
Journal of Physics: Conference Series

PAPER • OPEN ACCESS

The implementation of project-based learning in STEM activity (water
filtration system) in improving creative thinking skill
To cite this article: Z R Ridlo et al 2020 J. Phys.: Conf. Ser. 1563 012073

 

View the article online for updates and enhancements.

This content was downloaded from IP address 36.82.97.33 on 17/08/2020 at 13:15

Digital Repository Universitas JemberDigital Repository Universitas Jember

https://doi.org/10.1088/1742-6596/1563/1/012073
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuVs-an3eG98VYttjIyDxRw1jhSu-r9MlLJoQKAvsCaJ8M0WdbKtfZhAEbKEbpnADOw-V2lRIm8HCtbByy_FnQkbP39EZkOjnmbpGgiY8_Zlb3_BGWeLHnMlcfl7b4rZfUHRr42Vn9NYueNR-YUHENzLZvgMAvw8BA0Lc33rah_R_WwCo4wH2iai0MQaNDV8bqJKIMmGr3dk75l-Md68_mlYIzoUbFW2GBXmHFMHy9ZZhyaBebM&sig=Cg0ArKJSzKDblOTXHBDR&adurl=http://iopscience.org/books
http://repository.unej.ac.id/
http://repository.unej.ac.id/


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICOLSSTEM 2019

Journal of Physics: Conference Series 1563 (2020) 012073

IOP Publishing

doi:10.1088/1742-6596/1563/1/012073

1

 

 

 

 

 

 

The implementation of project-based learning in STEM 

activity (water filtration system) in improving creative 

thinking skill 

Z R Ridlo
1
, U Nuha

1
, I W A Terra

1
 and L Afafa

1
 

1
Natural Science Education, University of Jember, Indonesia 

 

Email: zainur.fkip@unej.ac.id 

Abstract. This research is concerned with  STEM activity making water purifier filter.  The 

experiment class applies project-based learning, while the traditional class is taught using 

conventional teacher talk or explanation. This research used triangulation methods. The 

quantitative methods were applied to analyze student achievement tests according to creative 

thinking skills in making water filtration design. The qualitative method was applied using 

observation of student activity, presentations, and interviews for selected students. The student 

achievement test was analyzed and coupled with pretest and post-test quasi-experimental 

research. The collected data were analyzed using inferential statistics in the form of an 

independent sample t-test to express creative thinking skills. The result of the pre-test indicated 

the sig (2-tailed) of 0.965, with a significant value of 5% (p>0.05). This result indicated two 

classes were homogenous. The data analysis of the post-test indicated value of sig (2-tailed) 

0.00 where p≤0.05, which implied the student achievement test on creative thinking skills 

criteria in the experimental class was better than that in the control class.  

1.  Introduction 

The 21
st
 century leads us to focus attention on the dynamic change of the world. The global issues, 

climate changes, industrial, and huge economic development become the trigger for better education 

to prepare the next generation of the country [1.2]. Those problems facing today’s society mostly 

emerged from science, technology, engineering, and mathematics. The STEM (Science, Technology, 

Engineering, and Mathematics) education potentially benefits for individuals and for the nation [3]. 

STEM education is an interdisciplinary approach to learn science, technology, engineering, and 

mathematics in contexts that enabling literacy [4]. Science is the knowledge about the world and its 

phenomena together with the behavior to get the rationalization about the natural phenomena. 

Technology is about how something can be used or applied based on practical knowledge [5]. 

Engineering is the logic and the technique used to design and construct something that works with 

some systems. Mathematic is the knowledge about the numbers, symbols, formulas, and the 

relationships among the quantities with the exact precision [6]. STEM points the way students 

thinking about real-life problems. The students that learn the STEM concept obtain the chance to 

enhance their thinking skills relate to solving the problems by doing the learning activities [7]. 

One of the most suitable instructional practices for 21
st
-century teaching is Project-Based Learning 

(PBL). PBL is an instructional model that promotes the real-world problem as the project to engage 

the learning content to the students in the context of solving the problem on the cooperative work 

situation. Learning activities through the PBL spark the students’ motivation in learning and teamwork 
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that will also increase the collaborative skills of the students. In general, the instructional approach in 

project-based learning consists of some activities of students to finish the problem given. In PBL, 

students need to identify and seek the important thing to solve the problem, demonstrate their 

knowledge by developing the various project, and communicate their solutions for the problem to the 

others [8]. PBL presents the contextual and genuine experiences for students to construct the good 

concepts of science, technology, engineering, and mathematics. Furthermore, project-based learning in 

STEM can stimulate students to critically and analytically think that can improve the higher-order 

thinking skills of students [9]. 

Creative thinking is one of the skills that students need to had to face the 21
st
-century competencies 

[10.11]. Creative thinking represents the ability of the cognitive process to generate a novel idea 

through fluency, flexibility, originality, and elaboration thinking [12.13]. According to Sternberg and 

Lubart in [14], creative thinking is the ability to generate novel, excellence, and good ideas. Creative 

thinking skills highly related to divergent thinking, which is also underlying the creative thinking 

itself. Divergent thinking is the ability to generate some unique ideas as the solution of the given 

condition composed of fluency, flexibility, originality, and elaboration ability [15]. Standardized 

divergent thinking test designed to assess creativity with the criteria of fluency (generate many ideas). 

The flexibility (generate various ideas), originality (generate uncommon ideas), and elaboration 

(develop an idea by adding the details) [16]. Creativity should be educated in the socio-cultural 

environment, which is present in the inquiry science in the class [13]. Through STEM education, 

creativity can be fostered in the inquiry environment of the activities [17]. 

The reduction of water resources becomes the concern of almost every country in this world. The 

increasing global water consumption that much higher than the growth of the human population leads 

to a huge lack of safe drinking water [18]. The main potable water sources are from surface water, 

groundwater, and the groundwater that directly influenced by surface water, such as shallow wells. 

The surface water originally formed by the precipitation of rainfall or snow, which commonly easy to 

find and is not tainted minerally by the earth’s coat. Along with the easy access of surface water, it has 

the disadvantages of easily contaminated by microorganisms and chemical pollutions [19]. 

Improving water quality present both socially and economically beneficial for every country. Water 

purification becomes the solution to remove the main pollution from most water sources so that the 

clean water can be provided [20]. Safe drinking water is the water that does not indicate any 

significant health risk over a lifetime consumption in any life stage. Therefore safe-drinking water has 

some indication including acceptable in taste, odor, and appearance. The optimum pH required for 

drinking-water usually in the 6.5-8.5 range to provide the stability of water and minimize the corrosion 

that may be occur. The ideal drinking-water should have no visible color, which most people can 

detect color above 15 true color units (TCU) so that the safe-drinking water levels color should below 

15 TCU. The acceptable taste of drinking-water normally in a total dissolved solids (TDS) level of less 

than about 600 mg/l and become significantly not good at the TDS level above 1000 mg/l. The 

turbidity in water caused by precipitated particles or colloidal matter is measured in nephelometric 

turbidity units (NTU), which in the level above 4.0 NTU is visible. However, the safe drinking water 

for the surface water treatment systems should achieve less than 0.3 NTU to ensure the effectiveness 

of disinfection [21].  

Most surface waters contain organic and inorganic particles, which most of the contained 

microorganisms are bad for health. Filtration used in water treatment provides the improvement of the 

water clarity by removing the impurity particles. Filtration also removes the contained pathogens by 

entangling with chemical disinfection. Filtration defined as any process removing the suspended 

particles from a liquid by flow the suspension through a porous medium. The filtration process that 

commonly used is granular filtration. Granular filtration provides a bulky bed of granular material 

such as sand as the porous medium and can be distinguished as rapid and slow sand filtration. The 

rapid filtration is 50 to 100 times faster than the slow sand filtration. In rapid filtration, granular media 

modified to a more identical size than which naturally found, then follow with other advanced features 

such as coagulation pretreatment, backwash removal, and a depth filtration [22].  
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The learning process to be held in this research will conduct the students to get the good reason as 

the basis for them to conserve the water as the natural source. They need to create a proportional 

relationship of the multistep ratio and percent problems based on the water filtration system that they 

want to build. The students also need to prove the design and give the rational reason for their project, 

whether it works well or not. From those descriptions, we believe that project-based learning in a 

STEM activity in making water purifiers can improve the creative thinking skill of the students.  

 

2.  Methods 

The purpose of this research to explore the profile of student creative thinking skills under the 

implementation of the Project-Based Learning model of teaching. The methods are using qualitative 

and quantitative methods. Quantitative methods are used to analyze student achievement tests and the 

design of a water filtration system in solving problems related to STEM activity [34]. Qualitative 

methods are used to analyze data from the results of observation conducted on students to find out 

their creative thinking skills. The independent variable of this research is the PBL model. The 

dependent variable is student learning outcomes in making water purifier STEM activity. The research 

design uses two classes composed of control classes and experimental classes selected by purposive 

random sampling and examined using a pre-test and post-test using the following design. 

Table 1. Design of Research using Mix Methods 

Group Pre-test Treatment Post-test 

Control Class 

n=35 Student 

(10 males and 25 females) 

 

   -    

Experiment Class 

n=30 Student 

(8 males and 22 females) 

   X    

         = both groups were examined using a pre-test in order to find out their thinking 

skills, which was expected to be at the same level. 

    = the post-test result of the control class. 

    = the post-test result of experiment class 

 

2.1 Population 

In this study, the population used was fourth-semester students from the Faculty of teacher training 

and education at the University of Jember. Next, class selection uses cluster sampling to randomly 

select two classes. The total number of students in this study was 65 students, with ages ranging from 

19-21 years.  

 

2.2 Instrument 

The instruments used in this study were task, observation sheets, interviews, and questionnaires. The 

observation of student activity sheets in both classes using a Likert scale from the interval of level 1 

until 5 5 (very active), 4 (active), 3(hesitate), 2(inactive), 1(very inactive). The instrument/observation 

sheet was validated by the expert.  

 

2.3 Task 

In this study, students in both classes were given tasks water filtration system included in STEM 

activities. In the experimental class, project-based learning is applied. While in the controlled class, 

teaching still uses conventional methods with direct instructional methods. The application of STEM 

in the design of the water filtration system divided into four parts in Science, Technology, 

Engineering, and Mathematics. The field of science requires students understanding of acids and bases 

concept that related to water quality and the density concept that related to water filtration. The field of 
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technology requires students to find out information about how to design and develop the water 

filtration system. The field of engineering requires students to design an effective and efficient water 

filtration system. The field of mathematics requires students to carry out calculations related to the 

design of a water filtration system. 

 

3.  Result 

 

3.1 Pretest Result 

The teaching and learning process gives the result of implementation PBL in STEM activities in 

Experiment class compares with the control class that using traditional method analysis using 

independent sample t-test. The result of the pretest score from control and experiment class is a normal 

distribution, which means the class is homogenous. The total number of students in both classes is 84 

students (42 student experiment class and 42 student control class). The further analysis explained by 

statistic software (SPSS). The result of the Pre-test scores significantly different between control class 

and experiment class, as seen in Table 2. 

Table 2. The table display pre-test results and mean value control class and experiment class 

 
 Class N Mean Std. Deviation Std. Error 

Mean 

Pretest 

Score 

Control 42 51.38 6.73162 1.03871 

Experiment 42 51.45 8.04318 1.24109 

The significance value is significant to analyze and get a decision from the data display. The 

significant value used 5 % or 0.05. The average achievement test in the control class is 51.38, with a 

Standart deviation of 6.73162, and the average achievement test in the experimental class is 51.45, 

with a standard deviation of 8.04318. The different mean of a control class and experimental class is 

not significant. 

Table 3. The comparison of pre-test results and mean value control class and experiment class 

 Levene's Test 

for Equality of 

Variances 

t-test for Equality of Means 

 F Sig. t df Sig. 

(2-

tailed) 

Mean 

Diffe

rence 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Prete

st 

Scor

e 

Equal 

variance

s 

assumed 

2.275 .135 -

.0

44 

82 .965 -.071 1.618 -3.29 3.14 

Equal 

variance

s not 

assumed 

  -

.0

44 

79.

532 

.965 -.071 1.618 -3.29 3.14 

Table 3 shows the analysis of the pretest from the experimental class and control class. The result of 

the t-test indicates value od significant (2-tailed) 0.965 with criteria of significant value is 0.05. 
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According to the criteria of homogeneity, statistic means the two classes are homogenous because of 

the value of sig (2-tailed) bigger than 0.05. 

3.2 Post-test result 

The table below (Table 4.) displays a comparison of post-test results and the mean value from the 

control class and experiment class. Mean from control class reach 75.2619with Standart Deviation 

value 6.02458, while the mean of experiment class reaches 80.7143 with Standart Deviation value 

5.93578. The information from Table 4 shows that there is a significant value between two classes 

indicated with the value of t in Levene’s Test score  -4.178, according to the value of p < 0.005. 

Table 4. Comparison of Post-test result form control class and experimental class 

 

Group Statistics 

 Class N Mean Std. Deviation Std. Error Mean 

Post-test 

Score 

1.00 42 75.26 6.02458 .92961 

2.00 42 80.71 5.93578 .91591 

Table 5. The Comparison of the post-test score between experimental class and control class based on 

independent sample t-test. 

 

 Levene's Test 

for Equality 

of Variances 

t-test for Equality of Means 

 F Sig. t df Sig. 

(2-

tail

ed) 

Mean 

Diffe

rence 

Std. 

Error 

Differe

nce 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Post-

test 

Scor

e 

Equal 

variance

s 

assumed 

.16

9 

.682 -

4.1

78 

82 .00 -5.45 1.305 -8.048 -2.85 

Equal 

variance

s not 

assumed 

  -

4.1

78 

81.

982 

.00 -5.45 1.305 -8.048 -2.85 

 

Table 5. also shows the result of the independent sample t-test indicates the significant value of 

0.000 (p ≤ 0.05). Thus it is significant. The conclusion that two classes have differences in terms of 

student creative thinking test after implementation of RBL is STEM activity to design a water 

filtration system. The student activity in the experimental class observed by ten observers and related 

to creative thinking skills. The total result of observation student activity from the control class and 

experimental class shown in Figure 1 and Figure 2 below.  
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Figure 1. Student profile of Creative thinking skills in control class 

 

Figure 2. Student profile of Creative thinking skills in experiment class 

STEM activity in water filtration system related to science concept that is the density of water, 

acidity, and criteria of quality water, science concept has 54% activity in STEM. The field of 

technology requires students to find out information about how to design and develop the water 

purifier. The implementation of technology has 22% in a STEM activity. The field of engineering 

requires students to design an effective and efficient water purifier that has 11% in a STEM activity. 

The field of mathematics requires students to carry out calculations related to the design of the water 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


ICOLSSTEM 2019

Journal of Physics: Conference Series 1563 (2020) 012073

IOP Publishing

doi:10.1088/1742-6596/1563/1/012073

7

 

 

 

 

 

 

filtration system has 13% in a STEM activity, the description of STEM activity in the water filtration 

system shown in Figure 3. 

 

Figure 3. STEM activity in making water filtration system 

The design of the water filtration system by the student under the implementation of PBL 

have various design  

 
(a)       (b) 

 

54% 

22% 

11% 

13% 

Science 

Technology 

Engineering 

Mathematics 
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(c)       (d) 

Figure 4. Design of water filtration system from Student 

 (a) water filtration system with combination of cotton charcoal and sponge, (b) water filtration system 

with combination of cotton, sand, charcoal, and cotton, (c) water filtration system with combination of 

sponge, cotton, charcoal, zeolite, sponge and tissue, (d) design of water filtration by student 

 

 

 

 

 

 

 

 

 

(a)      (b) 

Figure 5. The result of the water filtration system 

(a) Before filtration Ph of water is 5, (b) after the filtration process, the quality of water is increase 

according to water quality criteria with water pH is 7. 
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Figure 6. The filtration procees by student 

4.  Discussion 

The result shows that there was a difference between student creative thinking skills in two classes 

after implementation of RBL is STEM activity to design a water filtration system. Course taught using 

STEM achieves higher creative thinking skills than another class. This result is in line with previous 

research findings, a STEM education instructional model fostering creative thinking abilities [23]. 

STEM also could foster divergent thinking. [24] suggests that if teachers apply the teaching strategies, 

they can positively influence a student’s divergent thinking, one of the important aspects of creativity. 

Divergent thinking is highly related to creative thinking. These skills are important in the professional 

and education world. Content knowledge and creative use of knowledge are needed for the student to 

apply their knowledge to solving problems with the different situations [25.26]. Creative thinking skill 

is developed for the student to face real-world careers and challenges [23]. In four aspects of the 

creative thinking skill that observed, only one aspect in the control class is higher than the experiment 

class. It is inquisitive. Other aspects such as imaginative, persistent, and discipline are higher in 

experimental class than control class. 

Student makes different water filtration system. Their product is different for every group. It is 

shown that every group is thinking creatively to solve a problem about water filtration. Research has 

shown that creative thinking is influenced by various circumstances, including whether work is 

collaborative [27]. From the design, students made a water filtration system from familiar things 

around them. Creative thinking is related to the ability to create and make something that already 

exists into something new [28]. The designs are unique for every group. [29] stated that creative 

thinking is a form of expressing oneself in a unique way. [30] stated that classrooms in which teachers 

fostered student creativity show student achievement gains. Although creativity that only product-

oriented is only limits creativity [31]. 

STEM as the classroom instruction provides instruction for students to think creatively. The teacher 

posts a problem about purification of water and ask students to make water filtration system. It is 

inline with [32] that teachers can encourage and ask students to offer multiple and varied solutions to 

complex problems. “E” in STEM means engineering. When engineering is approached in schools 

project based learning, students need to collaborate, think critically and creatively, and communicate 

with one another [33], that was also explained as 21
st
 century skills. 
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Based on the results of this research, the researcher recommends to implement STEM especially 

for the science subject to solve environmental problems or others. Implementing STEM also foster 

students creative thinking skills. This creative thinking skill needs to be fostered because it is one of 

the 21
st
 century skills. In fact, students’ creative thinking skills need to be trained through learning 

from the early age. 

5.  Conclusion 

The result of this research support theory and previous research that there are creative thinking skill 

differences. Class taught using STEM achieves higher creative thinking skills than another class. In 

four aspects of the creative thinking skill that observed, only one aspect in the control class is higher 

than the experiment class. It is inquisitive. Other aspects such as imaginative, persistent, and discipline 

are higher in experimental class than control class.  

This research was limited to the water filtration project in undergraduate students. The research 

may be continued on another science project or another subject in undergraduate students. Future 

research also can be focused on other thinking skill, such as problem-solving skills or metacognition. 

The research could be focused on other skills that could be developed by STEM.  
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