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Abstract

Biology is a key science subject that helps students understand life processes and the natural world.
However, many secondary school students face difficulties in fully grasping biological concepts due to
traditional teaching methods, which often rely on memorization and lack interactive elements. These
methods may not align with students' diverse learning styles, leading to reduced motivation and
engagement. With the increasing role of digital transformation in education, this study explores the impact
of technological applications on biology teaching and learning at the secondary level. It focuses on the use
of virtual laboratories, simulations, interactive software, and multimedia presentations as tools to enhance
students' understanding, motivation, and classroom participation. Data were collected using a mixed-
method approach, including interviews with biology teachers, student surveys, and classroom observations.
The results showed that integrating technology into biology lessons significantly improved students’
academic performance, conceptual understanding, and active involvement in class activities. The research
concludes that technology can play a crucial role in creating an engaging and effective biology learning
environment. It recommends that schools and educators adopt modern teaching strategies that incorporate

digital tools to support students’ learning experiences.
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1. Introduction:

In today’s digital era, the landscape of biology
education is undergoing a significant
transformation, driven by the integration of
emerging technologies into classroom
environments. Traditional lecture-based
approaches, while foundational, often fall short in
catering to the diverse needs of modern learners.
In contrast, the implementation of digital tools has
proven effective in fostering greater student
engagement, adaptability, and retention of
complex scientific concepts. As Situmorang et al.
(2024) assert, digital game-based learning (DGBL)
introduces an interactive framework that not only
captivates student interest but also deepens their
understanding of biological processes through
Immersive experiences.

Supporting this, research by Safitri et al. (2017)
demonstrates that utilizing technology in
educational settings contributes to improved
academic performance, heightened motivation,
and better long-term retention of information.

Among the most promising innovations is the
creation of Technology-Enhanced Interactive
Teaching Environments (TEITE), which offer
multifaceted learning opportunities that go beyond
passive content delivery. Yang, Wang, & Chiu
(2015) emphasize that such environments provide
students with active learning experiences, which
strengthen their conceptual understanding of
scientific theories.

Similarly, Liu & Chen (2015)

highlight that these interactive approaches
cultivate essential scientific skills such as critical
analysis, problem-solving, and real-world

application of biological knowledge. In addition,
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virtual reality (VR) has emerged as a powerful
educational medium, enabling learners to engage
with biological systems in a simulated, hands-on
manner. Research confirms that VR enhances
student interaction with course material and
encourages deeper cognitive engagement, thereby
fostering more meaningtul learning experiences.
Alhumaidan, A. (2024).

Furthermore, web-based learning platforms
(WBLPs) have revolutionized biology education
by oftering accessible, self-paced learning that
accommodates individual preferences and
schedules. Khan & Riaz (2020) report that these
platforms play a vital role in supporting
autonomous learning and personalizing the
educational journey. Beyond pedagogy,
technological applications also extend into
biological research and analysis. For example,
Zhang et al. (2019) employed computational
simulations to examine red blood cell behaviour in
sickle cell disease, showcasing how digital tools can
yield valuable insights into complex medical
phenomena.

In essence, the fusion of technology with
biology education not only enhances the way
students engage with content but also equips them
with the analytical and technical skills required in
today’s scientific landscape. As the demand for
innovative educational strategies continues to rise,
the integration of digital tools represents a vital
step toward shaping a more effective and forward-

thinking approach to teaching biology.

2. The Theoretical Framework:

At the heart of our research is a robust theoretical

framework that highlights the transformative
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potential of technology in enhancing biology
education. Rooted in modern educational theories
and supported by empirical research, this
framework explores how digital tools can improve
comprehension, foster engagement, and address
persistent challenges in teaching biology.

A central element of this framework is TEITE,
which integrate multimedia, simulations, and real-
time feedback to promote active learning.

Yang, Wang, & Chiu (2015) emphasize that
these environments encourage student participation
and support deeper understanding of biological
content.

Liu & Chen (2015) also point out that TEITE
improve critical thinking, problem-solving, and
knowledge retention—skills that are essential in
scientific education.

Another key component is DGBL, which
applies game design elements like challenges,
rewards, and storytelling to the learning process.
Situmorang et al. (2024) show that DGBL helps
students engage with complex biological concepts
in an enjoyable and interactive manner, increasing
motivation and promoting conceptual
understanding through practical application in
simulated settings.

The framework also includes the use of web-
based platforms, which have become essential tools
in modern education. Khan & Riaz (2020) explain
how these platforms provide flexible, on-demand
access to educational content, enabling personalized
and self-directed learning. By incorporating virtual
labs, interactive simulations, and multimedia
resources, they enhance the effectiveness of biology
instruction and cater to different learning styles.

VR represents another innovative approach

within this framework. According to Alhumaidan,

A. (2024), VR allows students to visualize and
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explore biological systems in three-dimensional
space, making abstract concepts more concrete.
This immersive experience deepens understanding
and boosts student engagement.

The integration of multiple technologies into
biology education creates a more comprehensive
and interactive learning environment. Safitri et al.
(2017) found that combining simulations, web-
based

engagement

tools, and multimedia fosters better

and understanding of complex
biological processes. Additionally, the role of
computational simulations in biological research, as
demonstrated by Zhang et al. (2019), highlights
how technology can provide detailed insights into
phenomena like sickle cell disease, connecting
classroom learning with real-world scientific
exploration.

This theoretical framework provides a
multidimensional view of how technology can
support and improve biology education, equipping
students with the skills and understanding necessary

for academic and scientific success

3 Methods:

This study adopted a descriptive analytical
approach, which is widely used in educational
research to describe phenomena as they exist and
analyses  the relationships  between  their
components. This approach was chosen to describe
the current use of technological applications in the
teaching and learning of biology and to analyses
their impact on classroom interaction, academic
self-directed

professional development. Data were collected

achievement, learning, and

from targeted samples and statistically analysed to

draw conclusions and recommendations.

Study Sample
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The study included two main samples:

1- Students: A questionnaire was administered to
fifty students from five difterent secondary schools
across five educational districts within Cairo
Governorate. The aim was to assess the impact of
technological applications on their learning of
biology.

2- Teachers: A separate questionnaire was
administered to twenty biology teachers from the
same schools to evaluate the use and effects of
technological applications in teaching the subject.
Instruments.

Two main instruments were used for data
collection:

1. Student Questionnaire, which included three
sections:

~ The use of technological applications in learning
biology.

— The impact of technological applications on
interaction and participation during the lesson.

- The eftect of technological applications on
academic achievement and self-directed learning.
2. Teacher Questionnaire, also divided into three
sections:

- The use of technological applications in teaching
biology.

— The impact of technological applications on
classroom interaction and student engagement.

~ The eftect of technological applications on
academic achievement and professional
development.

Additionally, personal interviews were conducted
with a selected group of teachers and students to
gain deeper insights into their opinions and
personal experiences regarding the integration of
technology in biology education.

Statistical Methods

Basic Sciences Sector, Department of Biological and Geological Sciences, 260

Data was analyzed using Microsoft Excel, applying
the following statistical techniques:

1- Calculation of the mean.

2- Calculation of the standard deviation.

3- Calculation of the standard error.

4- Calculation of the T-value to compare means.
5- Graphical representation of the results using bar

charts to clearly illustrate trends and differences.

4. Results:

The results obtained from our study are shown
in the following tables and figures. Tables (1) and
(2) showing students and teachers questionnaire
responses, respectively also mean, standard
deviation, Standard error and t-value values.
Figures (1), (2), (3) and (4) illustrate the data

recorded in the previous tables.
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Table (1): Responses to the questions in the questionnaire of students

No.of question Response (Yes) Response(INo) Response (Neutral)
First category: Using technological applications in learning biology
1 38 0 12
2 34 4 12
3 30 9 11
4 32 4 14
] 35 4 10
6 44 3 3
l 40 3 7
8 40 5 5
9 22 20 8
10 30 8 12
Second category: The impact of technological applications on interaction
11 36 4 10
12 35 4 11
13 40 3 7
14 40 4 6
15 31 9 10
16 35 10 &)
17 34 5 11
18 38 2 10
19 34 7 9
20 30 6 14
Third category: The impact of technology on academic development
21 40 2 8
22 30 7 13
23 40 3 7
24 43 2 5
25 31 4 15
26 32 5 13
27 34 7 9
28 32 6 12
29 25 9 17
30 35 3 12
Mean 34.667 5.400 9.933
Standard deviation 5.061 3.692 3.342
Standard error 0.924 0.674 0.610
T-value 29.27 the largest t-value is between yes and no
Statistical significance: yes is significantly higher than both no and neutral with
(P-value 0.000= < 0.001)
Yes,responses are statistically significantly higher than neutral and no
Neutral responses are statistically significantly higher than no
Page |5]19
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Figure (1): Showing the relationship between questionnaire items and students' response to

them.
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Figure (2): Shows the standard deviation and standard error values of students' responses to the

questionnaire items.
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Table (2): Table (1): Responses to the questions in the questionnaire of teachers

No.of question Response (Yes) Respone(No) Response (Neutral)
First category: Using technological applications in teaching biology

1 16 0 4

2 13 3 4

3 15 0 5

4 11 4 5

5 13 3 4

6 11 4 5

7 11 5 4

8 15 3 2

9 6 10 4

10 5 9 6
Second category: The impact of technological applications on interaction and participation
11 12 3 5

12 15 2 3

13 12 2 6

14 11 4 5

15 13 3 4

16 13 2 5

17 14 2 4

18 11 4 5

19 8 5 7

20 12 2 6
Third category: The impact of technological applications on Professional development
21 12 2 6

22 12 4 4

23 14 3 3

24 12 3 5

25 9 6 5

26 13 3 4

27 13 3 4

28 14 0 6

29 13 2 5

30 14 2 4
Mean 12.100 3.267 4.633
Standard deviation 2.496 2.196 1.066
Standard error 0.456 0.401 0.195
T-value 17.0 the largest the largest t-value is between yes and no

Statistical significance: yes is significantly higher than both no and neutral with
(P-value 0.000= < 0.0001)

Yes responses are statistically significantly higher than neutral and no

The difference between neutral and no was statistically significant but to a lesser degree
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Figure (3): Showing the relationship between questionnaire items and teachers' response to

them.
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5. Interpretation of Results:

From table (1) and figures (1) and (2):
The statistical analysis of student responses to the
questionnaire reveals a compelling trend in Favor of
integrating technological applications into the
teaching and learning of biology at the secondary
level. The mean number of affirmative (“Yes”)
responses was 34.67, which i1s significantly higher
than both neutral and negative responses, with a p-
< 0.001,

significance. This suggests a high level of student

value indicating strong statistical

acceptance and perceived effectiveness of
technology-enhanced biology instruction.

A particularly notable outcome is the
overwhelming agreement on several core items.
For example, 44 students atfirmed their use of apps
to watch explanatory biology videos, while 43
students agreed that these technologies provide the
flexibility to review lessons at any time and from
any location. In addition, 40 students indicated that
technology eftectively bridges the gap between
theoretical knowledge and its practical applications
in biology. These findings align closely with the
(2024), who

demonstrated that digital game-based learning and

work of Situmorang et al
interactive platforms significantly enhance student
engagement, motivation, and retention of scientific
content in biology education.

Furthermore, the data reveal that a substantial
proportion of students believe that technological
tools contribute to the development of critical
thinking, foster self-assessment, and promote
independent learning. These findings are reinforced
(2015), who

technology-enhanced learning environments not

by Yang et al reported that
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only boost conceptual understanding but also
encourage active student participation and curiosity
within biology classrooms.

However, responses were more varied when
students were asked whether technology could
replace the teacher’s role. Only 22 students agreed,
while 20 disagreed, and 8 remained neutral. This
indicates that although students appreciate the
supportive role of technological applications, they
do not see them as a substitute for the teacher’s
presence, guidance, and explanation — especially
for complex biological concepts. This perspective is
supported by Safitri et al. (2017), who emphasized
that technology is most effective when integrated in
harmony with traditional teaching methods, rather
than as a replacement.

The low standard deviation and standard error
values across responses reinforce the consistency
and reliability of the student responses. Moreover,
the high t-value observed between the "Yes" and
"No" groups (t = 29.27) turther confirm the strength
of the statistical difference.

The analysis underscores a growing enthusiasm
among students for the use of technology in biology
education. The applications are not only seen as
tools for enhancing academic performance but also
as means for enriching the overall learning
These

implications for curriculum designers, educators,

experience. insights  offer  valuable
and policymakers, encouraging the adoption of

more  interactive  and  technology-driven
pedagogical strategies to support student-centred

learning in biology.

From table (2) and figures (3) and (4):
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The analysis of the questionnaire responses
reveals a multifaceted set of challenges encountered
by biology teachers when attempting to integrate
technology into their instructional practices.
Despite a consensus among teachers regarding the
potential benefits of educational technology—such
as enhancing student engagement, deepening
conceptual understanding, and fostering critical
thinking—several structural and pedagogical
barriers remain evident, These findings resonate
with existing literature that underscores the need
for holistic support systems to ensure the eftective
use of ICT in education Khan & Riaz (2020).

Firstly, the results clearly point to a significant
gap in both pedagogical and technological training.
Many teachers reported that they had either limited
or no exposure to professional development
programs that focus on the integration of digital
tools into lesson planning and delivery. This lack of
training limits their ability to design interactive
lessons or adopt student-centred = strategies
supported by technology. Without a strong
foundation in digital pedagogy, even the most
motivated teachers may struggle to implement
eftective practices in the classroom .

Secondly, the findings highlight a critical
deficiency in school-level infrastructure, which
severely restricts the practical application of
educational technologies. Respondents emphasized
issues such as unreliable internet connectivity,
insufficient access to smartboards or multimedia
These

infrastructural weaknesses not only hinder teachers’

projectors, and outdated equipment.
ability to deliver technology-enhanced lessons but
also demotivate them from planning such activities
in the first place.

As confirmed by prior research, a supportive and

well-equipped school environment is crucial for
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the sustainable integration of ICT tools in teaching
Khan & Riaz (2020).

Thirdly, the study reveals that excessive teaching
workloads are a considerable obstacle. Teachers are
often responsible for delivering content to multiple
grade levels, across several schools in some cases,
which leaves them with limited time and energy to
explore or implement digital innovations. This
situation 1is exacerbated by a lack of tangible
incentives—either financial or professional—to
reward the adoption of new teaching methods.

Consequently, some educators default to
lecture-based  instruction

traditional, despite

acknowledging the pedagogical value of
technological tools .

Finally, and perhaps most promisingly, most
teachers expressed a strong willingness to improve
their  digital provided  that

competencies,

appropriate  support systems and  training
opportunities are made available. This enthusiasm
reflects an underlying readiness for change, which
can be leveraged by educational leaders and
policymakers to develop strategic initiatives aimed
at empowering teachers through continuous
professional development and investment in school
infrastructure.

while the path to fully integrating technology
into biology instruction is fraught with challenges,
the findings suggest a clear roadmap: targeted
teacher training, enhanced school infrastructure,
reduced teaching burdens, and systemic support can
collectively foster a more effective and engaging

educational experience for students.

6. Conclusion:

It was concluded that the integration of’

technological applications into biology teaching
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has a positive and eftective impact on enhancing
students' understanding, engagement, and
motivation.

The study showed that using tools such as
virtual labs, simulations, multimedia presentations,
and interactive platforms support both teachers and
learners in making the educational process more
dynamic and meaningful. However, there are still
some challenges that may limit the effective use of
technology in the classroom, such as the lack of
,adequate infrastructure, limited teacher training
and unequal access among students.

We recommend the following useful
suggestions:
1.Providing continuous training courses for
biology teachers to enhance their skills in using
modern technological tools and application
2.Integrating technology-based resources into the
biology curriculum in a structured and purposeful
way.
3.Supporting schools with the necessary
infrastructure, including internet access and
modern devices, to facilitate the use of educational
technology.
4 Raising awareness among parents and students
about the benefits of educational technology and
how to use it effectively.
5.Addressing the digital divide by ensuring equal
access to digital tools for all students, regardless
of socio-economic background.
6.Encouraging innovation and creativity in
teaching methods to make biology learning more

interactive and student centered.

7. Acknowledgement:

First and foremost, we would like to express
our deepest appreciation to our supervisor, Dr.

Basic Sciences Sector, Department of Biological and Geological Sciences, 267

Olfat Mohamed, for her efforts and cooperation
with us throughout the entire research process.
Also, deep thanks and gratitude to: Prof. Dr.
Hanan Helmy Latif, Head of the Department of
Biological and Geological Sciences for her constant
support to us and all students of the department.
My greetings also to Mr. Mohsen Adly, the
headmaster of the school, Mr. Walid Ebrahim, the
class teacher, and Mr. Taher Muhammed, the
educational supervisor of the school for their

guidance and assistance.

References:

Alhumaidan, A. (2024). Exploring the virtual
frontier: The impact of virtual reality on
undergraduate biology education at the American
University in Dubai. International Journal of
Information and Education Technology, 14(5),
421-426. https://www.ijiet.org/vol14/IJIET -
V14N5-2092 . pdf

Khan, M. J., & Riaz, M. A. (2020). Students'
perception on web-based technology in teaching
biology. International Journal of Emerging
Technologies in Learning (iJET), 15(2), 142-151.
Retrieved from
https://files.eric.ed.gov/fulltext/EJ1348879.pdf

Liu, M., & Chen, Z. (2015). Study the
eftectiveness of technology-enhanced interactive
teaching environment on student learning of
junior high school biology. ResearchGate.
Retrieved from

https://www .researchgate.net/publication/2819622
07_Study_the_Effectiveness_of_Technology-

Enhanced_Interactive_Teaching_ Environment_o

Page |11]|19
Volume 2, July 2025



n_Student_Learning_of_ Junior_High_School_Bio
logy

Safitri, M., Riandi, R., Widodo, A., & Nasution,
W. R. (2017). Integration of various technologies
in biology learning. Journal of Physics:
Conference Series, 895(1), 012145.
https://doi.org/10.1088/1742-6596/895/1/012145

Situmorang, R. P., Suwono, H., Munzil, Susanto,
H., Chang, C.-Y., & Liu, S.-Y. (2024). Learn
biology using digital game-based learning: A
systematic literature review. EURASIA Journal of
Mathematics, Science and Technology Education,
20(6), Article em2459.
https://doi.org/10.29333/ejmste/14658

Yang, K.-T., Wang, T.-H., & Chiu, M.-H.
(2015). Study the effectiveness of technology-
enhanced interactive teaching environment on
student learning of junior high school biology.
Eurasia Journal of Mathematics, Science and
Technology Education, 11(2), 263-275.
https://doi.org/10.12973/eurasia.2015.1327a

Zhang, X., Caruso, C., Lam, W. A., & Graham,
M. D. (2019). Flow-induced segregation and

dynamics of red blood cells in sickle cell disease.
arXiv. https://arxiv.org/abs/1912.10101

Page |12]|19

Basic Sciences Sector, Department of Biological and Geological Sciences, 268 Volume 2, July 2025



@A =5l

Bl Al Wb a ddall il (23 ey aedall JUly Bt lbaall g e Ol deles g L) dalall Sl e sl Y1 B3l B
ol Yy adeladl ol ) awsy bad) Lo S5 L Qe &) AdE) ) B slazel o b8 Sy o) el Olazal (3 Slgas
ALy 2l 2l ) 35 U oSl s gl Jadl BUT e (LA o

Jolald gl e anhall s a1 3 sl 83l iy e e gl il i) b LS ) aull sds S0
SUL aa f Caall 51 S lang ogadls 83Ljs (M) 1gb ppad lgalS Latlu ol B3iaze Bl 2 g,ally cdelid) L plly (BT (lY)
S oale sl Y1 )3 (3 Lo oSl s OF il gl OBl bzl colm Y1 padan o BLlis il (LI Bataze Bomgan plisizal,
il akasY 3 Wl Sy (ealied) cgagdy (L L‘;C,;\f‘}ﬂ Y e 3 48

Sl Ogalally o) dazas 0L o5 LS alady Aol ell s ity 3l (3 G52 g3 ol OF K6 Lrgd oS O ] 2yl ol
RN PRV YEIENUE W RE PN T C.Ju Lyl Aasles

Page |13]|19

Basic Sciences Sector, Department of Biological and Geological Sciences, 269 Volume 2, July 2025



Questionnaire on the Impact of Technological Applications on the Interactive
Learning Experience in Biology

Dear Student,

This questionnaire aims to assess the impact of technological applications on your learning
experience in biology. Your answers will help us improve teaching methods. Please answer the
following questions honestly. There are three response options: Yes — No — To Some Extent.

Section One: The Use of Technological Applications in Learning Biology

1.Do you use technological applications in studying biology?
oYes oNo o Neutral

2.Do you find that technological applications make it easier to understand complex concepts in
biology?
oYes oNo oNeutral

3.Do you prefer using technological applications over traditional study methods?
oYes oNo o Neutral

4.Do applications help you recall information easily during revision?
oYes oNo oNeutral

5.Do you think that learning through interactive applications is more enjoyable than using
textbooks?
oYes oNo o Neutral

6.Do you use educational applications to watch explanatory biology videos?
oYes oNo oNeutral

7.Do technological applications help you connect theoretical knowledge with practical
applications?
oYes oNo oNeutral

8.Do you find that applications provide you with additional sources of information more
quickly?
oYes oNo oNeutral

9.Do you think technological applications can replace the teacher in explaining some lessons?
oYes o No o Neutral

10,Do you have the ability to use technological applications easily in your studies?
oYes o No o Neutral
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Section Two: The Impact of Technological Applications on Engagement and

Participation in the Lesson

11. Do technological applications make you more engaged during learning?
oYes oNo oNeutral

12. Do interactive applications motivate you to search for additional information in biology?
oYes oNo o Neutral

13. Do you feel that using technology in the classroom makes lessons more interesting?
oYes oNo o Neutral

14. Do applications provide you with opportunities to solve questions and exercises in a more
interactive way?
oYes oNo oNeutral

15. Do you prefer discussing interactive application content you’re your classmates?
oYes oNo oNeutral

16. Do you think technological applications facilitate collaboration with your classmates on
school projects?
oYes oNo oNeutral

17. Do applications help you improve your critical thinking and problem-solving skills?
oYes oNo oNeutral

18. Do you feel that interacting with educational content through technology helps you gain a
deeper understanding?
oYes oNo o Neutral

19. Do you believe that using technological applications makes classroom lessons more
productive?
oYes oNo oNeutral

20. Do you think teachers use technological applications effectively in the classroom?
oYes o No o Neutral

Section Three: The Impact of Technological Applications on Academic Achievement
and Self- Learning

21. Do you think that using technological applications has contributed to improving your
academic performance in biology?
oYes oNo oNeutral
Page |15]19
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22. Do applications help you organize your study time more effectively?
oYes oNo oNeutral

23. Do you think technological applications make you more independent in learning biology?
oYes oNo o Neutral

24.Do applications allow you to review lessons anytime and anywhere?
oYes oNo oNeutral

25. Do you think learning through applications increases your focus during studying?
oYes oNo oNeutral

26. Do you feel that technological applications boost your confidence in answering
biology questions?
oYes oNo oNeutral

27.Do applications allow you to assess yourself and identify your weaknesses in biology?
oYes oNo oNeutral

28.Do you find that applications offer a personalized learning experience that suits your pace
and style?
oYes oNo oNeutral

29. Do you think using technological applications reduces your reliance on private tutoring?
oYes oNo o Neutral

30. Do you believe that technological applications will be essential for the future of

learning biology?
oYes oNo o Neutral
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Questionnaire on the Impact of Technological Applications on the Interactive
Learning Experience in Biology - For Teachers

Dear Teacher,

This questionnaire aims to measure the impact of using technological applications in teaching
biology and how effective they are in improving student interaction and learning. We kindly ask
you to answer the following questions honestly. There are three response options: Yes — No —
Neutral.

Section One: Using Technological Applications in Teaching Biology

1. Do you use technological applications in teaching biology?
O Yes I No ] Neutral

2. Do you think that technological applications make it easier for you to explain complex
concepts to students?

O Yes O No O Neutral

3. Do the apps provide you with effective visual and audio means to support classroom
explanation?
O Yes O No O Neutral

4. Do technological applications help reduce the time required to prepare lessons?
O Yes O No O Neutral

5. Do you think that technological applications can be an alternative to some traditional teaching
tools?
O Yes O No O Neutral

6. Do technological applications help you track student progress more accurately?
O Yes O No O Neutral

7. Do you use apps to create online tests or interactive activities for students?
O Yes O No O Neutral

8. Do you find that using technological applications increases the efficiency of the classroom?
O Yes I No I Neutral

9. Do you think all students have easy access to technology applications?
O Yes O No O Neutral
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10. Do you think there is sufficient support from the administration for the use of technology in
teaching?
O Yes O No O Neutral

Section Two: The Impact of Technological Applications on Classroom
Interaction and Participation

11. Do you notice an increase in student engagement when using technology applications in
teaching?
O Yes I No ] Neutral

12. Do you think using apps makes students more motivated to participate in the lesson?
O Yes O No O Neutral

13. Do you think that interactive applications help students think critically and solve problems?
O Yes O No O Neutral

14. Do you find that technology provides greater opportunities for discussion and interaction
among students?

O Yes 0 No O Neutral

15. Do technological applications help make the classroom more interesting and engaging for
students?

O Yes O No O Neutral

16. Do you think students understand the material more deeply when using interactive
applications?
O Yes 0 No [0 Neutral

17. Do you think that technological applications help provide feedback to students faster?
O Yes 0 No ] Neutral

18. Do apps help you manage your classroom more organized?
O Yes I No I Neutral

19. Do applications contribute to improving students’ collaboration and teamwork skills?
O Yes I No ] Neutral

20. Do you feel that students rely more on technology rather than developing self-research skills?
O Yes I No I Neutral
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Here is the revised Section Three with every instance of “to some extent” changed to
“Neutral”, consistent with the format of previous sections:

Section Three: The Impact of Technological Applications on Academic
Achievement and Professional Development

21. Have you noticed an improvement in student performance as a result of using technology
applications?
O Yes O No O Neutral

22. Do you think technology makes students more independent in their learning?
O Yes O No O Neutral

23. Do you think using apps makes it easier for you to provide personalized lessons that suit each
student’s needs?

O Yes 0 No O Neutral

24. Do you rely on apps to provide additional resources to support student learning?
O Yes O No O Neutral

25. Do you feel that technology helps bridge the gap between different levels of students?
O Yes O No O Neutral

26. Do you find that using technological applications makes the evaluation process more
accurate and effective?

O Yes O No O Neutral

27. Does technology help improve your communication with students and parents?
O Yes O No O Neutral

28. Do you find that the use of technology in teaching requires ongoing training for you as a
teacher?

O Yes O No O Neutral

29. Do you see technological applications as an essential element in the future of biology
teaching?

O Yes O No 0 Neutral

30. Do you feel that technology helps develop your professional skills as a teacher?
O Yes I No I Neutral
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	In Vivo Toxicity Assessment of The Effects of Heated Palm oil on Mice
	Abstract
	Palm oil is a common cooking oil, but repeated heating can induce harmful chemical changes. This study investigated the adverse effects of fresh and heated palm oil on oxidative stress, liver histopathology, and genotoxicity in vivo using an mice mode...
	Key Words
	Palm oil, Bone marrow cells, Liver cells, Micronucleus Test, Oxidative Stress Markers
	1. Introduction
	Palm oil (Po), a popular consumed edible vegetable oil, has been a staple in many cuisines for centuries. Derived from the fruit of the Elaeis guineensis tree, Po has been used for approximately 5,000 years. Its global production has increased signifi...
	Additionally, Po is rich in vitamins A and E, potent antioxidants that help prevent ischemic damage and protect against arterial plaque formation. When consumed as part of a well-balanced diet, Po supports heart health without increasing the cardiovas...
	Software called SPSS (version 16.0) was used to conduct statistical analysis.  The mean ± standard deviation (mean ± SD) was used to express the data.  To assess whether differences between the two groups were statistically significant or the result o...
	4. Results
	4.1 Body Weight Changes
	As shown in the figure (1), the percentage increase in body weight in the control group was 25.2 ± 2.8%. Group 2 exhibited a statistically significant increase in body weight (27.9 ± 1.5%) compared to the control group. Conversely, Group 3 demonstrate...
	4.2 Micronucleus test
	The micronucleus test findings are shown in Table (1).  Normochromatic erythrocytes (NCEs) had a dark blue stain, as seen in Figure (2), whereas polychromatic erythrocytes (PCEs) had staining that ranged from light blue to violet. Polychromatic erythr...
	Table (1) represents the mean and standard deviation of micro-nucleated polychromatic erythrocytes (MNPCEs) and PCEs/NCEs ratio in 6000 polychromatic erythrocytes (PCEs) and corresponding normochromatic erythrocytes (NCEs) scored in the bone marrow of...
	Figure (2) Bone marrow smears of Mus musculus showing polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micro-nucleated polychromatic erythrocytes (MnPCE). (a) Control group, (b) Group 2, (c and d) Group 3. The scale bar is 0.2 mm.
	4.3 Histological and histopathological observations
	Histological examination of liver tissues stained with hematoxylin and eosin (H&E) revealed significant structural differences among the experimental groups. As illustrated in Figure 3, the control group exhibited normal hepatic architecture, with hep...
	Figure (3): Normal histological structure of liver sections of albino mice: Photomicrographs sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group (control) showing normal hepatocytes with abundant cyto...
	Figure (4): Histological alterations in liver tissue of mice: Photomicrographs of sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group treated with fresh palm oil, in panel (a and b), showing fatty cha...
	Figure (5): Histological alterations in liver tissue of mice: Photomicrographs of sections of liver stained with hematoxylin and eosin (H&E) illustrate pathological changes. This group treated with heated palm oil, in panel (a and b), showing Necrosis...
	4.4 Oxidative stress markers
	The present study looked into the impact of fresh and heated palm oil treatment on oxidative stress markers in liver tissues of albino mice (Mus musculus). The evaluated parameters included malondialdehyde (MDA), superoxide dismutase (SOD), catalase (...
	Current results showed statistical differences in the levels of MDA, SOD, CAT and GPx., a statistically significant increase in MDA levels in the treated groups compared to the control group, suggesting elevated lipid peroxidation and oxidative damage...
	4.1 Malondialdehyde (MDA) Levels
	The concentration of malondialdehyde (MDA) in liver tissues was significantly elevated in Group 2 (1.8433 ± 0.08021 mol/mg protein) and Group 3 (2.6933 ± 0.40104 nmol/mg protein), in contrast to the control group to the control group (0.8533 ± 0.02517...
	4.2 Superoxide Dismutase (SOD) Activities
	Superoxide dismutase (SOD) activity was significantly reduced in the treated groups in contrast to the control. Group 2 demonstrated a highly significant decrease (3.3367 ± 0.09452 U/mg protein), while Group 3 showed a further significant reduction (1...
	4.3 Catalase (CAT) Activity
	Catalase (CAT) activity was greatly reduced in the treated groups in contrast to the control. Group 2 exhibited a reduction in CAT activity (2.6767 ± 0.18583 U/mg protein), while Group 3 demonstrated a further significant decline (1.0100 ± 0.07211 U/m...
	4.4 Glutathione Peroxidase (GPx) Activity
	Glutathione peroxidase (GPx) activity was significantly (P < 0.05) decreased in the treated groups compared to the control. Group 2 exhibited a highly significant (P < 0.001) reduction in GPx activity (4.6767 ± 0.15011 U/mg protein), while Group 3 sho...
	Figure (6): Malondialdehyde (MDA) level in liver of albino mice Mus Musculus, (mean ± SD). Malondialdehyde (MDA) level expressed as unit nmol mg-1 protein.
	Figure (7): Superoxide dismutase (SOD) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit   U mg-1 protein.
	Figure (8): catalase (CAT) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit U mg-1 protein.
	Figure (9): Glutathione Peroxidase (GPX) activity in liver of albino mice Mus Musculus, (mean ± SD). Superoxide dismutase activity is expressed as unit    U mg-1 protein.
	5. Discussion
	Palm oil derived from the mesocarp of oil palm fruits, is a versatile edible oil utilized in various applications, including food production, cosmetics, and bioenergy generation. Po is distinct owing to its balanced ratio of fatty acids with a near-eq...
	The results of this research highlight the harmful impact of both fresh and heated palm oil, as evidenced by liver tissue damage, increased oxidative stress, reduced antioxidant enzyme activity, and genotoxicity observed through the micronucleus test ...
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	المستخلص العربي
	زيت النخيل يُستخدم بشكل شائع في الطهي، إلا أن تسخينه المتكرر قد يؤدي إلى تغيرات كيميائية ضارة. تهدف هذه الدراسة إلى التحقيق في الآثار السلبية لكل من زيت النخيل الطازج والمُسخن على الإجهاد التأكسدي، والتغيرات النسيجية في الكبد، والتسمم الجيني باستخدام ...
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	Abstract
	1. Introduction:
	Water is the foundation of life, playing a crucial role in various physiological and ecological processes. In animals, water is necessary for maintaining cellular homeostasis, metabolic functions, thermoregulation, and overall survival. At the cellula...
	Dehydration, on the other hand, can have severe consequences on animal health, including reproductive issues, endocrine disruptions and impaired kidney function. Water deprivation can also lead to oxidative stress, which can cause DNA damage, genetic ...
	The effects of dehydration on animal health are multifaceted. Impaired kidney function can lead to a decrease in renal blood flow and an increase in medullary interstitial osmolality, leading to kidney damage and potentially even kidney failure (Turne...
	Oxidative stress, which arises from an imbalance between the production of reactive oxygen species (ROS) and the capacity of antioxidant defenses, is a recognized key factor in inducing DNA damage. This damage includes base modifications, strand break...
	Cells have developed various antioxidant defenses to counteract the effects of oxidative stress. These defenses include enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), which work to degrade ROS and prevent...
	The need for further research in this area is evident. Despite the importance of water in maintaining animal health, there is still much to be learned about the effects of dehydration and oxidative stress on animal health. Further research is needed t...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Additionally, ...
	This study aimed to investigate the toxic effects of water deprivation on kidney and bone marrow of mice. The investigation utilized oxidative stress marker analysis and histopathological analysis of the kidney to assess renal toxicity. Water deficien...
	2. Theoretical Framework:
	Smith (2020) highlighted that global water usage trends are deeply entwined with sustainable development and economic advancement, emphasizing the need for adaptive planning. Hanasaki et al. (2012) linked water scarcity with broader environmental stre...
	Mekonnen et al. (2020) demonstrated a correlation between water shortages and violent conflicts, a link echoed by Ward & Ruckstuhl (2020), who noted the strategic targeting of water infrastructure in conflict zones. Zhang et al. (2021) stressed that i...
	Dehydration compromises essential physiological functions. Smith et al. (2020) found it disrupts cellular metabolism, while Williams & Clark (2018) associated chronic water deficiency with kidney and liver dysfunction. Gomez & Lee (2019) and Zhang et ...
	Gottlieb et al. (2006) identified water deprivation as a state activating the renin-angiotensin system, while Shen et al. (2007) and Levey et al. (1986) observed hematological changes including reduced erythropoiesis under deprivation. These changes m...
	Singh et al. (2023) linked oxidative stress to premature erythrocyte damage, a central mechanism in anemia. Al-Farsi et al. (2022) and Vaziri et al. (2019) found that iron overload in renal dysfunction is exacerbated by oxidative stress and impaired h...
	Faraco et al. (2014) and Halliwell & Gutteridge (2015) demonstrated that water deprivation increases oxidative load in neural and systemic tissues. Podkowińska & Formanowicz (2020) showed its role in vascular and renal dysfunction, contributing to chr...
	Oxidative stress also affects DNA integrity. Kryston et al. (2011) and Marnett (2000) explained that prolonged ROS exposure damages DNA, resulting in genomic instability and carcinogenesis. Petersen et al. (1998), Halliwell et al. (1991), and Grollman...
	Telomeric DNA, particularly vulnerable due to its guanine richness, is significantly affected by oxidative stress (Von Zglinicki et al., 2000; Opresko et al., 2005). These alterations disrupt telomerase activity and compromise genome maintenance (Coun...
	Micronuclei (MN), nucleoplasmic bridges (NPBs), and nuclear buds (NBUDs) represent visible biomarkers of genotoxic events, linked to chromosomal breakage or missegregation (Fenech & Crott, 2002; Shimizu et al., 2000). Studies by Krishna & Hayashi (200...
	Bonassi et al. (2007) and Samanta & Dey (2012) highlighted the clinical relevance of micronucleus frequency as a predictor of cancer risk. Krishna & Hayashi (2000) further explained the mechanisms behind micronucleus formation and how immunological ma...
	3. Materials and Methods:
	3.1. Animals:
	Male CD-1 albino mice (Mus musculus), aged between 6 and 8 weeks and weighing around 25±5g, were sourced from Theodore Billiharz institute for research in Cairo. In this study, we used 40 mice, housed them in cages in our laboratory, and allowed them ...
	3.2. Animal Housing and Maintenance:
	Animals were accommodated in acrylic cages, maintained under controlled laboratory conditions, and photoperiod (12:12 light-dark cycle). Prior to experimentation, animals underwent a one-week acclimation period. A standard rodent pellet diet and water...
	3.3. Experimental design:
	40 mature male albino mice of nearly at the same age were individually weighed and randomly assigned to 4 group as the following: Group 1 (Control group): Members of this group received ad libitum water. Group 2 (Timed group): Members of this group re...
	3.4. Body Weight Measurements
	Each mouse’s body weight was weighed using a digital scale at the beginning of the experiment, after one week of treatment and on the day of sacriﬁcing.
	3.5. Oxidative Stress Markers Analysis:
	CAT test: Kidney were obtained and promptly fixed in formalin to ensure stabilization. Subsequently, the samples were processed and homogenized. The activity of catalase (CAT) was assessed spectrophotometrically by tracking the rate of hydrogen peroxi...
	SOD test: The nitroblue tetrazolium (NBT) reduction assay is a widely used method to measure superoxide dismutase (SOD) activity by assessing the enzyme's ability to inhibit NBT reduction by superoxide radicals. Key reagents include phosphate buffer w...
	GPX test: Glutathione Peroxidase (GPX) is an essential antioxidant enzyme that protects cells by reducing hydrogen peroxide and lipid peroxides to harmless products, using reduced glutathione (GSH), which is converted into glutathione disulfide (GSSG).
	Measuring GPX activity is useful for assessing oxidative stress. Two widely used methods include:
	Rotruck et al. (1973): In this method, a biological sample is mixed with GSH and hydrogen peroxide. GPX catalyzes the reaction, and the remaining GSH is measured using Ellman’s reagent, producing a yellow color read at 412 nm.
	Kokatnur & Jelling (1993): This method adds glutathione reductase and NADPH to recycle GSSG back to GSH, allowing continuous measurement. NADPH consumption is monitored, as it correlates directly with GPX activity.
	Both methods reflect how effectively the body can neutralize oxidative threats. While sensitive and informative, they require fresh, properly handled samples and can be affected by interfering substances.
	3.6. Histopathological Analysis
	Each group's kidney specimens were removed, fixed in 10% formalin, washed in 70% alcohol, dried with decreasing alcohol concentrations, embedded in paraffin, sectioned using a microtome at a 5 μm thickness, and stained with the following dyes: 1. For ...
	3.7. Micronucleus Test:
	In this study, we followed Schmid’s standard micronucleus test procedure (Schmid, 1976) with a slight modification. Instead of using fetal calf serum, we used 5% bovine albumin (obtained from the National Research Center, Giza, Egypt) as the suspendin...
	1. At the end of the experiment, the mice were sacrificed, and their femurs were removed. The ends of the bones were trimmed, and a blunt needle was inserted to access the bone marrow.
	2.  The bone marrow was flushed out using a syringe filled with 5% bovine albumin to create a fine suspension. This suspension was then centrifuged at 1000 rpm for 8 to 10 minutes. After centrifugation, the liquid supernatant was discarded, and a smal...
	3. A small drop of the bone marrow suspension was placed on a slide, and a smear was made (3–4 slides per animal). The slides were air-dried overnight, then fixed in methanol for 5 minutes. After drying, they were stained first with May-Grunwald stain...
	4. The slides were then stained with Giemsa stain and a buffer solution (pH 6.8) to highlight micronuclei. After washing with distilled water and buffer, the slides were dried and mounted for analysis.
	5. For each animal, 2000 polychromatic erythrocytes (PCEs) were examined under a microscope, and the number of micronucleated PCEs (MNPCEs) was recorded. Normochromatic erythrocytes (NCEs) were also counted, and the percentage of MNPCEs and the PCE/NC...
	3.8 Data Analysis:
	Statistical analysis was performed using SPSS software (version 16.0) on a personal computer. Data are presented as mean ± standard deviation. To determine significant differences between groups, independent samples T-tests were conducted. A p-value <...
	4. Results
	4.1 Body Weight
	The body weight of the albino rats during the study was significantly different between the groups. The highest increase in body weight was observed in Group 3, while the lowest final body weight was recorded in Group 4, being approximately 26.03% an...
	Figure 1. Percentages of changes between nitial and final body weights in the control and treated groups.
	The activities of oxidative stress enzymes in kidneys of albino mice Mus Musculus in the control and treated groups, values expressed as (mean ± SD). Their activity expressed as unit U mg-1 protein. (n=3 animals for each four groups). SOD=Superoxide ...
	The treated groups (Group 2, Group 3, and Group 4) showed a marked decrease (p<0.05) in the activity of antioxidant enzymes
	compared to the control group (Group 1). Specifically, the catalase (CAT) activity decreased significantly in Group 2 (3.3433 ± 0.09504), Group 3 (2.9767 ± 0.12220), and Group 4 (2.0700 ± 0.09539) when compared to Group 1 (4.6733 ± 0.14048). Similarly...
	Table 1: represents the mean and standard deviation of micronucleated polychromatic erythrocytes (MNPCEs) and PCEs/NCEs ratio in 6000 polychromatic erythrocytes (PCEs) and corresponding normochromatic erythrocytes (NCEs) scored in the bone marrow of t...
	* Significant (P < 0.05)
	* Highly significant (P < 0.001)
	Figure 8: Bone marrow smears of Mus musculus showing polychromatic erythrocytes (PCE), normochromatic erythrocytes (NCE), and micronucleated polychromatic erythrocytes (MnPCE). (a) Control group, (b) Group 2, (c) Group 3, (d) Group 4. The scale bar is...
	5. Discussion
	6. Conclusion
	This study demonstrates that water deprivation has significant toxicological effects on mice, particularly targeting the kidney and bone marrow. The findings revealed that limited water intake induces oxidative stress, leading to measurable biochemica...
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	مشروع تخرج - دراسة صعوبات التعلم لدى طلاب المرحلة الثانوية
	المستخلص
	1. المقدمة
	يُعنى علم الأحياء كأحد فروع العلوم، بالكائنات الحية وعملياتها الحيوية. ويشمل هذا العلم العديد من المجالات المتنوعة، مثل علم النبات وعلم الحيوان. و هناك العديد من الفروع التي يشملها علم الحيوان ، مثل علم الأحياء الدقيقة، وعلم الأحياء الجزيئي، وعلم وظائ...
	تُهتم دراسة التكيف في علم الأحياء بكيفية تفضيل الانتقاء الطبيعي لبعض السمات، مما يُمكّن الأنواع من الازدهار في ظل ضغوط بيئية متنوعة. و يزيد من فهم استجابة الكائنات الحية لتغيرات المناخ ( Fairbairn ،1998 ، (503–504 .
	أوضحت دراسة Tindan) ، 2024، 36-29) أن كثرة المصطلحات العلمية المعقدة في مادة الأحياء في المدارس الثانوية العليا بغانا قد أعاقت عملية الفهم. ومن خلال آراء 157 طالبًا، ظهرت مطالب ملحّة بضرورة دمج تجارب عملية أكثر خلال الدروس، إلى جانب الاعتماد على وسائل...
	يُستخدم مصطلح "صعوبات التعلم" في السياقات التعليمية لوصف الأطفال الذين يعانون من صعوبات في التعلم.. قد تكون لصعوبات التعلم أسباب داخلية، بما في ذلك اختلافات في النمو العصبي، أو ضعف حسّي، أو مشاكل سلوكية، أو مشاكل نفسية، أو أسباب خارجية، مثل التفاعلات ...
	تُشير "صعوبات التعلم" إلى اضطرابات عصبية تؤثر على قدرة الفرد في اكتساب أو استخدام مهارات معينة مثل القراءة أو الكتابة أو الحساب، على الرغم من امتلاكه لقدرات عقلية طبيعية أو فوق المتوسطة، وهي غالبًا دائمة وتتطلب استراتيجيات تدريسية خاصة .أما معوقات الت...
	تسعى هذه الدراسة إلى تحديد التحديات التي يواجها الطلاب في محاولتهم فهم التكيفات الهيكلية للأنواع في البيئات المائية من خلال تحليل محتوى كتاب العلوم المتكاملة للصف الأول الثانوي، كما تهدف إلى تقييم فهم الطلاب للدرس، والتأكد من وجود ضرورة إلى تغيير محتو...
	2.  الإطار النظري
	أظهرت العديد من الدراسات بعض التحديات التي يواجهها الطلاب في تعلمهم، ومنها: دراسة بعنوان -Active Learning Not Associated with Student Learning in a Random Sample of College Biology Courses وضحت هذه الدراسة العلاقة بين استخدام أساليب التعلم النشط وفهم ...
	-Effect of Area on Learning Difficulties in Biology Subject، تهدف هذه الدراسة إلى مقارنة تحديات تعلم الأحياء بين تلاميذ المناطق الريفية والحضرية في المدارس الثانوية بمنطقة غانديناغار. حيث جُمعت البيانات من عينة عشوائية قوامها 1200 طالب، و اختير 600 من...
	-Exploring students’ perceived difficulties of learning biology ركزت هذه الدراسة على الصعوبات لدى طلاب المرحلة الثانوية العليا في تعلم علم الأحياء. وقد تم فحص ثلاثة عوامل، منها تلك التي يتحكم فيها المعلم (على سبيل المثال، اهتمام المعلم بنجاح الطلاب وت...
	-Analysis of student difficulties in learning biology. وضحت هذه الدراسة الصعوبات التي يواجهها الطلاب في تعلم علم الأحياء. وأبرزت النتائج أنه توجد نسبة كبيرة من الطلاب الذين يعانون من صعوبات تعلم في الأحياء. وذلك نتيجة عوامل داخلية مثل الضغط النفسي الن...
	-Development and validation of modules in zoology. ركزت هذه الدراسة على إنشاء واعتماد وحدات تعليمية في علم الحيوان تهدف إلى تعزيز التعلم وتطوير المعرفة العلمية للطلاب حيث شارك فيها 111 طالبًا. وقد تم إنشاء وحدتين تعليميتين، إحداهما عن اللافقاريات الما...
	-Challenges encountered by junior high school students in learning science: Basis for action planبحثت هذه الدراسة عن الصعوبات التي يواجهها طلاب المرحلة الإعدادية في تعلم العلوم ،و استُخدمت عينة من طلاب أربع مدارس حكومية في زامباليس، الفلبين. وقد أوضحت...
	.
	3. منهجية البحث والأدوات المستخدمة
	يعتمد هذا البحث على المنهج الوصفي بهدف تحليل صعوبات تعلم طلاب المرحلة الثانوية في فهم التكيفات التركيبية للكائنات الحية في البيئة المائية. و قد تم تصميم الأدوات واختيار العينة وفقًا للإجراءات التالية: تم استخدام المنهج الوصفي لوصف الظاهرة وتحليلها دون...
	يُعد ارتفاع نسبة الغياب بين الطلاب في العديد من أيام الأسبوع من أبرز الصعوبات التي واجهت تطبيق الدراسة ميدانيًا، حيث أثّر ذلك سلبًا على انتظام سير تنفيذ أدوات البحث وجمع البيانات بالشكل المخطط له. إلا أنه تم التغلب على هذه الصعوبة من خلال المتابعة الم...
	4. نتائج البحث
	أظهرت نتائج الاختبار التحصيلي بناءً على عدد الإجابات الصحيحة والخاطئة لكل سؤال عدة ملاحظات هامة. بالنسبة للسؤال الأول، كانت الإجابات الصحيحة بنسبة 87%، بينما كانت الإجابات الخاطئة بنسبة 13%. أما في السؤال الثاني، فقد كانت الإجابات الصحيحة بنسبة 43% وا...
	عند النظر إلى السؤال الخامس، تبين أن الإجابات الصحيحة كانت قليلة بنسبة 17% مقابل 83% للإجابات الخاطئة. في المقابل، حصل السؤال السادس على نتائج جيدة حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. أما في السؤال السابع، فكانت النتائج متقاربة مع نسب...
	في السؤال الثامن، أظهرت الإجابات الصحيحة نسبة 32% فقط مقابل 68% للإجابات الخاطئة. أما السؤال التاسع فقد شهد نتائج جيدة أخرى، حيث كانت الإجابات الصحيحة 83% والإجابات الخاطئة 17%. في السؤال العاشر، كانت الإجابات الصحيحة 57% مقابل 43% للإجابات الخاطئة.
	وفي السؤال الحادي عشر، كانت الإجابات الصحيحة بنسبة 85% والإجابات الخاطئة 15%. في السؤال الثاني عشر، كانت الإجابات الصحيحة 51% والإجابات الخاطئة 49%. أما في السؤال الثالث عشر، فكانت الإجابات الصحيحة 83% مقابل 17% للإجابات الخاطئة. أما السؤال الرابع عشر...
	أظهرت نتائج الاستبانة ما يلي: السؤال الأول: موافق بشدة: 36 (76.6%)، موافق: 9 (19.1%)، محايد: 2 (4.3%)، غير موافق: 0 (0%)، غير موافق بشدة: 0 (0%). السؤال الثاني: موافق بشدة: 12 (25.5%)، موافق: 29 (61.7%)، محايد: 4 (8.5%)، غير موافق: 2 (4.3%)، غير موافق...
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