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 The learners’ conceptual understanding has become one of the leading 
research areas conducted by educational researchers. Both students and 
current educators should actively work to improve their understanding of 
alternative conceptions and deepen their conceptual knowledge. One of the 
essential concepts in chemistry learning is colligative properties. This 
research is a literature review that discusses vapor-pressure lowering and 
boiling-point elevation, parts of colligative properties concept. The method 
used a meta-analysis review that combined the results of multiple studies 
that required a systematic approach to research of the literature.  
A preferred reporting items for systematic reviews and meta-analysis or 
known as PRISMA process was used for study selection. The following 
literature review was summarized based on various studies from Indonesia, 
United States of America (USA), Turkey, and Greece. The aims of this 
review were to provide important details from several previous studies to 
help researchers obtain complete sources. The findings were also expected to 
provide the learner with the correct understanding of chemistry, especially in 
vapor-pressure lowering and boiling-point elevation concepts. 
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1. INTRODUCTION 

The students’ conceptual understanding may vary from person to person, even though they studied 
the same learning. Students that misapplied the learning concept are often considered to have poor cognitive 
skills. Despite the fact that students understood the basic knowledge or concept, they are not quite right in 
applying it to another case [1]–[3]. The accurate conceptual understanding is obtained from basic knowledge 
formed, improved, added, and revised repeatedly [4]. Aspects closely related to conceptual understanding 
include knowledge of facts and procedures, connection and transfer of expertise, meaningful learning, and 
metacognition [5], [6]. Given these aspects, conceptual understanding relies on an ongoing learning process 
[7], [8]. The ongoing or continuous learning process is the process of learning new skills, abilities, and 
knowledge continuously. Continuous learning can come from various forms of challenge and evaluation at 
each stage. 

https://creativecommons.org/licenses/by-sa/4.0/
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Chemistry is held as one of the demanding study subject for almost every learner: students, teachers, 
and even researchers [9]. There are two main reasons for these difficulties, first, because it is an abstract topic 
and second, because words are used for different meanings. The problems are attributable to the lack of 
students, teachers, and researchers understanding the role of multiple representations. As the essential part of 
science education, multiple representations aid to build and communicate the understanding of abstract 
concepts [10]. Knowing chemistry with three levels of representation will remain intact the learners’ 
understanding, even help them grasp how the world operates [11]. However, those complicated reasons for 
not acknowledging the multiple representations lead learners into an incomplete learning process. 

The learners’ inadequacy of accepting the learning process ultimately leads to forming alternative 
conceptions [10]. The alternative conceptions meaning how students think about understanding almost the 
entire process of the phenomena but cannot wrap up the conclusion of those [1], [3], [12], [13]. Alternative 
conceptions have preoccupied teachers and educational researchers with revealing students’ conceptual 
understanding. Understanding how to enhance teaching to reduce the adoption of alternative conceptions is 
thus a challenge for teachers and researchers [14]. 

Many studies in education discuss the alternative conceptions in chemistry learning, one of which 
focuses on the content of the solutions [15]–[17]. Some of the conceptual domains in solutions in which most 
research has been conducted are factors affecting solubility [15], [18]–[21], solutions of electrolyte [22]–[25], 
colligative properties [15], [26]–[29], and colloids [30]–[32]. The solutions content is challenging to 
understand because of their sophisticated reasoning and comprehensive phenomenon in operational 
definitions [26], [27], [29], especially on colligative properties. Research on colligative properties has not 
been discussed much, compared with other topics (chemical bonding, chemical equilibrium, chemical 
kinetics, or acids and bases). Therefore, reference studies on the learners’ alternative conceptions of 
colligative properties are still limited. 

The colligative properties of solutions are one of the chemical topics in senior high school, with a 
significant level of misunderstanding [27], [33]. Students’ comprehension on the colligative properties of the 
solution has so far primarily been on the mathematical aspects, even though it has conceptual and algorithmic 
characteristics [26], [34], whereas there are ways to show colligative properties, experimentally or 
theoretically [35]. The meticulous scientific learning that combines experiment and theory forges the 
learners’ not only to grasp the comprehension concepts and avoid rote memorization, but also to acquire and 
construct knowledge. The meaningful learning wields the concept, so that learning can actively engage 
students to gain direct experience and make the learning worthwhile for them [36]. Not only among students, 
but the misunderstanding in colligative properties also occurs among teachers [15], [16], [26], [29]. 

As mentioned previously, there are specific topics in the solutions that chemistry students find 
harder to acknowledge. One active zone of research on alternative conceptions is colligative properties.  
This article aims to synthesize students’ and prospective teachers’ alternative conceptions in various studies 
at all levels. 

 
 

2. RESEARCH METHOD 
A systematic approach with a meta-analysis research method was used in this literature review. The 

systematic approach determined whether the learners’ conceptual understanding problem was consistent 
across all studies and discovered which future studies were needed to solve problems. The following process 
identified any empirical evidence that met the pre-established inclusion criteria to address a research question 
or assumption [37]–[39]. Since this paper required any information on a topic or evidence to support a 
hypothesis aimed at conceptual understanding of research data, crucial stages were needed in writing the 
review [40], [41], they are: i) Identify research questions; ii) Identify relevant studies; iii) Select studies;  
iv) Table findings; and v) Summarize and report on findings. The analysis followed the preferred reporting 
items for systematic reviews and meta-analysis or known as PRISMA process for article review and 
selection, that is shown in Figure 1 [40], [42]. 

A total of 86 records focusing on solutions topics were retrieved through the database journal 
search. The other six records were retrieved through learning outcomes of the 1st-3rd grade undergraduate 
students. From the manual review of the articles’ titles and considering the duplication, there were leaving 69 
records in the identification step. The screening stage was conducted by reviewing the abstract of solutions’ 
articles. The records that passed the screening process should contain the types of alternative conceptions or 
misconceptions the research subject owns. The process obtained 57 records regarding alternative conceptions 
and misconceptions on solutions learning material (factors affecting solubility, solutions of electrolyte, 
colligative properties, and colloids). In the advanced screening process, 12 records were excluded and 45 
records of colligative properties topics were left to the eligibility round. The 45 records selected for the 
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eligibility round were full-text reviewed until obtained the specific topic. After all, the full-text review 
excluded 32 records and included 13 records of articles based on perceived fit to eligibility criteria.  

 
 

 
 

Figure 1. PRISMA flowchart for retrieval process [40], [42] 
 
 
The final selected articles focus on the learners’ conceptual understanding of vapor-pressure 

lowering and boiling-point elevation. The review may provide insight into unfamiliar research and reveal 
what has been done well [43]. The paper was produced as a preliminary stage for a further research project 
on colligative properties, especially in vapor-pressure lowering and boiling-point elevation concepts. 
Moreover, this can also be a source of further research on alternative conceptions about freezing-point 
depression and osmotic pressure.  

 
 

3. RESULTS AND DISCUSSION 
3.1. Alternative conceptions about vapor-pressure lowering and boiling-point elevation in high school 

students 
Colligative properties are included in solutions’ learning material [44]–[51] and those are vapor-

pressure lowering, boiling-point elevation, freezing-point depression, and osmotic pressure. Students and 
prospective teachers find that the colligative properties of solutions are challenging. This finding is apparent 
from the 2016 National Examination results, which revealed that about 30-40% of students in Indonesia 
mastered the colligative nature and scored above the standard of minimum completeness [52]. The contents 
of colligative properties are abstract, engaging, and relevant to daily life.  

The abstract nature of the material made it difficult for students to grasp the concept, resulting in 
poor students’ and prospective teachers’ learning outcomes. The learning model’s inadequacy or tools might 
contribute to poor learning outcomes and many alternative conceptions [53]–[55]. Some researchers 
investigated students’ alternative conceptions about colligative properties, especially in vapor-pressure 
lowering and boiling-point elevation. The alternative conceptions that appear in Indonesian high school 
students were reported by Fauziah et al. [27] and Anugerah et al. [56]. The designated study using a digital 
three-tier multiple-choice diagnostic test expressed that those students had problems because of the 
electrolyte and nonelectrolyte solutions [27]. Meanwhile, another study found eight alternative conceptions 
about vapor-pressure lowering and boiling-point elevation. Some students were only familiar with 
mathematical concepts compared to theoretical ones, so their conceptual understanding was limited. The 
information was given from the static visualization learning media [53].  
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Zikovelis and Tsaparlis [28] investigated 11th-grade upper-secondary students in Greece. The work 
was carried out using a teaching procedure called problem categorization scheme, splitting the subject into 
two groups (experiment and control class). Some problem categorizations were tabulated, focusing on the 
solutions’ vapor pressure and boiling point. The research’s main aim was to develop theories or models that 
could explain the interaction between problems and their solutions in colligative properties topic. As the 
results were only preliminary, much remained to be investigated in further research. The summarize of the 
high school students’ alternative conceptions about vapor-pressure lowering and boiling-point elevation is 
shown in Table 1. 

 
 

Table 1. The alternative conceptions of vapor-pressure lowering and boiling-point elevation held by high 
school students 

No. Alternative conceptions Theoretical conceptions Sources 
1. Water has an instantaneous vapor pressure when 

the water evaporates and has a vapor pressure in 
an open container 

A liquid is said to have vapor pressure when the rate 
of evaporation equals the rate of condensation. Liquid 
has vapor pressure if it is in a closed container 

[53], [57] 

2. Evaporation process needs heat and depends on 
the temperature of its environment. If the 
temperature of its environment is higher, 
evaporation happens. If it is lower, it does not 

Evaporation occurs when the partial pressure of water 
in the air is less than the saturated vapor pressure of 
the environment and evaporation can occur at room 
temperature of 100°C. When the environment 
pressure pushing down, it is difficult for water to 
escape into the atmosphere as vapor 

[57], [58] 

3. Water in a closed container evaporates, and the 
water vapor formed does not condense 

In a closed container, the more liquid molecules 
evaporate, the greater the chance for molecules in the 
vapor to condense 

[53] 

4. The water molecules in the solution are 
challenging to evaporate because the solute 
particles prevent evaporation 

The presence of solutes in the solvent increases the 
intermolecular forces on these particles, so the bonds 
formed are more robust, and the solution is more 
difficult to evaporate 

[27], [53] 

5. Vapor-pressure lowering of a solution can occur 
in a solution containing a volatile solute 
 

A solution with a nonvolatile solute has a lower vapor 
pressure than the vapor pressure of a pure solvent. In 
contrast, a solution of a volatile solute has a higher 
vapor pressure than the vapor pressure of a pure 
solvent 

[53] 

6. The harder it is for a liquid to evaporate, the 
greater its vapor pressure 
 

The more difficult it is for a liquid to evaporate, the 
fewer molecules of the liquid in the gas phase, so the 
lower the vapor pressure 

[53] 

7. In the process of evaporation, solution turns into 
air 

Evaporation takes place when a liquid substance 
becomes a gas and escapes into the atmosphere. That 
liquid substance is solvent, while solute stays 

[27], [58] 

8. Evaporation does not occur if boiling does not 
occur 

There are different factors that affect evaporation and 
boiling procces. Evaporation depends on the pressure 
comparison of water and environment, meanwhile 
boiling depends on temperature 

[53], 
[57], [58] 

9. Pure water always boils at 100°C and solution 
above 100°C 
 

The boiling point of a liquid is reached at a specific 
temperature when the vapor pressure of the liquid is 
equal to the vapor pressure of the atmosphere. Thus, 
pure water, as well as solution, does not always boil 
at 100°C or above, but can be greater or less than 
those temperature, depending on the atmospheric 
pressure 

[53] 

10. Boiling-point elevation occurs because the solute 
blocks the surface of the solution, which leads to 
an increase of the boiling point of the solution 

The presence of solutes in the solvent increases the 
intermolecular forces on these particles, so the bonds 
formed are more robust, and the solution is more 
difficult to boil 

[27] 

11. Boiling point elevation can occur in solutions 
containing volatile solutes 
 

The intermolecular forces in solutions with volatile 
solutes are weaker than the intermolecular forces in 
pure solvents. As a result, the solvent molecules in 
the solution more easily leave the solution, and the 
boiling point of the solution is lower than the boiling 
point of the pure solvent 

[53] 

12. The rise of the boiling point is explained by the 
molecular mass of the solution or the addition of 
a solution with a boiling point higher than its 
solvent 

Boiling-point elevation of a solution depends only on 
the quantity of dissolved solutes, but not on the 
chemical identity of the solute 

[27], [28] 

13. Both the electrolyte and the electrolyte solution 
at the same concentration will give the same 
boiling point 

The electrolytes are treated slightly different from the 
electrolytes. One compound of a nonelectrolyte 
dissolves in water will form one molecular compound 
or dissolved particle. However, when one compound 
of an electrolyte dissolves in water, it normally forms 
more than one of dissolved particles 

[27], [28] 
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Another research conducted by Kirbulut and Beeth [57] pointed out the concepts of the United 
States high school students using a phenomenological method with interview. The result indicated that 
students had inconsistencies in linking theoretical principles related to the concepts with daily phenomena. 
Related to Coştu et al. [58] findings, students in Turkey had been taught the fundamental concepts studied in 
evaporation. Revealing the students’ ideas, predict-discuss-explain-observe-discuss-explain or PDEODE 
teaching strategy were used. After all, they still did not have a thorough understanding of how they relate to 
each other, nor did they routinely invoke their understanding of evaporation concepts. 

 
3.2. Alternative conceptions about vapor-pressure lowering and boiling-point elevation in pre-service 

and prospective chemistry teachers 
The latter alternative conceptions occurred in pre-service and prospective chemistry teachers. Yalcin 

[16] discussed the survey findings of pre-service primary science teachers in Turkey. The research on the 
phase transition of water revealed that they had an insufficient understanding and common alternative 
conceptions of vaporization and any effect related to temperature and pressure. The results indicated that pre-
service teachers’ understanding of the learning material concept was relatively low, and they held some 
alternative conceptions. None of them used a microscopic representation approach or phase diagram of water 
to solve the problems or tests. 

One predecessor research conducted by Canpolat et al. [59] investigated Turkey’s prospective 
teachers’ alternative conceptions of vaporization and vapor pressure. The results reflected that the general 
view of prospective teachers did not gain the concept meaningfully. In the advanced research about boiling-
point elevation [26], it was noted that there were significant learning gaps at the conceptual level among 
prospective teachers. In another study, Tümay [29] investigated their mental model of vapor pressure. Three 
faulty mental models were found as a result. Those faulty mental models indicated the participants’ 
alternative conceptions of either entities or their properties and relationships in the system. Here is Table 2 
that selected and depicted the alternative conceptions held by pre-service and prospective chemistry teachers. 

 
 

Table 2. The alternative conceptions of vapor-pressure lowering and boiling-point elevation held by pre-
service and prospective chemistry teachers 

No. Alternative conceptions Theoretical conceptions Sources 
1. A liquid must be heated to vaporize, and the 

maximum temperature is 100°C 
Liquid will vaporize when the partial pressure of 
water in the air is less than the saturated vapor 
pressure of the environment. Meanwhile, water will 
boil when the vapor pressure equals atmospheric 
pressure, typically at 100°C 

[16], [59] 

2. Vaporization starts with boiling or else, liquid 
boils because of vaporization 

Vaporization starts when the partial pressure of water 
in the air is less than the saturated vapor pressure of 
the environment. The boiling point of a liquid is 
reached at a specific temperature when the vapor 
pressure of the liquid is equal to the vapor pressure of 
the atmosphere 

[59], [60] 

3. In the equilibrium system with a constant 
volume, the temperature change has no impact on 
the quantity of liquid or vapor 

Liquid-vapor equilibrium in a closed container tends 
to reestablish at a certain point, and the amount of 
vapor varies according to volume or temperature 

[16], [29] 

4. When the water temperature increases in a closed 
container, all the liquid water will vaporize 

When the system reaches equilibrium, the liquid 
water and vapor phases will evaporate and condense 
at the equal rate 

[16] 

5. The water’s state transition depends only on the 
temperature 

Pressure in the system also affects the phase 
transition of water 

[16], [60] 

6. The vapor pressure of a liquid is a function of the 
total number of vapor particles 

Vapor pressure of the liquid is directly dependent on 
the number of particles per unit volume 

[29], [59] 

7. The vapor pressure is excelled only to the surface 
of the liquid 

Vapor pressure acts in all directions, not only 
downwards or upwards 

[29], [59] 

8. The vapor pressure depends on the amount of the 
liquid 

A liquid’s vapor pressure never changes in order to 
the amount of the liquid. The vaporization depends 
on saturated vapor pressure 

[59] 

9. Vapor-pressure lowering of electrolyte solution 
greater than nonelectrolyte solution because there 
are more particles of electrolyte that covers the 
surface of solution 

Vapor-pressure lowering of a solution depends only 
on the quantity of dissolved solutes, but not on the 
chemical identity of the solute. The presence of 
solutes in the solvent increases the intermolecular 
forces on these particles, so the bonds formed are 
more robust, and the solution is more difficult to 
evaporate 

[55] 

10. The boiling-point elevation occurs because of the 
interaction between water and salt particles 

The boiling-point elevation occurs between every 
particle in the solution: solute-solute particle, solute-
solvent particle, solvent-solvent particle 

[26] 
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Table 2. The alternative conceptions of vapor-pressure lowering and boiling-point elevation held by 
pre-service and prospective chemistry teachers (continued) 

No. Alternative conceptions Theoretical conceptions Sources 
11. The change in boiling temperature of higher-

density liquids would be larger than that of 
lower-density liquids 

The boiling temperature of liquids stays constant and 
does not change. The change only occurs in the 
solution 

[26] 

12. The boiling temperature is not constant as boiling 
point of water is lower than salt 

The boiling temperature of the water is constant at its 
boiling point under constant pressure. Meanwhile, 
salt is solid, so it has a melting point, not a boiling 
point 

[26] 

13. The boiling temperature is not constant because 
part of the heat will be devoted to salt 

Adding the solute to the solvent is only one factor in 
the temperature changes. The solvent and solute do 
not boil independently from each other 

[26] 

14. The boiling-point elevation of the electrolyte and 
nonelectrolyte solution is different because of the 
chemical characteristic of the substances 

The electrolytes are treated slightly different from the 
nonelectrolytes. One compound of a nonelectrolyte 
dissolves in water will form one molecular compound 
or dissolved particle. However, when one compound 
of an electrolyte dissolves in water, it typically forms 
more than one of the dissolved particles 

[55] 

15. Molality is used in calculating boiling-point 
elevation, not molarity. It is because the solvent’s 
mass is used as the amount of substance, not the 
volume of the solvent 

Molality is used, not molarity because molality is 
independent of temperature; in contrast, molarity is 
not. To determine the boiling point elevation, the 
amount of the substance must not change at any 
temperature change 

[55] 

16. Salt and sugar would create impurities in 
solution, but the molecular dissolution of sugar 
cannot be the reason for increasing the boiling 
point 

Salt solution is electrolyte, sugar solution is 
nonelectrolyte. Both electrolyte and nonelectrolyte 
solutions affect the colligative properties 

[61] 

17. Acid and base solutions do not show colligative 
properties 

Acid and base solutions are kind of electrolyte and 
always affect the colligative properties, even just a 
slight 

[61] 

 
 

That was consistent with Sinaga et al. [11] findings. The students’ acknowledgement at the 
microscopic or molecular level in electrolyte and nonelectrolyte solutions of the colligative properties was 
the weakest compared to the other representation levels. The fact was that while they were getting close to 
the answer, they still could not fully acknowledge the concept. The research using dialogic teaching showed 
that students might not be able to transfer the conceptual understanding of the textbook to a specific case of 
boiling point and pressure [60]. Others stated that a limited amount of literature had been found in which 
relevant literature on colligative properties [61]. In reviewing the literature, as mentioned earlier, there were 
many alternative conceptions that existed. 

 
3.3. Teaching implications in vapor-pressure lowering and boiling-point elevation  

In almost all science majors, colligative properties of solutions were one topic in an introductory 
chemistry course. Within the course of implementation, the learners’ alternative conceptions of vapor-
pressure lowering and boiling-point elevation were often found. The summarized alternative conceptions 
included understanding the concept of vapor pressure correlated to the molecular illustrations of the 
evaporation and condensation, boiling point and its process, the effect of electrolyte and nonelectrolyte 
materials on the solvent, and molecular forces between particles of the solutions. Since the concept of 
colligative properties was built upon the fundamental principles of the particulate nature of matter, this 
understanding of behavior at any level (macroscopic, submicroscopic, algorithmic) appeared important in 
understanding subsequent concepts in chemistry. 

A lot of studies revealed students had struggled in understanding colligative properties, yet still held 
several alternative conceptions, although they had learned the particulate nature of matter concepts. These 
alternative conceptions seemed to resist attempts to change them over time, despite heightened education in 
chemistry. Students passed from one year to another without completely understanding the fundamental 
concepts, especially in vapor-pressure lowering and boiling-point elevation. Rectifying the learners’ 
alternative conceptions was a crucial step to take, not only for students, but also for pre-service and 
prospective teachers. Being aware of and concern for alternative conceptions in the topic allowed researchers 
to anticipate some of the challenges for not only students, but also teachers may face. 

After the learners’ alternative conceptions on vapor-pressure lowering and boiling-point elevation in 
the reported literature were investigated and presented, a couple of suggestions for teaching were made. For 
each result found, the recommended learning can be specifically different. Indonesian high school students 
experienced difficulties due to electrolyte, nonelectrolyte solution, and solution mixture [27]. From the 
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interviews, students’ alternative conceptions tended to be included in the low category. The average 
percentage of students’ alternative conceptions in vapor-pressure lowering got 8.64% and 8.82% in boiling-
point elevation content. The study suggested that teachers needed to consider the possibility of students’ 
mistakes to anticipate the case. 

Another research said that static visualization media was an effective way to eliminate students’ 
alternative conceptions [53]. Through the media, alternative conceptions reduction in students was about 
73.1% in vapor-pressure lowering and 75.0% in boiling-point elevation topic. Both contents above were 
considered as a high category. On the other hand, students’ persistence of alternative conceptions was 
categorized as low, with 11.0%. Using static visualization media that was arranged coherently, starting from 
the basic concept to the next concept, made it easier for students to understand the phenomenon of colligative 
properties of solutions, which are primarily abstract. 

There was a recommendation from research on United States high school students. The interview 
data highlighted students’ difficulties in explaining the concepts of boiling and vapor pressure. Some 
practical implications were that students should be expected to link concepts at multiple representation levels 
and to present them into everyday phenomena. The study propounded that metaconceptual teaching 
activities, including mind mapping, journaling, and discussion inside and outside class, were helpful for 
students to connect the concepts [57]. In Greece, problem solving teaching method can be useful for 
categorizing each content issue involved. From problem categorizing, there was an outcome of a knowledge 
base that contributed to successful problem solving for students’ cognitive, affective, and psychomotor. 
These students constructed on their mental representations of problems given, resulting in the proper 
categorization [28]. 

Another teaching strategy called PDEODE was implemented in a chemistry class in Turkey [58]. 
There were three types of items to assess students’ conceptual change during learning, there were multiple-
choice test items, two-tier diagnostic test items, and open-ended test items. The results showed that the 
PDEODE learning activities provided students with conceptual change towards more scientific ones. That 
teaching strategy effectively and straightforwardly reduced the number of alternative conceptions students 
carried about evaporation. However, no statistically significant differences proved that the teaching method 
enabled students to reserve their conceptual understanding in long-term memory. 

In contrast to research on students, research conducted on pre-service and prospective chemistry 
teachers had a more profound and broader application pattern. Pre-service and prospective chemistry teachers 
were the spearhead of education; therefore, their conceptual understanding must be correct in detail. 
Therefore, improvements to alternative conceptions and misconceptions must also be carried out broader and 
more in-depth, depending on their difficulties.  

The results of one study revealed that Turkish prospective teachers had some insufficient conceptual 
understanding and alternative conceptions of vaporization and the effect of pressure and temperature on the 
water’s phase transition [16]. Only 7.4% of the total students clearly understood about those effects on the 
phase transition in water. About 45.4% have misunderstandings and rather significant alternative 
conceptions, referring that students have difficulty understanding the concepts. Students indicated they 
achieved algorithmic understanding rather than mastered the microscopic approach to interpreting the 
questions. They need to understand fundamental chemical ideas before teaching progressive ideas. The study 
findings provide valuable knowledge for researchers and teacher trainers. 

Another study’s conclusion from Turkey described prospective chemistry teachers’ mental model of 
vapor pressure [29]. The study results showed that only 14.1% of participants had successfully built a 
scientific model to explain the vapor pressure of liquids under various conditions. As previously described, 
there are three faulty mental models of vapor pressure possessed by most of the participants. Microscopic 
illustrations or animations as a support of practical experiences perchance the challenges and information of 
learners’ mental model. Other than practical experience, engaging learners in the argument was 
recommended to help them learn about their and others’ mental models. The identified mental models had 
devised the more effective pedagogical approach that encouraged the scientific models’ creation. 

The prior results of the study about misconceptions of vaporization and vapor pressure [59] and 
colligative properties [26] of Turkish prospective chemistry teachers reflected the general view of their 
preconceptions weaknesses. Preconceptions had influenced the interpretation and understanding of new 
knowledge. Teachers should increase the opportunity to replace misconceptions with a clear understanding of 
scientific concepts by linking existing and emerging teacher knowledge. Furthermore, misconceptions may 
come from the textbook. To avoid common misconceptions, textbook writers should give more consideration 
to the detailed content. More suggestions that the textbook should come up with molecular or microscopic 
representation and in-depth conceptual exercises to provide learners in understanding the phenomena of 
colligative properties. 

The learning strategy called the dialogic teaching interventions successfully fixed most conceptual 
difficulties, including several alternative conceptions [60]. Dialogic teaching interventions might be a part of 
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educators’ learning because of the ease of conceptual change procedures, even in highly misunderstood 
content. Dialogic interventions treated conceptual difficulties in moving the knowledge further. The 
suggestions were able to facilitate procedure conceptual change, but it needed to be effectively planned  
in-class learning. Furthermore, the alternative conceptions could be converted into correct concept 
knowledge by shifting patterns using a metacognitive learning strategy [55]. Skills in planning, monitoring, 
and evaluation which were entailed in a metacognitive learning strategy play a role in shifting the alternative 
conceptions into the more accurate conceptual understanding of colligative properties of the solutions. 

The teaching implications that have been described are proven to vary, depending on the country’s 
cultural conditions, the educational environment’s state, the type of learning material or topic, the learning 
methods used, the psychology of students, and several other things. One common thing from the vapor-
pressure lowering and boiling-point elevation topic is that alternative conceptions in learners still exist if the 
learning resources and teaching methods are not appropriate. Every learner, whether researchers, lecturers, 
teachers, pre-service teachers, prospective chemistry teachers, or students, continues to learn so that the 
teaching implications can bring positive changes over time. 

 
 

4. CONCLUSION 
Based on the several kinds of literature that have been conducted, it can be concluded that:  

i) Literature review sources of vapor-pressure lowering and boiling-point elevation are obtained from various 
countries, including Indonesia, Greece, Turkey, and the United States; ii) There are 13 alternative 
conceptions formed by high school students; iii) There are 17 alternative conceptions created by pre-service 
and prospective chemistry teachers; and iv) The teaching implications that have been described are different, 
depending on many things. This paper is a preliminary round and further research is needed to assess the use 
of teaching implications for alternative conceptions. Further research can be about the research of alternative 
conceptions about freezing-point depression and osmotic pressure topics or provide the accurate 
understanding of the learners related to colligative properties. 

 
 

ACKNOWLEDGEMENTS 
The author would like to thank the Research Institutions and Community Service (LPPM) at 

Lambung Mangkurat University, Banjarmasin, for allowing us to carry out the research grant of Lecturer 
Compulsory Research Program (PDWM) 2022. The author also thanks the education institute: 
Environmental Engineering Program, Tanjungpura University, Pontianak, and Canda Bhirawa Vocational 
High School, Pare Kediri, which are ready to become partners. 

 
 
REFERENCES 
[1] M. Chhabra and B. Baveja, “Exploring Minds: Alternative Conceptions in Science,” in Procedia - Social and Behavioral 

Sciences, vol. 55, pp. 1069–1078, 2012, doi: 10.1016/j.sbspro.2012.09.599. 
[2] J. K. Gilbert and D. M. Watts, “Concepts, misconceptions and alternative conceptions: Changing perspectives in science 

education,” Studies in Science Education, vol. 10, no. 1, pp. 61–98, 1983, doi: 10.1080/03057268308559905. 
[3] D. Sands, “Concepts and conceptual understanding: What are we talking about?,” New Directions in the Teaching of Physical 

Sciences, vol. 10, no. 10, pp. 7–11, 2014, doi: 10.29311/ndtps.v0i10.510. 
[4] S. Seidel and A. Budke, “‘A border is a Ban’ - Students’ conceptual understanding and experiences of Europe’s borders and 

boundaries,” Review of International Geographical Education Online, vol. 9, no. 1, pp. 82–101, 2019, doi: 
10.33403/rigeo.573476. 

[5] F. Badie, “Towards concept understanding relying on conceptualisation in constructivist learning,” in Proceedings of the 13th 
International Conference on Cognition and Exploratory Learning in the Digital Age, CELDA 2016, 2016, pp. 292–296, doi: 
9781510832107. 

[6] S. Mills, “Conceptual Understanding: A Concept Analysis,” The Qualitative Report, vol. 21, no. 3, pp. 546–557, 2016, doi: 
10.46743/2160-3715/2016.2308. 

[7] R. N. Analita, I. Bakti, R. S. Rohmah, and Y. N. Pratiwi, “Chemical Bonding Diagnostic Tool (CBDT): Instrument for evaluating 
students' conceptual understanding in the context of wetlands (in Indonesian),” Jurnal Pendidikan Kimia Undiksha, vol. 6, no. 1, 
2022, doi: 10.23887/jjpk.v6i1.39820. 

[8] R. S. Rohmah, N. Sholichah, Y. N. Pratiwi, and R. N. Analita, “Analysis of Students ’ Chemical Bonding Misconception with A 
Four-Tier Diagnostic Test,” vol. 2, no. December, pp. 166–174, 2022, doi: 10.15575/jtk.v7i2.20343. 

[9] H. Özmen, “Some Student Misconceptions in Chemistry: A Literature Review of Chemical Bonding,” Journal of Science 
Education and Technology, vol. 13, no. 2, pp. 147–159, 2004, doi: 10.1023/b:jost.0000031255.92943.6d. 

[10] I. Bakti and R. N. Analita, “Analysis of Undergraduate Students’ Conceptual Consistency on Chemical Kinetics Using Four–Tier 
Chemistry Concept Inventory,” in Atlantis Press, 2020, pp. 108–117, doi: 10.2991/assehr.k.200711.019. 

[11] K. Sinaga, D. S. Sitinjak, and F. J. Purba, “Pre-service Chemistry Teachers’ Mental Model of Colligative Properties for 
Nonelectrolyte Solutions,” Jurnal Akademika Kimia, vol. 10, no. 3, pp. 139–152, 2021, doi: 
10.22487/j24775185.2021.v10.i3.pp139-152. 

[12] M. J. Leonard, S. T. Kalinowski, and T. C. Andrews, “Misconceptions yesterday, today, and tomorrow,” CBE Life Sciences 



J Edu & Learn  ISSN: 2089-9823  
 

The learners’ conceptual understanding: Literature review of vapor-pressure lowering … (Rizki Nur Analita) 

649 

Education, vol. 13, no. 2, pp. 179–186, 2014, doi: 10.1187/cbe.13-12-0244. 
[13] A. C. Maskiewicz and J. E. Lineback, “Misconceptions are ‘so yesterday!,’” CBE Life Sciences Education, vol. 12, no. 3, pp. 

352–356, 2013, doi: 10.1187/cbe.13-01-0014. 
[14] K. S. Taber, G. Tsaparlis, and C. Nakiboǧlu, “Student Conceptions of Ionic Bonding: Patterns of thinking across three European 

contexts,” International Journal of Science Education, vol. 34, no. 18, pp. 2843–2873, 2012, doi: 
10.1080/09500693.2012.656150. 

[15] E. Adadan, “Investigating the influence of pre-service chemistry teachers’ understanding of the particle nature of matter on their 
conceptual understanding of solution chemistry,” Chemistry Education Research and Practice, vol. 15, no. 2, pp. 219–238, 2014, 
doi: 10.1039/c4rp00002a. 

[16] F. A. Yalcin, “Pre-service primary science teachers’ understandings of the effect of temperature and pressure on solid-liquid phase 
transition of water,” Chemistry Education Research and Practice, vol. 13, no. 3, pp. 369–377, 2012, doi: 10.1039/c2rp20021j. 

[17] C. Tosun and Y. Taskesenligil, “The effect of problem-based learning on undergraduate students’ learning about solutions and 
their physical properties and scientific processing skills,” Chemistry Education Research and Practice, vol. 14, no. 1, pp. 36–50, 
2013, doi: 10.1039/c2rp20060k. 

[18] A. G. L. Schafer and E. J. Yezierski, “Investigating high school chemistry teachers’ assessment item generation processes for a 
solubility lab,” Chemistry Education Research and Practice, vol. 22, no. 1, pp. 93–104, 2021, doi: 10.1039/d0rp00121j. 

[19] B. L. Baldock, J. D. Blanchard, and A. L. Fernandez, “Student Discovery of the Relationship between Molecular Structure, 
Solubility, and Intermolecular Forces,” Journal of Chemical Education, vol. 98, no. 12, pp. 4046–4053, 2021, doi: 
10.1021/acs.jchemed.1c00851. 

[20] Y. Boz and H. Belge-Can, “Do pre-service chemistDo Pre-service Chemistry Teachers’ Collective Pedagogical Content 
Knowledge Regarding Solubility Concepts Enhance ary teachers’ collective PCK regarding solubility concepts enhance after 
participating in a microteaching lesson-study?,” Science Education International, vol. 31, no. 1, pp. 29–40, 2020, doi: 
10.33828/sei.v31.i1.4. 

[21] M. Üce and İ. Ceyhan, “Misconception in Chemistry Education and Practices to Eliminate Them: Literature Analysis,” Journal of 
Education and Training Studies, vol. 7, no. 3, p. 202, 2019, doi: 10.11114/jets.v7i3.3990. 

[22] S. Lu, H. Bi, and X. Liu, “A phenomenographic study of 10th grade students’ understanding of electrolytes,” Chemistry 
Education Research and Practice, vol. 20, no. 1, pp. 204–212, 2019, doi: 10.1039/c8rp00125a. 

[23] I. B. A. Ghani, N. H. Ibrahim, N. A. Yahaya, and J. Surif, “Enhancing students’ HOTS in laboratory educational activity by using 
concept map as an alternative assessment tool,” Chemistry Education Research and Practice, vol. 18, no. 4, pp. 849–874, 2017, 
doi: 10.1039/c7rp00120g. 

[24] B. Chen and B. Wei, “Examining chemistry teachers’ use of curriculum materials: In view of teachers’ pedagogical content 
knowledge,” Chemistry Education Research and Practice, vol. 16, no. 2, pp. 260–272, 2015, doi: 10.1039/c4rp00237g. 

[25] K. C. De Berg, “The significance of the origin of physical chemistry for physical chemistry education: The case of electrolyte 
solution chemistry,” Chemistry Education Research and Practice, vol. 15, no. 3, pp. 266–275, 2014, doi: 10.1039/c4rp00010b. 

[26] T. Pinarbasi, M. Sozbilir, and N. Canpolat, “Prospective chemistry teachers’ misconceptions about colligative properties: Boiling 
point elevation and freezing point depression,” Chemistry Education Research and Practice, vol. 10, no. 4, pp. 273–280, 2009, 
doi: 10.1039/b920832c. 

[27] S. R. Fauziah, S. Sumari, E. Budiasih, D. Sukarianingsih, A. Santoso, and M. R. Asrori, “Student misconception analysis on the 
concept of colligative properties of solutions using a digital three-tier multiple-choice diagnostic test,” AIP Conference 
Proceedings, vol. 2330, 2021, doi: 10.1063/5.0043415. 

[28] V. Zikovelis and G. Tsaparlis, “Explicit teaching of problem categorisation and a preliminary study of its effect on student 
performance - The case of problems in colligative properties of ideal solutions,” Chemistry Education Research and Practice, vol. 
7, no. 2, pp. 114–130, 2006, doi: 10.1039/B5RP90018B. 

[29] H. Tümay, “Prospective chemistry teachers’ mental models of vapor pressure,” Chemistry Education Research and Practice, vol. 
15, no. 3, pp. 366–379, 2014, doi: 10.1039/c4rp00024b. 

[30] M. Muflihah, K. I. Supardi, and W. Sumarni, “Concept Understanding Analysis of Coloid Materials After Application of Joyful 
Learning Problem Based Learning,” Journal of Innovative Science Education, vol. 9, no. 3, pp. 306–313, 2020, doi: 
10.15294/jise.v9i1.36713. 

[31] Z. R. P. Sari, A. Ulianas, A. Putra, and Z. Rahadian, “Improving Students’ Critical Thinking Skills through Student Worksheet 
Colloid Systems Based on Discovery Learning and Multiple Representations at Senior High School,” Journal of Physics: 
Conference Series, vol. 1788, no. 1, 2021, doi: 10.1088/1742-6596/1788/1/012030. 

[32] A. Awi, R. Meiliawati, and S. Wahyutami, “Understanding the Concept of Colloidal Systems Learning Results Using LKS-
Assisted Discussion Methods for Class XI Students of SMA Negeri 1 Manuhing 2017/2018 Academic Year (in Indonesian),” 
Jurnal Ilmiah Kanderang Tingang, vol. 11, no. 1, pp. 51–62, 2020, doi: 10.37304/jikt.v11i1.73. 

[33] D. R. Anggraeni, P. Prayitno, and I. B. Suryadharma, “Study of understanding of concepts and misconceptions of first year 
2013/2014 Chemistry Education Study Program students on the concept of colligative properties of solutions using a two-tier 
diagnostic instrument (in Indonesian),” Diploma thesis, Faculty of Mathematics and Science, Universitas Negeri Malang, 2014. 

[34] A. Ilyas and M. Saeed, “Exploring Teachers’ Understanding about Misconceptions of Secondary Grade Chemistry Students,” 
International Journal for Cross-Disciplinary Subjects in Education, vol. 9, no. 1, pp. 3323–3328, 2018, doi: 
10.20533/ijcdse.2042.6364.2018.0444. 

[35] S. M. McCarthy and S. W. Gordon-Wylie, “A greener approach for measuring colligative properties,” Journal of Chemical 
Education, vol. 82, no. 1, pp. 116–119, 2005, doi: 10.1021/ed082p116. 

[36] A. Al, H. Putri, and B. Yonata, “The Development of Student Worksheet in Colligative Properties of Solution To Train Creative 
Thinking Skills,” Unesa Journal of Chemistry Education, vol. 9, no. 2, pp. 201–207, 2020, [Online]. Available: 
https://jurnalmahasiswa.unesa.ac.id/index.php/journal-of-chemical-education/article/view/32997. 

[37] D. Moher, A. Liberati, J. Tetzlaff, and D. G. Altman, “Preferred reporting items for systematic reviews and meta-analyses: the 
PRISMA statement,” Journal of clinical epidemiology, vol. 62, no. 10, pp. 1006–1012, 2009, doi: 10.1016/j.jclinepi.2009.06.005. 

[38] H. Snyder, “Literature review as a research methodology: An overview and guidelines,” Journal of Business Research, vol. 104, 
no. July, pp. 333–339, 2019, doi: 10.1016/j.jbusres.2019.07.039. 

[39] C. L. Winchester and M. Salji, “Writing a literature review,” Journal of Clinical Urology, vol. 9, no. 5, pp. 308–312, 2016, doi: 
10.1177/2051415816650133. 

[40] J. Trespalacios, C. Snelson, P. R. Lowenthal, L. Uribe-Flórez, and R. Perkins, “Community and connectedness in online higher 
education: a scoping review of the literature,” Distance Education, vol. 42, no. 1, pp. 5–21, 2021, doi: 
10.1080/01587919.2020.1869524. 

[41] A. Ramdhani, M. A. Ramdhani, and A. S. Amin, “Writing a Literature Review Research Paper: A step-by-step approach,” 



      ISSN: 2089-9823 

J Edu & Learn, Vol. 17, No. 4, November 2023: 641-651 

650 

International Journal of Basic and Applied Science, vol. 3, no. 1, pp. 47–56, 2014. 
[42] M. J. Page et al., “Updating guidance for reporting systematic reviews: development of the PRISMA 2020 statement,” Journal of 

Clinical Epidemiology, vol. 134, pp. 103–112, 2021, doi: 10.1016/j.jclinepi.2021.02.003. 
[43] J. W. Knopf, “Doing a literature review,” PS - Political Science and Politics, vol. 39, no. 1, pp. 127–132, 2006, doi: 

10.1017/S1049096506060264. 
[44] J. K. Robinson, J. E. McMurry, and R. C. Fay, Chemisty, 8th ed. New Jersey: Pearson Education, Inc, 2020. 
[45] R. Chang and J. Overby, Chemistry, 13th ed. New York: McGraw-Hill, 2018. 
[46] N. J. Tro, Chemistry: A Molecular Approach, Fifth Ed. New Jersey: Pearson Education, Inc, 2020. 
[47] J. C. Kotz, P. M. Treichel, J. R. Townsend, and D. A. Treichel, Chemistry & Chemical Reactivity, 10th ed. Boston: Cengage 

Learning, 2019. 
[48] T. L. Brown et al., Chemistry: The Central Science, 14th ed. New Jersey: Pearson Education, Inc, 2018. 
[49] N. D. Jespersen, J. E. Brady, and A. Hyslop, Chemistry: The Molecular Nature of Matter, Sixth. New Jersey: John Wiley & Sons, 

Inc., 2012. 
[50] R. H. Petrucci, F. G. Herring, J. D. Madura, and C. Bissonnette, General Chemistry: Principles and Modern Applications, 

Eleventh E. Toronto: Pearson Canada Inc., 2017. 
[51] Effendy, Molecules, Structure, and their Properties (in Indonesian), 1st ed. Malang: Indonesian Academic Publishing, 2017. 
[52] P. Pratikno, S. Suyono, and R. Agustini, “The Validity of Student Worksheets and Student Textbooks Inquiry Training Model on 

The Colligative Properties of Solution,” International Journal for Educational and Vocational Studies, vol. 2, no. 11, pp. 935–
941, 2020, doi: 10.29103/ijevs.v2i11.3006. 

[53] S. Anugerah, E. Effendy, and S. Suharti, “Analysis of Misconceptions about the Colligative Properties of Solutions in Chemistry 
Students at the State University of Malang and their Elimination Using Static Visualization Media (in Indonesian),” Jurnal Ilmu 
Pendidikan Universitas Negeri Malang, vol. 21, no. 2, pp. 178–184, 2015, doi: 10.17977/jip.v21i2.8374. 

[54] S. A. Akbar and H. Hasby, “The Profile of Student Analytical Skills through Hypothetical Learning Trajectory on Colligative 
Properties Lesson,” Jurnal Ilmiah Peuradeun, vol. 7, no. 3, pp. 455–468, 2019, doi: 10.26811/peuradeun.v7i3.307. 

[55] H. Nasrudin and U. Azizah, “Shifting Patterns of Pre-Service Teachers Conceptions on Material of Colligative Properties of 
Solutions,” in Proceedings of the Seminar Nasional Kimia - National Seminar on Chemistry (SNK 2018) vol. 171, pp. 151–154, 
2018, doi: 10.2991/snk-18.2018.36. 

[56] S. Anugerah, E. Effendy, and S. Suharti, “Misconception Analysis of Colligative Properties of Solutions in Chemistry Students, 
State University of Malang and Their Elimination Using Static Visualization Media (in Indonesian),” Jurnal Ilmu Pendidikan 
Universitas Negeri Malang, vol. 21, no. 2, pp. 178–184, 2015, doi: 10.17977/jip.v21i2.8374. 

[57] Z. D. Kirbulut and M. E. Beeth, “Representations of Fundamental Chemistry Concepts in Relation to the Particulate Nature of 
Matter,” International Journal of Education in Mathematics, Science and Technology (IJEMST), vol. 1, no. 2, pp. 96–106, 2013. 

[58] B. Coştu, A. Ayas, and M. Niaz, “Promoting conceptual change in first year students’ understanding of evaporation,” Chemistry 
Education Research and Practice, vol. 11, no. 1, pp. 5–16, 2010, doi: 10.1039/c001041n. 

[59] N. Canpolat, T. Pinarbasi, and M. Sözbilir, “Prospective teachers’ misconceptions of vaporization and vapor pressure,” Journal of 
Chemical Education, vol. 83, no. 8, pp. 1237–1242, 2006, doi: 10.1021/ed083p1237. 

[60] M. Demirbağ and S. Kingir, “Promoting pre-service science teachers’ conceptual understanding about boiling by dialogic 
teaching,” Journal of Baltic Science Education, vol. 16, no. 4, pp. 459–471, 2017, doi: 10.33225/jbse/17.16.459. 

[61] G. Eyceyurt Türk and H. Güngör Seyhan, “Evaluation of Pre-Service Science Teachers’ Conceptual Understandings on the Topic 
of ‘Colligative Properties’ According to Walton Argument Model Components,” International Online Journal of Education and 
Teaching, vol. 9, no. 1, pp. 241–262, 2022, [Online]. Available: http://www.espaciotv.es:2048/referer/secretcode/scholarly-
journals/evaluation-pre-service-science-teachers/docview/2661124427/se-2?accountid=142712. 

 
 
BIOGRAPHIES OF AUTHORS 
 

 

Rizki Nur Analita     earned her bachelor’s and master’s degree both from the 
Chemistry Education Study Program at Malang State University (UM), Indonesia. She is a 
lecturer in Chemistry Education Study Program at Lambung Mangkurat University (ULM), 
Banjarmasin, Indonesia, where she has been teaching courses related to chemistry education 
and chemical bonding since 2019. Her research focuses on alternative conceptions formed by 
learners, conceptual understanding of learners, and multi-tier diagnostic evaluation 
instruments. Currently, she is studying development research related to diagnosing students’ 
conceptual understanding problems. When not doing teaching and research, she likes going to 
the movie theater or practicing kickboxing. She can be contacted at email: 
rizki.analita@ulm.ac.id. 

  

 

Iriani Bakti     is a coordinator of the Teacher Education Professional Study 
Program at Lambung Mangkurat University (ULM), Banjarmasin, Indonesia. Apart from 
being a coordinator, Bakti is continuing lecturer of Chemistry Education Study Program at the 
same university. His field of study is chemistry education and physical chemistry. He received 
his S.Pd. from Lambung Mangkurat University in 1989 and an M.Si. in 1998 from Gadjah 
Mada University (UGM), Yogyakarta, Indonesia. His research interest is in multi-tier 
diagnostic evaluation instruments and the learning methods to overcome problems from the 
resulting diagnoses. As a hobby, he likes to travel to several areas in or out of town to fill his 
days off. He can be concatted at email: irianib_kimia@ulm.ac.id. 

mailto:rizki.analita@ulm.ac.id
mailto:irianib_kimia@ulm.ac.id
https://orcid.org/0009-0004-7204-1837
https://orcid.org/0009-0007-4275-9014


J Edu & Learn  ISSN: 2089-9823  
 

The learners’ conceptual understanding: Literature review of vapor-pressure lowering … (Rizki Nur Analita) 

651 

 

Putranty Widha Nugraheni     is an academic and researcher with a background in 
chemistry. She earned her bachelor’s degree in Chemistry Education from Universitas Negeri 
Malang (UM), Indonesia, and her master’s degree in biochemistry from Universitas Brawijaya 
(UB), Indonesia. Currently, she serves as a Lecturer in Environmental Engineering at 
Universitas Tanjungpura in Pontianak, Indonesia. She teaches courses on chemical process 
units in the environment, hazardous waste control, and ecotoxicology from 2021. 
Additionally, she is actively conducting research in the field of chemical processes in 
environmental pollution control and is currently pursuing a deeper understanding of 
nanotechnology as a potential solution to environmental problems. She can be contacted at 
email: putranty@teknik.untan.ac.id. 

  

 

Ester Noviyanti     has been teaching chemistry in high school since 2013. 
Currently, she teachs at Canda Bhirawa Vocational High School, Kediri, Indonesia. She 
received her S.Pd. from the Chemistry Education Study Program at Malang State University 
(UM), Indonesia. She has an interest in qualitative educational research with 
phenomenography study. Recently, she has been undertaking studies on the use of 
engagement methods in teaching general chemistry to improve students’ understanding and 
learning. In her leisure time, she enjoys riding her bicycle and being outdoors with her family 
and friends. She can be contacted at email: esternoviyanti15@gmail.com. 

 

mailto:putranty@teknik.untan.ac.id
https://orcid.org/0000-0001-5036-1478
https://orcid.org/0009-0000-3223-1135

