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Abstract 

This paper presents a comprehensive case study of how the African Regional Centre for Space Science and Technology 

Education in English (ARCSSTE-E) has systematically implemented Robotics in Education (RiE) across Nigeria's geopolitical 

zones through its Space Education Outreach Programme (SEOP). The initiative centres on a structured Robotics Education 

Program (REP) that employs space-themed, project-based robotics activities to foster STEM engagement, computational 

thinking, and problem-solving skills among students. By integrating low-cost robotic platforms with authentic space mission 

simulations - such as planetary exploration, crewed spaceflight operations, satellite assembly and operations, and habitat design 

- the program creates immersive learning experiences that transcend traditional classroom boundaries. The REP is grounded in 

constructionist learning theory, emphasizing hands-on, collaborative problem-solving where students actively construct 

knowledge through designing, building, and programming robotic systems. The program utilizes accessible platforms such as 

LEGO Mindstorms and Arduino-based kits, supported by a pedagogical progression from block-based to text-based 

programming languages. The implementation strategy employs a phased, zone-by-zone replication model supported by a robust 

multi-stakeholder partnership framework that provides sustained engagement, while teacher training programs have equipped 

educators with robotics pedagogy and technology integration skills. The evaluation framework builds upon foundational 

assessment methodologies developed during the Humano-Robot Learning (HuRL) project, which established baseline protocols 

involving 160 students across eight schools. HuRL outcomes demonstrated significant impact: 93.1% of students reported 

improved STEM learning, 91.3% showed enhanced understanding of robotics concepts, and 95.0% indicated increased academic 

motivation. These findings validate the pedagogical approach and have informed current REP practices. Assessment data indicate 

significant gains in student engagement, self-efficacy in technology use, and positive attitude shifts toward STEM careers. This 

paper details the program's pedagogical framework, implementation strategy, assessment outcomes, and alignment with 

international best practices. It concludes with evidence-based recommendations for sustainable scaling in developing countries, 

emphasizing the importance of institutional partnerships, contextual adaptation, and community engagement. 
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1. Introduction 

Robotics in Education (RiE) has emerged as an innovative 

pedagogical approach that enhances engagement, develops 

21st century skills, and bridges theoretical learning with 

hands-on application [1]. As noted in contemporary literature, 

RiE encompasses a spectrum from assistive and social robot-

ics to educational robotics (ER), where reprogrammable kits 

serve as “objects to think with” in constructionist learning en-

vironments. However, the effective integration of robotics 

into formal and informal education, given the apathy and de-

clining interest in the technological sector - particularly in re-

source-constrained contexts - remains a significant challenge, 

characterized by a need for validated methodologies, teacher 

training, and scalable models [2]. This calls for a new ap-

proach, considering that robotics – a common feature in space 

exploration – provides a platform not only to reach out but 

also to inspire students and the general public on STEM [3]. 

The African Regional Centre for Space Science and Tech-

nology Education in English (ARCSSTE-E) - established un-

der the auspices of the United Nations Office for Outer Space 

Affairs (UNOOSA) has pioneered a nationally scaled RiE in-

itiative through its Space Education Outreach Programme 

(SEOP) in Nigeria. This program strategically leverages the 

motivational context of space exploration to deliver robotics 

education that is both aspirational and accessible to schools 

from primary to tertiary institutions. 

This paper examines how ARCSSTE-E has carried out RiE 

through its Robotics Education Program (REP), which has 

been systematically replicated across the geopolitical zones of 

Nigeria. By aligning with ARCSSTE-E’s focus areas of Ro-

botics and AI in Schools and Exemplary Robotics Projects / 

Best Practices, this study addresses the following: 

1) How can educational robotics be structured for scalabil-

ity nationally in a developing country? 

2) What pedagogical and logistical strategies are needed to 

ensure sustainability and impact? 

3) How does the integration of space-themed programmes 

enhance the educational value of robotics activities? 

The paper also highlights ARCSSTE-E's experience in in-

tegrating robotics into large-scale STEM outreach, offering 

insights for policymakers, educators, researchers, and other 

stakeholders working in a similar sector. 

2. Theoretical and Conceptual 

Framework 

2.1. Educational Robotics: From Tools to 

Transformation 

Educational robotics (ER) involves the use of reprogram-

mable robotic kits to facilitate learning across disciplines. 

Grounded in constructionism, ER promotes learning-by-mak-

ing, where students actively construct knowledge through de-

signing, building, and programming robotic systems. A con-

structionist approach to teaching offers significant benefits, 

grounded in the principle that knowledge arises from experi-

ence. This foundation supports the creation of contexts con-

ducive to meaningful learning [4]. Implementing construc-

tionist methods within standard, time-constrained compulsory 

education, however, presents considerable challenges [5]. Ed-

ucational Robotics, helpfully, is already rooted in construc-

tionist theory. By offering an environment where students en-

gage directly with their surroundings and tackle authentic 

problems, Educational Robotics serves as an excellent me-

dium for delivering constructionist learning experiences [6]. 

ER helps develop both hard skills -such as coding, engineer-

ing, and systems thinking - and soft skills, including collabo-

ration, creativity, and problem-solving. This dual develop-

ment aligns with the growing demand for holistic education 

that prepares learners for complex, technology-driven envi-

ronments and the demands of a fast-changing world [7]. 

2.2. The Role of Context: Space as an Engaging 

Theme 

The use of thematic contexts-particularly space exploration 

- can significantly increase student motivation and provide au-

thentic, interdisciplinary learning scenarios [8]. Space-themed 

robotics activities naturally integrate STEM subjects, foster 

curiosity, and align with global educational trends emphasiz-

ing science for sustainable development. The aspirational na-

ture of space science serves as a powerful catalyst for engage-

ment, especially among young learners in regions where ac-

cess to advanced technology is limited. By framing robotics 

challenges within space mission contexts/scenarios - such as 

planetary exploration, crewed spaceflight, satellite operations, 

or habitat design - educators can create immersive learning 

experiences that transcend traditional subject boundaries, al-

lowing experts and researchers to assess and evaluate the im-

pact of teaching STEM topics [9]. 

2.3. Scalability and Sustainability of Robots in 

Education 

Effective scaling of RiE initiatives requires models that are 

cost-effective, context-adaptive, and institutionally supported. 

Key elements include teacher capacity building, community 

engagement, curricular integration, and multi-stakeholder 

partnerships [10]. In developing regions, sustainability often 

depends on the ability to leverage existing educational infra-

structures, cultivate local expertise, and secure ongoing sup-

port from governmental and non-governmental entities. There 

is also an emphasis on the importance of phased implementa-

tion, where test/pilot programs are further refined – at a local 

level - before broader replication - and where evaluation 

mechanisms are embedded to inform continuous improve-

ment using various feedback strategies. 
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3. The ARCSSTE-E Robotics Education 

Program (REP) 

3.1. Institutional Mandate and Strategic 

Positioning 

ARCSSTE-E operates with a tripartite mandate: postgradu-

ate education, research and development, and public outreach. 

The Space Education Outreach Programme (SEOP) serves as 

the vehicle for inspiring young learners, with the REP as one 

of its technical education components. The REP was initiated 

in collaboration with several partners, including the Internet 

Laboratory of Obafemi Awolowo University (iLab-OAU). 

The REP was designed to inspire interest in STEM through 

hands-on robotics, develop problem-solving and computa-

tional thinking skills, cultivate mentorship networks across 

educational levels, and build indigenous capacity for interna-

tional robotics competitions. This strategic positioning within 

a UN-affiliated centre provided institutional legitimacy, ac-

cess to international networks, and alignment with global ed-

ucational priorities. 

3.2. Pedagogical Architecture 

 
Figure 1. Demonstration by secondary school students at a compe-

tition organized by ARCSSTE-E on applications of robots in society. 

The REP employs a project-based learning (PBL) framework 

[11], where students engage in space mission challenges such 

as planetary rover navigation and general space exploration 

tasks and experiments. Activities are structured around the en-

gineering design cycle: define, design, build, program, test, and 

iterate. This approach mirrors real-world engineering practices 

and fosters resilience and iterative thinking. The pedagogical 

design emphasizes collaborative learning, with students work-

ing in teams to tackle open-ended problems that require both 

technical and creative solutions [12]. By situating robotics 

within the context of space exploration, the program provides a 

compelling narrative that enhances relevance and motivation – 

with a direct impact on STEM subject performance. 

3.3. Technological Platform and Resources 

Consistent with recommendations for accessible educational 

robotics, the REP utilizes low-cost, durable platforms. Primary 

kits include LEGO Mindstorms and compatible Arduino-based 

systems, chosen for their versatility, scalability, and ease of use 

in varied educational settings. Software progression moves 

from block-based programming environments such as Scratch 

and mBlock to text-based languages like Python, allowing for 

differentiated instruction based on tasks, student age, and expe-

rience while enriching the learning environment and providing 

tangible connections to space science applications [13]. 

 
Figure 2. Lego Mindstorms Suite at the ARCSSTE-E Prep Lab. 

This multi-platform approach ensures adaptability to vary-

ing school infrastructure and resource levels, a critical consid-

eration in the diverse Nigerian educational landscape. Space 

Clubs then take this further by spending time in groups to cre-

ate interesting projects, including autonomous mobile robots 

(AMRs) and drones (UAVs). 

 
Figure 3. Space Club members working on and testing projects - autonomous mobile robots and drones. 
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4. Implementation Strategy 

4.1. The SEOP Ecosystem Approach 

The REP does not operate in isolation but is embedded 

within a broader ecosystem of complementary activities: 

Space Education Workshops serve as introductory sessions, 

using various presentation modes and space-themed hands-on 

projects to spark initial interest. 

 
Figure 4. Teachers Training Program for Space Clubs at ARCSSTE-

E. 

World Space Week (WSW) Celebrations - celebrated annu-

ally in line with the United Nations General Assembly resolu-

tion of 6 December 1999 declaring 4 to 10 October every year 

as WSW to celebrate at the international level the contribu-

tions of space science and technology to the betterment of the 

human condition - the WSW celebrations provide national vis-

ibility, with robotics demonstrations and competitions attract-

ing participation from schools across all geopolitical zones. 

Space Clubs - established nationwide - offer sustained en-

gagement beyond one-time workshops, creating communities 

of practice where students can deepen their skills over time 

while consolidating what the participants have learnt during 

various space education programmes. 

Teacher/Resource Person Training Programs build local ca-

pacity in robotics pedagogy and technology integration, en-

suring that educators are equipped to facilitate meaningful 

learning experiences. This ecosystem creates multiple entry 

points and reinforcement mechanisms, enhancing program 

sustainability and impact [14]. 

4.2. Zonal Expansion Framework 

The REP employed a deliberate geographical scaling strat-

egy, beginning with a pilot phase in South-West Nigeria 

where ARCSSTE-E is headquartered. This initial stage fo-

cused on curriculum refinement, master trainer development, 

and proof-of-concept validation, notably marked by Nigeria’s 

first participation in the World Robot Olympiad (WRO). The 

subsequent expansion phase targeted the South-South, South-

East, and North-Central zones, emphasizing partnership de-

velopment with State Ministries of Education and the estab-

lishment of zonal trainer networks. The final phase achieved 

national coverage by extending to the North-West and North-

East zones, institutionalizing the program through school-

based Space Clubs and integrating it with regional educational 

structures. This phased approach allowed for contextual adap-

tation, stakeholder buy-in, and iterative improvement based 

on lessons learned in earlier stages. 

4.3. The Zonal Approach 

The ARCSSTE-E Outreach Program adopted a replication 

strategy for the robotic workshops that was deliberately incre-

mental to ensure easy adaptation and sustainable growth: 

Proof-of-Concept: Initial REP workshops were held in the 

South-West zone (hosted by ARCSSTE-E), focusing on pre-

liminary refinement and resource people as well as master-

trainer development. Early success was marked by Nigeria’s 

first participation in the World Robot Olympiad. 

Regional Expansion: Workshops were initially conducted 

in the South-South, South-East, and This phase emphasized 

partnership building with State Ministries of Education and 

the training of local teachers as facilitators. 

National Coverage: The program was then extended to the 

North-Central and North-West zones. This phase involved the 

development of zonal coordinating centres and the integration 

of REP activities into the Centre’s outreach program. 

 
Figure 5. Geopolitical reach of ARCSSTE-E REP. 

4.4. Multi-Stakeholder Partnership Model 

Successful implementation of the REP relied on strategic 

collaborations across sectors. Governmental partners, includ-

ing the National Space Research and Development Agency 
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(NASRDA) and State Education Ministries and host institu-

tions, provided policy support, venues, and legitimacy. Aca-

demic collaboration with iLab-OAU ensured technical exper-

tise and trainer development, while private sector engagement 

with ArcLights Nigeria facilitated kit provision and logistical 

support. International affiliation with UNOOSA offered 

global legitimacy, access to resources and opportunities for 

space science and technology learning. This multi-stakeholder 

model distributed responsibilities, mitigated resource con-

straints, and created a resilient support network for program 

sustainability. The Centre has recently partnered with Ar-

cLight for the WRO program in Lagos, Nigeria – a reflection 

of mutual partnership between ARCSSTE-E and ArcLight. 

 
Figure 6. ARCSSTE-E featuring at an ArcLight event during the WRO Launch in Nigeria - a testament to public-private partnership. 

5. Strategy for Operationalization 

Quantitative Reach and Participation: The outreach pro-

gram achieved significant success in all the geopolitical zones 

visited, with participation of over 2,000 students engaged 

through workshops and clubs, alongside educators trained in 

robotics and space science integration. Several Space Clubs 

were also established in schools nationwide, creating lasting 

infrastructure for continued engagement. 

Qualitative Impact: Student engagement and skill develop-

ment are reflected in observed improvements in teamwork, 

problem-solving, and computational thinking during competi-

tions, as well as increased interest in STEM careers reported 

by participants. Teacher capacity enhancement is evidenced 

by reported successful integration of knowledge from the 

trainings and workshops into their classrooms [15]. 

Preliminary Findings: Assessment from participant sur-

veys and observations indicate that the program not only 

builds technical skills but also influences perceptions and 

identities related to STEM engagement, an important outcome 

for long-term participation in science and technology fields. 

6. Evaluation Framework and Outcomes 

6.1. Evolution of Pedagogical Assessment: From 

HuRL to National Scaling 

The evaluation framework employed in the current Robot-

ics Education Program (REP) builds upon foundational as-

sessment methodologies developed during the Humano-Robot 

Learning (HuRL) project, an early educational robotics initia-

tive conducted by ARCSSTE-E [16]. The HuRL project, 

which engaged 160 students across eight primary and second-

ary schools in South-Western Nigeria, established baseline 

evaluation protocols that have since been refined and scaled 

nationally. 

The HuRL Pedagogical Innovation: The HuRL approach 

was conceived in response to challenges identified during in-

itial robotics workshops, where students struggled to grasp 

abstract programming concepts and engineering design prin-

ciples. Teachers reported that students needed to "demystify 

robotics" and make it "more friendly" while contributing di-

rectly to schoolwork, especially in STEM subjects [16]. 

HuRL addressed this by combining role-play - deeply rooted 

in Nigerian children's play traditions - with hands-on robot-

ics activities. Students physically simulated robot move-

ments within marked grids, acting out commands such as 

"move forward," "turn right," and "point-turn" before trans-

lating these sequences into actual robot programs. This em-

bodied learning approach, grounded in constructivist and 

constructionist theories, proved highly effective in bridging 

abstract concepts and tangible understanding. This approach 

means that HuRL also provided a low-cost solution to robot-

ics education while helping to build and entrench conceptual 

foundations. 
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Figure 7. The Humano-Robot Learning (HuRL) participants (left) with processes and stage design (right). 

HuRL Assessment Outcomes: The HuRL project estab-

lished a mixed-methods evaluation approach that has in-

formed current REP practices. Pre- and post-activity question-

naires assessed shifts in student understanding and attitudes, 

with results showing: 

STEM Learning Impact: 93.1% of participating students re-

ported that HuRL helped them learn STEM topics discussed 

during the period (45.6% primary, 47.5% secondary). 

Program Inclusion Demand: 99.4% expressed desire for 

the activity to be included in school programmes. 

Robotics Understanding: 91.3% reported improved under-

standing of robotics concepts. 

Collaborative Skills: 93.1% indicated the activity helped 

them work better with classmates. 

Academic Motivation: 95.0% reported inspiration to study 

harder and perform better at school. 

These early findings validated the pedagogical approach 

and established the importance of role-play and embodied 

learning in making robotics accessible to diverse learners. 

6.2. REP Evaluation Framework 

Building on the HuRL foundation, the current REP employs 

a comprehensive mixed-methods evaluation approach across 

four levels, aligned with established program evaluation 

frameworks: 

Table 1. REP Evaluation Framework. 

Level Focus Methods Instruments Frequency 

1: Reaction 
Participant satisfaction and 

engagement 

Post-workshop surveys, 

feedback forms 

5-point Likert scales, open-ended 

questions 
After each event 

2: Learning 
Knowledge and skill acquisi-

tion 

Pre/post-tests, practical 

demonstrations 

Robotics Concept Inventory, pro-

gramming tasks 

Workshop 

start/end 

3: Application 
Transfer to the classroom/sus-

tained engagement 

Teacher observations, club 

activity logs 

Structured observation protocols, 

project portfolios 
Termly 

4: Impact 
Long-term outcomes in career 

paths, attitudes 

Longitudinal tracking, inter-

views 

STEM Career Interest Scale, 

alumni interviews 
Annual 
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7. Discussion 

7.1. ARCSSTE-E's Contribution to Robotics in 

Education 

ARCSSTE-E’s approach to robotics in education through 

the REP demonstrates that educational robotics can be suc-

cessfully scaled in developing country contexts using a phased 

approach and trainer development paired with localized deliv-

ery. This ensures activities are tailored to regional resources 

and educational realities, while integration with existing 

school structures - such as Space Clubs and annual events like 

World Space Week - creates sustainable ecosystems that ex-

tend beyond initial interventions. 

The program also embodies several principles identified as 

critical to effective RiE, including constructionist pedagogy, 

which emphasizes hands-on, project-based learning with tan-

gible outcomes. Thematic integration through space contexts 

provides authentic, interdisciplinary challenges that enhance 

relevance and motivation. Competitions during the various 

workshops serve as a motivational tool, fostering innovation 

and teamwork. At the same time, community building among 

educators and students creates support networks that sustain 

engagement and facilitate knowledge sharing. 

7.2. Overcoming Implementation Hurdles 

Common RiE implementation barriers were successfully 

navigated during the various programmes organized by 

ARCSSTE-E. Resource constraints were mitigated through 

the use of low-cost, versatile platforms. Teacher preparedness 

was addressed via structured training programs and ongoing 

support mechanisms. Sustainability was enhanced through in-

stitutional integration, multi-stakeholder partnerships, and 

constant engagement with the centre. 

7.3. Innovative Educational Robotics Delivery 

ARCSSTE-E’s model introduces several innovations, in-

cluding the unique integration of robotics with space science 

applications, which provides a compelling narrative and inter-

disciplinary learning opportunities. The documented frame-

work for nationwide, geopolitical zones spread offers a repli-

cable blueprint for similar initiatives in other regions and 

countries on the African continent. The ecosystem approach - 

combining workshops, clubs, competitions, and teacher train-

ing - creates a holistic system that reinforces learning and 

builds community [17]. 

8. Conclusion and Recommendations 

The following recommendations are offered for stakehold-

ers implementing educational robotics in developing countries 

and are mostly based on more than fifteen years of cumulative 

experience from various projects, including the Humano-Ro-

bot Learning (HuRL) through the national scaling of the Ro-

botics Education Program. 

For Practitioners: 

1) Begin with embodied, culturally relevant pedagogy us-

ing role-play activities where students initially physi-

cally simulate robot movements before introducing 

technology; this approach requires no financial invest-

ment yet builds essential conceptual foundations and 

was validated through HuRL with 93 percent positive 

learning impact. 

2) Establish cascading trainer models where master train-

ers prepare zonal coordinators who subsequently train 

school-based teachers, enabling sustainable capacity 

building even where educators lack engineering back-

grounds. 

3) Ensure that evaluation is embedded from the outset of 

any robotics education program using simple pre- and 

post-questionnaires. This is because even basic data on 

student engagement and learning gains will prove inval-

uable for stakeholder engagement and funding justifica-

tion in the future. 

4) Develop local manufacturing capacity for cheap robot-

ics kits by partnering with technical colleges, universi-

ties, and innovators to fabricate components from lo-

cally available materials; in Nigeria, this strategy is ex-

pected to reduce costs substantially – for example, using 

acrylic chassis and 3D-printed parts. 

For Educational Authorities and Policymakers: 

1) Develop multi-year implementation plans with phased 

geographical expansion, allowing two to three years per 

phase for consolidation; Nigeria’s six-zone expansion 

over the years enabled contextual adaptation and itera-

tive improvement. 

2) Create enabling policies that recognize robotics activi-

ties within formal curriculum frameworks (for second-

ary schools and tertiary institutions). The integration 

with existing Space Clubs (within the schools) could 

provide an institutional platform without requiring new 

policy structures. 

3) Establish regional resource centres for kit repair, 

teacher support, and materials development. The zonal 

coordinating centres, when established, would reduce 

equipment downtime substantially. 

4) Incentivize teacher participation through certification, 

career progression recognition, and modest stipends for 

after-school club facilitation. This is expected to im-

prove knowledge development and teacher retention. 

5) Promote public-private partnerships (PPP) through 

matching grant schemes, making sure every fund con-

tribution from the private sector in Nigeria leverages 

government in-kind support. 

For Researchers: 

1) Conduct longitudinal studies tracking robotics educa-
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tion participants through secondary school, tertiary ed-

ucation, and into careers; preliminary tracking shows 

increased STEM career interest, but longer-term data is 

required. 

2) Develop and validate context-appropriate assessment 

instruments for robotics learning outcomes in develop-

ing country settings, as the robotics concept inventory 

requires further validation across languages and cultural 

contexts. 

3) Examine gender dynamics in robotics participation and 

ensure adequate female participation, with attendant 

strategies for more equitable engagement. 

4) Compare the effectiveness of embodied learning ap-

proaches, such as role-play, against technology-only in-

terventions across different age groups and cultural con-

texts. 

For International Organizations and Donors: 

1) Support South-South collaboration in educational ro-

botics implementation through the UN-affiliated re-

gional centre network, enabling ARCSSTE-E’s experi-

ence to inform similar initiatives across Africa, Asia, 

and Latin America. 

2) Fund open educational resource development for robot-

ics curricula adaptable across languages and contexts, 

with particular attention to methodologies similar to 

HuRL that require no technology at the initial stages. 

3) Invest in local manufacturing capacity for robotics com-

ponents, such as investing in basic fabrication equip-

ment with local content, which could serve an entire re-

gion, reducing dependency on imported kits. 

4) Create flexible funding mechanisms that allow for con-

textual adaptation to reduce the prescription of specific 

technologies, such as LEGO Mindstorms kits that could 

cost 350 to 500 dollars per set, which essentially ex-

cludes many developing country participants. 

5) Support policy dialogue between various institutions, 

such as education and space agencies, to mainstream 

space-themed STEM education, leveraging the credibil-

ity and existing networks of UN-affiliated organizations 

to facilitate such engagement. 

Future directions for ARCSSTE-E involve deeper integra-

tion of AI and machine learning concepts within the robotics 

curriculum and development of open educational resources 

for wider dissemination, and pan-African knowledge sharing 

through the UN-affiliated regional centre network. The 

ARCSSTE-E experience demonstrates that with appropriate 

structuring, partnerships, and pedagogical foundations, educa-

tional robotics can be effectively implemented at scale to in-

spire the next generation of innovators and problem-solvers in 

developing countries. 
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