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ABSTRACT

This study aimed to examine the conceptual understanding of  chemical equilibrium among 11th-grade students 
using the 5E inquiry learning framework, in which the students were requested to conduct small-scale experi-
ments on chemical equilibrium and factors influencing the equilibrium and the smartphone-based colorimetric 
determination of  Kc. The data collection included two instruments: a two-tier diagnostic conceptual test with the 
reliability (KR20) of  0.82 and a semi-structured interview form. Thirty-one students participated in three 2-h 5E 
learning sessions, totaling 6 h. A paired-samples t-test revealed that the post-conceptual test scores (mean 31.46, 
standard deviation 6.82, 69.91%) were significantly higher than the pretest scores (mean 11.85, standard devia-
tion 10.80, 26.33%) at a significance level of  0.05, with a normalized gain of  0.59, indicating a medium improve-
ment. Most students progressed from the less accurate category, Partial Understanding with Specific Misunder-
standing (PMU, 42.39%), to a more precise category, Partial Understanding (45.38%). Semi-structured interviews 
suggested that the 5E inquiry approach, using small-scale and smartphone-based colorimetric experiments, was 
engaging and effective in improving students’ conceptual understanding. This intervention helped students shift 
their understanding of  chemical reactions toward more accurate categories.

© 2024 Science Education Study Program FMIPA UNNES Semarang

Keywords: chemical equilibrium; equilibrium constant; colorimetric analysis; small-scale experiment; high 
school chemistry

*Correspondence Address
E-mail: saksri.supasorn@gmail.com

INTRODUCTION

Chemical equilibrium is when the forward 
and reverse reaction rates are equal. This equi-
librium reflects a dynamic process, wherein the 
concentrations of  reactants and products remain 
unchanged despite the ongoing conversion be-
tween them (Chang & Overby, 2021). The topic 
of  chemical equilibrium, particularly the equi-
librium constant (K

c
), is considered one of  the 

most challenging areas in chemistry because of  

the various factors that can influence equilibrium 
and the associated mathematical calculations 
(Akın & Uzuntiryaki-Kondakci, 2018; Bernal-
Ballen & Ladino-Ospina, 2019; Prokša et al., 
2018; Syahmani et al., 2023). It also necessitates 
understanding of  the macroscopic, microscopic, 
and symbolic aspects (Prokša et al., 2018) and the 
dynamic nature of  equilibrium articulated by Le 
Chatelier’s principle (Costa & dos Santos, 2022). 
Many students nationwide face these challenges, 
as demonstrated in previous studies (Andriani 
et al., 2021; Bernal-Ballen & Ladino-Ospina, 
2019; Muhsin & Laksono, 2023; Prokša et al., 
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2018; Rahmawati et al., 2022; Tarng et al., 2022; 
Rusli et al., 2024). The equilibrium constant (K

c
) 

is the ratio of  the equilibrium concentrations of  
the products to those of  the reactants, with each 
concentration increased to the power of  its relat-
ing stoichiometric coefficient (Chang & Overby, 
2021).

Several practical activities have been de-
veloped to enhance students’ learning outcomes 
on chemical equilibrium, including hands-on 
activities (Bindel, 2012), analogies (Yildirim et 
al., 2013), demonstrations (Eilks & Gulacar, 
2016), and laboratory experiments (Campbell 
et al., 2017; Kajornklin et al., 2020); problem-
based learning (Rusli et al., 2024); simulation 
(Rahmawati et al., 2022); and augmented reality 
(Tarng et al., 2022). However, many of  these ac-
tivities have the drawback of  being conducted on 
a traditional scale, often requiring high costs and 
specialized scientific instruments, which makes 
them unsuitable for high school classrooms. Lab-
oratory experiments are particularly recognized 
as one of  the most effective methods for promot-
ing visualization and conceptualization of  this 
topic and increasing student engagement. While 
many laboratory experiments can enhance stu-
dents’ conceptual understanding of  equilibrium, 
they are frequently impractical in the educational 
contexts of  school to college levels because of  the 
limited access to high-cost scientific instruments 
(Kajornklin et al., 2020; Namwong et al., 2018; 

Jovero & Picardal, 2022). Therefore, there is a 
strong need for alternative experiments that uti-
lize inexpensive materials, require a quick setup, 
and are easy to conduct.

Recently, a low-cost, rapid method for fab-
ricating paper towel-based experimental devices 
(PTEDs) has been introduced to illustrate the fac-
tors influencing chemical equilibrium. This meth-
od allows observing the color changes between 
pink and blue in the cobalt(II) complex reaction 
with the naked eye on a single sheet of  PTEDs 
(Kajornklin et al., 2020). Additionally, the color 
intensity of  the digital images captured from vari-
ous areas of  the PTEDs can be converted into 
concentrations of  the reaction species using Im-
ageJ or other image-processing software. The re-
action’s K

c
 can then be calculated as the ratio of  

the equilibrium concentrations of  the products to 
those of  the reactants.

The complex formation of  thiocyanate 
ions with iron(III) is commonly used to demon-
strate how to determine the K

c
 for this reaction 

considering the availability of  reagents and the 
simplicity of  observing color changes (Nyasulu & 
Barlag, 2010; Armenta et al., 2020). The reported 
K

c
 values for this reaction range from 98 to 146 

M⁻¹ (Nyasulu & Barlag, 2010). The equilibrium 
reaction of  the iron(III)–thiocyanate complex 
and its corresponding K

c
 equation are illustrated 

in Figure. 1.

Figure 1. Equilibrium Equation of  Iron(III)–thiocyanate and its K
c
 Calculation [2]

Building on previous studies that utili-
zed PTEDs and paper-based analytical devices 
(PADs) (Namwong et al., 2018; Kajornklin et al., 
2020), we analyzed the digital images of  these de-
vices captured with readily available smartphone 
cameras using ImageJ, an image-processing soft-
ware. This analysis focused on color intensity to 
convert it into concentrations of  chemical reac-
tion species. We adapted these methods to suit 
high school classroom contexts better, emphasi-
zing time efficiency, ease of  operation, and the 
potential for equipment reuse. This study intro-
duces an alternative, portable, and time-efficient 
method for investigating chemical equilibrium 

and the factors influencing equilibrium as a 
small-scale experiment on a single well plate. In 
addition, we also introduce a smartphone-based 
colorimetric method that determines the K

c
 of  the 

thiocyanatoiron(III) complex ion using a single 
well plate. This approach employs colorimetric 
(or color intensity) analysis of  smartphone-cap-
tured images. This small-scale, environmentally 
friendly method produces reproducible, quanti-
tative data by utilizing low-cost, readily available 
materials, including a smartphone, a light control 
box (instead of  a spectrophotometer), and a whi-
te well plate (instead of  test tubes and cuvettes). 
It can be effectively used to explore the principles 
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of  chemical equilibrium, including K
c
, in che-

mistry classrooms from high school to college. 
We evaluated the effectiveness of  our method in 
enhancing students’ learning by investigating the 
students’ conceptual understanding of  chemical 
equilibrium after participating in small-scale and 
smartphone-based colorimetric experiments, as 
outlined by Supasorn et al. (2018), and utilizing 
the 5E inquiry learning approach (Bybee, 2014; 
Ong et al., 2020; Asrizal et al., 2022; Wikara et 
al., 2022;  Joswick & Hulings, 2024). Within this 
context, we posed the following research ques-
tions: (1) How do students’ conceptual under-
standing scores change after they complete the 
small-scale and smartphone-based colorimetric 
experiments related to chemical equilibrium? (2) 
How do the distributions of  students across each 
conceptual understanding category change after 
they complete the small-scale and smartphone-
based colorimetric experiments related to chemi-
cal equilibrium?

METHODS

This study followed a mixed-methods re-
search approach that involves collecting, analyz-
ing, and integrating quantitative and qualitative 
approaches to comprehensively understand the 
research problem (Creswell & Creswell, 2022). 

This convergent parallel study employed a one-
group pretest/posttest design to gather quanti-
tative data. At the same time, semi-structured 
interviews were conducted to collect qualitative 
data that complemented the quantitative find-
ings. Before data collection, ethical approval for 
human research was obtained under the code 
UBU-REC-07/2563 from the Ubon Ratchathani 
University Research Ethics Committee (2020).

Thirty-one 11th-grade students from a re-
gular (non-gifted) classroom at a large high school 
in Ubon Ratchathani, Thailand, were selected as 
the study participants. The selection process was 
conducted with the prior approval of  the school 
principal and the chemistry instructor during the 
first semester of  the 2020 academic year (June to 
September). All participants provided informed 
consent and agreed to the study’s findings and 
publication, ensuring their conceptual test data 
was used anonymously.

The treatment tool of  this study comprised 
three 2-h inquiry learning activities: (1) a small-
scale experiment of  the chemical equilibrium of  
Fe3+(aq) and SCN−(aq) and factors affecting its 
equilibrium; (2) smartphone-based colorimetric 
determination of  K

c
 for Fe3+(aq) and SCN−(aq) 

equilibrium; and (3) chemical equilibrium of  
NO

2
(g) and N

2
O

4
(g) and factors affecting its equi-

librium (Table 1).

Table 1. Key Learning Activities in each Lesson Plan

Learning Plan Key Activities

1. Chemical equilibrium of  Fe3+(aq) and SCN−

(aq) and factors affecting its equilibrium

Small-scale experiment on a well plate
Particulate activity using a magnetic whiteboard 
and colored magnets

2. Smartphone-based colorimetric determination 
of  K

c
 for Fe3+(aq) and SCN−(aq) equilibrium

Smartphone-based colorimetric determination of  
K

c

Particulate activity using a magnetic whiteboard 
and colored magnets

3. Chemical equilibrium of  NO
2
(g) and N

2
O

4
(g) 

and factors affecting its equilibrium

Small-scale experiment in a syringe
Particulate activity using a magnetic whiteboard 
and colored magnets

Our leading equipment set was used for the 
smartphone-based colorimetric determination of  
equilibrium constant (K

c
), white acrylic 20-well 

plates, autopipettes, and UV–visible spectropho-
tometers. The chemicals used in this experi-
ment included aqueous nitric (HNO

3
) solution, 

iron(III) nitrate nonahydrate (Fe(NO
3
)

3
•9H

2
O), 

and potassium thiocyanate (KSCN). Nitric acid 
is corrosive and can cause skin, eye, and respi-
ratory system irritation. Iron(III) nitrate nona-
hydrate may cause skin, respiratory, and severe 

eye irritation. Potassium thiocyanate is harmful 
if  swallowed, inhaled, or absorbed through the 
skin. All aqueous solutions were freshly prepa-
red, including 0.05 M HNO

3
, 0.05 M Fe(NO

3
)

3
 in 

0.05 M HNO
3
, and 0.005 M KSCN.

To create the calibration plots for determi-
ning the concentrations of  [Fe(SCN)]2+, specific 
volumes of  the 0.05 M Fe(NO

3
)

3
, 0.005 M KSCN, 

and 0.05 M HNO
3
 solutions were transferred to 

a 20-well plate using an autopipette, as shown in 
Fig. 2(a) and Appendix I.
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After the reactions reached their equilib-
rium, a whole picture of  a reaction well plate was 
captured using a smartphone (iPhone 6s Plus) un-
der a light control box (Fig. 2(b)). After the UV–
visible spectrophotometer was calibrated using 
distilled water, the solution applied to Well No. 
3 was transferred into a cuvette to be scanned in 

a wavelength range of  400–700 nm for a lambda 
max (λ

max
 = 460 nm). This λ

max
 was used for the 

absorbance measurements for the remaining so-
lutions. The calibration plot from the UV–visible 
spectrophotometric method is shown in Figure 
2(c).

Figure 2. Experiment on the White Acrylic Well Plates (a), Determination of  Kc by the alternative 
Colorimetric Analysis Method Using a Smartphone and a Light Control Box (b), and Standard UV–
vis Spectrophotometry (c)

The digital images captured by a smartpho-
ne were analyzed in terms of  the blue color inten-
sity (B) using the ImageJ image-processing soft-
ware (Fig. 2(b)). Since the equilibrium solutions 
are in red tone color, the blue (B) channel was 
preferred for the color intensity analysis. After 
each well of  the standard solution was processed 
in terms of  the blue color intensity, the calibra-
tion plots of  the −log[Fe(SCN)]2+ concentration 
versus the blue color intensity from the colorime-
tric analysis of  the images captured by the iPho-
ne 6s Plus were generated (Appendix II(a)). On the 
contrary, the calibration plot of  the [Fe(SCN)]2+ 
concentration versus absorbance from the UV–vi-
sible spectrophotometric method was also gene-
rated, as shown in Appendix II(b).

To determine the K
c
 of  the iron(III)–thio-

cyanate reaction using equilibrium solutions by 
colorimetric and UV–vis methods, the other set of  
solutions was prepared and referred to as equilib-
rium solutions. A whole picture of  a reaction well 
plate was captured using the iPhone 6s Plus un-
der a light control box and analyzed using ImageJ 
and then compared with the calibration curve in 
Appendix II(a). At the same time, the absorbance 
measured by the UV–visible spectrophotometric 
method (λ

max
 of  460 nm) was compared with the 

calibration curve in Appendix II(b). The concent-
rations of  [Fe(SCN)]2+ and K

c
 of  the iron(III)–

thiocyanate reaction from these methods were 
143.86 ± 1.37, 143.53 ± 1.31, and 142.96 ± 1.17, 
respectively (Appendix IV), which were in the 
range reported in previous studies (Nyasulu & 
Barlag, 2011). The paired-samples t-test analysis 

indicated that each pair of  K
c
 obtained from the 

colorimetric analysis of  the image captured by a 
smartphone and from the standard UV–visible 
spectrophotometric method did not have a statis-
tically significant difference at the 95% confiden-
ce level (p < 0.05). This means that the proposed 
alternative colorimetric analysis is as effective as 
the standard UV–visible spectrophotometric met-
hod.

This study utilized a conceptual test on 
chemical equilibrium as its primary data collecti-
on tool. The method was reviewed and validated 
by two senior chemistry professors and a profes-
sor of  chemistry education. The test comprised 
15 two-tier diagnostic items, with some questions 
newly developed and others adapted from the 
chemical equilibrium concept test by Tamuang 
et al. (2017). The test covered seven items on 
the concepts of  chemical equilibrium (questions 
1–7) and eight items on factors affecting chemi-
cal equilibrium (questions 8–15). In the first tier, 
students were asked to select their answers, while 
in the second tier, they were required to explain 
their reasoning (Figure 3). The Simple Item Ana-
lysis software was used to calculate the difficulty 
index (P), discrimination index (r), and reliability. 
The difficulty index (P) for individual items ran-
ged from 0.20 to 0.80, while the discrimination 
index (r) ranged from 0.27 to 1.00. In addition, 
the test’s overall reliability, calculated using the 
Kuder–Richardson Formula 20 (KR20), was 
0.82. Additionally, a scoring rubric was created 
for each item, consisting of  two to four codes 
based on the number of  subconcepts involved.
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Q1: Consider the following reaction:

	    Fe3+(aq)    +   SCN-(aq)        [FeSCN]2+(aq)   +   Heat 
                 Light Yellow       Colorless               Maroon

Supporting reactions:       Fe3+(aq) + PO
4
3-(aq)    FePO

4
(s)  

                                          SCN-(aq) + Ag+(aq)    Ag(SCN)(s) 

What change will turn the reaction color of  the equilibrium between 

Fe3+(aq) and SCN-(aq) to maroon (darker)?

Which statement is correct?

 A. Increase the concentration of  [FeSCN]2+(aq).

 B. Decrease the reaction temperature.

 C. Add PO
4
3-(aq) to the reaction.

Because (together with drawing, if applicable)..............................

................................................................................................ 

…….........................................................................................

Subconcept Code Point
The choice selection is correct. Choice(/) 1.00/0.00
The reaction is exothermic or PO

4
3- is a 

reaction retarder.

A (/) 0.75/0.00

When the temperature is decreased, 

the equilibrium will shift in the forward 

direction (or when the temperature is 

increased, the equilibrium will shift in 

the backward direction).

B (/) 0.75/0.00

When the equilibrium shifts in the 

forward direction, the reaction color will 

be darker (or when the equilibrium shifts 

in the backward direction, the reaction 

color will be lighter).

C (/) 0.50/0.00

Figure 3. Example of  the Conceptual Test Item

The pre-conceptual test on chemical equi-
librium took students 1 h to complete before the 
intervention. Afterward, groups of  four to six stu-

dents participated in three 2-h inquiry-based lear-
ning activities focused on chemical equilibrium 
(Figure 4).

Figure 4. Implementation of  the Smartphone-based Colorimetric Experiments through 5E Inquiry 
Learning
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These activities were performed in a typi-
cal classroom context (Figure 5). The 5E inquiry 
learning cycle provided the foundation for each 
experiment’s lesson plan (Bybee, 2014; Ong et al., 
2020; Joswick & Hulings, 2024) and was adapted 
by Supasorn et al. (2022), as shown in Table 1.

  

Figure 5. Students Experimenting to Determine 
K

c
 Using the Colorimetric Analysis

The post-conceptual test took the students 
another hour to complete immediately after the 
intervention. Note that the pre- and posttest exam 
item selections and questions were rearranged.

The pre- and post-conceptual test results 
were evaluated based on specific scoring crite-
ria. A score of  1.00 was awarded for each correct 
answer in the first tier. In the second tier, justi-
fications or explanations were scored 0.50, 0.75, 
or 1.00 depending on the number of  subconcepts 
addressed according to the grading rubric, with a 
maximum of  2.00 points per item. Each item had 
a total possible score of  3.00 points, and the enti-
re exam had a maximum score of  45. Three che-
mistry experts agreed upon the grading method. 
The student responses from both tiers were cate-
gorized into five groups following a modified cri-
terion from Supasorn et al. (2022). The categories 
were as follows: Good Understanding (GU), Par-
tial Understanding (PU), Partial Understanding 
with Misconceptions (PMU), Misunderstanding 
(MU), and No Understanding (NU) (Table 2). If  
no explanation was provided in the second tier, 
the response was classified as “No Response: 
NR.”

Table 2. Rubrics for Conceptual Categorization and Scoring in each Item of  the Conceptual Test

Categories
Scoring Guideline

Choice Reason (Subconcepts) Point*

GU  All subconcepts are correct. 3.00

PU  Some (not all) subconcepts are correct, but not incorrect. 0.50–2.50

PMU  Some subconcepts are correct, and some are incorrect. 1.50–2.50

 All or some subconcepts are incorrect. 1.00

x All subconcepts are correct. 2.00

x Some (not all) subconcepts are correct, but not incorrect. 0.50–1.50

x Some subconcepts are correct, and some are incorrect. 0.50–1.50

MU x All or some subconcepts are incorrect. 0.00

NU x No information corresponds to any of  the subconcepts. 0.00

NR  No response. 1.00

x No response. 0.00
*The number of  subconcepts for each item varies, but the available score is 3.00 points.

	 Additionally, the %actual gain and the 
normalized gain or <g> were used to calculate 
the learning gains of  the students (Christman et 
al., 2024):

%actual gain = %Posttest − %Pretest
<g> = (%Posttest – %Pretest)/(100 – %Pretest)

RESULTS AND DISCUSSION

The study results were organized into three 
main parts: 1) students’ pre- and post-conceptual 

test scores; 2) categories of  students’ conceptual 
understanding before and after the tests; and 3) 
gains and conceptual categories. The final sec-
tions incorporated insights from the semi-structu-
red interviews, highlighting intriguing examples.

The conceptual test covered two subtopics: 
chemical equilibrium and factors affecting equi-
librium (“factors”). Table 3 reveals that students 
achieved an overall mean pretest score of  10.80 
(26.33%) and an overall mean posttest score of  
31.46 (69.91%). Their actual gain was 43.58%, 
with a normalized gain (<g>) of  0.59, indicating 
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a medium improvement. A paired-samples t-test 
confirmed that the posttest scores were signi-
ficantly higher than the pretest scores at a 0.05 
significance level. Although the posttest score 
(69.91%) fell below expectations, it is important 
to note that the participants were from a regular 
classroom, consisting mostly of  medium- to low-
achieving students, rather than high achievers. 
Considering their prior performance, the posttest 

scores and gains were deemed satisfactory. For 
the two subtopics, the pretest, posttest, and <g> 
scores were as follows: for chemical equilibrium, 
5.34 (25.42%), 14.19 (67.59%), and 0.57; and 
for factors affecting equilibrium, 6.51 (27.12%), 
17.27 (71.94%), and 0.62. Paired-samples t-tests 
indicated that the differences between pretest and 
posttest mean scores were statistically significant 
for the overall scores and for both subtopics.

Table 3. Students’ Scores from the Conceptual Test of  Chemical Equilibrium

Tiers Available
Pretest Posttest Gain

T
Mean S.D. % Mean S.D. % % <g>

Equilibrium 21.00 5.34 4.78 25.42 14.19 3.27 67.59 42.17 0.57 7.827*

Factors 24.00 6.51 6.24 27.12 17.27 3.98 71.94 44.83 0.62 7.611*

Total 45.00 11.85 10.80 26.33 31.46 6.82 69.91 43.58 0.59 7.890*

 *Statistically different at the sig. level of  0.05.

The percentages of  students who fell into 
each conceptual category on the pre- and post-
conceptual exams are shown in Table 4. Before 
the intervention, the percentages of  students in 
the categories of  GU, PU, PMU, MU, and NU 
were 0.00, 8.39, 42.37, 25.38, and 12.90, respec-
tively, with 10.97% of  students not responding 
in the reason tier (NR). For both subtopics, most 

students (over 40%) were classified under the 
PMU category. Following the intervention, the 
percentages for these categories changed to 19.35, 
45.38, 28.17, 7.10, and 0.00, respectively, with no 
students remaining in the NR group. Over 45% 
of  the students progressed to the more accurate 
conceptual category, PU, across both subtopics.

Table 4. Percentages of  Students Placed in the Conceptual Categories of  the Chemical Equilibrium 

Subconcept
Percentage of Students

GU PU PMU MU NU NR

Chemical equilibrium

Pretest 0.00 6.45 47.00 22.12 13.82 10.60

Posttest 20.74 45.16 26.73 7.37 0.00 0.00

Change* 20.74 38.71 −20.28 −14.75 −13.82 −10.60

Factors affecting equilibrium

Pretest 0.00 10.08 38.31 28.23 12.10 11.29

Posttest 18.15 45.56 29.44 6.85 0.00 0.00

Change* 18.15 35.48 −8.87 −21.37 −12.10 −11.29

Total

Pretest 0.00 8.39 42.37 25.38 12.90 10.97

Posttest 19.35 45.38 28.17 7.10 0.00 0.00
Change*

19.35 36.99 −14.19 −18.28 −12.90 −10.97
 *The minus sign (−) indicates changes in a decreasing manner.

After the intervention, the percentages of  
the students resenting lower conceptual under-
standing (PMU, MU, and NU) decreased, while 
those in categories indicating a higher conceptu-
al accuracy (GU and PU) increased. This chan-
ge was attributed to the implementation of  the 

small-scale chemical equilibrium experiment and 
the smartphone-based colorimetric determinati-
on of  K

c
, which allowed the students to engage 

in the experiment actively, thereby enhancing 
their conceptual understanding (Tamuang et al., 
2017; Kajornklin et al., 2020). Combining these 
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methods proved effective in helping the students 
shift from an inaccurate to an accurate conceptu-
al understanding of  chemical equilibrium. Howe-
ver, only 19% of  the students achieved the highest 
category, GU. Despite some students remaining 
in the MU category (7.10%) and none in the NU 
category, this outcome was still considered satis-
factory.

Taştan Kırık and Boz (2012) explained that 
misconceptions can be difficult to address, even 
after active learning experiences. This was why 
some students continued to be classified in the 
PMU and MU categories. If  these misconcep-

tions are overlooked, they may hinder students’ 
future learning. For example, in Thai schools and 
some other countries, chemical equilibrium is ty-
pically taught after the concept of  reaction rates, 
making a solid understanding of  the reaction ra-
tes essential. Consequently, if  students do not ful-
ly grasp the reaction rates, their understanding of  
chemical equilibrium will likely be flawed.

Students’ normalized gain, or <g>, and 
conceptual categories were also examined for 
each of  the 15 questions in the conceptual test 
of  chemical equilibrium (Figure 6 and 7; see Ap-
pendix A2).

Figure 6. Percentages of  the Pre- and Posttest Scores (left scale) and Normalized Gain or <g> (correct 
scale) for each Question in the Conceptual Test of  Chemical Equilibrium

The percentages of  students placed in the 
GU and PU categories, along with the mean 
posttest score and <g> for the chemical equilib-
rium topic, were higher compared to those for the 
topic of  factors affecting equilibrium. This disc-
repancy was attributed to the lower complexity 

of  the chemical equilibrium concept compared to 
the factors affecting equilibrium, which involved 
various elements, such as reactant and product 
concentrations, total pressure or volume, and 
temperature, which each uniquely influence che-
mical equilibrium (Kajornklin et al., 2020).

Figure 7. Percentages of  the Students in each Conceptual Category in the a) pre- and b) post-concep-
tual Tests of  Chemical Equilibrium

Furthermore, insights from the interviews 
regarding chemical equilibrium also supported 
this explanation and were aligned with those in 

the previous findings (Kajornklin et al., 2020; 
Tamuang et al., 2017), indicating that the factors 
affecting equilibrium were perceived as the most 
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challenging topic within the chemical equilib-
rium subtopics.

Student A was classified as having Partial 
Understanding with Specific Misunderstanding 
(PMU) before the intervention because she de-
monstrated a limited understanding by stating,

“Chemical equilibrium is when the 
amounts of  reactants and products stay constant, 
but this only happens in a closed system.”

After the intervention, she progressed to 
the GU category, articulating a more transparent 
comprehension as follows:

“Chemical equilibrium presents when the 
rates of  the forward and reverse reactions are the 
same or when the concentrations of  both reac-
tants and products are steady. Equilibrium can 
occur in closed and open systems, but there must 
not be gas in the reaction species if  the reaction 
occurs in an open system.”

Student B was initially categorized as MU 
because she held the specific misconception that:

“Chemical equilibrium is the state where 
the concentrations of  both reactants and products 
are equal.”

After the intervention, she moved to the 
PU category, showing partial understanding by 
stating,

“Chemical equilibrium is the state where 
the concentrations of  both reactants and products 
are steady, though they do not have to be equal.”

Student C was classified as NU before the 
intervention because he could not define chemi-
cal equilibrium. However, after the intervention, 
he advanced to PMU by expressing a partial un-
derstanding with a specific misunderstanding:

“Chemical equilibrium is the state where 
the rates of  the forward and reverse reactions are 
equal, but it occurs only in a closed system.”

Student D also started in the NU category 
because she did not understand chemical equi-
librium. After the intervention, she moved to the 
MU category, expressing a specific misunderstan-
ding by saying the following:

“Chemical equilibrium is when the con-
centrations of  both reactants and products are 
equal, and the reaction must be irreversible.”

The students were also interviewed with 
the additional question, “If  you owned a plant 
producing ammonia gas through the Haber-
Bosch process, what would you do to increase its 
productivity?” Their responses varied.

Before the intervention, Student A incor-
rectly stated, “Increasing the reaction temperatu-
re will increase the productivity of  all reactions.” 
However, after the intervention, she correctly ex-

plained that “decreasing the reaction temperature 
will increase productivity since the Haber-Bosch 
process is exothermic.”

Student B initially responded incorrectly, 
saying, “Increasing the reaction pressure will in-
crease the productivity of  gas reactions.” After 
the intervention, he provided a partially correct 
response, saying, “Decreasing the reaction tem-
perature will increase productivity since some 
reactions perform better at lower temperatures.”

The question that showed the most signi-
ficant improvement was Q7, which focused on 
chemical equilibrium. In contrast, Q12, which 
addressed the factors affecting equilibrium, had 
the lowest performance, in alignment with the 
gains and percentages of  students in the more ac-
curate categories for these subtopics. Q7 was re-
latively straightforward; students could derive the 
K

c
 formula from the provided chemical reaction 

and easily calculate the K
c
 value. In contrast, ans-

wering the more complex question Q12 required 
understanding how Cl⁻ can form a precipitate in 
the presence of  Ag⁺. If  Ag⁺ is filled to the reac-
tion, the Cl⁻ concentration (a reactant) decreases 
as some Cl⁻ forms a precipitate with Ag⁺. Conse-
quently, the reaction shifts backward, favoring the 
pink color. Misinterpreting this scenario prevents 
students from answering the question correctly.

This study provides implications for che-
mistry teachers, highlighting that while inqui-
ry-based experiments can support students’ 
progression from lower to higher conceptual 
understanding, they may not fully resolve mis-
conceptions. To bridge this gap, teachers might 
consider integrating chemistry experiments, 
small-scale experiments (Listyarini et al., 2019), 
or experimental kits (Sharif  et al., 2021) with 
visualization tools that help students connect 
observable macroscopic results and symbolic or 
chemical equation representations with abstract 
microscopic concepts. Incorporating these tools 
within the 5E inquiry framework can enhance 
students’ comprehension at each phase of  the 
learning process, engaging them through hands-
on activities designed to spark curiosity and dee-
pen their learning (Kibga et al., 2021; Ouahi et 
al., 2024). We recommend that future research 
should explore students’ conceptual under-
standing, mental models, and science compe-
tencies as key study variables to help assess 
the effectiveness of  small-scale and smartpho-
ne-based colorimetric experiments in enhan-
cing both students’ conceptual understanding 
and their science competencies in relation to 
chemistry concepts.
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CONCLUSION

This study confirmed that using small-sca-
le experiments on chemical equilibrium and the 
smartphone-based colorimetric determination 
of  K

c
 through the 5E inquiry learning approach 

will successfully enhance students’ understan-
ding of  the related concepts. The normalized 
gain between the pre- and post-conceptual tests 
indicated a moderate improvement in conceptual 
understanding. A paired-samples t-test revealed 
that the post-conceptual test scores were signifi-
cantly higher than the pre-conceptual test scores 
with a 0.05 significance level. Before the interven-
tion, most students fell into the PMU category, 
and none was classified as having GU. After the 
intervention, most students advanced to the PU 
category, and no students remained in the NU ca-
tegory. However, some misconceptions persisted 
because of  the resistance to changing existing mi-
sunderstandings. The common misconceptions 
observed in the posttest included the following: 
equilibrium occurs only in a closed system; the 
concentrations of  reactants and products are 
equal at equilibrium; increasing the temperature 
boosts productivity for all reactions; increasing 
the pressure raises productivity for all gas reac-
tions; and confusion between the effects of  tem-
perature changes on endothermic and exothermic 
reactions.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the 
RSA5980021 project co-funded by Thailand 
Science Research and Innovation (TSRI), 
formerly known as Thailand Research Fund 
(TRF). Ubon Ratchathani University (UBU) 
is also gratefully acknowledged for financial 
support. The Center of  Excellence for Inno-
vation in Chemistry (PERCH-CIC), Ministry 
of  Higher Education, Science, Research, and 
Innovation, is also acknowledged. The authors 
would like to thank Enago (www.enago.com) for 
the English language review.

REFERENCES

Akın, F. N., & Uzuntiryaki-Kondakci, E. (2018). The 
nature of  the interplay among components of  
pedagogical content knowledge in reaction rate 
and chemical equilibrium topics of  novice and 
experienced chemistry teachers. Chemistry Edu-
cation Research and Practice, 19(1), 80–105. 

Andriani, Y., Mulyani, S., & Wiji, W. (2021). Miscon-
ceptions and troublesome knowledge on chem-
ical equilibrium. Journal of  Physics: Conference 

Series, 1806(1), 012184. 
Armenta, S., Esteve-Turrillas, F. A., & Herrero-Mar-

tínez, J. M. (2020). Development and Evalu-
ation of  Paper-Based Devices for Iron(III) 
Determination in an Advanced Undergradu-
ate Laboratory. Journal of  Chemical Education, 
97(10), 3852–3857. 

Asrizal, A., Yurnetti, Y., & Usman, E. A. (2022). 
ICT thematic science teaching material with 
5e learning cycle model to develop students’ 
21st-century skills. Jurnal Pendidikan IPA Indo-
nesia, 11(1), 61-72.

Bernal-Ballen, A., & Ladino-Ospina, Y. (2019). As-
sessment: A Suggested Strategy for Learning 
Chemical Equilibrium. Education Sciences, 9(3), 
174. 

Bindel, T. H. (2012). Exploring Chemical Equilibrium 
with Poker Chips: A General Chemistry Labo-
ratory Exercise. Journal of  Chemical Education, 
89(6), 759–762. 

Bybee, R. W. (2014). The BSCS 5E instructional mod-
el: Personal reflections and contemporary im-
plications. Science and Children, 51(8), 10–13.

Campbell, D. J., Brewer, E. R., Martinez, K. A., & 
Fitzjarrald, T. J. (2017). Using Beads and Di-
vided Containers To Study Kinetic and Equi-
librium Isotope Effects in the Laboratory and 
in the Classroom. Journal of  Chemical Education, 
94(8), 1118–1123. 

Chang, R., & Overby, J. (2021). Chemistry (ISE) (13th 
(ISE)). Mcgraw-hill Education.

Christman, E., Miller, P., & Stewart, J. (2024). Beyond 
normalized gain: Improved comparison of  
physics educational outcomes. Physical Review 
Physics Education Research, 20(1), 010123.

Costa, M. B. da S., & dos Santos, B. F. (2022). The con-
ceptual profile of  equilibrium and its contribu-
tions to the teaching of  chemical equilibrium. 
Chemistry Education Research and Practice, 23(1), 
226–239. 

Creswell, J. W., & Creswell, J. D. (2022). Research De-
sign: Qualitative, Quantitative, and Mixed Methods 
Approaches (6th ed.). SAGE Publications.

Eilks, I., & Gulacar, O. (2016). A Colorful Demon-
stration to Visualize and Inquire into Essential 
Elements of  Chemical Equilibrium. Journal of  
Chemical Education, 93(11), 1904–1907. 

Joswick, C., & Hulings, M. (2024). A Systematic Re-
view of  BSCS 5E Instructional Model Evi-
dence. International Journal of  Science and Math-
ematics Education, 22(1), 167–188. 

Jovero, M. B., & Picardal, J. P. (2022). Green chem-
istry education in the emerging economies in 
Asia.  Jurnal Pendidikan IPA Indonesia,  11(4), 
600-610.

Kajornklin, P., Jarujamrus, P., Phanphon, P., Ngern-
pradab, P., Supasorn, S., Chairam, S., & Amata-
tongchai, M. (2020). Fabricating a Low-Cost, 
Simple, Screen Printed Paper Towel-Based Ex-
perimental Device to Demonstrate the Factors 
Affecting Chemical Equilibrium and Chemical 
Equilibrium Constant, K 

c
. Journal of  Chemical 



643
K. Wuttisela, P. Jarujamrus, S. Chairam, S. Supasorn / JPII 13 (4) (2024) 633-644

Education, 97(7), 1984–1991. 
Kibga, E. S., Sentongo, J., & Gakuba, E. (2021). Ef-

fectiveness of  Hands-On Activities to Develop 
Chemistry Learners Curiosity in Community 
Secondary Schools in Tanzania. Turkish Jour-
nal of  Science Education. 

Listyarini, R. V., Pamenang, F. D. N., Harta, J., Wijay-
anti, L. W., Asy’ari, M., & Lee, W. (2019). The 
Integration of  Green Chemistry Principles into 
Small Scale Chemistry Practicum for Senior 
High School Students. Jurnal Pendidikan IPA 
Indonesia, 8(3), 371–378. 

Muhsin, L. B., & Laksono, E. W. (2023). Development 
of  integrated Assessment to Measure student’s 
Analytical Thinking Skills and Scientific Atti-
tudes for Chemical Equilibrium Topic. Jurnal 
Penelitian Pendidikan IPA, 9(2), 556–562. 

Namwong, P., Jarujamrus, P., Amatatongchai, M., & 
Chairam, S. (2018). Fabricating Simple Wax 
Screen-Printing Paper-Based Analytical De-
vices to Demonstrate the Concept of  Limiting 
Reagent in Acid–Base Reactions. Journal of  
Chemical Education, 95(2), 305–309. 

Nyasulu, F., & Barlag, R. (2010). Gas Pressure Moni-
tored Iodide-Catalyzed Decomposition Kinet-
ics of  H

2
O

2
 : Initial-Rate and Integrated-Rate 

Methods in the General Chemistry Lab. Journal 
of  Chemical Education, 87(9), 948–949. 

Nyasulu, F., & Barlag, R. (2011). Colorimetric Deter-
mination of  the Iron(III)−Thiocyanate Reac-
tion Equilibrium Constant with Calibration 
and Equilibrium Solutions Prepared in a Cu-
vette by Sequential Additions of  One Reagent 
to the Other. Journal of  Chemical Education, 
88(3), 313–314. 

Ong, E. T., Keok, B. L., Yingprayoon, J., Singh, C. K. 
S., Borhan, M. T., & Tho, S. W. (2020). The 
Effect of  5E Inquiry Learning Model on the 
Science Achievement in the Learning of  “Mag-
net” among Year 3 Students. Jurnal Pendidikan 
IPA Indonesia, 9(1), 1–10. 

Prokša, M., Drozdíková, A., & Haláková, Z. (2018). 
Learners’ Understanding of  Chemical Equi-
librium at Submicroscopic, Macroscopic and 
Symbolic Levels. Chemistry-Didactics-Ecology-
Metrology, 23(1–2), 97–111. 

Ouahi, M. B., Zghida, N., Omari, S., Belhadj, K., & 
Tan, E. M. (2024). Effects of  Using a Combi-
nation of  Real and Virtual Labs Based on the 
5E Learning Cycle Model on Electrical Student 
Learning Outcomes.  Jurnal Pendidikan IPA In-
donesia, 13(2).

Rahmawati, Y., Zulhipri, Z., Hartanto, O., Falani, I., 
& Iriyadi, D. (2022). Students’ conceptual un-
derstanding in chemistry learning using PhET 
interactive simulations. Journal of  Technology 
and Science Education, 12(2), 303. 

Rusli, N. S., Ibrahim, N. H., Hanri, C., & Surif, J. 
(2024). E-Module problem-based learning on 
chemical equilibria to improve students’ high-

er-order thinking skills: an analysis. Internation-
al Journal of  Evaluation and Research in Education 
(IJERE), 13(1), 454. 

Sharif, A. M., Ong, S. W., Rahim, N. A., Lee, T. T., 
Mustafar, S., Rosmi, M. S., Mahmood, M. 
Z., & Nuswowati, M. (2021). A Green Elec-
trochemistry Experimental Kit: Studentâ€TMs 
Achievements on Lectrofun 2.0. Jurnal Pendidi-
kan IPA Indonesia, 10(1), 24–34. 

Supasorn, S., Kajornklin, P., & Ditcharoen, N. (2018). 
Development of  interactive particulate-level 
visualization in chemistry by using augmented 
reality technology: Collision theory and chemi-
cal reaction rate. Turkish Online Journal of  Edu-
cational Technology, 17(Special Issue for INTE-
ITICAM-IDEC Vol. 1), 396–404.

Supasorn, S., Wuttisela, K., Moonsarn, A., Khajornk-
lin, P., Jarujamrus, P., & Chairam, S. (2022). 
Grade-11 Students’ Conceptual Understanding 
of  Chemical Reaction Rate from Learning by 
Using the Small-Scale Experiments. Jurnal Pen-
didikan IPA Indonesia, 11(3), 433–448. 

Syahmani, S., Hafizah, E., Sholahuddin, A., Sauqina, 
S., Prasetyo, Y. D., & Rahman, N. F. A. (2023). 
Metacognitive Conceptual Change (MCC) 
Learning Model: Improving Students’ Con-
ceptual Change through Metacognitive Skills, 
Motivation, and Scientific Knowledge.  Jurnal 
Pendidikan IPA Indonesia, 12(3), 423-438.

Tamuang, S., Wuttisela, K., & Supasorn, S. (2017). 
Low-cost small-scale chemistry experiment to 
enhance 11-grade students’ conceptual under-
standing on chemical equilibrium (in Thai). 
Journal of  Research Unit on Science, Technology 
and Environment for Learning, 8(2), 380–397.

Tarng, W., Tseng, Y.-C., & Ou, K.-L. (2022). Applica-
tion of  Augmented Reality for Learning Ma-
terial Structures and Chemical Equilibrium in 
High School Chemistry. Systems, 10(5), 141. 

Taştan Kırık, Ö., & Boz, Y. (2012). Cooperative learn-
ing instruction for conceptual change in the 
concepts of  chemical kinetics. Chem. Educ. Res. 
Pract., 13(3), 221–236. 

Ubon Ratchathani University Research Ethics Com-
mittee. (2020). UBU-REC-07/2563 - Development 
of  low-cost small-scale chemistry experimental kits 
to promote high school students’ conceptual under-
standing of  chemical reaction and chemical equilib-
rium. Ubon Ratchathani: Ubon Ratchathani 
University.

Wikara, B., Sutarno, S., Suranto, S., & Sajidan, S. 
(2022). Implementation of  5E plus learning 
model on energy subject matter to improve stu-
dents’ argumentation skills.  Jurnal Pendidikan 
IPA Indonesia, 11(2), 237-245.

Yildirim, N., Ayas, A., & Küçük, M. (2013). A com-
parison of  effectiveness of  analogy-based and 
laboratory-based instructions on students’ 
achievement in chemical equilibrium. Scholarly 
Journal of  Education, 2(6), 63–76.



K. Wuttisela, P. Jarujamrus, S. Chairam, S. Supasorn / JPII 13 (4) (2024) 633-644644

 APPENDIX

Appendix I. Volumes and Concentrations of  Calibration Solutions

Well 
no.

Volume (µL) Initial Concentration (M)

0.05 M
Fe(NO

3
)

3

0.005 M 
KSCN

0.05 M
HNO

3

Total Fe(NO
3
)

3
KSCN

Blank 300 0 900 1,200 1.25 x 10-2 -
1 300 24 876 1,200 1.25 x 10-2 1.00 x 10-5

2 300 48 852 1,200 1.25 x 10-2 2.00 x 10-5

3 300 72 828 1,200 1.25 x 10-2 3.00 x 10-5

4 300 96 804 1,200 1.25 x 10-2 4.00 x 10-5

5 300 120 780 1,200 1.25 x 10-2 5.00 x 10-5

Appendix II. Calibration Plots of  [Fe(SCN)]2+ from Colorimetric Method Using Images Captured by 
iPhone 6s Plus (a) and UV-Vis Spectrophotometric Method (b)

Appendix III. Volumes and Concentrations of  Equilibrium Solutions for the Determination of  K
c
 

Colorimetric and UV-Vis Methods

Well no.
Volume (µL) Initial Concentration (mM)

0.05 M 
Fe(NO

3
)

3

0.005 M 
KSCN

0.05 M HNO
3

Total Fe(NO
3
)

3
KSCN

Blank 600 0 600 1,200 2.50 -

1 600 60 540 1,200 2.50 0.25

2 600 120 480 1,200 2.50 0.50

3 600 240 360 1,200 2.50 1.00

4 600 360 240 1,200 2.50 1.50

5 600 480 120 1,200 2.50 2.00

Appendix IV. Concentration (M) of  [Fe(SCN)]2+ at Equilibrium and Equilibrium Constant or K
c
 by 

Colorimetric and UV-vis Methods

No.

Colorimetric Method (iPhone 6s Plus) UV-visible Method

Int.
[[Fe(SCN)]2+]

(mM)

K
c

(M-1) Abs.
[[Fe(SCN)]2+]

(mM)

K
c

(M-1)

1 -61.3 0.065 144.2 0.1664 0.065 143.5
2 -96.8 0.128 145.1 0.3495 0.127 143.7
3 -130.8 0.245 143.95 0.6896 0.243 142.3
4 -150.2 0.355 144.5 1.0156 0.354 144.0
5 -162.6 0.450 141.5 1.2945 0.449 141.2

- - 143.9 - - 143.0
S.D. - - 1.37 - - 1.17

Int. stands for “Intensity” and Abs. stands for “Absorbance”


