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ABSTRACT    

Scientific creativity is an important competency in higher education, especially in science and 

technology. Various practicum models have been developed to increase student creativity. This 

article aims to systematically review the effectiveness of various practicum models in increasing 

students' scientific creativity. The method used is a systematic literature review of articles from 

relevant accredited national journals and reputable international journals in the last 10 years. 

The results of the review showed that project-based learning, discovery learning, open inquiry, 

OPPEMEI, and the use of interactive media/virtual laboratory models have a positive impact on 

increasing students' scientific creativity. The Project-Based Learning model has been proven to 

be effective and consistent in improving students' scientific creativity. The implication of these 

findings is the need for the integration of effective practicum models in the Higher Education 

curriculum to develop students' scientific creativity. 
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INTRODUCTION 

The development of the world very quickly encourages all humans to change their lives, 

including the development of science and technology, especially in the field of education 

(Fitriani et al., 2024). Education is one of the important aspects in life because it is able to 

produce humans who are needed for the future (Asy’ari & Hamami, 2020). To achieve this, 

development is needed in the world of education, namely through self-development and 

directed and programmed student abilities (Rawung et al., 2021). In a research by (Mukarramah 

et al., 2021), adjusting the education curriculum is one of the government's focuses in facing 

many challenges in the 21st century. The adjustment of the education curriculum certainly aims 

to improve student skills, namely communication skills, collaboration, scientific creativity, and 

critical thinking). One of the skills that need to be developed in students currently is scientific 

creativity (Umam & Jiddiyyah, 2021). Scientific creativity is an essential competency in 21st 

century higher education. Students are not only required to understand knowledge content, but 

also to be able to create innovative solutions based on their knowledge (OECD, 2018). Creativity 

refers to a student's ability to develop and implement new ideas that may be unusual or even 

seem strange, but still logical in the context of learning. Creativity is often considered a natural 

talent possessed by certain individuals, while others do not, and is the result of various forms of 

education (Munandar et al., 2019). Based on the context of science and technology education, 

scientific creativity includes the ability to think divergently, ask critical questions, and 

independently design and evaluate scientific experiments (Hu & Adey, 2002). 

A learning model that is believed to be able to encourage the development of students' 

scientific creativity is practicum(Hermansyah et al., 2017). Practicum is one of the significant 

ways to increase students' scientific creativity (Gunawan et al., 2017). Practicum not only 

introduces students to empirical experience, but also opens up space for exploration, 

interpretation of data, and testing of new ideas. This is in agreement with (Widiarini et al., 2024) 

that learning will be more effective if students are in direct contact with the objects being 

studied and objects in the surrounding environment. Unfortunately, many practicums are still 

procedural and rigidly structured, which potentially limits the space for student creativity (Aini 

et al., 2020) ; (Simamora & Hutagalung, 2021). In addition, the utilization of today's technology-

based equipment with and without networks is still limited.  

As a response to these limitations, various alternative practicum models have been developed, 

including: Project-Based Learning (PjBL), Discovery Learning, Open-Ended Laboratory, and the  
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use of virtual laboratories/interactive media (Rahman et al., 2011). For example, the PjBL model 

is able to encourage students to complete real projects that are relevant to the world of work 

and daily life, while integrating knowledge among fields (Saad & Zainudin, 2022). Project Based 

Learning is “A learning process that directly involves students to produce a project (Sari & 

Angreni, 2018). Basically, this learning model develops solving skills in working on a project that 

can achieve a product. Moreover, discovery learning requires students to discover scientific 

principles or concepts by themselves through explorative practicum experiences (Abrahamson 

& Kapur, 2018). Discovery learning is a learning model where students discover information 

independently and actively participate in learning (Ardianto et al., 2019). The discovery learning 

model consists of several stages which include the stimulation stage, the problem statement 

stage, the data collection stage, the data processing stage, and the data verification stage (Jana 

& Fahmawati, 2020). The discovery learning model can increase students' creativity and ability 

to find a concept (Yuliana, 2018). Furthermore, a model that can be used to increase student 

creativity using the Open-Ended Laboratory model. In 2008, the Open-Ended Laboratory model 

has been used as an effort to provide a learning environment that is suitable for the needs of 

students in increasing creativity. Department of Chemical & Process Engineering Universiti 

Kebangsaan Malaysia implements open ended laboratory for students who are studying in the 

first semester. This has been implemented since the 2008/2009 academic year. The use of this 

learning model aims to enable students to build new ideas and communicate them through the 

creativity of each student (Rahman et al., 2011).   

Research by (Liu et al., 2024) showed that the integration of digital media in practicum, such as 

virtual laboratories, has a significant impact on the development of creativity with an effect size 

of 0.596. This indicated that not only pedagogical approaches, but also technological 

innovations have a contribution in supporting students' scientific creativity. In Indonesia, several 

studies have shown the effectiveness of innovative practicum models on student creativity. For 

example, research by (Putri & Handayani, 2024) showed that the use of the PjBL model in a 

waste management course was able to increase students' scientific creativity by 27%. In 

addition, (Ekaputra, 2023) noted an increase in creativity of up to 88.3% in students who took 

practicum with a discovery learning approach. 

Scientific creativity is the ability to generate new and original ideas in a scientific context, which 

includes critical thinking, problem solving and innovation. In higher education, developing 

students' scientific creativity becomes one of the main goals, especially in the field of science 

and technology. Practicum is one of the learning methods that can be used to develop students'  
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scientific creativity. Various practicum models have been developed and implemented to 

increase learning effectiveness and student creativity. This article aims to systematically review 

the effectiveness of various practicum models in increasing students' scientific creativity. The 

results of this study are expected to provide guidance for educators in designing learning 

strategies that are more effective and relevant to the needs of students in this modern era 

through what learning models are effectively used. 

METHOD  

In this article, a Systematic Literature Review (SLR) approach is used to systematically identify, 

evaluate and synthesize all relevant research evidence to answer the research questions that 

have been previously set. SLR is a structured and transparent research method that aims to 

provide a comprehensive overview of a particular topic or phenomenon by collecting and 

analyzing existing literature objectively and systematically. The SLR method involves several 

main stages, including the formulation of specific research questions, literature search through 

academic databases, study selection based on inclusion and exclusion criteria, study quality 

assessment, relevant data extraction, and data synthesis and analysis to draw valid and 

justifiable conclusions (Triandini et al., 2019). This systematic literature review was conducted in 

three phases, namely planning, collecting and analyzing relevant articles from accredited 

national and reputable international journals (Latifah & Ritonga, 2020). Inclusion criteria 

included: 

1. Articles that discuss practicum models in the context of Higher Education. 

2. Articles that examine the effect of practicum models on student scientific creativity. 

3. Articles published in the last 10 years. 

Article searches were conducted through the Publish or Perish (PoP) software to obtain samples 

to be used in this study. After going through the selection process, a number of articles were 

obtained that met the criteria for further analysis. The number of samples used was 30 articles 

obtained from Scopus, Google Scholar, accredited national journal portals, and reputable 

international journals. The distribution of the samples studied is shown in the following 

diagram: 
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Diagram 1. Research Data Distribution 

RESULT AND DISCUSSION 

Based on the screening of articles on the effectiveness of practicum models, articles were 

obtained with several learning models applied. The articles obtained were extracted and data 

analysis was carried out such as author's name, journal name, article title, research method, 

and research results. The following are the results of data processing on the effectiveness of 

practicum learning models by applying various additional models presented in the table below: 

Project-Based Learning Model 
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Table 1. Article Review Data on the Effectiveness of the Project-Based Model  

No. Article Identity Result 

1. (Zainudin, 2016)  Project-based Laboratory Learning (PjBL) is effective in 
improving students' scientific creativity compared to direct 
learning. 

2. (Putri & Handayani, 
2024). 

Learning using the PjBL model effectively increases creativity 
by 27% and student learning outcomes. 

3. (Sirait et al., 2023) Students' creativity in the Basic Physics course can be 
effectively increased by implementing a project-based 
learning model. 

4. (Pan et al., 2023) The group of students who were treated using the project-
based learning method had superior creativity compared to 
other students, so it was concluded that the use of the 
method was effective.   

5. (Hidayati et al., 2024)  
 

The using of the PjBL method effectively increases student 
creativity at each meeting. 

6. (Wicaksana & Sanjaya, 
2022); (Wahyuningsih et 
al., 2021)  

The implementation of the PjBL learning model effectively 
increases student creativity in online courses and offline 
learning processes. 

7. (Lesmana et al., 2023)  The implementation of the PjBL model effectively affects the 
increase in student creativity as evidenced by the results of 
hypothesis testing, namely by statistical testing. 

8. (Shalihah et al., 2020) ; 
(Setyarini et al., 2020) 

Project-Based Learning is effective in improving students' 
creative thinking skills in solving contextual division problems 
and can effectively to improve students' creative thinking 
skills in nursing courses. 
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Model Discovery Learning 

Table 2. Article Review Data on the Effectiveness of the Discovery Learning Model  

No. Article Identity Result 

1. (Juniarso, 2020) The results showed that creative thinking taught using 

discovery learning was more effective than classical learning. 

2. (Bahtiar et al., 2022)  The discovery learning model in science practicum effectively 

encourages students' creative and critical thinking skills. 

3. (Ekaputra, 2023) ; 
(Ekaputra, 2024) 

The implementation of the discovery learning model in 

inorganic chemistry practicum is effective in increasing 

student creativity by 88.3% and There is a significant 

increase in 4C skills through practicum learning with a 

discovery learning model. 

4. (Mulbar et al., 2021) Learning discovery learning with a scientific approach 

effectively gives a good and positive influence on students' 

mathematical creative thinking skills. 

6.  (Haris, 2023) Discovery Learning model is effective in terms of 
mathematical creative thinking ability and students' interest 
in mathematics. 

7.  (Jauziati et al., 2024); 

(Istiqomah & Suparman, 

2020) 

The discovery learning model is considered effective to be 

implemented in classroom learning, because this learning 

model requires students' ability to cooperate with others 

and be creative. 
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Open Inquiry Laboratory Model 

Table 3. Article Review Data on the Effectiveness of the Open Inquiry Laboratory  Model  

No. Article Identity Result 

1. (Chinn & Malhotra, 

2002) 
The open inquiry laboratory model effectively supports the 

formation of scientific independence and creativity because 

students are directly involved in the investigation process 

like real scientists. 
 

2. (Munandar et al., 2019) Inquiry learning through practicum based on lesson study is 

effective in improving mastery of the concept of respiration 

system and student activity during the learning process. 
 

3. (Kadir et al., 2017) The using of Open-Inquiry Laboratory approach effectively 

improves students' mathematical creative thinking skills. 
 

4. (Destino & Cunningham, 

2020) 

The inquiry-laboratory model is effective in making students 

more creative in the process of problem solving and critical 

thinking. 

5. (Rattanakit, 2021) The inquiry-laboratory model effectively helps develop their 

abilities in critical and creative thinking, problem solving, 

and laboratory skills. 

 

OPPEMEI Model 

Table 4. Article Review Data on the Effectiveness of the OPPEMEI  Model  

No. Article Identity Result 

1. (Tri Agustiana et al., 
2020) 

This model is effective in improving students' creative 

thinking skills. 

 

2. (Bahri, 2017) Mathematics learning using the Predict-Observe-Explain 

learning model has a significant effect on students' KBKM. 

 

 

 

 

 

 

Interactive Media and Virtual Laboratory 
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Table 5. Article Review Data on the Effectiveness of the Interactive Media and Virtual Laboratory  

No. Identitas Artikel Hasil yang Diperoleh 

1. (Liu et al., 2024) Virtual laboratory technology is effective in providing a 
moderate positive impact on enhancing student creativity, 
with a combined effect size of 0.596. 
 

2. (Tawil & Sukarna, 2024) The using of computer simulation software in science 
practicum during the COVID-19 pandemic significantly 
increased student creativity. 

3. (Widiarini et al., 2024) The results showed that the use of Tinkercad virtual 
laboratory based on project assessment was effective in 
increasing student creativity. 
 

4. (Sugiharini et al., 2019) The results showed that learning based on practical 
methods and interactive video observation methods was 
effective in improving student learning outcomes and 
creativity. 

 

Based on the results of the above review, the practicum learning process with various models 

used provides varying effectiveness in increasing students' scientific creativity. There are several 

learning models that can be identified, namely project-based learning (PjBL), Discovery 

Learning, Open-Inquiry Laboratory, OPPEMEI, and Interactive Media/Virtual Laboratory. The 

project-based learning model provides assistance to students to improve their creative thinking 

skills. Project-based learning model is also effective to be used in improving students' scientific 

creativity. 

The implementation of the discovery learning model provides a gradual increase in demanding 

students' ability to be more creative. The discovery learning model associated with the scientific 

approach will provide a good effectiveness for increasing students' scientific creativity. The 

similar thing also occurs when using the open-inquiry laboratory model, where this model is 

quite effective in developing students' ability to think critically and creatively. Inquiry learning 

through lesson study-based practicum is also very effective in increasing student activity.  

 

 

 

 

Similarly, the other two models can have a positive impact on increasing students' scientific 

creativity. 
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CONCLUSION 

Practicum models such as PjBL, discovery learning, open inquirylaboratory, OPPEMEI and 

interactive media/virtual laboratory have proven effective in increasing students' scientific 

creativity. The effectiveness of the model is influenced by the implementation context, 

infrastructure support, and educator readiness. The combination of project-based approach and 

digital technology is highly recommended for the integration of 21st century higher education 

curriculum. 

The implications of the results of this study indicate the need for: 

1. Educators design practicum activities based on exploration and real problem solving. 

2. Higher education institutions provide digital facilities support and innovative pedagogy 

training. 

3. Researchers conduct further studies with a mixed approach to evaluate the effectiveness of 

the practicum model in more depth. 
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