6.00-13.00

The experimental group obtained a mean
score of 13.06 (SD = 2.34), compared with 9.06
(SD = 2.04) for the control group. The observed
mean difference was therefore 4.00 points in fa-
vor of the experimental group. The median score
was also higher in the experimental group (13.00)
than in the control group (9.00), while the in-
terquartile ranges and minimum-maximum val-
ues showed a general shift toward higher scores
among students who used Lablnnov. Before
comparing the means, the assumptions of the

independent-samples Student’s r-test were exam-
ined. The Shapiro-Wilk tests were not statistically
significant in either group, providing no evidence
against the normality assumption. Levene’s test
was also not statistically significant (p = .454), in-
dicating no evidence of unequal variances. The
conditions for applying the independent-samples
Student’s #-test were therefore considered accept-
able. Table 3 presents the inferential comparison
and effect-size estimates.

Table 3. Comparison of Post-Test Scores Between the Experimental and Control Groups

Analysis  Statistic  df Mean differ- - Standard o5, o, Effect
ence error Size
Levene’s test F=0.576 1,32 0.454 — — — —
Student'sttest t=5318 32 <0.001 4.00 0752 [247, d=182
553 g=1.78




S. Jebara, Y. Lghazi, M. Bassiri / JPII 15 (3) (2026) 469-480

The two-sided independent-samples Stu-
dent’s t-test indicated a statistically significant dif-
ference between the two classes, #(32) = 5.318, p
< .001. The observed mean difference was 4.00
points, with a 95% confidence interval ranging
from 2.47 to 5.53 points. The standardized differ-
ence was large according to both Cohen’s d (1.82)
and the small-sample-corrected Hedges’ g (1.78).
However, these effect-size estimates should be
interpreted cautiously. The result represents an
observed between-class difference, with the class
using LabInnov showing higher post-test concep-
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tual and procedural knowledge scores than the
class receiving conventional non-laboratory in-
struction. Because no baseline measure was avail-
able and only one intact class represented each
instructional condition, the observed difference
cannot be separated from possible pre-existing
class-level differences and should not be inter-
preted as a causal effect of LabInnow.

Before examining students’ perceptions,
the internal consistency of the five questionnaire
dimensions was assessed. Table 4 presents the co-
efficients.

Table 4. Internal Consistency of the Perception Questionnaire Dimensions

Dimension Number of items Cronbach’s alpha
General satisfaction 3 .810
Interface usability 3 767
Perceived understanding 3 .789
Motivation 3 .800
Collaboration 3 .810

Cronbach’s alpha coefficients ranged from
.767 to .810. General satisfaction and collabora-
tion produced the highest coefficients, followed
by motivation, perceived understanding, and in-
terface usability. These values provided prelimi-
nary evidence of acceptable internal consistency
for the five dimensions. Nevertheless, they should

be interpreted cautiously because each coefficient
was calculated from only three items and 17 re-
spondents.

Table 5 presents the descriptive results
for the five questionnaire dimensions. All scores
were calculated on a scale ranging from 1 to 5.

Table 5. Descriptive Statistics for the Perception Questionnaire Dimensions

Dimension n Mean SD Median Minimum Maximum
General satisfaction 17 3.65 0.55 4.00 2.00 4.00
Interface usability 17 4.45 0.66 5.00 3.33 5.00
Perceived understanding 17 4.67 0.47 5.00 3.33 5.00
Motivation 17 4.33 0.63 4.00 3.00 5.00
Collaboration 17 4.51 0.55 5.00 3.67 5.00

Perceived understanding received the high-
est evaluation M = 4.67, SD = 0.47), followed
by collaboration (M = 4.51, SD = 0.55), inter-
face usability (M = 4.45, SD = 0.66), and moti-
vation (M = 4.33, SD = 0.63). General satisfac-
tion was more moderate (M = 3.65, SD = 0.55)
but remained above the response scale midpoint.
Median scores reached 5.00 for perceived under-
standing, interface usability, and collaboration,
indicating that responses for these dimensions
were concentrated toward the upper end of the
scale.

Spearman’s rank correlations were calcu-
lated to examine the associations among the five
questionnaire dimensions. Figure 1 presents the
coefficients.

Figure 1. Heatmap of Spearman’s Rank Corre-
lations Among the Perception Questionnaire Di-

mensions

(Note. SAT = general satisfaction; ERGO = interface usability; COMP
= perceived understanding; MOT = motivation; COLL = collabora-
tion. Blue cells indicate positive correlations, whereas red cells indicate
negative correlations. The COMP-MOT correlation was statistically
significant (p = .631, p = .006); all other correlations were not statisti-
cally significant.)
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Most associations were weak and not sta-
tistically significant. The theoretically relevant
relationship between motivation and perceived
understanding was positive and statistically sig-
nificant (p = .631, p = .006). Students reporting
greater motivation therefore tended to report
stronger perceived understanding. The remaining
coefficients ranged from -.350 (between interface
usability and collaboration) to .217 (between in-
terface usability and motivation) and were not
statistically significant. Because several dimen-
sions had high median scores and limited vari-
ability, the absence of significant correlations
should not be interpreted as evidence that the
constructs were entirely unrelated.

The observed post-test difference may be
discussed in light of the learning opportunities
provided by the virtual environment, although
the mechanisms underlying this difference were
not directly tested in the present study. LablIn-
nov required students to select equipment and
reagents, follow an experimental sequence, and
connect each simulated reaction with an expected
observation. These features may have made the
activity’s procedural organization more explicit
than in the text-and-explanation condition. More
generally, previous research suggests that virtual
laboratories can make processes visible, allow
learners to control variables, and provide imme-
diate representations of experimental outcomes.
Al-Duhani et al. (2023), for example, reported
higher achievement among Grade 8 students
using a virtual laboratory for electricity and dis-
cussed visualization, variable control, and imme-
diate feedback as possible explanatory features.
In the present study, however, these mechanisms
should be regarded as plausible interpretations
rather than empirically tested mediators of the
observed between-class difference.

The present pattern is also consistent with
evidence that structured virtual and blended lab-
oratory activities can support conceptual knowl-
edge, inquiry learning, scientific literacy, and ar-
gumentation skills (Kapici et al., 2019; Agustina
& Putra, 2022; Lestari et al., 2023; Muilwijk &
Lazonder, 2023), while their benefits remain de-
pendent on pedagogical guidance and appropri-
ate instructional structure (Kapici et al., 2022).
However, the current comparison differed in
an important respect: the control group did not
have access to either a physical laboratory or a
teacher demonstration of the experiment. The
higher scores should therefore be interpreted as
evidence that LabInnov offered experimental rep-
resentations and procedural learning opportuni-
ties that were absent from the conventional condi-
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tion, rather than as evidence that it was superior
to physical laboratory work. This interpretation
aligns with recent evidence showing that physi-
cal and virtual experiments offer complementary
affordances and that combining both formats
can support conceptual understanding in science
learning (Worner et al., 2022; Sarapak et al.,
2025). This distinction matters because the post-
test assessed knowledge of equipment, reagents,
observations, and procedures but not students’
ability to manipulate physical materials.

The particularly high perceived-under-
standing score was observed alongside higher
post-test performance in the experimental class,
although the two measures represent different
constructs and were not directly analyzed in
relation to one another. The post-test assessed
demonstrated knowledge, whereas perceived un-
derstanding reflected students’ subjective judg-
ment of how much the platform helped them
understand. Distrik et al. (2024) similarly found
that an interactive digital resource incorporating
visual materials supported high-school students’
conceptual understanding, digital literacy, and
positive learning responses. In the present study,
the objective post-test results and the perceived-
understanding scores should therefore be con-
sidered complementary indicators of students’
learning experience rather than evidence of a di-
rect convergence between objective and subjective
measures.

High usability did not produce an equal-
ly high general-satisfaction score. This differ-
ence suggests that ease of interaction with the
platform was only one component of students’
overall experience. General satisfaction may also
depend on expectations, preference for physical
manipulation, novelty, visual design, or occasion-
al technical constraints. Viitaharju et al. (2023)
emphasized that an effective virtual laboratory
experience depends on aligning relevant scien-
tific content, learning design, and technical fea-
sibility. Because the present study did not include
qualitative interviews, the reasons for the more
moderate satisfaction score cannot be isolated
and should not be inferred from the quantitative
results alone.

The positive relationship between moti-
vation and perceived understanding provides a
more specific contribution than merely showing
that both dimensions received favorable ratings.
Students who felt more willing to participate
also tended to feel that they understood the sci-
entific content better. One possible explanation,
consistent with self-determination theory and
evidence from virtual laboratory research, is that
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motivated students invested more attention and
cognitive effort in following the protocols and in-
terpreting the simulated reactions (Ryan & Deci,
2020; Diwakar et al., 2023). The reverse inter-
pretation is equally plausible: students who ex-
perienced greater clarity may have become more
motivated to continue the activity. Because both
variables were measured at the same time using
self-reports, the direction of the relationship can-
not be determined. It should therefore be inter-
preted as an exploratory association rather than
as evidence that motivation caused perceived
understanding or that perceived understanding
caused motivation.

The high collaboration score is also note-
worthy because students used individual comput-
ers. It suggests that individual access to the virtual
environment did not necessarily lead to a socially
isolated learning experience. The shared class-
room setting, teacher guidance, and opportunities
for peer exchange may have supported students’
perception of collaboration. A recent review by
Kurtz et al. (2025) showed that communication
and group-awareness mechanisms can support
knowledge sharing and collaborative learning in
virtual and remote laboratories, while also noting
that explicit tools for guiding and regulating col-
laboration remain insufficiently developed. In the
present study, collaboration was assessed through
students’ perceptions rather than direct observa-
tion of their exchanges. The result therefore in-
dicates a favorable social experience but does not
demonstrate the quality or frequency of collab-
orative behavior.

The findings contribute to recent virtual-
laboratory research in three specific ways. First,
much of the recent school-level evidence has ad-
dressed physics, electricity, or chemistry, whereas
this study focused on a Life and Earth Sciences
activity involving the experimental identification
of food constituents. Second, the study examined
a resource-constrained instructional situation in
which the comparison group received the same
scientific content but had no access to physical
or virtual manipulation. Third, the study exam-
ined objective post-test performance alongside
five dimensions of students’ experience. The con-
tribution is consequently not the general claim
that virtual laboratories improve learning, but the
context-specific finding that a curriculum-aligned
virtual environment can provide access to an ex-
perimental sequence when material laboratory
access is unavailable, while supporting favorable
perceptions of understanding, usability, motiva-
tion, and collaboration.
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This contextual contribution also addresses
a gap identified by Elmoazen et al. (2023), whose
review found that virtual-laboratory research re-
mains fragmented, frequently small-scale, and
concentrated in higher education. The present
investigation extends the evidence to lower-sec-
ondary Life and Earth Sciences in a Moroccan
setting. At the same time, its findings should not
be generalized beyond the conditions examined.
Yang et al. (2024) reported an overall moderate
positive effect of virtual reality on practical skills
and found stronger effects when virtual practice
was combined with conventional approaches.
The considerably larger effect observed here may
partly reflect the nature of the comparison condi-
tion, which did not include laboratory manipula-
tion, as well as the limited sample. It should not
be interpreted as evidence that LabInnov can re-
place physical practical work.

Several methodological constraints there-
fore delimit the conclusions. The post-test-only
design did not establish baseline equivalence
between the two classes, and the absence of in-
dividual randomization means that pre-existing
differences may have contributed to the observed
performance gap. The study involved only 34 stu-
dents from one private school, the intervention
lasted 240 minutes, and the questionnaire analy-
ses were based on 17 respondents. In addition,
the questionnaire was developed for this study,
and its reliability coefficients provide only prelim-
inary evidence. Future research should use larger,
more diverse samples; pre-test and post-test mea-
sures; longer interventions; and comparisons
across physical, virtual, and combined laboratory
conditions. Direct observations or platform-gen-
erated interaction data would also help determine
how students use virtual tools, collaborate, revise
experimental decisions, and connect virtual pro-
cedures with subsequent physical manipulation.

CONCLUSION

This pilot study showed that students who
used LabInnov achieved higher conceptual and
procedural knowledge scores than those receiving
conventional non-laboratory instruction. Users
also reported generally favorable perceptions of
the platform, particularly regarding perceived
understanding, usability, motivation, and colla-
boration. The study also found a positive asso-
ciation between motivation and perceived under-
standing. These findings suggest that LabInnov
may complement practical science activities
when material or organizational constraints limit
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implementation. However, the results should be
interpreted cautiously because of the small samp-
le, the use of intact classes, and the absence of a
pre-test. Further studies with larger samples and
pre-test—post-test designs are needed to confirm
these findings and examine whether they extend
to other Life and Earth Sciences topics.
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