
Water Quality Modeling: A Project Based Learning in 

STEM 

Pandu Jati Laksono1* , Evelina Astra Patriot2 , Lili Safarwati1, Okti Lia Alinda1 

1Universitas Islam Negeri Raden Fatah Palembang, Palembang 30126 Indonesia 
2Universitas Sriwijaya, Indralaya, 30662 Indonesia 
*pandujati_uin@radenfatah.ac.id 

Abstract. Project based learning in STEM education provides meaningful 

learning, sharpening skills, and competitiveness in a knowledge-based society. 

The issue of water quality is an exciting issue to be reviewed in life science-based 

projects in STEM education. This research aims to find modeling designs in water 

quality that provide guidance on solving problems in project-based learning. 

Qualitative content analysis methods were carried out in this research. This 

method is designed to condense data into valid interpretations. Data from water 

quality modeling is a project-based learning design carried out by prospective 

chemistry teachers explained in an interpretation. A total of 20 prospective 

chemistry teachers were involved in this research. The data collection technique 

in this research is an analysis of water quality modeling documents. The research 

instrument is a water quality modeling answer sheet, which is filled in by 

prospective chemistry teachers, who then create a project-based learning design. 

The results of the study indicate that constructing model, using model, evaluation 

model, and revision model are the modeling steps used. There are four variables 

that are understood and are the main focus in water quality: pH, conductivity, 

water turbidity and temperature. This model is then elaborated again to obtain 

water quality that is suitable for use. The problem context is focused on the water 

in the Jakabaring lake environment, which is not yet to be optimal in meeting all 

indicators. Prospective chemistry teachers make efforts to solve water quality 

problems by providing water purification designed to purify water.   
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Water quality is a contextual and interesting topic to study in a science learning 
environment. Water is a source of life for people in everyday life, so studying it 
becomes substantial and important. The context of water provides an opportunity to 
learn the importance of analytical methods and how they affect [1]. Water quality 
monitoring is essential for understanding how water safety works and preventing 
water-related diseases [2]. Water quality can be identified by understanding the 
characteristics of water that  suitable for health. [3], [4]. Learning procedures that 
apply scientific phenomena will lead to quality education, especially in water quality 
content [5]. Water quality material can involve various stakeholders in improving the 
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overall quality of learning [6]. Environmental education and water quality monitoring 
can be useful in the development of educational institutions towards water quality 
conservation and monitoring [7], [8]. Water quality can be studied more optimally if 
learning is implemented based on science, technology, engineering, and mathematics. 
In the learning, projects that must be completed by students can be included. This 
helps the recommended water quality testing, training, and communication strategies 
to be implemented effectively to support water quality practices.  

Project-based learning (PBL) has been recognized as a key strategy in the 
implementation of STEM education. In STEM education, projects that are 
systematically designed and implemented with a focus on problem solving can be an 
alternative solution for the future. PBL can improve skills, achievement, and 
competitiveness in a knowledge-based society [9], [10]. This student-centered model 
provides an extension of problem solving to project completion, impacting 
motivation, critical thinking, and science skills in the classroom [11]. In the 
integration of STEM modules with PBL, students' interest, engagement, and personal 
efforts in STEM education can be enhanced [12]. Project-based learning in STEM 
education fosters 21st-century learning skills such as critical thinking, creativity, 
collaboration, information literacy, and leadership, which are essential for addressing 
complex problems such as water quality. [13] In water quality, the use of 
project-based learning can improve critical thinking skills, real problem solving, 
collaborative learning in accordance with STEM education through activities such as 
water quality related projects [14], [15]. STEM and PBL synergize in finding new 
discovery gaps and can be applied to solving water quality material problems in the 
environment.  

The challenges that must be faced in STEM education, especially in project-based 
learning, are about models and modeling. This is important because it provides a 
scheme and description in solving problems that must be solved by students. Models 
and modeling processes, students can bridge the gap between STEM disciplines and 
develop important skills to solve complex problems [16]. In practice, models and 
modeling are not often optimized in learning. This part is often missed because of 
various underlying factors, such as time, understanding of scientific concepts, 
technological limitations, and so on. This problem makes STEM teaching less 
complete. Understanding the nature and pedagogy of STEM education is key to 
overcoming challenges in STEM learning practices. Scientific modeling can be based 
on science, technology, engineering, and mathematics problem situations that are 
better prepared to overcome higher-level intrinsic challenges in integrated STEM 
learning activities [17]. One way to apply STEM modeling is to develop and apply 
mathematical models, which emphasize the importance of digital tools and 
programming in problem modeling [18]. The importance of models and modeling is 
an interesting thing to study, especially in water quality material which involves 
project-based learning. 

Previous research on models and modeling in STEM has been widely reviewed. 
Models in STEM play a role in influencing individual perceptions and aspirations in 
STEM fields [19], [20], [21], [22]. Scientific modeling involves the creation and 
manipulation of representations that simulate real-world phenomena, aiding in 
prediction and scientific explanation [23]. The scientific models included are tools for 
predicting and explaining. In this case, students can develop a deeper understanding 
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of scientific concepts as their understanding develops [24]. The use of this model and 
modeling can be used in water quality which is an issue in this study. Based on the 
previous description, it is concluded that finding models and modeling can find and 
solve problems related to water quality. STEM education with project-based learning 
that uses models and modeling is appropriate because it solves problems in a more 
structured, systematic, and dynamic way. Models and modeling can also represent the 
problems experienced and try to find solutions, thus providing opportunities for 
scientific, high-level, critical thinking based on simulations or the reality that occurs. 
The purpose of this study is to find a water quality modeling design that provides 
guidance for solving problems in project-based learning. 

2 Method 

This research was conducted on 20 prospective chemistry teachers in April-May 
2024. The research used qualitative content analysis, an analysis technique that 
requires systematic categorization and coding of textual data to identify patterns, 
themes, and relationships in the data [25], [26]. This method allows researchers to 
explore the content of texts, understand the underlying meaning, and draw 
conclusions based on the data analyzed. The process of qualitative content analysis 
usually includes steps such as data preparation, coding, categorization, and theme 
development. Qualitative content analysis can gain a deeper understanding of the 
phenomenon being studied and produce rich insights from the textual data analyzed 
[25], [27]. The data collection technique in this study is the analysis of project-based 
learning documents and water quality modeling. This modeling document is in the 
form of data from https://sagemodeler.concord.org/ and field studies conducted to 
review water quality. The research instrument is in the form of a water quality 
modeling answer sheet filled out by prospective chemistry teachers, who then create a 
project-based learning design. Data analysis is carried out by identifying answers and 
patterns in the data.  

3 Result and Discussion 

STEM education using project-based learning can be a solution in solving problems in 
the water quality unit. Water quality is a theme that is relevant to everyday life. Even 
in several studies have emphasized that project-based learning with STEM can 
improve critical thinking skills and scientific work skills [15], [28]. Involving students 
in hands-on projects related to water treatment activities can effectively encourage the 
development of skills in science, technology, engineering, and mathematics [29]. In 
the application of water quality, it is divided into groups that compile project-based 
learning with the STEM education system. This group provides a design in the form 
of a project as in table 1 below: 

Table 1. Water quality project design 
PjBL Water Quality 1 PjBL Water Quality 2 
Basic Questions:  
How healthy is the water around you? 

Problem Recognition: 
Is the water around us safe for consumption? 



Water Quality Modeling: A Project Based Learning in STEM 611

How do you know if the water 
quality is healthy? 

Are there any factors that affect water quality? 

Create a Project Design: 
The Project Design is made by solving 
water quality problems that are in 
accordance with STEM education using 
scientific modeling, scientific 
explanation 

Designing Project Planning: 
The project is made with STEM-PjBL. Identify 
water quality by comparing the quality of 
drinking water and the quality of water around 

Create a Schedule: 
The project is implemented in 2 weeks 

Compiling a Project Schedule: 
The project is implemented in 2 weeks 

Monitor Project Progress: 
Weekly progress, monitoring progress 
every week 

Implementation and Monitoring of the Project 
Conducted by lecturers, weekly progress that 
has been completed 

Result Assessment: 
Assess progress, findings, and 
presentations 

Testing the Results (Presentation): 
Presentation of the water quality unit 
influencing factors 

Experience Evaluation: 
Evaluate the results of the water quality 
testing project 

Evaluation and Reflection: 
Evaluation is carried out with project 
improvements and follow-up plans for water 
quality 

From the table above, the integration of project-based learning in STEM education, 
especially in the water quality unit. We can see that, in the project-based learning step 
there is no significant difference between groups 1 and 2 in the water quality project 
plan. In this project, prospective chemistry teachers are faced with the quality of water 
around them at the stage of determining the problem or basic questions. This step is 
expected to be the right way for prospective chemistry teachers to solve problems that 
have been encountered based on projects. The application of project-based learning in 
STEM education has been shown to increase student creativity, problem-solving 
skills, and mastery of concepts [30], [31], [32]. Research shows that project-based 
learning is a dominant and effective strategy in implementing STEM education, 
because it not only improves students' skills but also prepares them to compete in a 
knowledge-based society [9]. Project-based learning in STEM has been shown to 
have a positive impact on students' attitudes and aspirations towards education [33]. 

STEM and project-based learning are something that can be integrated and become 
a relevant choice in contextual learning. Extended projects relate to real problems or 
questions in society, and project-based learning gives students the opportunity to 
investigate questions that are considered meaningful in the real world [34]. Through 
STEM project-based learning activities, educators can create meaningful learning 
experiences that influence students' future career choices and encourage active 
exploration of STEM topics [35]. In STEM, ongoing inquiry to explore complex and 
interesting phenomena in depth can be done together. Collaborative projects that 
address real-world problems such as water quality issues deepen understanding of 
STEM concepts and develop essential 21st-century skills [30]. After seeing the 
urgency of project-based learning in water quality. The next discussion is to see the 
content analysis of the answers of prospective chemistry teachers about how they 
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model water quality using scientific modeling. There are 4 parts of constructing 
model, using model, evaluation model, and revision model. 

3.1 Constructing Models 

Water is the main source of life that is important to see its quality. However, in 
modeling water quality, initially prospective chemistry teachers are still fixated on 
seeing water physically such as smell, taste, color, clarity, and foam. In this context, 
they have not worked as scientists as expected in STEM education. This can be seen 
from the answers given by prospective chemistry teachers about water quality as seen 
in Table 2. 

Table 2. Water quality (Modeling 1) 

Indicator Good Water Quality Poor Water Quality 
Smell Odorless Smells like earth, rotten 

Taste Tasteless (provides a taste 
when drunk) There is a metallic, bitter taste 

Color Colorless Brown, red, green, black 
Clarity Clear/colorless Cloudy 
Froth Non-foaming There is foam, lots of air bubbles 

Based on the answers above, prospective chemistry teachers divide water quality 
into two categories, namely good and bad quality water. The focus of the answers 
given is the physical description of the water seen. This initial modeling has not 
provided factual data on the expected water quality as a scientist would. The answers 
above are general modeling that even laypeople can answer. Modeling must be based 
on the problem situation of science, technology, engineering, and mathematics to be 
better prepared to overcome higher-level intrinsic challenges in integrated STEM 
learning activities [17]. Modeling water quality involves a variety of approaches that 
can be used to understand, predict, and manage water conditions in an ecosystem [36]. 
The use of modeling was then carried out and returned to the prospective chemistry 
teachers. They were faced with the question "How do experts determine water 
quality? What can we do to determine water quality?" This is a driving question that 
is expected to provide an update from the previous modeling. The use of scientific 
models and modeling mechanisms can be used as a major aspect of the transformation 
of global science education to improve the perception and cognition of scientific 
principles [37]. This activity is the beginning of modeling, namely constructing a 
model, which is then continued with the use of the model. 
3.2 Using the model 

The use of the model begins with a discussion of the previous answers made by 
prospective chemistry teachers. They began to find several terms that are closely 
related to the field of chemistry. These terms are what they then concluded as water 
quality variables. The requirements of this variable are that it can be measured by 
simulation, and the data is known when the field test is carried out. In the first 
variable, prospective chemistry teachers agree on the selection of the degree of 
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acidity, commonly known as pH. In the second variable, prospective chemistry 
teachers determine the presence of temperature as a variable that affects water quality. 
In the third variable, prospective teachers try to find a scientific term for clarity which 
then gets the name Total Dissolved Solid (TDS). Next, from the colored water, they 
try to find out about the case of colored water that it is possible that it contains metals 
that can conduct electricity. From various literatures, this fourth variable is chosen, 
conductivity. Even prospective chemistry teachers also submitted one example of 
water quality again, namely O2 in water. Finally, five water quality variables were 
obtained, namely pH, temperature, TDS, conductivity, O2 in water. Scientific 
modeling involves the reconstruction of models for scaffolding learning and 
conceptual understanding, emphasizing the importance of metaknowledge, and 
practical elements in the process [38]. The prospective chemistry teachers then began 
to design scientific modeling to help the PjBl process that would be carried out. The 
revised answer modeling obtained from prospective chemistry teachers is summarized 
as follows in  

Table 3. Water quality (revised modeling) 

Variabel Good Water Quality Poor Water Quality 
pH 6,5-8,5 Too sour (1-5), Too Basal (10-14) 

conductivity 0-200 μS/cm (low
conductivity)

201-1000 μS/cm (mid-range
conductivity)

TDS 0-100 ppm 101-500 ppm
Temperature 10-25 C Cloudy

Dissolved O2 6-8 mg/L 5 mg/L dangerous, 3 mg/L critical,
1 mg/L organism death

The study was conducted by prospective chemistry teachers to find the standard of 
each variable that indicates that the water quality is good. The degree of acidity of pH 
so that the majority of aquatic organisms can live in a water condition ranges from 
6.5-8.5. Too acidic pH containing metal will have a bad impact on aquatic organisms 
[39]. On the other hand, water with high pH levels that are too alkaline can also pose 
challenges for aquatic organisms. Carbonate alkalinity, salinity, and pH are significant 
stressors for aquatic animals and impact aquatic plants [40], [41].  Conductivity 
affects water quality. Conductivity is the ability of a material or solution to conduct 
electricity, the higher the ion content in water the higher the electrical conductivity. In 
the environment, conductivity measurements are essential for evaluating freshwater 
and saltwater mixing, flow hydrographs, and mapping contaminated groundwater. 
[42]. TDS is the total amount of dissolved solids in a solution, usually water. These 
dissolved solids include inorganic salts (such as calcium, magnesium, potassium, 
sodium, bicarbonate, chloride, and sulfate) as well as some organic matter dissolved 
in water. The presence of TDS in water sources, often from sources such as sewage, 
can significantly contaminate drinking water, posing a risk to public health [43]. 
Monitoring TDS levels is essential to differentiate between clean and polluted water 
sources, thus helping in establishing an effective water quality monitoring system 
[13]. Water quality is influenced by temperatures that are not too hot and not too cold 
because it has an impact on organisms and the ecosystem in it. Water temperature is 
an important factor that influences water quality parameters and aquatic ecosystems 
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[44]. Temperature variations can affect water quality by influencing the behavior of 
natural parameters [45]. Dissolved oxygen is the amount of free oxygen available in 
water. Dissolved oxygen is essential for aquatic life, including fish, invertebrates, and 
microorganisms. Dissolved oxygen levels are affected by factors such as temperature, 
atmospheric pressure, biological activity, and pollution. Changes in temperature can 
have a direct impact on key indicators of water quality such as dissolved oxygen (DO) 
and biochemical oxygen demand (BOD) [46]. River water temperature (RWT) and 
dissolved oxygen (DO) are important indicators for assessing the health of river 
ecosystems [47]. 

The above water quality modeling cannot be simulated yet, it is still focused on the 
concept of variables that affect water quality. Various modeling approaches have been 
developed to simulate and predict water quality parameters, helping the 
decision-making process related to water quality management. One of them is the use 
of the SageModeller platform, which integrates various modeling techniques to 
analyze and predict conditions. The SageModeller platform allows the integration of 
various modeling methods, such as moving averages, dynamic changes, and static 
water quality [48]. The software is content-free, meaning that students can create 
complete models that will run, even if the model is inconsistent with the scientific 
explanation of the phenomenon being modeled. SageModeller can provide 
comprehensive insights into water quality dynamics and facilitate the development of 
optimal management strategies for water interception systems [49]. SageModeller 
allows simulation of various water quality parameters, including dissolved oxygen, 
nutrients, organic matter, and pH, in different water systems such as lakes, reservoirs, 
and rivers [50], [51]. The SageModeller platform offers a versatile and comprehensive 
approach to water quality modeling, integrating a variety of techniques, and models to 
effectively analyze, predict, and manage water quality parameters. Water quality 
modeling is shown in Figure 1 below: 

     Fig. 1. Modelling water quality in sagemodeler 
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Sagemodeler above is designed with a representation of pH, conductivity, oxygen, 
temperature, and TDS with various images according to the display above. This 
representation is to facilitate the identification of the project or the next step. 
Sagemodeler is also practical in modifying the variables in it. Model analysis is still 
focused on the first level of variables that affect water quality. Furthermore, this 
model will be tested in the field, and then move on to the model evaluation stage. 

3.3 Evaluation Model 

Evaluation Model is carried out by prospective chemistry teachers on previously 
created models. This evaluation provides changes and improvements to the model 
compared to before [52]. In the evaluation of the model, there was a change in the 
number of variables to only 4 because for the Dissolve Oxygen test there was no tool 
that supported the field test, so a reduction was carried out to only 4 variables. The 
previous driving question also triggered questions again from prospective chemistry 
teachers if the variables could still be influenced by other causes because there is a 
causal relationship in each phenomenon. Finally, reformulating what things affect the 
four previous variables can be seen in Figure 2.  

Fig 2. Evaluation modelling water quality 

The prospective chemistry teachers finally reformulated the modeling. This 
evaluation resulted in a simple and systematic modeling. [53]. This water quality 
modeling: 1. Heat pollution occurs due to deforestation, surface heat and the presence 
of factories, 2. TDS increases due to dissolved soil and factories, 3. High conductivity 
occurs due to increased temperature, salinity, water pollution, 4. The pH is not neutral 
because the environment is too alkaline due to alkaline materials and the presence of 
organic materials that are acidic.[54]. After completing the simulation modeling, the 
project is continued to conduct practical testing. Practical testing provides 
reinforcement for previous evaluations for model improvement [55].  
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3.4 Revising Model 

Revising the model is done by monitoring the water quality in Jakabaring Lake. This 
monitoring is part of a project that must be completed. After seeing the simulation 
with SageModeler, they tried to find a phenomenon that could be obtained from water 
quality tests in the field. The results of this water quality test are real tests and the data 
can be seen in table 4. 

Table 4. Water quality test results 

Location Point 1 Point 2 Point 3 Point 4 Point 5 

Colour Deep 
green Green Brown Yellow Green 

Stream Stagnant 
water 

Stagnant 
water 

Stagnant 
water 

Stagnant 
water 

Stagnant 
water 

Soil Brown Brown Brown Brown Brown 

Organism - Fish,
Reeds

Water 
Hyacinth, 
Lotus, 
Reeds 

Water 
Hyacinth, 
Cogongrass 

Lotus, 
Water 
Hyacinth, 
Reeds 

Ph 4,14 4,12 4,37 4,21 6,31 
ns/cm 215 225 278 212 187 
TDS 113 113 135 106 93 
Temperature (oC ) 31,2 30,4 31,5 31,2 30,5 
Oil No No No Yes No 

Based on the data above, the analysis was carried out qualitatively and 
quantitatively. Qualitative can be seen from the color of the water, flow, surrounding 
soil, and organisms on the surface of the water flow. The selected quantitative data 
was then focused on four main variables, namely pH, Conductivity, TDS, and 
Temperature as evidence that it is the basis for identifying water quality. Field 
analysis also found that variables that affect water quality are also influenced by other 
factors. This is what makes it necessary to revise the final model in order to obtain 
modeling results that are appropriate for water quality testing. This modeling revision 
produces water quality, as shown in the table below: 

Table 5. Water quality (Revising Modeling) 

Variable Revision Modeling 

pH 

1. The pH of water is affected by organic materials/organisms around the lake flow.
Dead organisms/plants will produce acid which will affect the pH of the water

2. The pH of water is affected by alkaline compounds spilled into the water due to
home industries, washing activities and so on.

3. The recommended pH for water quality is 6.5-8.5

Conductivity 

1. Conductivity is affected by temperature, the higher the temperature the greater
the increase in conductivity 

2. Conductivity is affected by salinity, salinity is directly proportional to the
increase in conductivity
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3. Conductivity is affected by factory activity

TDS 

1. TDS is influenced by dissolved soil, the more dissolved soil the higher the TDS
2. TDS is influenced by industrial activities in the surrounding area which can

increase pollution so that it is directly proportional to TDS
3. TDS is influenced by household activities which produce household waste, the

more it affects the quality of TDS.

Temperature 

1. Temperature is affected by the deforestation of trees/plants around the stream,
the more cases of deforestation there are, the more it is directly proportional to
the increase in temperature.

2. Temperature is affected by factory activities, factory activities that produce
production waste can increase the temperature in water/water.

3. Temperature is affected by surface heat, the higher the surface heat, the more it is
directly proportional to the increase in temperature.

This modeling shows that there are four variables that affect water quality. These 
variables are also influenced by the surrounding conditions which are correlated with 
the results of water tests. The method in this modeling is in line with the principles of 
constructivism, emphasizing active student involvement, and social interaction to 
achieve learning objectives [56]. Project-based learning has been shown to be 
effective in improving scientific attitudes, problem-solving skills, and levels of 
self-efficacy [57], [58], [59]. Modeling in scientific modeling gives students the 
opportunity to work collaboratively, manage resources effectively, be actively 
involved in the learning process, and foster participatory thinking [60]. In 
project-based learning, it is expected that there will be engineering products used in 
solving problems from the modeling above. Prospective chemistry teachers make 
efforts to overcome water quality problems by providing a water purification design 
that is useful for purifying water. This design is in the form of filtration that can filter 
solids and purify water better than before [61].  

4 Conclusion 

Project-based learning can be an option in STEM learning because it promotes 
various interdisciplinary learning objectives. This learning enhances critical thinking 
skills through analysis of water quality variables, trains scientific investigation skills 
through model testing and revision, integrates theoretical knowledge with simulation 
and field practice. PjBL has been successful and aligned with STEM because it 
achieves a comprehensive understanding of water quality and the interdisciplinary 
learning process. Model construction looks at water quality physically such as smell, 
taste, color, clarity, and foam. Using Models can be used to understand the 
relationship between phenomena, finally obtaining water quality variables, namely 
pH, conductivity, temperature, TDS, Dissolved Oxygen. Evaluation model is carried 
out by further simulation with SageModeler by looking at the factors that affect water 
quality variables. Condition adjustments are made by reducing dissolved oxygen 
because there are no measuring instruments for field tests. Model revision is carried 
out by practicing in Lake Jakabaring to see the variables that affect water tests and 
organoleptic tests of water quality. The results of this water quality test are continued 
by revising the final stage model. The final variables in the revision are pH, 
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conductivity, temperature, TDS. The follow-up project carried out is the refinement of 
the product engineering to be designed. A prospective chemistry teacher tries to solve 
the water quality problem by providing a water purifier designed to purify water. 
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