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Abstract 

 
General Background: The rapid advance me nt of tec hno lo gy demand s inno vative appro ac he s in 

educ atio n to e quip stude nts with e sse ntial STEM co mpe te nc ies. Specific Background: In Ind o ne sia, 

high sc hoo l learning o f electric al engineering is still dominated by theoretic al instructio n with limited 
opportunitie s fo r hand s-o n practice, re sulting in lo w e ngage me nt and inadequate tec hnic al sk ill 

developme nt. Knowledge Gap: Fe w initiative s inte grate re al- world  elec tric al e nginee ring 

applic atio ns into seco nd ary ed uc atio n thro ugh cre ative, projec t- based le arning. Aim: This stud y 

reports o n the imple me ntatio n and  evaluatio n of a c reative  learning o utreac h pro gram  c o nd uc ted by 

Unive rsitas Pe mbangunan Nasio nal Vete ran Jak arta at SMA Ne geri 66 Jak arta, de signed to  e nhance 

students’  understand ing o f e lectric altec hno lo gy. Results: The pro gram e ngaged 72 stude nts thro ugh 

three inte rac tive mod ule s:  po rtable so lar po we r storage , a mec hatro nic  sumo  ro bo t, and  Io T -based 

dro wsine ss de tectio n glasse s. Evaluatio n re sults sho wed a 28% inc rease  in intere st to ward  STE M 

careers, a 35% impro ve me nt in co nceptual understand ing, and  po sitive perce ptio ns o f pro gram 
delive ry. Novelty: Unlike  c o nve ntio nal lectures, this initiative  c o mbined projec t- based  learning with 

real- world proto types, directly link ing theory with applicatio n and fo stering c reativity, co llaboratio n, 
and pro blem - so lving. Implications: The se find ings highlight the value of inte grating interactive , 

tec hno lo gy-drive n projec ts into sec o nd ary ed uc atio n, o ffering a sc alable mode l fo r stre ngthe ning 

STEM literac y and preparing future engineers. 
Highlight : 

 
Hands-o n modules (solar power, sumo robot, IoT glasses) increased student engagement. 

 
Survey showed 28% higher STEM interest and 35% better understand ing of technology. 

 
Program effectively connected theory with real-world applic atio ns in electrical engineering. 
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Introduction 

The a ccelerating p ace of te chn ological advan ceme nt ha s tra nsf ormed  nearl y all sectors  of society, par ticularly edu cati on, 
where integr ating electrical engineering a nd digital innovati on into secondar y schools has be come essential to prepare  
students  for  future  challenges  [1],  [2],  [3]. High  school eng ageme nt with  funda men tal  electrical  a nd electr onic  con cepts  
offers critical grou nd work, e quipping learners with b oth theore tical knowledge and pr acti cal abilities relevant to modern  

innovation demands [4], [5]. 

 
However, multiple studies in Indonesia have sh own th at pra ctical activities in electrical engineering at the high sch ool leve l 

remain ver y limited. In stru ction is still heavily dominated b y classr oom theor y,  with minimal laborator y fa cilities and 
infrequent  opp ortunities f or hands -on pra ctice  [6], [7 ].  As a result,  stude nts  ofte n lack exp osure  to the  real -world application  
of electrical and  electronics  con cepts,  which  hinders the opti mal develop ment of  tech nical skills, problem -solving abilities, 

and cre ativity. These finding s highlight the urgen cy of i mplementing  cre ative, pr oje ct -based learning  progra ms that bridge  
the gap between theory and practice through the integration of modern technologies.  

 
One  effective appr oa ch is pr oje ct -based learning (PBL ), which bridges the or y a nd pra ctice b y inv olving stude nts in  
meaningful ta sks such as building solar-p owered systems, r oboti c devices, a nd smart IoT applica tions . Studies demon strate  
that PBL enhan ces computational thinking, pr oblem-solving, and tea m collaboration in STEM edu cation [8], [9], [10].  

Additionally, integr ating flipped classr ooms along side PBL further impr oves student motivation a nd algorith mic thinking 
skills [11], [12]. 

 
A modern exte nsion of PBL is using IoT -enabled laborator y tools like Edu Solar syste ms f or solar energ y monitoring , which  
promote  hand s-on d ata anal ysis a nd deepen  understanding of re newable energ y te chn olog y [13],  [14].  Wearable devices  
such as smar t glasses with drowsiness dete ction have sh own p otential to impr ove stude nt engage men t and safety a ware ness  

in educational settin gs [15]. Moreover , research suppor ts the use of smart edu cation syste ms combining IoT, AI, an d 5G for  
enhancing interactive learning and real -time feedback [16]. 

 
In SMA Negeri 66 Jakarta, the Electri cal En gineering Department of UPN Veteran Jakarta impleme nted a crea tive learning 
proje ct featuring three main modules such as Portable solar power stora ge, Mechatr onic su mo robots and IoT -e nabled 
drowsiness  detection glasses.  The se modules contextu alize essential electrical engineering  principles su ch as  circuit  design,  

energy conversion, e mbedded contr ol, and wireless commu nication making learning engaging a nd relevant [17]. The  
progra m aims to Foster foundational literacy in electri city and electr onics , Encoura ge creativity, inn ovati on, an d tea mwork, 
Cultivate essential technical and  soft skills, Enha nce a wareness of  future careers  in electrical e ngineering. These ob jective s  

align with studies demonstrating tha t early exp osure to en gineering foster s student readiness for higher educa tion and  
contributes to workforce development [18]. 

 
This paper explores the design, impleme ntation, and evaluation of the creative learning initiative at SMA Negeri 66 Jakarta.  
It exa mines  the pr ogra m’s effe cts on students’ technical competen cies, at titudes toward STEM, and re adiness f or adva nced  
studies. Outcome s fr om  surve ys , skill  assessments, a nd feedba ck  sessions pr ovide insight in to the pr oje ct’s effe ctiveness  as  

a scalable model for STEM education reform in Indonesia.  

 

Implementation Method 

A. Timing of Implementation 

The creative learning proje ct was imple mented as part of a structured community service a ctivity on Septe mber 18, 2024, at  
SMA Negeri 66 Jakarta. This progra m was designed to align with the ob jectives of engineering outreach in secondar y 
education a nd to intr odu ce practical applications of electrical engineering techn ologies thr ough intera ctive and project - 
based demonstrations. 

 

B. Stages of Implementation 

This initiative was carried out by the academic community of the Department of Electrical  Engineering at Universitas 
Pembangunan Nasional Veteran Jakarta. A total of 72 students from the 12th grade of SMA Negeri 66 Jakarta participated in 

the program. The implementation stages are outlined in Figure 1 and described in detail  below. 
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Figure 1. Stages of the Creative Learning Project 

 
The explanation of each stage of the service activity based on the diagram above is as follows: 

 
1. Preparation 

 
The preliminary stage inv olved con ducting field observa tions a t SMA Negeri 66 Jakarta to assess the sch ool's infrastru cture  
and stude nt readiness. In terviews were conducted  with tea chers  and studen ts to tailor the pr oject  conte nt an d identif y the  

tools and resource s needed. These prepara tor y steps are critical in commu nity-ba sed learning projects to ensure contextu al 
relevance and optimal student engagement. 

 
2.  Activity Implementation 

 
The activity was opened with speeche s from sch ool representatives and the UPN Veter an Jakarta or ganizing committee. The  

core con tent delivery included lectures , discussions, and ha nds -on de monstr ation s of engineering pr oje cts . Students were  
actively involved throu gh Q&A session s and encour aged to participate in practical trials. To maintain enga gemen t, an ice - 
breaking segment was included—an approach shown to help maintain focus and promote collaborative learning [19].  

 
3.  Monitoring and Evaluation 

 
This pha se involved syste matic observ ation and a ssessme nt of the learning  process . Studen t comprehensi on wa s measured  
through oral questioning and post -a ctivity questi onnaires. This phase involved systematic observ ation and assessment of the  
learning process. Studen t compre hension was measured thr oug h oral questioning and p ost -activity questionnaires . The  

questi onnaire instru ment was designed with clear indica tors , including (1) s tudents’ interest in science a nd engineering, (2)  
understanding  of  technol ogical concepts, a nd (3) per ceived relevance  of  the a ctivities to their acade mic and  career  
aspirations. Each indicator was rated using a Likert scale, ranging from “good” to “very good.”  

 
For data anal ysis, re spon ses were pr ocessed b y calculating per centages to su mmarize distribution pattern s, supp orted b y 
simple descriptive statistics such as mean and sta ndard deviation to identify over all trends. This quantita tive analysis was  

complemen ted b y qualitative observ ation s taken during the a ctivity. The combination  of these te chni ques s trengthe ned the  
validity of the  findings and e nsured th at the re sults presen ted in the sub seque nt charts accuratel y reflected par ticipants’  
learning experiences and engagement levels. 

 
4.  Report 

 
The final phase involved compiling a comprehensive report th at docu mented all aspects of the prog ra m implementa tion and  
results. This step also served as a basis for reflection and improvement in future iterations of similar activities.  

 

C. Project Presentation 

3.1 Implementation of Renewable Energy through Technological Innovation of Solar Panels Utilized as Portable 

Power Storage 

 
The portable power storage module intr oduced students to sustainable energ y te chn ologies. Conventi onal power banks  

require ch arging via g rid electricity or  gasoline generators . As  an en viron mentally friendly altern ative, solar panels were  
presented as  a clean and  rene wable source  of e nerg y. These  panels convert solar radiati on into electri city thr ough  
photovoltaic cells typically made from se miconductor s like silicon. When exp osed to su nlight, the semi con ductor material 

generates free  electrons,  creatin g an  electric current  [20]. A pr ototype de vice was  displayed  as  sh own in Figure 2, aligning 
with current trends in integrating renewable energy into education [21].  

 

 
 

 
Figure 2. Appearance of The Solar Panel Device 

 
3.2 Mechatronic Robot Sumo 
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The sumo robot module exposed students to robotics and sensor systems. Designed for competitive performance, the robot 
detects its opponent using infrared sensors and attempts to push it outside the boundary. It features a white -line detection 

system to avoid leaving the arena. The robot’s logic and movement are controlled by a microcontroller, while motion is 
powered by DC motors. This learning unit demonstrates fundamental  mechatronics principles—sensor integration, control 
algorithms, and embedded systems—which are central to modern robotics education [22], [23]. The appearance of the robot 

can be seen in Figure 3. 

 

 

 
Figure 3. Appearance of the Sumo Robot 

 
3.3 Drowsiness Detection Glasses Based on the Internet of Things 

 
This prototype de monstrated h ow IoT te chn olog y can be used to e nhan ce safety. The syste m includes a Node MCU 
micr ocontr oller, infrared sen sor s mou nted on e yeglass fra mes, and  a bu zzer f or alert signaling. When  a u ser's e yes re main  

closed f or a  period indica ting dr owsiness , the syste m triggers b oth an L ED and  a bu zzer to alert the m. This type  of  
application has been extensively explored in tran spor tation safety and de mon strate s a practical use of IoT in real -time  
monitoring systems [24]. Figure 4 illustrates the glasses used in the demonstration.  

 

 

 
Figure 4. Appearance of the Drowsiness Detection Glasses Based on the Internet of Things 

 

Result and Discussion 

The Cre ative Learning Project was su cce ssfully at tended b y 72 students from the 12th grade of SMA Negeri 66 Jakarta . The  
event officially began with an opening seg ment led by a master of cere monies (MC), followed by a se quence of f or mal 

activities. These included the singing of the Indonesian national anthem “ Ind onesia Ra ya ,” a prayer recital, an opening  
speech delivered by the project coordinator, and welcoming re marks from representa tives of the host sch ool as shown figure  
5. 
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Figure 5. Opening of The Event 

 

A. Project Implementation and Student Engagement 

The implemen tation of the Crea tive Learning Pr oject a dopted a collaborative learning approa ch, f ostering dire ct intera ction  
between the tea ching tea m a nd the students. The tea m, comprised of seve n me mbers fr om the Department of Electri cal 
En gineering at Universitas Pe mbang unan Na sional Veteran Jakarta, pla yed an active role in mentoring stude nts thr ough out  

the project. Their guidan ce f ocu sed on building stu dents’ pr acti cal competen cies, par ticularly in  asse mbling electr onic 
components such as microcontrollers, sensors, and supporting electrical modules into functional prototypes.  

 
In ad dition to ha nds -on  practice, students received theoreti cal explanation s covering topics su ch a s solar panel syste ms, 
mech atr onics , Internet of Things (IoT), and career prospects in electrical engineering. The session also included an  
introduction to the Electrical Engineering undergradua te progra m at UPN Vetera n Jakarta to spark student interest in 

pursuing higher education in the field which is illustrated in Figure 6.  

 

 

 
Figure 6. Material Presentation 

 
The material  presentati on seg ment  was met with s trong stude nt attentiveness . Enthu siasm significantl y incre ased during  
the project demonstration phase , where stu dents e ngaged with three main prototype projects su ch a s Portable Solar Power  
Storage, Sumo Robot, and Drowsiness Detection Smart Glasses.  

 
Studen ts de mon strated ge nuine curiosity and ex cite ment, espe cially during the su mo r obot de monstr ation . Several stude nts  
actively parti cipated by stepping for ward to inter act with the devi ces. Their involvement ex tended be yond observa tion ; the y 

asked insightful questi ons reg arding system operati on, inv olved comp onen ts, a nd real -world application scenari os. These  
interaction s indica te a p ositive cognitive a nd e moti onal resp onse, sh owcasing the effectivene ss of pr oje ct -b ased learning in  
increasing student engagement and comprehension of abstract technical concepts as shown in Figure 7.  
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Figure 7. Project Demonstration 

 

B. Closing Ceremony and Evaluation 

As the event con cluded, the org anizing committee presented souvenirs as tokens of appreciati on to the school community. A 
group ph oto session a nd docu menta tion were conducted to mark the su ccessful implemen tation of the activity a s sh own in  

Figure 8. 

 

 

 
Figure 8. Documentation 

 
To evaluate the impa ct of the pr oje ct on student learning, a que stion naire surve y wa s distributed to the participants. The  
questi onnaire con sisted of seve n key indica tor s aimed at mea suring stude nt understanding a nd a wareness of electri cal 
engineering principles, as well as their perception of related career opp ortunities. Based on the a nalysis of the responses, it  

wa s found that the studen ts experienced a significant increase in interest and knowledge after the project . The results are 
presented in the graph below as shown in Figure 9: 
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Figure 9. 

 

 
 

 
Figure 10. Questionnaire Data Results Graph 

 
These findings affir m th at cre ative and ha nds -on approa ches in e ngineering educa tion n ot onl y enha nce  conceptu al 

understanding but also boost student motivation a nd interest in STEM careers . The integra tion of real -world technol og y,  
such a s IoT syste ms and mechatr onics , into the learning e xperience pla ys a critical role in bridging the gap between  
theoretical knowledge and practical application. 

 
The su ccess of the Cre ative Learning Project n ot only lies in the smooth exe cution of its planned agenda but also in the  
positive learning outcomes it produced. From a pedagogical  standpoint, the integration of real-time demonstrations with 
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theoretical conte nt crea ted a learning environ ment th at was b oth intera ctive and contex tual. Unlike conventi onal lecture - 
based sessions, this approa ch offered stude nts the opp ortunity to directl y enga ge with applied techn ologies, thereb y 

enhancing retention and deepening their understanding of complex engineering principles.  

 
The enthusiasm displa yed b y studen ts durin g the  Sumo Robot  activity,  for  insta nce,  highlights the effe ctiveness  of  

mech atr onics as a tool to teach embedded syste ms and contr ol logic. As the y observed and experime nted with the rob ot’s  
behavior in reaction to its sensors an d actuators, s tudents could draw mea ningful connections between electrical signals,  
motor  contr ol, a nd decisi on-making algorith ms. This  me thod  of  experiential learning is aligned with curren t best  practices in  

STEM education, which emphasize student-centered and inquiry-based models as outlined in recent studies. 

 
Equally imp actful was the IoT -based dr owsiness dete ction syste m, which introdu ced studen ts to emerging te chn ologies  

commonly used in industr y. The smart glasses served as a bridge between theore tical knowledge of sensors an d practi cal 
applications in safety, transp ortation , and health monitoring. Students were able to grasp the functi on of key compone nts  
such as infrared se nsors, micr ocontr ollers (e.g. , Node MCU ESP8266), an d data feedback  systems. F or man y participan ts,  

this prototype  represented their first exp osure to the Inter net of Things, helping the m appre ciate h ow data -driven syste ms  
can address real-world problems, which is crucial for digital literacy in the 21st century.  

 
The solar panel project, on the other h and, under scored the imp ortan ce of rene wable energy and sustainability. Stude nts  
learned about photov oltaic cells, energ y conversion, and por table energy stora ge syste ms. This activity also intr oduced the m 
to environ mental issues, reinforcing the r ole of engineers not only as pr oblem solvers but also a s contributor s to sustainabl e 

development g oals (SDGs). The growing relevan ce of green technol og y in modern engineering educati on is well 
documented, with researchers advocating for early exposure to environmental topics to build responsible future engineers.  

 
From a surve y-ba sed evaluation standp oint, the project demonstr ated mea surable impact . As reported in Figure 9, over 52% 
of students indicated a better under standing of the Electrical Engineering Pr ogra m at UPN Ve teran Jakarta , while 70.5% 
showed in creased a wareness  of the department’ s academi c spe cializations. These  nu mbers reflect a  tan gible rise in interest 

and comprehen sion,  su ggesting  th at outrea ch  progra ms  of  this  nature  can serve a s effe ctive re cruitme nt strate gies a s well 
as educational interventions. 

 
Further feedback revealed that 62.8 % of participan ts felt the information wa s clearly conve yed, and 59.1% believed the 
material  was well explained. These resp on ses su ggest that the project tea m su cce ssfully e mployed communication  
techni ques suited to high school learners, man y of wh om were unfa miliar with tech nical jarg on. Fu ture improve ments could 

include the use  of visual simulations,  real -ti me data  displays, or aug mented re ality tools to enrich the delivery and  further  
personalize the learning experience. 

 
More over, 61.4% of the s tudents a greed that the project wa s well-ti med and stru ctured. The event ran according to 
schedule, with minimal delays , enabling ea ch session to flow smoothl y fr om one module to the nex t. This reflects effective 
coordination and l ogistics  manage ment  skills that are vital n ot only in educa tion but  also in pr ofessional engineering  

practice.  Plan ning, time ma nage ment, an d tea mwork were evidentl y modeled b y the  or ganizing  committee, serving a s soft  
skills examples to the students. 

 
Perhaps one of the most  note wor th y outcomes is that more tha n half of  the s tudents , 52.3%, expressed tha t the pr oje ct  
benefited them significantl y. This qualitative insight suggests tha t students did not merel y observe but also ab sorbed and  
reflected on the experience. Additionally, the 59.1% wh o resp onded with overall satisfa ction fu rther strengthe ns the  

argume nt that creative, applied learning enhances en gage ment, motivation, and lon g -ter m reten tion a key challenge in 
conventional science education. 

 
In con clusion , the Creative Learning Project represents a n excellent model for promoting earl y engineering literacy thr ough  
a combinati on of the oretical gr ounding  and h ands -on enga geme nt. It de monstrates that when edu cation al outrea ch is  
though tfully designed and r ooted in real -world application, it ca n foster both intere st and compete nce in complex STEM 

domains. To sustain and expand its imp act , similar initiatives should be implemented in other schools with diverse  
demographics, potentially including rural or under -resourced areas. 

 
Going f or ward, additional evaluati on meth ods  su ch a s f ocu s gr oup discussi ons, pre - and  post-tests , a nd lon gitudinal tra cking 
of stude nt interest  could be incorpora ted to measure lon ger -term effe cts  on  acade mic and career aspira tions . Furthermore, 
partnerships with industr y and g overn men t could help scale such projects, en suring tha t future gener ation s are n ot only  

aware of engineering pathways but are also adequately equipped to pursue them with confidence and capability.  

 

Conclusion 

The implementa tion of the Creative Learning Pr oje ct b y the Depar tme nt of Electrical En gineering, Universitas  
Pemba nguna n Na sional Vetera n Jakarta , at SMA Negeri 66 Jakarta pr oved to be a highl y effective community en gage ment  
and educa tional outrea ch initiative. Thr ough  the  intr oduction of intera ctive, te chn olog y d riven modules su ch a s por table  

solar p ower s tora ge, a  mecha troni c su mo r obot , a nd IoT -based dr owsiness dete ction  smart  glasses  stude nts  were provided 
with direct, real-world exposure to the applications of electrical engineering.  

 
The results demon strated th at studen ts were activel y engaged, showed enthusiasm during discu ssion s, and displa yed str ong  
curiosity about how the technologies functioned. The combination of project-based learning and hands-on demonstrations 
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significantly enhan ced their understanding a nd a ware ness of fu nda mental electri cal engineering con cepts. Surve y data  
indicated a 28 % incre ase in interest in pursuing studies in science and engineering , as well as a 35% improve men t in 

understanding  te chn ological concepts compared  to before the pr ogra m. Addition ally, 7 0.5% of s tudents repor ted a  good  
understanding  of the Electrical Engineering progra m at UPN Vetera n Jakarta, and  59.1% rated  the delivery of the material 
as excellent. 

 
These findings highlight the importa nce of integra ting practi cal, techn olog y -oriented experiences into school -level education  
to better prepare  the  you nger generation f or future te chn ological  challenges.  F or edu cators , this pr oje ct serves  as  a model 

for impleme nting intera ctive tea ching meth ods that pr omote a ctive learning. F or p olicymakers, it reinfor ces the value of  
collaborative pr ogra ms between universities a nd sch ools in f ostering  long -ter m te chn ological literacy. It is therefore  
recommended that si milar initiatives be sustained and expanded to other schools as part of a national strate g y to stren gthen  

STEM competencies among students. 
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