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Abstract—STEM (Science Technology Engineering
Mathematics) activity is one of the approaches to
science learning. It promotes students’ 21st-century
skills which lead to the development of innovation in the
country. STEM activity together with inquiry-based
learning (IBL) creates an effective learning experience.
In the IBL-STEM activity, the laboratory instruments
were used to enhance students’ understanding in using a
spectrophotometer and the concepts of the wavelength
of light in nature, the concentration of the solution, and
the quantification of the ppm (parts per million). It was
found that IBL-STEM activity promoted critical
thinking, problem-solving, and collaboration skills in
students.
Moreover,
students
had
a
better
understanding of handling laboratory instruments,
making the standard calibration curve, and interpreting
data. This STEM activity broadened students’
perspectives of the deployment of science and
innovation. Also, it prepared students as life-long
learners.
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I. INTRODUCTION
STEM is the purposeful integration of science
technology engineering and mathematics as used in
solving real-world problems [3], and can promote 21st
Century skills [5]. Therefore, STEM education is
popular among educational experts. STEM education
was developed in the USA in the 1990s and many
countries in the present (either developed or
developing) promote STEM education in their
education systems [12]. STEM education is often
expected to solve the problems of the unsatisfied
scores on international tests such as TIMMS and PISA
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and the decreasing number of students who are willing
to have a job in science and technology. Interestingly,
Thailand is facing the same problem as other
countries. Therefore, the Thai government has been
promoting STEM education. Also, through Thailand
4.0 policy, STEM education is expected to help
prepare every Thai people for personal and social
skills to work with others from various disciplines
[11].
STEM teaching can use problem-based, projectbased, game-based, or inquiry-based. Thus, STEM
education encourages curiosity in learning. Students
who are taught by the STEM approach will gain an
effective learning experience with the development of
21st-century skills, such as critical thinking,
collaboration, and communication. These skills will
help them to compete on the global level [10]. and
survive in the modern era where complicated
problems occur. Also, STEM education promotes
students’ concerns in health management, energy
conservation, environmental issues, and reusable
resources, as well as national security [12]. As a
result, the college graduates from STEM fields get
higher earnings and higher positions compared to
other fields [2].
For the above reasons, the instructors developed
STEM activity with inquiry-based learning (IBL).
IBL is an approach to actively engage learners in a
knowledge-building process through the generation
of answerable questions. The process of scientific
inquiry helps students understand the basic aspects of
scientific inquiry by a continuous and incremental
process that involves generating hypotheses,
collecting evidence, testing hypotheses, and reaching
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evidence-based conclusions. Also, the students have
an opportunity to practice, refine their criticalthinking skills which will help students to become
life-long learners. The scientific inquiry encourages
students to think about the relationships among
knowledge, choice, behaviour, and human health
[13].
The spectrophotometer was used in this study
because of colorimetric analysis. It helps to accelerate
triage and provides essential evidence for planning
disaster relief responses. When a disaster results in
low resource, and influence infrastructure, limited
availability of trained personnel, and lack of food,
medication, and equipment. The researchers need low
resource consuming technology for a rapid medical
diagnosis and environmental monitoring. The
colorimetric analysis provides a low-cost, fast, and
easy-to-use technique for point-of-care medical and
environmental [14]. It also has some applications for
based point of care diagnostics, including blood
typing [4], diagnosis of anaemia [8], and pathogenic
bacteria [9]. In addition, colorimetric analysis is used
in education by spectrophotometer. The basic
spectroscopy methods are a core part of the
undergraduate curriculum in chemistry and programs,
such as
materials science, biology, and
bioengineering [6].
The goals of this study are to guide teachers for
STEM education with IBL and to improve students’
awareness and understanding of handling scientific
instruments for research, to attract students to pursue
a further study in the field of science and
mathematics, and to develop a camp for STEM
education in Thailand.
II. METHODOLOGY
A. STEM Activities and Inquiry-Based Learning
The instructors used 5E IBL blended with a STEM
activity. The 5E IBL is a learning approach by
engaging students to ask questions and search for
answers rather than learning from memorization [7].
Therefore, the 5E IBL was applied in this study. The
procedure of 5E IBL is shown in Fig. 1.

Fig. 1. The procedure of 5E inquiry-based learning
(IBL).

B. School and Students Group Management
Samsen Wittayalai School, Bangkok, Thailand
was selected for this study. Samsen Wittayalai School
is categorized as an extra-large school and is a
specialized school with a strong background in
mathematics and science teaching. Seventy students
(8th-grade) who were interested in mathematics and
science were selected to participate in the STEM
camp. The theme of the camp was “Math-Science
Sports Day”. Students were divided into a group of
six to seven students.
C. The Procedures to Engage Students in the Lesson
The activity was designed based on the guidelines
from STEM and 5E IBL. As it is an active, studentcentred learning activity, the activity started with icebreaking activity focusing on students who could
answer the question "Why do they study”. Students
could relate the activity with their daily life and
related career. The important goal of the activity was
to promote the skills of students to solve complex
problems creatively and efficiently. The procedures
can be divided into three steps (Fig. 2).

Fig. 2. The 5E procedures to engage students in the lesson.

Step E1 (Engagement + Evaluation)
A situation was given to students. It was about a
market selling syrup drink. However, there was a
brand that was imitated and it was unsafe for the
consumers to drink. The instructor gave a mission to
students by letting students act as the authorities from
Food and Drug Administration (FDA) to check syrup
drink samples in the market. There were sets of tools
provided for students to investigate. Students then
brainstormed to design the experiment. Students were
given the general information about light wavelength
and the evaluation of light wavelength by the
spectrophotometer.
Step E2 (Exploration + Evaluation)
At the laboratory, students were given basic
knowledge regarding the functions of the
spectrophotometer
and
how
to
use
a
spectrophotometer (Fig.3). Also, the instructors
recommended how to use and handle the cuvette and
guided on how to make a standard calibration curve.
Students began practising how to use the cuvette (Fig.
4). During the activities, instructors emphasized the
principle, importance, and application of the standard
calibration curve as it was the principle to many
scientific tools and instruments. Students received
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two A4 papers and one graph paper per group to
record and make a presentation of their findings.
Students had to find the unknown concentration of
two syrup drinks. The finding of the unknown
concentration was a part of the evaluation as it was
considered an academic achievement. Also, students
were assigned to write about how to apply the
knowledge and benefit from the activity in daily life.

operate the spectrophotometer well. There were only
a few groups of students who were confused about
the operation of the spectrophotometer. For example,
they were setting blank, but the blank was not set to
zero. They then set it again and put the cuvette in the
wrong side. They had to measure the absorbance
again. In this step, the instructor reminded students to
be aware of handling the cuvette to reduce errors
(Fig.5). This is a hands-on activity, so it helps
promote students' skills, such as awareness,
persistence/grit, curiosity, and scientific literacy,
which are considered 21st-century skills.

Fig. 5. Students used a spectrophotometer.

Fig. 3. The introduction on how to operate a
spectrophotometer and the principle of spectrophotometry
[1].

Fig. 4. Students practised how to use the cuvette.

B. Data Collection Skills
Most students could design and create a table to
record data. The activity was designed for every
student to participate in the activity. Consequently,
the instructor let every student be involved in the
making of the standard curve. Every student had to
measure the light absorption of at least one syrup
drink sample per person. To reduce human error, all
students, therefore, had to measure the light
absorption of syrup drink and unknown drink about
two or three times per sample. The instructor found
that all students were more aware of re-checking their
results after making mistakes in reading the light
absorption values. This activity trained students to be
aware, focus, and responsible for the importance of
data (Fig.6). Also, students learned how to work with
peers which promote teamwork skills.

Step E3 (Explanation + Evaluation)
After Exploration and Evaluation (step E2),
students in each group started to explain e.g.
experimental design, data collection, work process,
result, and concept to apply in daily life. They
explained between peers and instructors.
Step E4 (Elaboration + Evaluation)
The students and instructors discussed how to
apply this experience in daily life and the instructor
introduced the example of technology called the Ireader as a replacement of the standard curve in
calibration and how it is used in the real world.
III. RESULTS AND DISCUSSION
A. Spectrophotometer Operation Skills
After the use and operation of the
spectrophotometer were introduced to students,
instructors found that most students were able to

Fig. 6. Students measured, recorded light absorption value,
and designed a data collection table on their own.

C. Data Analyses Skills
Some mistakes in drawing the graph in some
groups of students were spotted. Some students drew
the graphs disproportionately on X and Y axes. Some
students drew the graph to find the light absorption
average incorrectly as they did not draw the line from
point to point. The discrepancies of information had
an impact on the results of both unknown samples.
Another more important mistake was found when
students drew the spot of both unknown samples next
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to 60 ppm data point, so students could not interpret
the exact value. Besides, some groups of students did
not write the name of the graph and the name of each
axis. These activities made students have a better
understanding and have more experience in data
analyses and extracting data from the graph. In this
step, the skills in mathematics and science of students
were utilised.
D. Presentation Skills
For the presentation, students still needed to
improve on report writing & worksheet, analysis
writing, explanation writing, and summarising the
results. From the observation, it was found that this
was a general problem that happened among students,
even undergraduate students. Students needed to be
trained. The presentation of students showed an
improvement as they might learn from their previous
mistakes. It was also found that some groups of
students tried to think of extending the knowledge
gained from this activity to other applications in their
life experience.
E. Problem-Solving Skills
Students showed analyses of the problem from the
work process in the group and were able to solve the
problems well. The problem-solving skill of students
was indicated from the answers in the document
submitted in class. Most results of the answers have a
value close to the true value, the error was less than
ten percent. Because this was the first time students to
experience this kind of activity, some students did not
make sense of the values whether they were correct
or wrong answers. For students to have a better
understanding, the instructor summarized and
explained the activity again upon finishing.
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