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Over the last few years, the use of the web and virtual technologies in school education has become widespread. �is study aimed
at identifying the reality of using virtual laboratories (VLs) in teaching advanced biology curricula in developing higher-order
thinking skills (HOTS) among female students at the secondary level in Al-Kharj district, Saudi Arabia. �e study adopted
descriptive methodology. Fifty-four biology female teachers at the secondary level in Al-Kharj completed a questionnaire
consisting of four dimensions: the awareness of the virtual laboratories’ importance in developing higher-order thinking skills, the
use of virtual laboratories in developing higher-order thinking skills, obstacles to using virtual laboratories in teaching advanced
biology curricula, and the requirements for using virtual laboratories in teaching advanced biology curricula to develop higher-
order thinking skills.�e results showed the awareness of the VLs’ importance in developing higher-order thinking skills achieved
with a large degree, using VLs with a middle degree, the impediments of using VLs in developing higher-order thinking skills with
a large degree, and the requirements for using VLs in teaching biology for developing higher-order thinking skills with a very large
degree. �e results also showed statistically signi�cant di�erences between the responses of the female teachers according to the
number of training workshops in VLs. �ere were no statistically signi�cant di�erences with regard to the academic degree and
the years of experience. �e study recommended a reconsideration of technological infrastructure in schools where VLs are used
in teaching and learning.

1. Introduction

�e current era is described as the one with a technological
revolution that is witnessing rapid and successive devel-
opments in the �elds of technology and digital communi-
cations, which led to the spread of the use of computers and
the internet in various areas of life. It has made it necessary
to introduce technologies in education and bene�t from
them for the development of the educational process suitable
for the 21st-century digital generation.

Many educators stress the importance of employing
available technical tools in the �eld of education as there is a
strong relationship between science and technology. If
science is interested in the search for knowledge to un-
derstand, explain, and interpret the phenomena

surrounding the learner, technology is interested in
searching for how to apply knowledge to serve the individual
and society [1]. Keeping in view the dearth of studies in this
�eld in the Saudi context, this study is conceived to be
conducted in the Al-Kharj district of Saudi Arabia.

Al-Shehri [2] a�rms that the changes in the current era
towards the use of educational technologies have led to the
development of the educational process and achieved the
objectives of education more e�ectively, thus improving the
quality of education (p. 176). Virtual reality applications
represent an arti�cial or �ctional learning environment
simulating a reality where the learner lives in an imaginary
environment, which interacts and deals with their senses
with the help of the computer and other assistive devices.
[3].
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Howlett and Uskov [4] believe that a virtual lab is a
software package that allows performing research and ex-
periments without the need for real arrangements (p. 221).
&e main task of VLs is to assist the stimulation and pre-
sentation of experiments and science learning based on an
experiment.

Woodfield et al. [5] indicate that VL is an open envi-
ronment in which a real science laboratory is simulated and
the theoretical aspect is linked to the practical side, and
thinking skills are taught through it and students have
complete freedom to make decisions with no negative effects
(p. 1728).

VLs are distinguished by their high technical specifi-
cations in conducting, displaying, and repeating laboratory
experiments and facilitating communication between the
teacher and the learner [6]. It also gives the learner a great
ability to visualize and understand concepts. Yaron et al. [7]
assert that there are great advantages of using VL in
teaching chemistry and it has a great effect on students’
participation and their concepts (p. 181). Virtual experi-
ments go beyond the limits of space and time as they
provide safety and security [8]. Some research studies
confirm that virtual lab submerges learners to deal with
things naturally, so that they develop positive attitudes
towards learning science [9, 10].

VLs also contribute to overcoming the obstacles that
prevent the practice of realistic experiences and are con-
sidered an alternative to traditional laboratories as they
provide students with virtual experiences very close to direct
experience [11]. Al-Shehri [12] adds that with the help of
virtual lab, it has become possible for the learner to perform
experiments that he cannot otherwise perform in a tradi-
tional setting due to various factors including risk, lack of
devices or tools, high cost, lack of time, and lack of material
(p. 3).

Many research studies have proved the effectiveness of
VLs in providing learners with practical knowledge and
skills in different science subjects. Hazaa and Qutb [13], for
instance, showed the effectiveness of VLs in developing the
achievement of high school students of physics. Similarly,
the results of the study of Tatli and Ayas [14] also showed
positive effects of using the VL on the students’ results in
chemistry and their ability to follow experiment procedures
and write the experiment report accurately and quickly.

Hegazy [15] showed the effectiveness of using VLs in
developing practical skills in chemistry among first-grade
secondary students. Al-Shehri [12] explained the effective-
ness of using VL in providing third-grade secondary stu-
dents with the skills of conducting practical experiments in
biology. Furthermore, the results of Al-Radi [16] showed a
positive effect of using VL in the achievement of chemistry
among third-grade secondary school students. On the other
hand, the results of many studies indicated the importance
of using VLs in teaching science curricula in developing the
critical thinking skills of the learners. Al Musawi et al. [10]
also indicated the effectiveness of using the VL in developing
scientific, logical, and visual thinking skills, and talked about
trends towards using VLs in teaching science. Ahmed [9]
concluded that there is a positive effect of using VL in

teaching science as it develops higher thinking skills and
motivation among third-year middle school students.

Despite the great benefit of using VL in teaching science
curricula, there are some obstacles that limit their use. As
Zaiton [17] mentioned that VLs need computers and
equipment with special specifications to represent complex
phenomena and need a specialized team of programmers,
teachers, curriculum experts, subject matter experts, and
psychology experts in their design and production (pp. 165-
166). Nikoonezhad and Esfahani [18] mentioned some
hurdles in using VLs, including the lack of infrastructure and
the provision of software, weak interaction between teacher
and students, failure to design professional and interesting
programs, and the lack of experts specialized in producing
VL programs for local curricula.

To keep pace with the global development in the field of
education, particularly, biology, it has become necessary to
pay attention to the learning biology environment and to
provide all appropriate learning opportunities and bring
about fundamental transformations in teaching and learning
methods so that learning biology transforms from closed
learning environment represented in traditional teaching
methods, in which the teacher is the only source of
knowledge and information, to a flexible and open learning
environment that focuses on providing and employing
technological innovations and providing learners with dif-
ferent thinking skills through focus on the learners’ activity,
positivity, and participation in their learning decisions.
Hence, there was a need to reveal the reality of using VL in
teaching advanced biology curricula in developing higher
thinking skills among secondary school students in Al-
Kharj.

1.1. #e Statement of the Problem. &e branches of science
subjects need to be taught in the school laboratory as it is
particularly crucial to explain and interpret some difficult
and abstract concepts that are otherwise difficult to un-
derstand in ordinary ways.&us, the school laboratory has a
great importance in translating theories and laws into
practice. &e development of thinking skills requires
modification in activities, methods, and use of technology
allowing students the freedom to research, investigate, and
discover in line with their abilities and previous experiences
[19]. Despite the crucial importance of laboratories in
teaching science subjects, some obstacles prevent their
optimal use. &e American National Research Council
report confirmed that science laboratories lack quality and
necessary equipment, which leads to the inability of the
learners to benefit from them in a way that develops their
various skills [20]. &erefore, modern methods, tools, and
procedures have emerged as solutions to the obstacles faced
by the school laboratory, and among those technical tools,
the VLs are considered the most prominent modern trend
in teaching science curricula [21]. Moreover, despite the
importance of VLs in teaching advanced biology curricula,
there are several deficiencies. During field visits and in-
terviews, researchers noticed some problems pertaining to
employing biology teachers in VLs for teaching the
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advanced biology curricula and implementing experi-
ments. Other problems include a large number of female
students in classes and a lack of female teachers’ awareness
of how to use VLs in teaching advanced biology curricula in
developing higher-order critical thinking skills, meta-
cognition, and problem-solving. Furthermore, many high
schools in Al-Kharj do not have laboratories equipped
enough to use VLs.

In light of the remarkable interest in the Kingdom of
Saudi Arabia in recent years to develop and improve its
curricula to keep pace with developed countries and achieve
the 2030 vision, the development of higher thinking skills is
considered one of the most important goals of science
curricula in all its branches, including biology curricula.
&ere is a need to complete the learning resource rooms
project, which started in some schools of the Kingdom, as
well as supplying laboratories in secondary schools with
tools, devices, techniques, and materials that facilitate the
implementation of various activities, practical experiments,
and computer presentations. &e study also recommended
including VLs in the advanced biology curricula to support
investigation skills and provide students with skills and
experiences that they cannot do in the typical laboratories.
Reda [22] recommended the necessity of training science
teachers in general on using VLs.

In light of the aforementioned discussion, the study
problem can be identified in the following main question:
“What is the reality of using VLs in teaching the advanced
biology curricula in developing higher thinking skills among
high school students in Al-Kharj?”. &e following sub-
questions emerge from it:

(1) What is the awareness level of biology teachers re-
garding the importance of using VLs in developing
higher thinking skills among secondary school stu-
dents in Al-Kharj?

(2) What is the level of biology teachers regarding using
VLs in developing higher thinking skills among high
school students in Al-Kharj?

(3) What are the obstacles in employing biology teachers
in VLs for the development of higher thinking skills
among high school students in Al-Kharj?

(4) What are the requirements of employing biology
teachers in VLs for the development of higher
thinking skills among high school students in Al-
Kharj?

1.2. Research Objectives. &e objectives of the study are to

(1) Identify the biology teachers’ awareness level of the
importance of using VLs in developing higher
thinking skills in high school students in Al-Kharj.

(2) Identify the biology teachers’ level of expertise in
using the VLs in developing higher thinking skills in
high school students in Al-Kharj.

(3) Identify the obstacles in engaging the biology
teachers in the VLs in developing higher thinking
skills in high school students in Al-Kharj.

(4) Identify the requirements of engaging the biology
teachers in the VLs in developing higher thinking
skills in high school students in Al-Kharj.

1.3. Significance of the Study.

(1) &e study is significant in terms of responding to the
recent trends in using VLs and their software to
achieve various learning outcomes in the advanced
biology curricula.

(2) It is significant in terms of revealing the obstacles
that hinder the activation of VLs in the teaching of
the advanced biology curricula to achieve the de-
velopment of higher thinking skills in high school
students making them ready for making decisions.

(3) &e results of the study reveal the requirements for
VLs and benefits from them in developing higher-
order thinking skills drawing the attention of the
officials of theMinistry of Education to provide those
requirements.

(4) &e recommendations of the study are significant in
terms of providing the proposed solutions to activate
the VLs to develop higher thinking skills in the bi-
ology curricula in high school students.

1.4. Limitations of the Study.

(1) Objective limits: &e study was limited to VLs in
teaching the advanced biology curricula.

(2) Spatial boundaries: &e study was limited to sec-
ondary schools in Al-Kharj district.

(3) Human limitations: &e study was limited to the
advanced biology curricula teachers in Al-Kharj
district.

(4) Limitation of time: &e study tool was applied in the
second semester of 1442 AH/2021 AD.

1.5. Key Concepts of the Study

1.5.1. Virtual Laboratories. VLs are interactive virtual
electronic laboratories that contain computers linked to the
Internet and enhanced with computer educational programs
to teach advanced biology curricula at the secondary level to
provide students with higher thinking skills. VLs provide
“[a]n interactive environment that aims to conduct and
implement experiments that simulate the real experience, as
it is a field for laboratory experimentation, and the VL
includes programs that are subject to the simulated field.”
[6].

1.5.2. Advanced Biology Curricula. It is one of the educa-
tional series prepared by McGraw Hill Education providing
educational curricula in cooperation with the A’beikan
Research and Development Company due to which it was
translated and adapted to become suitable for the local
environment. &ese curricula include all the experiments
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from prescribed books and student activities guide and their
educational activities related to the goals of the curriculum,
and teachers’ evidence and what they use in terms of
teaching methods, techniques, and methods of evaluating
students’ learning [23]. Defining it procedurally, it is the
biology curricula (2021 edition) applied by the Ministry of
Education in the Kingdom of Saudi Arabia, which is
compatible with the global McGraw Hill series. It was
translated and adapted to the Saudi educational environ-
ment in 2009.

2. Research Methodology and Procedure

2.1. Research Methodology. &e study followed descriptive
and analytical methods.

2.1.1. Research Population and Sample. &e population of
the study consisted of all science teachers in government
schools at the secondary stage during the second semester of
the academic year 1442 AH/2021 AD. &e study sample was
limited to 54 biology teachers at the secondary level in Al-
Kharj. Table 1 shows the distribution of the teachers
according to the following variables: academic qualification,
years of experience, and number of workshops in VLs [24].

2.1.2. Research Tool. To achieve the study aims, a ques-
tionnaire was prepared consisting of 41 items distributed on
four main dimensions, namely, biology teachers’ awareness
of the importance of VLs in developing higher thinking
skills, the use of VLs in the development of higher thinking
skills, the obstacles in using VLs in the teaching of advanced
biology curricula, and the requirements for using VLs in
teaching advanced biology curricula to develop higher-order
thinking skills. &e questionnaire was prepared initially in
the light of what was mentioned in previous studies, which
dealt with the use of VLs in science teaching at the secondary
level and other educational levels [24]. &e reliability of the
questionnaire was checked through the Cronbach alpha
formula, and it was 0.89.

2.1.3. #e Validity of the Referees. To verify the validity and
relevance of the study to achieve the study aims, it was
presented to a group of referees from the faculty members of
some Saudi universities to seek their views regarding the
accuracy of the scientific and linguistic formulation of the
questionnaire items, and the extent to which each item
belongs to the domain in which it is mentioned, and making
any observations related to adding more appropriate items
and deleting the inappropriate items, and in the light of the
referees’ opinions, some amendments were made to the
initial image of the questionnaire [24].

2.1.4. #e Validity of the Internal Consistency of the
Questionnaire. To verify the validity of the internal con-
sistency of the questionnaire, it was applied to an exploratory
sample consisting of 20 female teachers who were not part of
the study sample. &e correlation coefficient was computed

between the score of each item in the questionnaire and the
total score of the domain to which it belongs, and the results
are shown in Table 2.

It is evident from the results that the score of each item in
the questionnaire is related to a significant correlation co-
efficient at a significance level of 0.01 or 0.05 with the total
score of the domain to which it belongs. &e correlation
coefficients were calculated between the score of each do-
main separately and the total score of the questionnaire, and
the results are shown in Table 3.

It is evident from these results that the score of each
domain correlates with a significant correlation coefficient at
a significant level of 0.01 with the total score of the reso-
lution. &ese results confirm that the questionnaire has a
high degree of internal consistency validity [24].

2.1.5. Stability of the Questionnaire. To verify the stability of
the questionnaire, the alpha Cronbach reliability coefficient
was calculated for each item and the questionnaire as a
whole. &e results are shown in Table 4.

&e results confirm that the questionnaire has a high
degree of stability, as the stability coefficients for the
questionnaire domain ranged between 0.875 and 0.945,
while the reliability coefficient for the questionnaire as a
whole reached 0.947.

2.2. Statistical Methods.

(1) Pearson correlation coefficient was used to calculate
the internal consistency/validity of the
questionnaire.

(2) Alpha Cronbach coefficient was used to calculate the
stability of the questionnaire.

(3) &e arithmetic means and standard deviations were
used to calculate the sample members’ responses to
the questionnaire and then estimate the agreement
degree of the sample members with the question-
naire items and on each domain of the questionnaire
[24].

(4) &e Mann–Whitney test was used to find the sig-
nificance of the differences between the sample
members’ responses according to the qualification
variable.

(5) &e Kruskal–Wallis test was used to find the sig-
nificance of the differences between the sample
members’ responses according to the years of ex-
perience and the number of workshops in the VL
field [24].

(6) &e sample members’ responses were estimated
according to a five-point scale (1–5), and the average
relative weight of the responses was calculated by
dividing the range (5−1� 4) by the number of
categories (5), meaning that the length of the cat-
egory� 0.8, and then adding the length.&e category
for the smallest score on the scale, which is 1, the
quantitative estimate of the sample members’
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responses, and the average relative weight of each
response are shown in Table 5.

3. Results and Discussion

&is section discusses the results of the four main and their
subsidiary questions.&e results were divided into four parts
keeping in view the four domains of the questions. &e main
question of the first domain was: “What is the biology
teachers’ awareness degree of the importance of using VLs in
developing higher thinking skills among secondary school
students in Al-Kharj?”. &e answer to this question came
through an analysis of the sample members’ responses on
the first domain of the questionnaire, which is given in
Table 6.

&e responses on almost all the items of the first domain
came to a large extent, except for two items with a medium
degree, and the approval of the domain as a whole came to a
large degree and with arithmetic mean (3.8).&e importance
of using VLs in developing many higher thinking skills was
supported by the responses. Also, the responses supported
that the students should take responsibility for their learning
and they should be encouraged to make decisions.

&e responses of the teachers on this domain agreedwith the
results of many studies that had shown the effectiveness of VLs
in developing practical skills [25] and conducting experiments in
biology in particular [16], in addition to the positive effect of VLs
on the development of various thinking skills.

&e main question of the second domain was: “What is
the degree of biology teachers’ use of VLs in developing
higher thinking skills for high school students in Al-Kharj?”.
&e answer to this question came through an analysis of the
responses on the second domain of the questionnaire, and
the results are shown in Table 7.

&e sample members’ responses came to all the items of
the second domain with a medium degree, except for one
item on which the approval came to a large extent. &e
teachers’ responses on this domain showed their great in-
terest in stimulating the scientific curiosity of the students
while conducting practical experiments, through various
practices, including encouraging students to self-question
themselves, asking the largest number of solutions while
conducting experiments, thinking aloud, and training on the
metacognitive skills. &is result is consistent with the results
of the study conducted by Elyan and Al-Ghatim [26], which
showed the use of VLs with a moderate degree.

&e answer to the third main question came through an
analysis of the responses on the third domain of the
questionnaire. &e main question was: “What are the ob-
stacles to using biology teachers for VLs in developing
higher thinking skills among high school students in Al-
Kharj?”. &e results are shown in Table 8.

&e teachers’ responses came on this domain in general
to a large extent, and the responses to the items varied in
terms of obstacles in the use of VLs in developing higher
thinking skills, as the approval of some obstacles came to a
very large degree, and the order of these obstacles came as
follows:

(1) A large number of students in the class reduced my
use of VLs.

(2) Increasing the teaching hours and the administrative
tasks of the biology teacher prevents the use of VLs.

(3) Schools lack the necessary equipment to use VLs (the
small number of computers, the weak and frequent
disruptions of the Internet, etc.).

(4) &ere is a scarcity of VL programs that depend on the
Arabic language.

(5) &e lack of a female lab attendant qualified to deal
with VLs restricted my use.

While the responses on 6 items largely came in the
following order:

(1) &e design of the software does not help the students
to evaluate higher thinking skills, which prevented
my use.

(2) &e time required to teach the advanced biology
curricula is not sufficient to use VLs.

(3) &ere is difficulty in customizing the virtual lab
software to suit the needs of students according to
the educational level.

(4) Poor skills needed to apply experiments using VLs
for female students.

(5) &e low motivation of students and their reluctance
to conduct experiments affects the use VLs.

(6) &e use of VLs was not linked to the performance
evaluation that did not motivate me to use them.

&e response was on one item, with a moderate degree,
which is “My weakness in dealing with computers and its
applications has limited my use of VLs.”

Table 1: Distribution of the sample according to the variables of academic qualification, years of experience, number of workshops in VLs.

Variables Variable level No Percentage (%)

Academic qualification Bachelor 45 83.3
MD 9 16.7

Years of experience
Less than 5 years 9 16.7
From 5 to 10 25 46.3

More than 10 years 20 37

Number of workshops
Doesn’t participate in any workshop 32 59

1–2 workshops 15 28
More than 2 workshops 7 13
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&ese results are consistent with the obstacles shown by
Elyan and Al-Ghatim [26]; Al-Juhani [6]; and Al-Ghaith [21].

&e fourth question was: “What are the requirements for
using biology teachers to the VLs in developing higher
thinking skills among high school students in Al-Kharj?”.
&is question was answered by analyzing the responses on
the fourth domain of the questionnaire, and the results are
shown in Table 9.

&e responses on all the items of this domain came to a
very large extent, as well as the response on the domain was a
very large degree. Many requirements must be met in every
school to allow the biology teachers’ use for VLs in the
development of higher thinking skills. &e teachers
expressed the importance of professional development
programs informing them of the virtual reality program
developments and qualifying female teachers to use VLs.

&e results presented in this domain are consistent with
the results and recommendations of many previous studies
including Reda [22] and Al-Ahmed et al. [27].

To answer the question, “Are there statistically signifi-
cant differences between the advanced biology curricula
teachers’ responses according to the Bachelor’s/Master’s
qualification, years of experience, workshops in the virtual
classes field?”, the significance of the differences between the
responses was verified depending on each variable
separately.

(a) &e significance of the differences between the
sample members’ responses according to the qual-
ification variable (BA/MA).
To verify the significance of the differences between
the sample members’ responses according to the
qualification variable, the Mann–Whitney test was
used, and the results are shown in Table 10.
It is evident from the results that there are no statistically
significant differences between the sample members’
responses on all the domains of the questionnaire
according to the scientific qualification variable.

Table 2: Correlation coefficients between the score of each item in the questionnaire and the total score of the domain to which it belongs.

First domain Second domain &ird domain Fourth domain
No. of
items

Correlation
coefficient

No. of
items

Correlation
coefficient

No. of
items

Correlation
coefficient

No. of
items

Correlation
coefficient

1 0.840∗∗ 1 0.743∗∗ 1 0.542∗ 1 0.921∗∗
2 0.852∗∗ 2 0.662∗∗ 2 0.449∗ 2 0.889∗∗
3 0.857∗∗ 3 0.491∗ 3 0.814∗∗ 3 0.786∗∗
4 0.762∗∗ 4 0.845∗∗ 4 0.726∗∗ 4 0.752∗∗
5 0.637∗∗ 5 0.819∗∗ 5 0.466∗ 5 0.798∗∗
6 0.831∗∗ 6 0.732∗∗ 6 0.730∗∗ 6 0.899∗∗
7 0.837∗∗ 7 0.820∗∗ 7 0.792∗∗ 7 0.644∗∗
8 0.734∗∗ 8 0.663∗∗ 8 0.679∗∗ 8 0.961∗∗

9 0.849∗∗ 9 0.723∗∗ 9 0.856∗∗
10 0.795∗∗ 10 0.480∗
11 0.694∗∗ 11 0.710∗∗
12 0.879∗∗ 12 0.792∗∗

∗Significant correlation coefficient at a significance level of 0.05. ∗∗Significant correlation coefficient at a significance level of 0.01.

Table 3: &e correlation coefficients between the score of each domain and the total score of the questionnaire.

&e questionnaire domains Correlation coefficient
Awareness of the importance of VLs in developing higher thinking skills 0.786∗∗
Using VLs in developing higher thinking skills 0.82∗∗
Obstacles to using VLs in teaching advanced biology curricula 0.797∗∗
Requirements for using VLs in teaching biology curricula for developing higher-order thinking skills 0.608∗∗
∗∗Significant correlation coefficient at a significance level of 0.01.

Table 4: &e stability coefficients of the questionnaire.

&e questionnaire domains Correlation coefficient
Awareness of the importance of VLs in developing higher thinking skills 0.917
Using VLs in developing higher thinking skills 0.926
Obstacles to using VLs in teaching advanced biology curricula 0.875
Requirements for using VLs in teaching advanced biology curricula to develop higher-order thinking skills 0.945
&e whole questionnaire 0.947
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(b) &e significance of the differences between the
sample members’ responses according to the years of
experience variable.
To verify the significance of the differences between
the sample members’ responses according to the
years of experience variable, the “Kruskal–Wallis”
test was used, and the results are shown in Table 11.

It is evident from the previous results that there are no
statistically significant differences between the sample
members’ responses on all the domains of the ques-
tionnaire according to the years of experience variable.

(c) &e significance of the differences between the
sample members’ responses according to the num-
ber of workshops in the VL field variable.

Table 5: &e quantitative estimate of the respondent’s responses to the questionnaire.

Approval degree Very large Large Medium Low Very low
Quantitative estimation 5 4 3 2 1
Average relative weight 4.2–5 3.4–4.19 2.6–3.39 1.8–2.59 1–1.79

Table 6: &e sample members’ responses on the first domain of the questionnaire.

No. Awareness of the importance of VLs in developing higher thinking skills Arithmetic
mean

Standard
deviations

Approval
degree

1 Using VLs in teaching the advanced biology curriculum leads to the development of
various higher thinking skills among students 4.09 0.83 Large

2 Using VLs in teaching the advanced biology curricula develops students’ ability to
solve problems 4 0.95 Large

3 &e use of VLs in teaching the advanced biology curricula encourages students to
make appropriate decisions 3.87 0.95 Large

4 I think that using VLs in teaching biology curricula does not provide students with
higher-order thinking skills, as practicing in a traditional laboratory 2.96 1 Medium

5 Using VLs in teaching the advanced biology curricula holds students responsible
for their learning 4.04 0.85 Large

6 VLs help the biology teacher to invest class time in developing the higher thinking
skills of her students 3.83 1.09 Large

7 &e use of VLs in teaching the advanced biology curricula provides opportunities to
discover the creativity of students 3.83 1.04 Large

8 I feel that virtual lab programs in teaching advanced biology curricula do not help
students connect imagination with reality 3 1.13 Medium

&e whole domain 0.99 3.70 Large

Table 7: &e responses of the sample members on the second domain of the questionnaire.

No. Using VLs in developing higher thinking skills Arithmetic
mean

Standard
deviations

Approval
degree

1 Apply higher-order thinking strategies while teaching the advanced biology
curricula using VLs 2.98 0.6 Medium

2 Allow all students to conduct experiments by themselves using VLs 3.07 0.67 Medium

3 I encourage students while conducting experiments using VLs to propose as many
solutions as possible 3.09 0.65 Medium

4 I provide opportunities for students to analyze and judge opinions and
perspectives 3.13 0.65 Medium

5 While using VLs, I encourage students to reflect on their learning 3.43 0.79 Large
6 Training students to apply scientific thinking steps using VLs 3.17 0.64 Medium
7 Encourage students to think out loud while conducting experiments using VLs 2.98 0.94 Medium
8 I encourage students to ask self-questions (before-during-after) learning 3.13 0.73 Medium

9 Train students on metacognitive skills (planning-monitoring and control-
evaluation) while conducting experiments using VLs 3.35 0.73 Medium

10 Use thought-provoking simulation software for VLs to teach various topics of the
advanced biology curricula 3.19 0.68 Medium

11 Use constructive evaluation methods to measure the higher thinking skills of the
students while they are using the VLs 3.11 0.77 Medium

12 Apply higher-order thinking strategies while teaching the advanced biology
curricula using VLs 3 0.87 Medium

&e whole domain 3.12 0.72 Medium
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To verify the significance of the differences between the
sample members’ responses according to the number of
workshops in the VL field variable, the “Kruskal–Wallis” test
was used, and the results are shown in Table 12.

It is evident from the results that there are statistically
significant differences at the level of significance (α≤ 0.05)
between the sample members’ responses according to the

number of workshops in the VLs field variable awareness of
using VLs importance and the degree of using VLs.&ere are
no statistically significant differences regarding the obstacles
to using the VLs and the requirements for using the VLs.

To identify the direction of the differences between the
sample members’ responses on the first and second domains,
the Mann–Whitney test was used to make comparisons

Table 8: &e sample members’ responses on the third domain of the questionnaire.

No. Obstacles to using VLs in teaching advanced biology curricula Arithmetic
mean

Standard
deviations

Approval
degree

1 Poor skills needed to apply experiments using VLs for female students 3.8 0.98 Large

2 Schools lack the necessary equipment to use VLs (few computers, weak and
frequent Internet disruptions, etc.) 4.54 0.75 Very large

3 &e scarcity of virtual lab programs that rely on the Arabic language 4.46 0.72 Very large

4 Low motivation and reluctance of female students to conduct experiments using
VLs 3.69 1.11 Large

5 Increasing the teaching hours and administrative burdens on the biology teacher
prevents the use of VLs 4.59 0.71 Very large

6 &e lack of qualified lab equipment to deal with VLs limited my use of them 4.24 0.99 Very large
7 A large number of students in the class reduced my use of VLs 4.65 0.68 Very large

8 &e design of the software does not help the students to evaluate higher thinking
skills which prevented me from using it 4.06 0.94 Large

9 My poor skills in dealing with computers and their applications limited my use of
VLs 3.15 0.98 Medium

10 &e difficulty of customizing the virtual lab software to suit the needs of students
depending on the educational level 3.94 0.83 Large

11 Not linking the use of VLs to my performance evaluation did not motivate me to
use them 3.31 1.18 Large

12 &e time required to teach the developed biology curricula is not sufficient to use
VLs 4 0.91 Large

&e whole domain 4.04 0.89 Large

Table 9: &e respondents’ responses on the fourth domain of the questionnaire.

No. Requirements for using biology parameters for VLs in developing higher thinking
skills

Arithmetic
mean

Standard
deviations

Approval
degree

1 Providing the infrastructure in schools to use VLs (computerized labs, fast Internet
connection, etc.) 4.46 0.82 Very large

2
Professional development: providing training programs for in-service biology

teachers on how to apply VLs and use them to develop higher-order thinking skills
for students

4.33 0.85 Very large

3 Informing the advanced biology teachers about the latest developments in virtual
reality programs and their uses in developing students’ thinking skills 4.33 0.87 Very large

4
Academic preparation: biology teachers in colleges of education should be prepared
on strategies for higher thinking skills and how to apply them while using VLs in

science teaching
4.43 0.72 Very large

5 Providing computers with special specifications to more clearly represent complex
scientific phenomena 4.5 0.8 Very large

6 Providing a trained and qualified lab teacher to operate and equip the virtual lab in
the school 4.54 0.79 Very large

7 &e existence of a clear plan and guidelines by the Ministry of Education to use
virtual classrooms in teaching the advanced biology curricula 4.35 0.87 Very large

8 Providing codified constructive evaluation tools to evaluate higher-order thinking
skills, evaluate the performance of students, and guide them while using VLs 4.35 0.8 Very large

9 Providing simulation programs in Arabic language, data analysis, and visual
presentation 4.52 0.67 Very large

&e whole domain 4.42 0.80 Very large
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Table 10: &e significance of the differences between the sample members’ responses according to the scientific qualification variable.

Questionnaire domains Scientific
qualification

Sum of the
order

Mean of the
order

Z
value

Significance
level Significance

Awareness of the importance of using
VLs

Bachelor 1155.5 25.68 1.913 0.056 Not
significantMD 329.5 36.61

&e degree of using VLs Bachelor 1288 28.62 1.177 0.239 Not
significantMD 197 21.89

Barriers to using VLs Bachelor 1287 28.60 1.155 0.248 Not
significantMD 198 22.0

Requirements for using VLs Bachelor 1167 25.93 1.67 0.093 Not
significantMD 318 35.33

Table 11: &e significance of the differences between the sample members’ responses according to the years of experience variable.

Questionnaire domains Years of
experience

Order
means

Freedom
degree K Square Significance

level Significance

Awareness of the importance of using
VLs

Less than 5 years 28.44 2 1.182 0.554
Not

significant
From 5 to 10 years 25.08
More than 10

years 30.10

&e degree of using VLs

Less than 5 years 33.33 2 1.549 0.461
Not

significant
From 5 to 10 years 25.86
More than 10

years 26.93

Barriers to using VLs

Less than 5 years 28.1 2 0.951 0.621

Not
significant

1
From 5 to 10 years 25.36
More than 10

years 29.90

Requirements for using VLs

Less than 5 years 21.61 2 2.897 0.235
Not

significant
From 5 to 10 years 26.34
More than 10

years 31.60

Table 12: &e significance of the differences between the sample members’ responses according to the number of workshops in the VL field
variable.

Questionnaire domains Number of workshops Order
means

Freedom
degree

K
Square

Significance
level Significance

Awareness of the importance of
using VLs

Don’t participate in any
workshops 20.75

2 14.865 0.001 SignificantFrom 1-2 38.47
More than two workshops 34.86

&e degree of using VLs

Don’t participate in any
workshops 22.44

2 8.921 0.012 SignificantFrom 1-2 32.93
More than two workshops 39

Barriers to using VLs

Don’t participate in any
workshops 25.86

2 1.728 0.422 Not
significantFrom 1 to 2 27.77

More than two workshops 34.43

Requirements for using VLs

Don’t participate in any
workshops 26.81

2 0.286 0.867 Not
significantFrom 1 to 2 27.70

More than two workshops 30.21
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between the study groups so that the comparison between
every two groups could be made separately, and the results
are shown in Table 13.

It is evident from the results that there are statistically
significant differences at the significance level (α≤ 0.05) be-
tween the sample members’ responses concerning the
awareness level of the importance of using the default lab-
oratories, depending on the number of workshops in the VL
field variable, between the teachers who participated in more
than two workshops and the teachers who participated in one
or two sessions for the benefit of the teachers who participated
in more than two workshops, and between the teachers who
participated in more than two workshops and the teachers
who did not participate in any workshop for the benefit of the
teachers who participated in more than two workshops. &ey
are no statistically significant differences between the teachers
who did not participate in any workshop and the teachers
who participated in one or two workshops.

It is clear from the results (Table 14) that there are
statistically significant differences between the sample
members’ responses concerning the degree of using the VLs,
depending on the number of workshops in using the default
laboratories variable between the teachers who did not
participate in any workshop and the teachers who partici-
pated in one or two workshops. &ere were no statistically
significant differences in the teachers’ responses who par-
ticipated in one or two workshops and the ones who par-
ticipated in more than two workshops.

4. Discussion and Conclusion

Using technology-based learning and teaching is always of
great importance. Teachers are always searching for finding
new methods for teaching the materials in the classroom
effectively and successfully. &us, this study is unique since
after reviewing the previous studies, and it was revealed that
no study has been performed in Saudi Arabia to check the
reality of using virtual labs in teaching advanced biology
curricula in developing HOTS among female teachers at the
secondary level.

&e results of the answer to this question can be
explained in light of the importance of training workshops in
raising awareness of the importance of VLs, and the degree
of using the VLs, given that these workshops focus on the
practical, performance aspect, which is lacking in academic
preparation programs that are concerned with the theo-
retical side. It may be devoiced of focus on technological
innovations and their employment in the educational
process, which also explains the absence of differences be-
tween the sample members’ responses according to the
scientific qualification variable.

Using virtual labs (VLs) to teach advanced biology
curriculum and foster the development of higher-order
thinking skills (HOTS) among female secondary school
students in Saudi Arabia’s Al-Kharj area was the goal of this
project.&e research was carried out in a descriptive fashion.
In Al-Kharj, 54 female secondary school biology teachers

Table 13:&e direction of the differences between the sample members’ responses on the awareness domain of the importance of using VLs
according to the number of workshops in the VL field variable.

Questionnaire domains Number of workshops Sum of the
order

Mean of the
order

Z
value

Significance
level Significance

Awareness of the importance of
using VLs

Don’t participate in any
workshops 609.5 19.05 0.429 0.668 Not

significantFrom 1-2 518.5 34.50

Awareness of the importance of
using VLs

Don’t participate in any
workshops 582.5 18.20 2.11 0.034 Significant

More than two workshops 197.5 28.21
Awareness of the importance of
using VLs

From 1 to 2 178.5 11.90 3.63 0.00 SignificantMore than two workshops 74.50 10.64

Table 14: &e direction of differences between the sample members’ responses on the degree of using the VL domain according to the
number of workshops in the VL field variable.

Questionnaire domains Scientific qualification Sum of the
order

Mean of the
order Z value Significance

level Significance

Degree of using the
VLs

Don’t participate in any
workshops 674 21.06 2.158 0.031 Significant
From 1-2 454 30.27

Degree of using the
VLs

Don’t participate in any
workshops 572 17.88 2.50 0.012 Significant

More than two workshops 208 29.71
Degree of using the
VLs

From 1 to 2 160 10.67 0.377 0.407 Not
significantMore than two workshops 93 13.29
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completed a questionnaire with four dimensions: awareness
of the importance of virtual laboratories in developing
higher-order thinking skills, use of virtual laboratories in
developing higher-order thinking skills, obstacles to the use
of virtual laboratories in teaching advanced biology cur-
ricula, and requirements for the use of virtual laboratories in
teaching advanced biology. As a result of the research, it
became clear that using VLs to build higher-order thinking
abilities at a big degree, as well as utilizing VLs at a medium
level of education, would be difficult, as well as the pre-
requisites for using VLs in biology classes to accomplish this
goal. &ere were statistically significant variations in the
reactions of female teachers to the frequency of training
sessions held in VLs. In terms of academic degrees and years
of experience, there were no statistically significant differ-
ences. A student’s laboratory abilities may be improved by
the use of a virtual teaching and learning environment,
which is referred to as a “virtual lab.” As one of the most
significant tools for eLearning, virtual laboratories enable
students to perform a variety of experiments without being
limited by time or location, in contrast to the limits that are
present in traditional lab settings. Students are able to
conduct a wide variety of experiments using virtual labo-
ratories, many of which would be too dangerous to carry out
in traditional laboratories. Teachers and students may save
time and effort by using virtual laboratories since they do not
have to stick to certain hours in order to access the lab or to
transfer from one location to another. &is allows for more
flexibility.

&ese findings are significant from a cognitive stand-
point when it comes to learning science since they dem-
onstrate that students are able to build on previously
acquired ideas and information. &e current research ac-
knowledges that, when used in the right context, instruc-
tional technology may help students learn more effectively.
&e many components of adopting instructional technology
may engage and play a fundamental part in assisting stu-
dents in achieving better results by supporting innovative
teaching and learning methodologies. &is underlines the
need of incorporating web-based learning into a variety of
classroom settings. Studies conducted in the past corrobo-
rate these conclusions [28, 29]. Based on this information, it
should be noted that V-Lab had a considerable impact on
fourth-grade science students. &e use of computer-simu-
lated experiments might help students become more en-
gaged in the learning process and better grasp scientific
topics, according to some academics [28, 30].

5. Recommendations

Based on the results of the study, the following recom-
mendations and suggestions can be made:

(1) &ere is a need to reconsider the infrastructure of
information technology in different schools for all
school levels, in a way that suits the use of

technological innovations in the educational process,
especially VLs in the field of teaching and learning
biology. &ere is also a need to provide appropriate
software in the Arabic language to achieve the
abovementioned goal.

(2) Some programs must be developed to help biology
teachers develop their expertise. &ere should be a
special focus on employing VLs in conducting
practical experiments in all fields of science.

(3) Teaching hours for biology teachers should be re-
duced so that they can pay attention to the practical
aspect of teaching and learning biology.

(4) More training workshops must be held for biology
teachers regarding VLs particularly.

(5) Similar research studies must be conducted to assess
the present state of various technological innovations
in teaching and learning sciences at various school
levels.

(6) similar study can be carried out on male teachers to
check the reality of using virtual labs in teaching
advanced biology curricula in developing HOTS.

(7) Other levels of proficiencies can be considered in the
next studies.

(8) In next studies, the attitude of learners toward using
virtual labs in teaching advanced biology curricula in
developing HOTS can be considered.
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&e data that support the findings of this study are available
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