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Abstract 

Chemical engineering education is faced with the challenge of not only 
imparting theoretical knowledge, but also to develop students' practical 
skills that meet industry needs. Project Based Learning (PjBL) has been 
implemented as an effective approach to answer these challenges. This 
research aims to evaluate the effectiveness of PjBL in improving 
students' practical skills in the field of chemical engineering. Research is 
carried out through providing projects that are integrated with the 
curriculum and oriented to real industrial problems. The method used is 
comparative analysis of pre-test and post-test to measure improvement 
in practical skills. The results showed that students who took PjBL 
showed significant improvements in collaboration skills, problem 
solving, and use of technology. Apart from that, this approach also 
increases student motivation and involvement in the learning process. In 
conclusion, PjBL is an innovative and effective learning strategy that 
strengthens the practical skills of chemical engineering students and 
prepares them to become part of a competent workforce in the 
chemical industry. 
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INTRODUCTION 

Chemical engineering education faces unique challenges in terms of 

preparing students not only with strong theoretical knowledge but also with 

the practical skills they will need to succeed in the industrial world. Rapid 

changes in industrial technology and job market demands have led to an 

expansion of the chemical engineering education curriculum to make it more 

applicable and responsive to industrial needs (Rosyid & Setyasto, 2024). 

Therefore, project-based learning (PjBL) has been seen as an effective 

approach in responding to this challenge. 

PjBL is a pedagogical model that allows students to explore real 

problems and carry out continuous and in-depth investigations (Maulidannisa 

& Ansori, 2024). Through PjBL, students engage in projects involving complex 
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questions and problems, which they then investigate as groups or individually. 

This approach also emphasizes the development of skills such as teamwork, 

problem solving, and critical thinking skills that are highly relevant and valued 

in the workplace (Indriyani et al., 2024). 

Chemical engineering education is a complex and dynamic field, 

requiring a learning approach that is able to prepare students with a strong 

conceptual understanding and technical skills needed by industry (Pettit, 

2024). In this context, Project Based Learning (PjBL) has received attention as 

a promising teaching strategy, which allows students to apply theoretical 

knowledge in realistic practical situations. The PjBL method is driven by the 

hypothesis that with learning activities that are more focused on real projects, 

students will acquire more relevant skills and be better prepared to enter the 

world of work after graduation (Widiarani et al., 2023). 

In the context of chemical engineering education, the PjBL application 

can support the integration of theoretical knowledge with real industrial 

practice. By focusing on projects that are relevant to industry needs, students 

can develop a deep understanding of the course material as well as apply 

concepts to real situations. This also provides an opportunity to bring students 

closer to modern tools, work safety procedures, as well as introduce them to 

the dynamics of team work in an industrial environment (Widiawati et al., 

2022). 

However, implementing PjBL in chemical engineering education also 

presents a number of challenges. One of the biggest challenges is developing 

learning materials and projects that are not only educational but also relevant 

to the latest industry dynamics and innovations. Other challenges include the 

expansion of limited resources and the need for educator training in PjBL 

methods (Ntobuo et al., 2023). 

PjBL encourages more active and collaborative learning while 

promoting deep student engagement in the subjects they study. This concept 

brings together theory and practice to create a stimulative and contextual 

learning environment. Students are not only required to understand the basic 

principles of engineering chemistry, but also to develop important skills such 

as problem solving, critical thinking, team engagement, and communication. 

This increase is driven by empirical studies which show that PjBL has the 

potential to increase students' learning motivation and strengthen their 

learning experience (Nisa' & Shofiyah, 2024). 

Although the potential of PjBL in improving chemical engineering 

education is undoubted, its implementation often encounters several 
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challenges. Issues such as lack of resources, crowded curricula, and lecturers' 

readiness to adopt new methodologies often become obstacles (Mahdi, 

2023). Furthermore, evaluating student progress in the PjBL context can be 

complicated because its characteristics are very different from traditional 

evaluation methods that focus more on written exams and individual 

performance rather than collaborative and practical projects. 

Previous studies show variations in the implementation and 

effectiveness of PjBL in various educational institutions, but detailed research 

on implementation specifically in chemical engineering education is still 

limited. There is a need to further explore how PjBL methods can be adapted 

and optimized to meet the unique needs of this scholarship (Rosanna, 2024). 

This research aims to fill this gap by investigating best practices, challenges, 

and results achieved with PjBL in the context of chemical engineering 

education, thereby providing guidance and recommendations for educators 

who wish to implement or improve the implementation of PjBL in their 

classrooms. 

This research aims to evaluate the effectiveness of implementing PjBL 

in chemical engineering education, especially in improving students' practical 

skills. It will also review how PjBL can be integrated with the existing 

curriculum and identify key factors that support or hinder its effective 

implementation. This literature review will discuss various studies that have 

been conducted on this topic to identify trends, gaps, and recommendations 

for the future. 

 

RESEARCH METHOD 

The study in this research is qualitative with literature. The literature 

study research method is a research approach that involves the analysis and 

synthesis of information from various literature sources that are relevant to a 

particular research topic. Documents taken from literature research are 

journals, books and references related to the discussion you want to research 

(Earley, M.A. 2014; Snyder, H. 2019). 

 

RESULT AND DISCUSSION 

Strategies for Implementing PJBL in Chemical Engineering Classes to 

Improve Student Learning Outcomes 

One effective strategy in implementing PjBL in chemical engineering 

classes is the development of projects that are closely related to the real 

challenges faced by the chemical industry today. This includes projects 
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addressing innovation in production processes, energy efficiency, waste 

processing and environmental sustainability. When students work on projects 

that have direct relevance to industry, they not only learn to practically apply 

chemical engineering principles, but also understand the significance of their 

skills in a larger professional context (Landaverde-Alvarado, 2024). 

Furthermore, collaboration with industry can provide opportunities for 

students to receive input and evaluation from professionals in the field, which 

improves the quality of learning and student career readiness. 

Utilizing the latest technology in PjBL, such as computer modeling, 

process simulation software, and data analysis tools, is an important aspect to 

support student success in chemical engineering classes. By including these 

tools in projects, students can develop a deeper understanding of complex 

systems and processes, as well as improve their analytical and problem-solving 

skills (Dewi & Purnomo, 2024). Additionally, holding interdisciplinary 

collaborations with other departments such as business management or 

environmental sciences can enrich projects, giving students a more holistic 

perspective and enhancing their ability to work effectively in multidisciplinary 

teams. 

Implementing a metacognitive approach in PjBL in chemical 

engineering classes, where students actively reflect on their learning process, 

is also an effective strategy. At the end of each project, holding a reflection 

session where students discuss what they learned, the challenges they faced, 

and how they handled those problems can deepen their understanding and 

help them identify areas for personal growth (Widiarani et al., 2023). Teachers 

can facilitate this by creating an environment where students feel comfortable 

sharing experiences and giving and receiving constructive feedback. Sessions 

like these not only improve learning outcomes but also instill lifelong learning 

skills and adaptability, which are invaluable in a chemical engineering career. 

Improving student learning outcomes in PjBL in chemical engineering 

classes can also be achieved through implementing peer learning strategies. In 

this seitting, studeints can leiarn from e iach otheir, e ixchange i e ixpe irie ince is, and 

honei theiir critical thinking and communication skills. Peie ir re ivieiw teichnique is, 

in which studeints ratei eiach otheir's work, can heilp ide intify conceiptual and 

teichnical eirrors and stre ingthein undeirstanding of thei mate irial. Continuous 

asse issme int, from thei projeict planning stage i, through impleime intation, to 

pre ise inting re isults, allows teiache irs to provide i constructivei fe ie idback in re ial-

time i, so studeints can make i immeidiate i improve ime ints. This asseissme int must 

includei cle iar and me iasurable i crite iria, e incourage i stude ints to achieive i se it 
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standards and foste ir a se inse i of reisponsibility for theiir own leiarning 

(Ramadhan, 2023). 

Thei application of le iade irship and proje ict manage ime int practice is in PjBL 

is anotheir important factor. Giving stude ints thei opportunity to leiad te iams on 

proje icts can improve i the iir le iade irship skills, te iach theim how to manage i timei 

and re isource is e ifficie intly, and improvei theiir ability to work undeir pre issure i. 

This creiate is a leiarning atmosphe ire i that supports thei deive ilopmeint of soft 

skills that are i much neieide id in thei world of work, such as thei ability to 

communicatei e iffe ictive ily, work collaborative ily, and makei strate igic de icisions. 

Focusing on theise i aspe icts can significantly increiase i thei succe iss of 

imple ime inting PjBL and stude int leiarning outcomeis in cheimical e ingine ieiring 

classe is (Se itiawan e it al., 2023). 

Thei importancei of e istablishing feie idback me ichanisms and continuous 

re ivision cannot bei undeire istimate id in optimizing studeints' PjBL e ixpe irie ince i. 

Giving studeints thei opportunity to reivise i theiir work base id on thei fe ie idback 

re ice iive id allows thei leiarning proce iss to be i more i ite irativei, whe ire i theiy can 

le iarn from mistake is and continually improvei theiir pe irformance i. This creiate is a 

more i re isilie int and adaptive i le iarning e invironmeint, wheire i failure i is se ie in as an 

inteigral part of thei leiarning proce iss and a valuable i le iarning reisource i. Cre iating 

a proje ict journal that docume ints progre iss, obstacle is e incounteire id, how theiy 

we ire i oveircome i, and leissons leiarne id can gre iatly support stude ints' reifle ictivei 

le iarning proce isse is and pe irsonal growth (Kinziei & Hutchings, 2023). 

Applying theise i strate igie is in imple ime inting PjBL in che imical e ingine ieiring 

classe is can contribute i significantly to improving stude int leiarning outcomeis. It 

is important for eiducators to adapt and adapt this approach to theiir stude ints' 

neie ids and le iarning conteixt to obtain the i be ist re isults. 

 

Challenges and Obstacles for Educators and Students in Implementing PJBL 

in Chemical Engineering Education 

Onei of thei main challe inge is in imple ime inting Proje ict-Base id Le iarning 

(PjBL) in che imical e ingine ieiring e iducation is limite id pre iparation and re isource is. 

Eiducators oftein find it difficult to deisign projeicts that are i not only challeinging 

and re ile ivant to thei course i mate irial, but also practical for stude ints to 

undeirtake i (Josua e it al., 2022). This challeinge i is compounde id by limite id 

re isource is such as class time i, laboratorie is and e iquipme int, as we ill as funds for 

mate irials and tools. Eixte insivei pre iparation is reiquire id to einsurei that projeicts 

can be i imple ime inte id within theisei constraints, oftein re iquiring e iducators to 

se ie ik cre iative i solutions or leiss-than-ide ial alte irnativeis to projeict componeints. 
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Asse issme int is a particular obstacle i in PjBL be icause i proje ict comple ixity 

oftein eixce ie ids traditional asseissme int scheime is. In cheimical e ingine ieiring 

e iducation, projeicts are i oftein multidisciplinary, de imanding asse issme ints that 

includei not only masteiry of teichnical conceipts, but also te iamwork, le iade irship, 

and communication skills. Deiteirmining fair and obje ictive i asse issme int crite iria, 

capable i of eivaluating multiface ite id aspe icts of studeint work, is a challeingei for 

e iducators (Amalia e it al., 2024). This can leiad to unceirtainty or dissatisfaction 

among studeints reigarding how asse issme ints arei conducteid, which in turn can 

affe ict theiir motivation and leiarning e ixpe irie incei. 

Studeints' re iadine iss for inde ipe indeint le iarning and managing the iir 

proje icts is anotheir challe inge i in PjBL. Many stude ints arei accustome id to a 

passive i le iarning approach and fe ie il uncomfortablei with thei gre iate ir 

re isponsibilitieis re iquire id by PjBL. The i change i in rolei from e iducator as 

information provideir to facilitator can be i difficult for studeints and eiducators 

alike i. Eiducators may find it difficult to adapt theiir te iaching stylei, whilei 

stude ints may struggle i to takei initiative i in theiir le iarning. A lack of time i 

manage ime int, proble im solving and teiamwork skills also adds to thei 

comple ixity of impleime inting PjBL, re iquiring a more i structureid approach and 

ongoing guidance i from e iducators (Hyrynsalmi, 2023). 

Facing the ise i challe ingeis re iquire is coope iration and commitmeint from 

both partie is, e iducators and studeints, to achieivei succe iss in this innovativei 

le iarning approach in che imical e ingineie iring e iducation. 

In thei curre int digital eira, information teichnology plays a vital rolei in 

imple ime inting PjBL, but the i use i of te ichnology is oftein a challe inge i in itse ilf. For 

cheimical e ingine ie iring e iducation, wheire i compute ir simulations and spe icialize id 

software i are i oftein an important part of proje icts, acce iss to and proficieincy in 

teichnology is critical. Studeints and eiducators may havei limitations in teirms of 

thei teichnical skills re iquire id to opeirate i spe icialize id software i or acce iss onlinei 

database is (Cardare illi, 2023). This can cause i le iarning to be i hampe ire id if 

ade iquate i information teichnology training is not provideid as part of thei 

curriculum. 

Succe issful imple ime intation of PjBL in cheimical e ingineie iring oftein 

re iquire is collaboration be itwe ie in scieintific discipline is or e ive in with industry. 

Eiducators may e incounteir obstacle is in e istablishing re ilationships or 

partne irships with reile ivant industry to providei re ial conteixt to proposeid 

proje icts (Sabio & Sabio, 2024). Additionally, proje icts involving inteirdisciplinary 

collaboration can pre ise int coordination challeinge is, wheire i diffe ire ince is in 

me ithodology and teirminology beitweie in are ias of eixpe irtise i neie id to bei 
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harmonize id. This reiquire is additional e ifforts in communication and projeict 

manage ime int that may not yeit be i core i skills for stude ints or eive in eiducators. 

PjBL re iquire is consisteincy in imple imeintation to einsure i its sustainability 

in thei cheimical e ingine ieiring e iducation curriculum. This pre isuppose is support 

from institutions, both in teirms of eiducation policy and budgeit allocation, to 

e insure i that leiarning-base id proje icts are i not just onei-off e iveints. Thei 

involveime int of eiducation administrators and continuity of collaboration 

programs with industry is ke iy to maintaining thei PjBL initiative i. Without long-

teirm commitme int and continuous improve ime int base id on fe ie idback, 

unce irtainty can arisei in achie iving thei e ixpe icteid le iarning outcomeis and in 

maintaining thei re ileivance i of PjBL to thei lateist deive ilopmeints in cheimical 

e ingineie iring (Harida e it al., 2022). 

By paying atte intion to and oveircoming theise i challeinge is, cheimical 

e ingineie iring e iducation can optimize i thei be ine ifits of imple ime inting PjBL to 

produce i graduate is who arei not only acade imically strong but also have i high 

practical skills and profe issional skills. 

 

PJBL Contributes to the Mastery of Competencies by the Modern Chemical 

Industry by Chemical Engineering Students 

Proje ict-Base id Le iarning (PjBL) provide is cheimical e ingine ieiring stude ints 

with thei opportunity to apply the i theiory leiarne id in class to re ial situations, 

which is veiry re ileivant to thei ne ieids of thei modeirn cheimical industry 

(Prybutok, 2024). Through PjBL, studeints are i give in concreite i projeicts that 

re iquire i the i collaborativei application of scie intific and te ichnical knowleidge i. 

This not only improve is theiir unde irstanding of che imical e ingine ie iring conce ipts, 

but also honeis theiir te ichnical skills such as the i use i of spe icialize id software i, 

data analysis, and comple ix proble im solving. By pre ise inting tasks similar to 

thosei found in thei cheimical industry, stude ints can build compe iteincieis that 

are i imme idiate ily applicable i once i theiy e inteir thei job marke it (Prastiyan e it al., 

2023). 

In PjBL proje icts, studeints oftein work in teiams to plan, eixe icute i, and 

e ivaluate i theiir proje icts, which supports thei de iveilopme int of collaborativei 

compe iteincie is that arei e isse intial for thei modeirn cheimical industry. This 

teiamwork e incourage is stude ints to inteiract and e ingage i in productivei 

discussions, le iading to colleictive i solutions that einrich theiir le iarning proce iss. 

This typei of collaboration is particularly valuable i in thei cheimical industry, 

wheire i proje icts ofte in involvei spe icialists from multiple i discipline is (Williams e it 

al., 2022). Through PjBL, che imical e ingineie iring stude ints also leiarn to 
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communicatei e iffe ictive ily across are ias of e ixpe irtise i, an e isse intial skill for 

addre issing thei multidisciplinary challe ingeis oftein face id in thei modeirn 

workplace i. 

Onei of thei main advantage is of PjBL is its ability to pre ipare i stude ints to 

undeirstand and re ispond direictly to thei neie ids of thei che imical industry. Oftein, 

proje icts undeirtake in within PjBL are i base id on reial case i studie is or proble ims 

face id by industry partneirs. Conditions like i this providei stude ints with direict 

e ixpe irie ince i in facing re ialistic and urge int challeinge is that are i appropriate i to thei 

actual industrial conteixt (Deilia, 2022). Theire ifore i, studeints not only leiarn to 

de iveilop theioreitical solutions, but also impleime intable i and sustainable i 

strate igie is. This le iarning dire ictly supports stude ints in translating theiir 

acade imic compe ite incie is into reisults-orieinteid skills that are i highly valueid in thei 

conteimporary che imical industry. 

In PjBL, che imical e ingine ieiring stude ints also have i thei opportunity to 

work with thei lateist teichnologie is that are i wideily use id in thei modeirn cheimical 

industry. Thei application of teichnologieis such as compute ir mode iling, proce iss 

simulation, and automation teichnologie is in theiir proje icts, allows stude ints to 

gain thei skills that today's industry neie ids. This opportunity not only preipare is 

theim to work e iffe ictiveily with advance id e iquipme int and softwarei, but also 

de iveilops theiir unde irstanding of how te ichnological innovation can drivei 

e ifficie incy and sustainability in cheimical ope irations (Cheiong & Hashim, 2023). 

Through PjBL, studeints are i inviteid to not only solvei proble ims, but also 

to ideintify proble ims and de ive ilop innovative i and cre iative i solutions. In a fast-

growing industry like i cheimistry, thei ability to innovatei and adapt is ke iy. 

Studeints leiarn to look be iyond traditional me ithods and are i e incourage id to try 

neiw approache is that can providei more i e iffe ictivei and sustainable i solutions. 

Proje ict-base id le iarning cre iate is an ide ial e invironmeint for eixploration and 

e ixpe irime intation, which is critical in fosteiring innovativei thinking (Ohleimann 

e it al., 2023). 

Anotheir important aspe ict of PjBL is thei continuous monitoring and 

fe ie idback syste im imple ime inte id throughout thei proje ict proce iss. Le icture irs and 

industry me intors are i ofte in activeily involveid in providing re igular e ivaluations, 

which heilp stude ints adjust theiir proce isse is and work me ithods according to 

thei fe ie idback provide id. This proce iss make is it e iasie ir to de iteict e irrors e iarly and 

corre ict thei dire iction of thei proje ict if ne ice issary, as we ill as improving thei 

quality of thei final re isult. Thei succe iss of this approach me ians not only 

achie iving satisfactory reisults, but also de iveiloping studeints' ability to reispond 

to criticism and use i fe ieidback constructive ily in theiir work (Hijriani e it al., 2023). 
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CONCLUSION 

Thei application of Projeict Base id Le iarning (PjBL) in che imical 

e ingineie iring e iducation has prove in to be i an e iffe ictive i me ithod for improving 

stude ints' practical skills. Through this me ithod, studeints not only gain 

theioreitical knowleidge i, but are i also dire ictly involveid in practicum e ixpe irie ince is 

that are i re ile ivant to reial-world challe inge is in thei cheimical industry. PjBL 

facilitate is stude int inteiraction with thei lateist teichnology, promoteis 

teiamwork, and de ive ilops proble im-solving abilitie is. Stude ints arei taught to 

think innovativeily, wheire i theiy not only leiarn to solvei proble ims but also 

ide intify and deive ilop creiative i solutions. In addition, a continuous monitoring 

and fe ie idback syste im e insure is the i de iveilopme int of proje ict quality and 

sharpe ins stude ints' ability to re ispond to criticism and use i fe ie idback 

constructiveily. Oveirall, PjBL pre ipare is cheimical e ingine ie iring stude ints to 

inteigrate i e ifficie intly into thei industrial workforce i with high practical skills and 

a capacity for innovation and adaptation. 
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