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Information and Communication Technologies for Education play a central role in the Moroccan
educational landscape. This article provides a comprehensive mapping of the constraints, challenges,
and issues related to implementing virtual lab sessions in teaching Life and Earth Sciences in
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Morocco. The methodological approach used in this study is based on two main axes. On the one
hand, a series of surveys was conducted among teachers and students to assess their perceptions of
virtual labs, identify major obstacles, and suggest potential solutions. On the other hand, a qualitative
analysis of current practices was conducted to establish the current state of virtual labs in Moroccan
educational institutions. The results reveal that the limited use of virtual labs is due to obstacles such
as lack of access to technological resources, the need for teacher training, and logistical challenges.
Additionally, teachers often express reluctance to adopt these methods due to a lack of awareness
or confidence in their effectiveness. By highlighting these challenges, the article recommends the
implementation of specific strategies to promote a more successful adoption of virtual labs, primarily
through teacher training, improved access to technological resources, and the gradual integration of
virtual labs into the Life and Earth Sciences curriculum.

Keywords: educational innovation, ICT in education, virtual lab sessions, Life and Earth Sciences,
pedagogical integration.

Introduction

Practical work in Life and Earth Sciences (LES) represents a fundamental component
of science education. According to Millar (s. d.), it is defined as “any science teaching and
learning activity in which students, working individually or in small groups, observe and /
or manipulate the objects or materials they are studying.” This definition emphasizes the
importance of direct observation and manipulation in practical sessions, enabling students
to develop a deeper and more concrete understanding of scientific concepts.

Information and Communication Technologies for Education (ICTE) are opening up
new opportunities for practical work in science. Simulations and virtual models can replicate
laboratory experiments, granting students greater autonomy in their learning process while
offering teachers innovative methods to enhance student engagement. These tools provide
key advantages such as flexibility, safety, and personalized monitoring of student progress.

However, despite the rise of online learning platforms such as MOOCs, remote sci-
entific experiments have not yet become widespread. The lack of appropriate equipment
continues to pose a challenge to the implementation of practical activities. The integration
of virtual labs (tele-practicals, e-labs), whether in-person or remote, therefore presents a
complex technical and pedagogical issue that is currently the focus of numerous studies.

Previous research [Mastafi, 2014; Madhi, 2014] has highlighted the many challenges
linked to the use of Information and Communication Technologies (ICT) in educational
settings, particularly in scientific disciplines such as LES. Our study builds on these findings
by focusing specifically on virtual practical work, an area that remains underexplored in the
Moroccan context. Other studies [El Kartouti, Juidette, 2023; Btissam, Aziz, 2023; Benali
et al., 2021] have reported significant improvements in student learning outcomes through
ICT, a result that aligns with the objectives of our research centered on virtual labs. Nev-
ertheless, few investigations have directly examined the contribution of virtual practicals in
LES, where the use of simulations and virtual environments shows great promise for boost-
ing student engagement and comprehension.

The analysis by Nafidi and Alami (s. d.) on the adoption of ICT by science teachers
highlights key barriers to integration. Our study distinguishes itself by specifically addressing
virtual practical work in LES, offering a fresh perspective on how these tools can enrich
science education for Moroccan learners. This same study also demonstrates the effective-
ness of digital simulations in the teaching of Earth Sciences, providing valuable support to
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our research. It illustrates the positive impact that digital technologies can have on student
learning, reinforcing the case for deeper integration of such tools into pedagogical practices
in Morocco, especially in the sciences.

In this context, our research question is as follows: What is the current state of integration
of virtual practical work in LES education in Morocco, and what are the main challenges to
be overcome for successful implementation?

This central question can be broken down into the following sub-questions.

1) To what extent are virtual practicals currently used in Moroccan educational
institutions?

2) What are the main obstacles and innovation challenges related to the adoption of
virtual practical work in LES education in Morocco?

3) What are the perceptions of teachers and students regarding virtual practicals, and
how do they compare in effectiveness to traditional in-person practical sessions?

This study follows a three-phase analytical approach. First, we assess the material
and pedagogical limitations of traditional practical work in Moroccan schools. Second,
we examine the actual adoption of digital tools in LES education, with a particular focus
on virtual practicals. Lastly, we analyze teachers’ and students’ perceptions of these
new methods before presenting recommendations for their effective integration into the
Moroccan educational system.

Methodology

This study is based on a descriptive and exploratory approach, using two anonymous
questionnaires designed to survey LES teachers and secondary school students in Moroc-
co. The aim was to compare the perceptions of these two key actors in order to analyze
current practices related to practical work, the use of educational technologies, as well as
the barriers and enablers associated with the integration of virtual practical work in science
education.

The questionnaires specifically aimed to gather information on:

— the condition and use of school laboratories;

— student involvement in experimental activities;

— perceived obstacles to traditional practical work;

— the use of ICT in LES courses and practical sessions;

— perceptions of virtual practical work as an alternative or complementary solution.

The instruments were distributed online (via Facebook, WhatsApp, and email), with
the support of educational inspectors, school principals, and teachers. The responses were
analyzed to identify general trends, perception gaps, and possible avenues for improving the
integration of digital technologies into LES teaching.

Analysis and Interpretation of Results

We conducted this study during the 2023—2024 school year. The survey was carried
out across several provincial delegations of the National Education in Morocco. Our study
targeted a sample of 4 000 teachers and 2 500 secondary school students, distributed as
detailed in the table below.
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Table 1. Target population of the study

Group Questionners sent Responses received
Teachers 4000 720
Learners 2 500 575

Results related to the teacher questionnaire

Section 1. General Information

This first section aims to analyze the influence of several contextual factors on the
implementation of practical work in schools. These factors include age, level of education,
teaching experience, class size, weekly workload, as well as the geographical location and
type of institution.

The data show that the majority of surveyed teachers are between 30 and 40 years
old (40%), followed by those over 40 years old (34%), while teachers under the age of
30 represent 26% of the sample.

Regarding academic background, 45% of respondents hold a bachelor’s degree, 30% a
master’s degree, 12% a diploma from a teacher training college (ENS), 7% a doctorate, and
6% a CPR diploma.

ENS diploma NN 12%
CPRdiploma I 6%
Doctorate I 7%
Master's degree NN 30%

Bachelor's degree I 45%
Fig. 1. Distribution of teachers by academic degree
The majority of teachers work in urban areas (75.4%), compared to 24.6% in rural
settings. In terms of sector distribution, 97.7% of participants are employed in public schools,
while only 2.3% work in the private sector. Concerning teaching experience, 30.8% report

having between 5 and 10 years of experience, 26.3% more than 15 years, 21.7% between 10
and 15 years, and 21.14% less than 5 years.

more than 15 years N 25,29%
between 10and 15 years _ 21,71%
betweens and 10vears | :o.sc%

lessthan S vears | 2114

Fig. 2. Distribution of teachers by teaching experience
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Section 2. Teaching conditions and laboratories in institutions

The responses collected help to better understand the impact of teaching conditions on
the implementation of practical work in schools.

With regard to weekly teaching hours, 45.7% of teachers report working 24 hours per
week, while 44.5% report working 20 hours per week.
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Fig. 3. Distribution of teachers by weekly teaching hours

In terms of class size, 86% of teachers supervise groups of 30 to 45 students, 9% work
with fewer than 30 students, and 4% with more than 45 students.

more than 45 students per class I 4%

between 30 and 45 students per class _ 86%

less than 30 students per class . 9%
Fig. 4. Average class size as reported by teachers

Regarding the presence of a laboratory, all surveyed teachers report that their institu-
tion has a space dedicated to practical work. However, a large majority indicate that these
laboratories are not always suitable for experimental activities.The frequency of practical
sessions varies significantly: nearly 60% of teachers report organizing them rarely, while
around 20% schedule them once a month.

Overcrowding in classes [ 66,20%

Lack of training in the use of
laboratories

N 37,40%

Drfflhcultl.es mtegrat.mg practical I 32,70%
sessions into teaching programs
Technical problems related to

- ]
equipment 84%

Fig. 5. Obstacles to implementing practical work as perceived by teachers
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The main obstacles identified are technical in nature, mentioned by 84% of respondents
(lack of equipment, expired materials). Oversized classes are reported by 66.2%, followed
by insufficient training in the use of laboratory equipment (37.4%) and curriculum overload
(32.7%).

Section 3. Use of ICTE in the teaching of LES

In this section, teachers were asked about the types of digital tools they use in LES class-
es, as well as their pedagogical purposes.

Regarding practical uses, 89.7% of teachers report using PowerPoint to present their
lessons. YouTube videos are also widely used, with 72.9% of teachers indicating their use.
Digital educational resources (software, animations, interactive modules) are used by 45%,
while 35.5% rely on Internet searches to enhance their sessions. Digital encyclopedias are
mentioned less frequently, at 10.3%.

Digital encyclopedia [l 10,30%
Internet research [ 35,50%
YouTube video [ 72,90%
Digital resources (genius) [N 35%
PowerpPoint [, 70%

Fig. 6. Types of digital tools used by LES teachers

As for the pedagogical purposes of these uses, the majority of teachers (84.9%) report
using ICT primarily to present visual content (slideshows, videos, images). Approximately
56.6% use them to carry out simulations of scientific phenomena. Just over a third (34.2%)
employ them to support collaborative work, and 24.3% use them for formative or summative
assessment.

To conduct formative or summative
24,30%
assessments _ it

To enable students to work
: N 34,20%
collaboratively
To conduct simulations [N 56,60%
To present content (videos, images,
? (Videos maee - o0

slideshows)

Fig. 7. Pedagogical purposes of ICT in LES according to teachers

Section 4. Use of Virtual Lab Sessions (Simulations)

This section aims to assess the use of ICT as an alternative to traditional practical work,
through the analysis of their frequency of use, the resources involved, the perceived bene-
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fits, and the limitations identified by teachers. Regarding laboratory equipment, 51.5% of
teachers report having access to a computer and a projector, while 48.5% do not have either
of these devices. On the question of replacing practical sessions with ICT tools, 80.5% of
teachers report having already used digital tools to replace certain sessions, while 19.5% have
never done so.

Among the main reasons mentioned are the lack of materials (87.9%), the complexity of
carrying out certain practical activities in real conditions (49.3%), and time savings (47.1%).
Other reasons include facilitating access to experiments outside class hours (22.9%), im-
proving teaching effectiveness (22.1%), and reducing costs (15.7%).

To reduce the cost of in-class
experiments - 15,70%

To allow students to access
. - s 22,90%
experiments outside class hours

To increase teaching efficiency [ 22,10%
To save time [N 47,10%
Lab session difficult to conduct [N 49,30%
Lack of equipment NS 7,90%

Fig. 8 Reasons for using ICT to replace certain practical sessions

The most commonly used tools during virtual practical sessions are animations (78.3%),
digital resources (47.8%), simulation software (44.9%), and applications (29%).

Application [ 29%
Animation (Flash) [ 78,30%
Digital resources (genius) [N 47,80%
Simulation software [N 234,90%

Fig. 9. Types of ICT use during the substitution of practical sessions

Regarding training, 42.9% of teachers report having received training in the use of
ICT in LES, while 57.1% have never received such training. Skill acquisition was mainly
achieved through self-training (60.3%), in-person training sessions (30.8%), online courses
(17.8%), or collaboration with colleagues (26.7%).

Teachers identify several advantages of virtual practical work compared to traditional
laboratory sessions. The most frequently cited benefits include reduced risks for students
(58.5%), broader access to experimental activities (53.5%), ease of organization (52.4%),
cost reduction (31.3%), and simplified preparation (45.6%).
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Reduced costs | 31,30%
Easier to organize N 52,40%
o e 0 T O N 53,70%

students

Easier preparation of practical
sessions

Less risk for students N 58,50%

I 45,60%

Fig. 10. Advantages of virtual practical work according to teachers

On the other hand, several limitations are also reported. The lack of physical contact
with equipment is mentioned by 87.7% of respondents, followed by decreased student
motivation (47.9%), difficulties in solving experimental problems (39%), and challenges in
enforcing safety instructions (24.7%).

Fewer opportunities to solve _ 39%
problems related to the experiment ’
Less motivation for students _ 47,90%

Difficulty following safety instructions [N 24,70%

Lack of physical contact with materials
; s, 70%
and equipment
Fig. 11. Disadvantages of virtual practical work according to teachers

Finally, 74.8% of the teachers surveyed state that they would recommend the use of
virtual practical work to their colleagues, while 25.2% would not.

Results Related to the Student Questionnaire

The analysis of responses to the questionnaire addressed to students provided significant
information about the implementation and method of practical work in educational
institutions.

Section 1. General Information

This section describes the general profile of the students who responded to the
questionnaire. The variables collected relate to their level of education, the geographical
location of their school, and other contextual information related to their learning
environment.
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The results show that the majority of participating students — 81.9% — are enrolled in
upper secondary education, while 18.1% are in lower secondary education.

m High School
= Middle School

Fig. 12. Distribution of students by level of education
Next, students were asked to indicate whether their school was located in an urban or

rural area. The results show that the vast majority of students (92.8%) attend school in an
urban setting, while a minority (7.2%) are enrolled in rural schools.

7,20%

= Urban

= Rural

92,80%

Fig. 13. Distribution of schools by geographical setting

Section 2. Use of ICT in the teaching of LES

In this section, students were asked about their experience with ICTE during LES
classes, in terms of usage, accessibility, types of tools used, and their perceived impact on
learning.

The results show that 76.8% of students report using ICT during LES sessions, while
23.2% state that they do not.
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= Yes

= No

76,80%

Fig. 14. Use of ICT in LES according to students

Regarding the most commonly used tools, 60.5% of students report watching You Tube
videos, 58% conduct Internet searches, 55.6% use PowerPoint presentations, while 29.6%
use digital resources and 7.4% rely on digital encyclopedias.

YouTube videos [ 60,50%
Internet research [ 58%
Digital encyclopedias [l 7,40%
Digital resources [N 29,60%
PowerPoint [ 55,60%

Fig. 15. Types of ICT tools used in LES according to students

In terms of access to ICT, 57.3% of students use school computers, 30.5% connect
directly via the Internet, and 17.1% access ICT through applications installed on their
personal devices.

| use them online via the internet. _ 30,50%

I download and install them on my
own devices. - 17,10%

They are installed on school
computers.

Fig. 16. Modes of access to ICT during LES sessions according to students
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Regarding classroom motivation, 89% of students believe that the use of ICT makes
LES lessons more engaging, while 11% do not share this view.

Finally, on the question of learning ease, 87.8% of students agree or strongly agree
that ICT facilitates their learning, 9% disagree or strongly disagree, and 2.2% report being
neutral.

strongly agree [T 41,50%
agree Ta6,30%
indifferent Wl 2,20%
disagree I 5,10%

not at all agree [ 4,90%

Fig. 17. Perceived impact of ICT on learning ease according to students

Section 3. Use of virtual labs (simulation)

In this section, students were asked about their use of ICT during practical work
sessions, particularly as an alternative or complement to traditional laboratory activities.
The results show that 59.3% of students report having used ICT to replace certain practical
sessions, while 40.3% state that they have never done so in this context. When asked about
the frequency of using digital resources to supplement practical work in class, 26.8% of
students say they use them very often, 39% from time to time, 19.5% rarely, and 14.6%
never.

never [ 14,60%

rarely _ 19,50%
occasionally I %
veryoften [N 26,80%

Fig. 18. Frequency of digital resource use to support practical work

Finally, students were asked to give their opinion on whether virtual practical work
(simulators, interactive animations) could replace real-life experiments. The results reveal
that 62.2% of students believe that ICT cannot replace hands-on experiences, while 37.8%
think they can serve as a substitute.
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= Yes

= No

Fig. 19. Students’ opinions on replacing real experiments with virtual practical work

Discussion of Results

The results obtained from both teachers and students provide valuable insight into the
integration of virtual practical work in life and earth sciences education in Morocco. They
highlight favorable perceptions, promising trends of adoption, as well as significant chal-
lenges that need to be addressed.

The analysis of life and earth sciences teachers’ profiles reveals a predominantly young
(30—40 years), qualified, and experienced workforce. This combination creates favorable
conditions for the adoption of pedagogical innovations, provided that teachers are support-
ed through targeted training programs. Disparities between urban and rural areas, particu-
larly in terms of equipment, underscore the need for inclusive policies to ensure equitable
access to digital resources.

On an organizational level, constraints related to teaching workload, class size, and in-
adequate laboratory facilities represent significant barriers to the implementation of tradi-
tional practical work. These findings reinforce the relevance of alternatives such as virtual
practical work, which can help address certain structural limitations.

LES teachers already make extensive use of ICT in their teaching practices — Power-
Point, videos, simulations, and digital resources are commonly employed. This familiarity
with digital tools provides a fertile ground for the gradual introduction of virtual practical
work. However, the success of this transition depends on institutional support, access to
quality resources, and ongoing professional development.

The results indicate a relatively widespread adoption of virtual practical activities (tele-
TP). Their use is primarily driven by the lack of equipment, the complexity of conducting
certain experiments, and the search for practical logistical solutions. Teachers recognize
several benefits, including reduced risk, increased accessibility, and time efficiency.
Nevertheless, important limitations remain: lack of direct contact with materials, reduced
student motivation, and difficulty in replicating all dimensions of hands-on experimentation.

These findings advocate for the complementary integration of tele-TP alongside
traditional practical work, rather than as a full replacement. The fact that most teachers
recommend tele-TP to their peers reflects a generally positive attitude toward this approach.

From the students’ perspective, ICT is generally perceived positively. It makes lessons
more engaging and facilitates understanding. The variety of tools used reflects a diversi-
ty of digital learning practices. However, access to resources remains unequal, particularly
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depending on school location or availability of personal devices. This highlights issues of
digital equity that must be considered in any virtual practical work integration strategy.

Regarding tele-TP, while students acknowledge their usefulness, the majority believe
they cannot fully replace real-life experiments. This perspective echoes that of the teachers
and underlines the importance of combining virtual and hands-on approaches to provide a
well-balanced and effective scientific learning experience.

Conclusion

Our study highlights the potentials and challenges associated with the integration of
virtual labs in the teaching of life and earth sciences in Morocco. Through the analysis of
perceptions and experiences of teachers and learners, it is evident that virtual labs offer
significant opportunities to enrich LES education. They provide a flexible, safe, and
interactive pedagogical approach, capable of overcoming some of the inherent limitations
of traditional lab work. However, the results also emphasize major obstacles to their
widespread adoption, including the lack of access to necessary technological equipment,
variability in access to digital resources, and the increased need for teacher training in the
use of these innovative technologies.

The general enthusiasm for virtual labs, as shown by the positive recommendation of
their use by a majority of teachers, suggests a fertile ground for their further integration
into the LES curriculum in Morocco. However, this study underscores the importance of a
balanced approach that seeks not to replace, but rather to complement traditional labs with
virtual practices. Combining both methods appears to be the most promising way to offer a
complete and enriching learning experience to students.

To foster a broader and more effective adoption of virtual labs, it is crucial to invest
in improving technological infrastructure within educational institutions, develop targeted
training programs for teachers, and devise pedagogical strategies that fully leverage the
benefits of virtual labs while addressing their limitations. The future of LES education in
Morocco will largely depend on the educational system’s ability to seamlessly integrate
technological innovations into its pedagogical practices, in order to prepare students to
navigate an increasingly digitalized world.
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HNHbopmanimoHHO-KOMMYHUKAIIMOHHBIE TexHosornu B obpazoBanuu (ICTE) urparor rinaBHyro
poJib B cucteMe obpazoBaHuss Mapoxkko. [Ipemiaraemast ctaTbs mpecTaBiIsieT KOMIUIEKCHBIN aHa-
JIN3 OTPAHWYEHUI, BBI30BOB U MPOOJIEM, OTHOCSIINXCS K TIPOBENCHUIO 3aHSITUN B BUPTYAJIbHOMN
JlabopaTtopuu B TIpoliecce TIPernofaBaHms HayK O 3eMJie ¥ HayK O XXu3HU B Mapokko. Meromono-
TMYECKUI TIONXOM, VCTIOIb30BaHHBI B 3TOM WCCIENOBAHWU, OCHOBAaH Ha NByX OCHOBHBIX OCSX.
C omHOI CTOPOHBI, ObUIA TIPOBEIEHA CepPHUsT OMPOCOB CPEAU YUUTENell U yJalluxcsl, YTOObI Ole-
HUTD VX BOCTIPUSITIEC BUPTYaTbHBIX TAOOPATOPUIA, BEISIBUTH OCHOBHBIE TIPETISITCTBUS U TIPENJIOKUTH
BO3MOXHbBIe petieHus. C Opyroii CTOPOHBI, OBUT MTPOBENeH KaYeCTBEHHBIN aHAIN3 COBPEMEHHBIX
MPAKTUK, YTOOBI YCTAHOBUTDH TEKYIIlee COCTOSTHWE BUPTYaJTbHBIX JT1a00OpaTOpUil B MapOKKAHCKUX
00pa3oBaTebHBIX YIPEXKIeHUsIX. Pe3ynbraTsel TOKa3bIBAIOT, UTO TPEMITCTBUSIMU, OTPAHUYNBAIO-
IIUMU UCTIONb30BaHNUE BUPTYAIbHBIX Ta00OPATOPUIA, SBISIOTCS OTCYTCTBUE MOCTYIIA K TEXHOJIOTHU-
YECKUM pecypcaM, HeOOXOMUMOCTh TMOATOTOBKY YUUTENEl U JIoTUCTUIeckue mpodieMbl. Kpome
TOTO, YIUTEJISI YaCTO BBIPAKAIOT HEXETaHUe MUCIIOMb30BaTh 3TU METOIBI TI0 TIPUYNHE HEIOCTATOU-
HOU OCBEIOMJIEHHOCTH WJIM HETOCTATOYHON YBEpeHHOCTH B MX 3ddekruBHOCTH. [lomuepkuBas 3T
MPOOGIeMBI, aBTOPHI CTATbM PEKOMEHIYIOT PeaTu3aliio KOHKPETHBIX CTPATeTUH TSI TIPOBIKEHUS
0oJiee YCTIENTHOTO BHEAPEHUSI BUPTYAJIbHBIX Ta00paTOPUIA, TIPEXK/Ie BCETO —IOATOTOBKY YUUTENei,
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YIIy4IIeHKE JOCTYIa K TEXHOJOTMUECKHUM pecypcaM M MOCTENEHHOCTh B MHTErpallii BUPTYaIbHBIX
JTabopaTopuii B MpOrpaMMbl HayK O 3eMJIE M O XKU3HM.

Karoueenie cao6a: inHoBalvu B oopazoBanuu, MKT B o6pazoBaHuuU, 3aHATUS B BUPTYaJIbHOI J1a60-
paTopuu, HAYKH O KU3HU U O 3eMJIe, TTelarormuecKasi MHTerpalius.



