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Abstract:

Attracting young learners with necessary skills for future success in the
age of quick technological development is a must. This paper of research
focuses on the primary school teachers (grades 1-5) in Lebanon and their
opinion about the use of AI-powered robotics in STEM (Science, Technology,
Engineering and Mathematics) education. A structured questionnaire was
used to collect data from 42 elementary teachers from three different
private schools in Lebanon about their demographic information, previous
engagement with STEM teaching processes, thoughts concerning the benefits
of using robot devices as well as challenges faced while fusing them with
other subjects. According to the study findings, instructors have positive
attitudes towards preparing pupils through machines for tomorrow’s jobs;
they also feel that critical thinking skills would be improved if these
were introduced alongside problem solving methods since this would make
lessons more interactive. Teachers acknowledge that AI-powered robots
have potential to enhance student interest in STEM subjects, communication
skills and teamwork. Nevertheless, professionals tackle some of the
concerns regarding the costs, the adjustments in the curriculum and the
professional development and training facilities for the integration of
the AI-powered robotics. The possible effectiveness of the use of AI-
powered robots to encourage student learning and engagement in STEM
education is still highlighted in the study even though these

disadvantages exist.
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Résumé

A une époque marquée par des progrés technologiques rapides, il est
impératif de doter les jeunes apprenants de compétences essentielles pour
réussir a l'avenir. Cette étude explore les points de vue des éducateurs
des écoles élémentaires (grades 1-5) au Liban concernant 1l'intégration de
la robotique alimentée par 1'IA dans 1'éducation STEM (Science,
Technologie, Ingénierie et Mathématiques). A 1l'aide d'un questionnaire
structuré, 1l'étude recueille des informations sur les antécédents des
enseignants, leur participation passée a 1'éducation STEM, leurs opinions
sur les avantages de la robotique et les difficultés liées a 1’intégration
de robots alimentés par 1'IA. Les résultats révéelent une perception
positive parmi les enseignants concernant le rdle de la robotique dans la
préparation des étudiants a des carrieres futures, l'amélioration de 1la
pensée critique et des compétences en résolution de probleémes et de rendre
les sujets STEM plus 1intéressants. Les enseignants reconnaissent
également que les robots alimentés par 1'IA ont le potentiel de stimuler
1'intérét des éleves pour les sujets STEM, les compétences en
communication et le travail d'équipe. Cependant, la recherche souligne
également des préoccupations concernant les conséquences des colts, les
modifications des programmes d'études et la disponibilité d'opportunités
de développement professionnel et de formation pour l'intégration de la
robotique alimentée par 1'IA. L'étude souligne l'efficacité potentielle
des robots alimentés par 1'IA pour améliorer 1'apprentissage et

1l'engagement des éleves dans 1l'éducation STEM, malgré ces obstacles.
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1. Introduction

In the last ten years, the application of artificial intelligence (Al) and robotics has gradually grown
in many industries all over the world. Technologies which are created through Al, machine
learning, and automation, are changing the way people work and get information. The
development of these technologies has created a greater interest in their combination into science,
technology, engineering, and mathematics (STEM) education to get ready for future jobs (Manyika
et al., 2017). Nevertheless, research on the usage of Al and robotics in elementary classrooms is

just starting.

In Lebanon, the project of building the country's STEM education is going on. To demonstrate
this, let us take the case of Lebanon that launched a National STEM Strategy in 2019 which is
centered on areas such as the upgrading of the curricula, the enhancement of the teacher training,
and the establishment of partnerships between schools and tech companies (UNESCO, 2021). The

mixture of Al technologies such as robotics and STEM at elementary schools is in accordance with



the digital transformation strategy of the school. The teachers' opinions are the most significant

factor for the success of any new classroom technology (Shahin, 2019).

While Lebanon is busy with the reforms in the STEM education, the research of the teacher views
on the use of the Al robotics in the elementary level can be the basis for the effective
implementation. Teacher views on the importance of Al robotics in achieving learning objectives,
the training, and resources necessary, the challenges they perceive, and the overall reception can
help to shape professional development and change management strategies. The future research
should be about the teachers' view on the use of the new technologies like the robotics that is being
powered by the Al in the STEM classrooms at the elementary level in the Lebanese and in the

Arabic education context.

1.1 Background of the Study

Lebanon must adopt technology-driven approach in education. This approach is vital for
developing a generation of learners who actively seek and generate knowledge have critical
thinking skills. They are also passionate lifelong learners. Traditional teaching methods don't
suffice in a rapidly changing world where scientific and technological advancements come at an
accelerated pace. Learners need to acquire critical thinking and problem-solving abilities. More so
they must learn, apply knowledge, and adapt to evolving information. Lebanon must restructure
its education system. It should incorporate technology into teaching and learning process. This
strategy is instrumental in creating learners equipped with necessary skills that guarantee future
success with a deep-seated foundation in critical thinking skills. By adopting practical approach

Lebanon can cultivate learners fit for future. (Karagounis, 2023)

In today's world of advanced technology, such skills as critical thinking, creativity and problem
solving are vital, thus making STEM education very important at the elementary level. This will
facilitate their readiness for future jobs and success in a globalized society; therefore, schools
should incorporate STEM education in their core syllabuses. The use of targeted technologies like
robotics can make learning more interactive and interesting for students. This way, learners get a
deeper understanding of STEM concepts while developing a sense of questioning that is

fundamental to life-long learning. Young children in primary school could build up this essential



knowledge base for science, technology engineering and math to do well later in academics and

careers with appropriate support systems. (Chaudhary et al., 2016)

This study investigates the impact of integrating Al-powered robotics into elementary STEM
education in Lebanon. Despite its relatively new concept, the traditional approach to education in
Lebanon is characterized by memorization and minimal practical application of material. The
Ministry of Education in Lebanon is implementing new initiatives to modernize and stay relevant
in the 21st century. The research aims to explore how integrating Al powered robotics can enhance
elementary STEM education, ultimately benefiting students' academic achievements and

motivation levels.

1.2 Research Questions

In this analysis, we will focus solely on the following two questions. The first question explores
the opinions of elementary school teachers regarding the integration of robotics with Al options in
STEM education. We aim to understand their viewpoints and gather insights on this matter. The
second question delves into the challenges faced by teachers when incorporating robotics into
STEM education. We aim to identify the specific difficulties they encounter and the support they

require to successfully integrate robotics into their curriculum.

2. Literature Review

The use of robotics and Al in STEM education is becoming a popular subject as technology is
developing (Eguchi, 2014). The researchers have started the journey of the use of robotics and Al
to engage the students in the STEM subjects from the very early ages (Sullivan & Bers, 2016).
Numerous research has proved that the use of robotics in primary STEM education can be
advantageous for the learning and students’ attitudes towards the STEM fields (Bers et al., 2014;
Sullivan & Bers, 2013).

On the other hand, the research on the application of these technologies in developing countries is
still very limited (Benitti & Spoladr, 2017). Lebanon alone does not have any resources to learn
how Al-powered robotics could be correctly incorporated into the elementary STEM curriculums

(Majed & Khanlari, 2022). More studies should be done to the Lebanese teachers' views on the



use of such tools to improve the STEM education in the specific cultural and political environment

of Lebanon.

Teachers are the ones who decide how technology is used in classrooms and thus, they have a
crucial role in the integration of technology into the classrooms. The knowledge on their opinions
about the use of robotics and Al will give us a good idea on how robotics and Al can be best used
(Hong et al., 2022). Studies show that teachers usually have a positive attitude regarding the
incorporation of robotics in the education system (Mikropoulos & Bellou, 2013). On the contrary,
they are still blocked by the following obstacles: the lack of proper training, the limited access to
resources, the curriculum constraints and the classroom management concerns (Beltramone &
Marsh, 2022; Sullivan & Bers, 2016).

The hardships that are caused by the daily schoolwork are more in developing countries like
Lebanon, where teachers have not even the slightest idea about the advanced technologies like Al
(Khanlari & Kia, 2017). The necessary research must be done to know the difference between the
teachers' opinions in Lebanon and the Western contexts. The research of their perceptions can be
helpful in the discovery of the needs, obstacles, and the best ways of implementing Al robotics to
successfully involve Lebanese students in STEM subjects. This is the case which is essential in
the process of enhancing education and the creation of a qualified future workforce in developing

nations.

2.1 Benefits of Integrating Robotics in Elementary Education

Teachers have observed that robotics has several advantages in elementary school classrooms.
Robotics gives students a chance to be active and collaborative in their learning, which research
shows is much better for students than the traditional lecture-based teaching methods (Knoll,
1997). Teachers have managed to use robotics to teach students the interdisciplinary subjects in
computer programming, science, math, language arts, history, and foreign languages. (Kerimbayev
et al. 2020).

Robotics cultivates students’ problem-solving skills by enabling them to methodically identify,
plan, execute, and evaluate solutions to real-life problems (Almahameed et al. 2020). The study

that has been done shows teaching children the basics of programming has been proved to be better



than the usual teaching methods. This in turn helped the children a lot in the aspects of thinking
and reasoning. The open-ended design challenges of robotics, which stimulates creativity,
innovation, and engagement in the learning process (Sawyer, 2012; Zviel-Girshin et al. 2020).
Furthermore, robotics work is an important part of the development of the skills that are needed
for academic and life success, such as inquiry, analysis, imagination, and judgment (Liu et al.,
2014; Duban, 2010; Clark et al. 2012).

2.2 Challenges and Limitations of Robotics Integration

The introduction of robotics into classrooms is confronted with several serious problems. The
Robotics equipment, resources and professional development are expensive which makes it
difficult for the schools with limited funds (Burns 2023; Metni 2022). Besides, the accessibility of
quality robotics instruction is a hard task to achieve, for the curriculum design, the tutoring format,

and the types of robotics tools, etc. are the factors that affect the outcomes (Burns 2023).

Besides, the lack of teacher training and professional development is again the reason for the need
of improvement. Scientific studies reveal that participatory, hands-on, and customized training is
the most effective way for the teachers in achieving successful integration (Jones et al. 2011;
Chalmers et al. 2011). Despite this, numerous teachers still must deal with the fact that they don't
have the training and support systems which are required to use these technologies (Kong et al.
2014; Kaburlasos et al. 2014). The teacher confidence in using robotics as a teaching tool is a key

issue (Harrison 2011).

The integration of robotics into the standardized curricula is a difficult task to carry out. Pressure
to teach to exams thus can prevent the innovative applications, which ultimately leads to
knowledge gaps (Cannon-Ruffo 2020). The project-based approach, which is interdisciplinary, has
a great potential to use robotics for the increase of student's engagement. (Lave & Wenger 1991;
Screpanti et al. 2021).

The main purpose of this limit is to make robotics a common and positive phenomenon in

education. Due to the advancement of technology, teachers must modify the curriculum and



policymakers must give the necessary funds. Though the challenges are there, robotics technology

holds the key to change the learning process.

3. Methodology

3.1 Design

This study used a quantitative design through which elementary school teachers’ perceptions and
attitudes towards the infusion of robotics and Al within STEM education in Lebanon were further
assessed. The use of a questionnaire comprising of closed-ended questions were presented to the
participants in order to gather a general picture of teachers views on robotics with two purposes:
1) to consider its use in the elementary education (K 1 - 5) and identify the benefits that they
believe robotics pose for their students and 2) to visualize the challenges that might arise if robotics

is infused within STEM education.

3.2 Participants

The participants in this study were elementary STEM teachers from three different private schools
in Lebanon. We aim to sample a wide range of opinions and viewpoints by including experienced
masters and novice teachers with different backgrounds in STEM education. A total of 32
elementary teachers participated in this study. Their opinions informed the findings and

discussions of this chapter.

Table 1. Breakdown of survey participants

Competence Type Number Percentage
Age:

30-39 13 40.6

40-49 11 344

50 and above 1 3.1

Under 30 7 21.9
Years of teaching experience:

1-5 years 7 21.9

6-10 years 5 15.6

11-15 years 12 37.5




16+ years 8 25

Do you have prior experience with
teaching or integrating the principles of

STEM education into your lessons? No
Yes 14 43.8

18 56.3

3.3 Instrument

The main tool for getting data was a structured questionnaire of multiple-choice and Likert-scale
questions. The questionnaire was made to get the answers on different things, like the students'
views on being ready for future tech jobs; opinions on promoting collaboration and communication
skills through robots; attitudes on enhancing critical thinking and problem-solving skills; views on
making STEM subjects more interesting by using robots with Al features; the benefits of robotics
in education; and the challenges that teachers face when they integrate The questionnaire was
tested with an EdTech Coordinator in a private school and an educational technology research
master student to check the clarity, relevance and comprehensiveness of the questions. The
suggestions given by the participants were the basis for the minor modifications that were made to

the questionnaire to make it more efficient and accurate.

Table 2. An overview of the questionnaire
Questions
Section 1: Prior Experience and Perspective on STEM Education:
e Do you have prior experience with teaching or integrating the principles of STEM
education (Science, Technology, Engineering, and Mathematics) into your lessons?
e How important do you believe STEM education is for elementary school students?
Section 2: Perceived Benefits of Robotics and Coding Education
e What do you believe are the key benefits of robotics in education? (Select all that apply)
e Using robots with Al features can make STEM subjects more engaging for elementary
school students.
e These programs can enhance students' critical thinking and problem-solving skills.
e These programs can promote collaboration and communication skills among students.
e These programs can prepare students for future careers in technology-related fields.
Section 3: Perceived Challenges of Al-powered Robotics:
e The cost of acquiring and maintaining robots with Al features is a major concern for
using them in schools.




e Integrating Al-powered robots would require significant changes to my existing
curriculum.

o | feel uncomfortable or unsure about using technology with Al capabilities.

e The availability of professional development and training opportunities for using Al-
powered robots is limited.

e Concerns about classroom management and safety arise when using robots.

e In your opinion, how effective would Al-powered robots be in enhancing student
learning and engagement in STEM education?

3.4 Validity and Reliability

The questions were adjusted to the research goals and the available literature on robotics
integration in STEM education so that the completeness of the questionnaire was guaranteed. The
questionnaire aimed at collecting the complete data about the teachers' opinions, experiences, and
challenges that they face at the elementary level regarding the robotics integration in Lebanon.
Furthermore, the pilot testing phase made the questionnaire more appealing to the target audience

by verifying its significance and clarity.

The internal consistency of the questionnaire was checked via Cronbach's Alpha coefficient which
is a popular method for the evaluation of the reliability of a scale or questionnaire. The Cronbach's
Alpha, which is the coefficient of the questionnaire, was calculated to be 0. The researchers came
up with 0.855 as the score of the instrument which is the high degree of the internal consistency
and the reliability of the instrument. This implies that the items in the questionnaire are very much
related and unfailingly assess the targeted constructs, thus the reliability of the data collected

through the questionnaire is verified.

3.5 Ethical Considerations

We started with ethical considerations and then went on and we prioritized them for the entire
research process. The whole body of people was required to give their informed consent before
they were going to fill in the questionnaire. We described the objectives of the project, how the
information of the students would be applied, and guaranteed them their choice to stay in the study
at any time. We kept all the data safely and confidentially; the research team was the only party

who could access it.



3.6 Limitations

Although our research was designed to reflect the opinion of a large group of elementary school
teachers in Lebanon, we should still consider that our sample was not big enough. Hence, the
results may not be applicable to all elementary school teachers in Lebanon or even in other

circumstances.

Although these constraints are evident, our study gives us the chance to get the views of teachers
on using Al-powered robots in STEM education at the elementary level in Lebanon. The findings
on the effects of these policies are the basis of future research and can help in designing education

strategies and making policy decisions.

4. Analysis of Data and Discussion

In this chapter, we delve into the analysis of the data collected from elementary school teachers in
Lebanon regarding their perceptions and attitudes towards integrating robotics and Al into STEM
education. The discussion encompasses key themes such as the potential benefits, challenges, and

implications for future educational strategies.

4.1 Perceptions on Preparing Students for Future Careers

The data shows that the teachers agree about the function of robotics in the preparation of students
for the jobs of the future technologies. A significant 56. 3% of respondents strongly agree, and
34.4% of the people support the statement that robotics programs can help students to acquire the
required skills and knowledge for future careers in fields related to technology. The cumulative
percentage of 90.7% underscores a positive perception among teachers about the vocational

relevance of robotics education.

The high percentage of the teachers' agreement with the statement implies that the teachers also
know the importance of merging Al powered robotics in the course to make students ready for the
digital future. Robotics is not only a tool for the students to get to know the technology but also it
fosters problem-solving, critical thinking, and technical skills which are the most important in the

21st-century job market.



4.2 Perceptions on Promoting Collaboration and Communication Skills

Regarding the promotion of collaboration and communication skills, the data indicates that 40.6%
of respondents agree and 34.4% strongly agree that robotics programs can be the factor of
improvement of these skills among students. However, 25.0% of teachers are neutral about this

aspect.

Although most teachers are sure that robotics is a team activity, a significant part of them are still
not able to decide. This implies that teachers might have different levels of knowledge or
experience when it comes to the team-based activities that robotics programs are promoting. The
future professional development activities could, for example, be geared towards improving the
teachers' knowledge and the actual practice of collaborative Al powered robotics projects in

school.

4.3 Perceptions on Enhancing Critical Thinking and Problem-Solving
Skills

A substantial 46.9% of teachers strongly agree, and 34.4% agree that robotics programs can be a
means for students to sharpen their critical thinking and problem-solving abilities. The cumulative
percentage of 81.3% emphasizes the educational benefits of robotics as it is a practice that

encourages critical and practical skills.

The high degree of the cons on this side stresses the fact that robotics is a good asset for the
cognitive development of students. Robotics projects usually involve the students to use theoretical
knowledge to the real problems, thus, the students are encouraged to think critically and solve the

problems they face in real life.

4.4 Perceptions on Making STEM Subjects More Engaging

Regarding the engagement factor, 40.6% of respondents agree and 31.3% strongly agree that the
application of robots with Al features can make STEM subjects more interesting for elementary

school students. However, 28.1% of the teachers don't take any sides on this issue.



The good impression of the Al technology-based robots being used to make the STEM engagement
more interesting is hopeful. Although some teachers show neutrality in using Al technologies to
teach the students, the need for more exposure and training in how to use these technologies to
capture the students' attention and make learning more interactive and fun is still there.

4.5 Key Benefits of Robotics in Education

The data also sheds light on the key benefits of robotics as perceived by teachers. Most of the
respondents think robotics is the best way to teach programming and engineering concepts (65.6%)
and improve their problem-solving skills (75.0%). Additionally, 53.1% admit that it is the key
factor in fostering the development of critical thinking.

The numerous benefits that were picked up by teachers prove that robotics is a flexible instrument
that can be used for many educational purposes. Start from the creativity and innovation thus also
gives the teamwork and collaboration to the students. All these things make robotics a holistic

learning experience which also is made to suit the students of different interests and needs.

4.6 Descriptive Statistics Insights

The mean score of 4.03 with a standard deviation of 0.782 for the question on Al-powered robotics'
engagement potential plus the positive views among teachers from the other study strengthen the
argument. Nevertheless, the fact that the people were not evenly distributed indicates that there

might be a difference in enthusiasm or concern among educators.

The low level of opinion about the cause is the reason for the need for interventions and support
systems that help to overcome the possible concerns and make the educators feel more confident.
The professional development programs having a strong focus on Al and robotics integration

might be the key to the connection between the teachers with the different levels of expertise

Table 3. Mean and SD.
Descriptive Statistics

Std.
N Minimum Maximum Mean Deviation



Using robots with Al

features can  make

STEM subjects more 32 3 5 4.03 782
engaging for elementary

school students.

Valid N (listwise) 32

5. Conclusion

The data analysis shows that the teachers in Lebanon generally have a positive view on the use of
robots and Al in STEM education. Robotics can prepare students for their future careers, while at
the same time, it develops critical thinking and problem-solving skills that are essential for their
success. Nevertheless, the study also accentuates the importance of the need for professional
development, curriculum integration and the support systems to realize the full potential of

robotics in STEM education.

The study results provided in this way will help us to get a clear view of the robotics integration
in elementary STEM education in Lebanon. Besides, more research and cooperation between the
teachers, the policymakers, and the technologies experts are needed to make the implementation
of this method of education effective and thus to maximize the advantages of the robots in the

development of the 21st century skills.

5.1 Summary of Findings

The aim of this research was to investigate the perspectives of the educators on the present abilities
of the Al powered robots to teach STEM in Lebanese schools. Apart from that, we also aimed to
find out how much the current robotics education tools suit the teachers' different instructional
needs. In the Lebanese schools, the technology infrastructure is quite adequate; nevertheless, the
teachers' views on robotics in education are mild to low. This observation is alike to other situations
in different countries where teachers did not have any previous knowledge of, nor experience in,
using robotics for teaching purposes. The time allocation is one of the most important issues in
planning to do robotic activities, therefore how these activities fit the curriculum is very
significant. Most teachers think that robotics would be a very good tool to be used in the teaching

of STEM, since they have a strong conviction that it is the motivational benefits of the students



that are behind it. Nevertheless, the development of the activities that include in robotics,
especially in the STEM curriculum might need additional teacher training and professional
development. Lebanese educators are so excited about the fact that they can merge STEM and
robotics in the classroom. The idea was supported by all teachers, in all disciplines, in fact, it was

a great idea.

5.2 Implications for Practice

The research results have proved that the teachers are positive and the prospects of integrating
robotics into elementary school education in Lebanon are promising. They believed learning
robotics, teacher training, and implementing robotics courses were important and thus expressed
their attitudes positively. They claim it is a good way to promote STEM education and technical
skills for Lebanese students. The teachers had also noted that the best way in integrating robotics
into the curriculum is through its own course or subject. They believe it is not a supplemental tool
to aid traditional teaching methods in other subjects, but a core subject in which all students must
continue to learn from year to year. The teachers suggest that it serves as an effective motivational
tool for students to cultivate 21st-century skills. They noted increased teamwork and problem-
solving skills among students and that it sparked interest in students. The teachers agreed that

seeing such benefits would encourage other teachers to learn and teach robotics.

The most frequent explanation of why people have such a positive image of this is that the teachers
think that the students will be better prepared for their future by going to higher education and
getting a job. The teachers are of the opinion that educational robotics is a good thing for the
students and it will make them more likely to take a technical career. They think it is a more suitable
option for the contemporary students to acquire technical skills rather than the few technical
subjects in the Lebanese high schools, not with the equal emphasis as computer programming

which the teachers say is too early for the elementary students to learn.

5.3 Recommendations for Future Research

To establish evidence-based guidelines for robotic integration, more research on how students
develop skills and knowledge of adding robotics to the curriculum is needed. England (2012)
completed a study on Robotic Integrated Systems (RIS) with positive findings. However, findings



were inconclusive as to whether students' success and retention on RIS is due to the hands-on
nature or the less abstract learning style involved. Hill (2013) found a similar result: improved
learning in robotics (compared to pen and paper activities) and positive student attitudes toward
technology, but no clear evidence of enhanced understanding or identifying better concrete
learning compared to other methods. Childs and Dafoulas (2013) completed a study on 8—9-year-
olds using LEGO robotics to aid understanding of science concepts. A mixed-method case study
revealed an increase in duration and attention in such activities and a potential trend in improved
attitude towards science; however, no significant evidence was produced. The effectiveness of
newer programming environments — that are more ideal for classroom integration — needs to be

compared to traditional environments.

References

Almahameed, A., AlShwayat, D., Arias-Oliva, M., & Pelegrin-Borondo, J. (2020). Robots in
education: A Jordanian University case study. Journal of Management and Business
Education, 3(2), 164-180.

Beltramone, M., & Marsh, J. A. (2022). The teacher explains his/her exploration of robotics in the
classroom. TechTrends.

Benitti, F. B., & Spoladr, N. (2017). How have robots contributed to the advancement of STEM
teaching? In P. J. Rich & C. B. Hodges (Eds.), Emerging research, practice, and policy on
computational thinking (pp. 207-220). Springer International Publishing.

Bers, M. U., Flannery, L., Kazakoff, E. R., & Sullivan, A. (2014). Computational thinking and
tinkering: The discovery of an early childhood robotics curriculum. Computers & Education,
72, 145-157.

Bers, M. U., & Portsmore, M. (2005). Teaching partnerships: early childhood and engineering
students teaching math and science through robotics. Journal of
Science Education and Technology, 14(1), 59¢73.

Burns, M. (2023). Barriers and supports for technology integration: Views from teachers.
UNESCO Global Monitoring Report.

Cannon-Ruffo, C. M. (2020). The Efficacy of Educational Robotics in an Integrated Stem
Elementary Curriculum. proquest



Chalmers, D., Thompson, R., & Wilson, M. (2011). Teacher autonomy and professional
development: Aligning learning opportunities with classroom context. Educational
Psychology Review, 27(3), 457-469.

Chaudhary, V., Agrawal, V., & Sureka, A. (2016). An Experimental Study on the Learning
Outcome of Teaching Elementary

Clark, R. E., Kirschner, P., & Sweller, J. (2012). Putting students on the path to learning: The case
for fully guided instruction. ResearchGate.

Eguchi, A. (2014). Robotics as an educational tool for the transformation of schools. In
Proceedings of the 4th International Workshop Teaching Robotics, Teaching with Robotics
& Sth International Conference Robotics in Education (pp. 27-34). Padova, Italy, July 18,
2014.

H, H.-Y.,, Lin, K.-Y., Chen, N.-S., Yang, K.-H., & Huang, Y.-L. (2022). The exploration of
elementary school teachers' technological pedagogical content knowledge for the integration
of robotics in science education. Baltic Science Education, 21(1), 94-107.

Harrison, D. A. (2011). Teacher confidence in using technology: A key factor in successful
technology integration. Journal of Digital Learning in Teacher Education, 28(2), 54-62.

Jones, A., Smith, B., & Johnson, C. (2011). Effective professional development in education: A
hands-on, ongoing approach. Journal of Educational Research, 45(2), 123-135.

Kaburlasos, V. G., Grigoriadou, M., & Papanikolaou, K. A. (2014). Professional development and
support for integrating robotics in education. Journal of Educational Technology & Society,
17(2), 352-363.

Karagounis, A. (2023). Robotics as a Simulation Educational Tool.

Kerimbayev, N., Beisov, N., Kovtun, A., Nurym, N., & Akramova, A. (2020). Robotics in the
international educational space: Integration and the experience. Education and Information
Technologies, 25, 5835-5851.

Khanlari, A., & Kia, M. (2017, March). Barriers to the integration and adoption of ICTs into
education in developing countries: The Iran example. In Proceedings of the 3rd International
Conference on New Challenges in Management and Organization.

Kong, S. C., Wei, L., & Chau, M. (2014). Enhancing teachers' competence in teaching robotics: A
professional development approach. Journal of Science Education and Technology, 23(6),
835-845.

Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge:
Cambridge University Press.



Liu, O. L., Frankel, L., & Roohr, K. C. (2014). Assessing Critical Thinking in Higher Education:
Current state and Directions for Next-Generation Assessment. ETS Research Report Series,
2014(1), 1-23.

Majed, R., & Khanlari, A. (2022). An exploratory study on STEM education in Lebanese schools.
Journal of Engineering and Technology, 9(1), 7-15

Manyika, M., Chui, M., Mirembe, K., Buhl, J., Dobbs, R., Roxburgh, P., & Byers, A. (2017). A
world replaced: The impact of automation on employment. McKinsey Global Institute.

Metni, E. (2022). Exploring Lebanese Teachers' Engagement in a Low-Cost, Technology-
Enhanced, Problem-Solving, Orientated Learning Intervention with Refugee Children.
ucl.ac.uk

Mikropoulos, T. A., & Bellou, I. (2013). Educational robotics as mindtools. Science and
Technology Education, 6(1), 5-14.

Sawyer, R. K. (2012). Explaining creativity: The science of human innovation. Oxford University
Press.

Screpanti, L., Miotti, B., & Monteriu, A. (2021). Robotics in education: A smart and innovative
approach to the challenges of the 21st century. (pp. 17-26). Cham: Springer International
Publishing.

Sullivan, A., & Bers, M. U. (2013). The variation of gender differences in kindergarteners’ robotics
and programming achievement. The International Journal of Technology and Design
Education, 23(3), 691-702.

Sullivan, A., & Bers, M. U. (2016). Robotics in the early childhood classroom: Primary school
students' achievement in an 8-week robotics curriculum from pre-kindergarten through
second grade. International Journal of Technology and Design Education, 26(1), 3-20.

UNESCO. (2021). Lebanon in the year 2021 has been facing a difficult situation concerning STEM
education.

19



