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ABSTRACT

ARTICLE INFO

Introduction: Many countries consider the expansion of the
workforce in science, technology, engineering, and mathematics
(STEM) a key strategy for economic growth and social
development. This belief applies in Thailand, with integration of
STEM education at the K-12 level promoted in the most recent
version of the national science curriculum standards.
Engineering design and computational thinking have been
introduced to the curriculum in addition to the canonical
sciences (e.g., physics, chemistry, biology, astronomy, and
geology). Although design-based learning has been proposed
nationally as an integrated approach to STEM education, these
new strands present challenges to science teachers. Many of
these teachers struggle to envision how engineering design and
computational thinking can be meaningfully integrated into
science instruction, highlighting a clear need for concrete
examples.

Content: This academic article presents an example of how
engineering design and computational thinking can be
incorporated into science instruction, illustrating an integrated
approach to STEM education. Using the 6E Learning byDeSIGN™
model of design-based learning developed by the International
Technology and Engineering Educators Association (Burke,
2014), the article describes a pedagogical activity on the topic of
protein synthesis, which is often considered difficult for students
to learn and for science teachers to teach. In this activity,
designed for the high school level, students are challenged to
design computer software that identifies a series of amino acids
forming a protein based on a given strand of deoxyribonucleic
acid (DNA). This activity involves six steps: Engage, Explore,
Explain, Engineer, Enrich, and Evaluate. Specifically, students
learn what proteins are, what they do in the body, and what they
are made of. Once students understand that each protein
consists of amino acids arranged in a unique sequence, they
explore and explain how proteins are synthesized from DNA using
a computer simulation. With this understanding of the process
through which a protein is synthesized, students are introduced
to the Python programming language and learn the necessary
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concepts of computational science (e.g., variables, loops,
conditionals, and algorithms). Students are then tasked with
applying these computational concepts to develop the computer
software. Finally, they discuss and reflect on what they have
learned. Through this activity, students learn the key process of
protein synthesis (e.g., transcription and translation) and
discover how computational concepts are used to model
biological processes effectively.

Conclusion: The 6E Learning byDeSIGN™ model of design-based
learning is similar to the 5E model of inquiry-based learning—
Engage, Explore, Explain, Elaborate, and Evaluate—which has
long been promotedin Thailand and elsewhere. Science teachers
are already familiar with the 5E inquiry-based model, so they can
easily understand and adopt the 6E Learning byDeSIGN™ model.
As such, the activity presentedin this article serves as a practical
example for science teachers to develop lessons that integrate
engineering design and computational thinking into the teaching
of other science topics. Yet, further research is needed to
investigate its potentialimpact on students’ learning and science
teachers’ professional development.

*Corresponding author

E-mail address: ladachart@gmail.com

Introduction

Expanding the workforce in science, technology, engineering, and mathematics (STEM)
has become a priority for many countries seeking to enhance economic growth and social
development (Bacovic et al., 2022). Thailand shares this objective, as the development of human
resources in STEM is included in its national economic and social development plan (Office of
the National Economic and Social Development Council, 2022). According to this plan, Thailand
envisions that increasing the STEM-related workforce will help the country transition from an
agriculture- and industry-based economy (i.e., Thailand 1.0-3.0) to an innovation-driven one (i.e.,
Thailand 4.0), since STEM fields are fundamental to producing innovations that add value in the
global market. This transition is expected to help Thailand overcome the middle-income trap that
has hindered its economic progress for decades (United Nations, 2015). In this regard, STEM
education atthe K-12 levelis considered a mechanism geared toward preparing new generations
with the knowledge, skills, and attitude necessary to pursue STEM-related higher education and
careers (Promboon et al., 2018)

In response to the mission outlined in the national economic and social development
plan (Office of the National Economic and Social Development Council, 2022), Thailand’s
national science curriculum standards have been revised to incorporate engineering design and
computational thinking—alongside traditional sciences such as physics, chemistry, biology,
astronomy, and geology—to promote integrated approaches to STEM education (Bureau of
Academic Affairs and Educational Standards, 2017). These shifts toward an interdisciplinary
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curriculum are intended to promote not only students’ science learning, but also their ability to
solve complex problems in the future. As evidenced by the recent COVID-19 pandemic,
addressing emerging global challenges requires not only scientific knowledge and
understanding, but also the application of engineering design and computational thinking (e.g.,
in developing effective vaccines). Therefore, in addition to increasing workers in STEM-related
fields, STEM education at the K-12 level helps prepare new generations to engage with and adapt
to unexpected challenges (Promboon et al., 2018).

Design-based learning has been proposed as an integrated approach to STEM education
to support science teachers in implementing the curricular changes (Institute for the Promotion
of Teaching Science and Technology, 2014). Despite its various forms (Ladachart & Ladachart,
2020), design-based learning typically involves stages such as “defining the problem and
identifying the need, collecting information, introducing alternative solutions, choosing the
optimal solution, designing and creating a prototype, and evaluation” (Doppelt et al., 2008, p.
24). Specifically, design-based learning follows an engineering design process that not only
connects science, technology, and mathematics but also relates to students’ everyday
experiences (Quinn et al., 2020). Regardless of its specific form, design-based learning can
facilitate students’ STEM learning in various domains, including knowledge, skills, and attitude
(Delen & Sen, 2023). However, given the epistemological and methodological differences
between science and engineering, Pleasants et al. (2021) suggest that design-based learning
must be carefully designed and structured to effectively facilitate students’ science learning.

While engineering design is clearly emphasized in design-based learning (Ladachart &
Ladachart, 2020), computational thinking—another new strand in Thailand’s national science
curriculum standards (Bureau of Academic Affairs and Educational Standards, 2017)—is not
explicitly included. According to Wing (2006), “computational thinking involves solving problems,
designing systems, and understanding human behavior, by drawing on the concepts
fundamental to computer science”, and it is now considered “a fundamental skill for everyone,
not just for computer scientists” (p. 33). Since computational thinking involves the mental
activity of formulating a problem to admit a computational solution, it can be integrated into the
design process and STEM education in order to meaningfully support students’ STEM learning
(Hsiao et al., 2022; Li et al., 2020). However, given the already crowded curriculum, researchers
recommend using computational thinking “as a medium for teaching other subjects” (Grover &
Pea, 2013, p. 42), such as science. Integrating computational thinking into design-based science
learning thus represents a promising approach.

Nonetheless, the recommendation to integrate computational thinking into science
instruction presents a key challenge for science teachers. For example, through their survey of
science teachers’ conceptualizations of computational thinking and its integration into science
lessons, Kite and Park (2023) found that many lacked understanding of computational concepts
and believed their students were not sufficiently prepared to learn science alongside
computational thinking. This suggests that science teachers need professional development to
support this integration (Yadav et al., 2018). As part of such professional development, Ogegbo
and Ramnarain (2022) emphasize that science teachers require practical and contextual ideas
on strategically embedding computational thinking in science instruction. Because this
integration poses practical difficulties for science teachers who lack concrete examples—a
challenge that seems even more pronounced when science is taught through design-based
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learning—we aim to support science teachers in this endeavor through illustrating such a
concrete example in this article.

Based on our personal experience in teaching biology and working with preservice
teachers majoring in biology, we chose a biological topic. In biology, computational science has
been applied in numerous ways; as Markowetz (2017) notes, “today all biology is computational
biology” (p. 2). One of the well-known applications of computational thinking in biology occurs
when dealing with big data, including those on genomes (Schatz, 2012). Given that the recent
reform in science education emphasizes that science teachers teach science in ways that
correspond to and reflect how scientists work (National Research Council, 2007), it would be
suitable to teach students computational thinking to help them work with bioinformatics (Qin,
2009). While Peel and Friedrichsen (2018) demonstrate that protein synthesis affords a
disciplinary context for integrating computational thinking into science teaching, their
demonstration focuses on transcription rather than the whole process of protein synthesis.
Extending their research scope, this article presents how the topic of protein synthesis can be
taught alongside computational thinking through design-based learning.

To achive our goal, the article is divided into two sections. In the first section, we present
the fundamental elements relevant to the instructional activities. These include the main
concepts of protein synthesis (e.g., transcription and translation), the key concepts of
computational thinking (e.g., loops and conditionals), and the model of design-based learning
used to develop the instructional activities (i.e., 6E Learning byDeSIGN™; Burke, 2014). In the
second section, we describe the instructional activities in detail, including the writing of
computer code in Python using JupyterLab to model the biological processes of protein
synthesis. In doing so, we acknowledge that we made our decisions regarding the computational
tools considering accessibility and practicality, while realizing that other tools might be more
effective. We also leave decisions about the duration of each stage of the instructional activities
to readers, as this depends on students’ prior knowledge and ability. We hope that the
instructional activities provide science teachers with a practical guideline on how computational
thinking can be taught and used as a medium to teach a scientific concept.

Fundamental Elements

Protein Synthesis

According to Thailand’s national science curriculum standards, protein synthesis is a
biological concept that students are expected to learn in the tenth grade. Specifically, they must
be able to “explain the relationship between genes, protein synthesis, and genetic traits” (Bureau
of Academic Affairs and Educational Standards, 2017, p. 36). Thus, the instructional activities
presented in this article were designed with students at this grade in mind. As an abstract
concept involving substantial terminology, protein synthesis is considered difficult for students
to comprehend (Guzman & Bartlett, 2012). Consequently, students often have several
misconceptions of protein synthesis; for example, they may be confused about the specificity of
related terms (e.g., protein, enzyme, amino acid), believe that amino acids are produced by
translation, and/or misunderstand the dual roles of enzymes, which can be both the players and
products of protein synthesis (Fisher, 1985). As a result, protein synthesis is considered a
biological concept that is challenging for science teachers to teach (Koba & Tweed, 2009), who
may themselves also hold such misconceptions similar to students.
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Based on areview of relevant literature, we identified a number of instructional strategies
that have been developed to facilitate students’ learning of protein synthesis. These include
model building, role playing, and concept mapping. Regardless of the strategy used, Koba and
Tweed (2009) suggest that protein synthesis should be taught through a four-step sequence
designed to gradually deepen students’ understanding, as shown in Table 1. This suggestion
aligns with the notion of teaching a scientific concept according to learning progression, which
is defined as “descriptions of the successively more sophisticated ways of thinking about a topic
that can follow one another as children learn about and investigate a topic over a broad span of
time” (National Research Council 2007, p. 214). In other words, a complex concept in science
(e.g., protein synthesis) should be taught in a progressively sophisticated way, evolving from a
basic understanding toward more advanced knowledge acquisition. Following this notion, the
sequence provided by Koba and Tweed (2009) forms the framework for the design the
instructional activities presented in this article.

Table 1
Sequence for Teaching Protein Synthesis (Koba & Tweed, 2009)
Target Understanding
1 Proteins execute the primary functionsinside cells. They determine the structures
and functions of organisms. The observable traits of an organism (phenotype)
arise from the roles these proteins play.
2 Genes stored in DNA supply the genetic information necessaryto create proteins.
The sequence of nucleotides as subunits in DNA specifies how amino acids are
arranged to form proteins.
3 The order of amino acids dictates the type and shape of the protein—and thus its
function.
4 Mutations—changes in the DNA—impact protein production. Errors in the DNA

can result in missing or inadequately functioning proteins, which results in a
change in phenotype/trait.

Computational Thinking

Protein synthesis is a process that can be modeled using computational thinking (Peel &
Friedrichsen, 2018). While computational thinking can be conceptualized in various ways, Shute
et al. (2017) summarize it in terms of six facets: abstraction (i.e., extracting the essence of a
complex problem), decomposition (i.e., dissecting a complex problem into manageable parts),
algorithm (i.e., designing a procedure for solving a problem), debugging (i.e., detecting and fixing
errors when a solution does not work as expected), iteration (i.e., repeating a process until a
condition is met), and generalization (i.e., transferring computational ability to a wider range of
situations). In this paper’s context, protein synthesis as a biological process must be abstracted
and decomposed into parts (i.e., transcription and translation), each of which can be further
divided into smaller parts. Translation, for example, can be broken down to finding the start
codon and repeatedly reading each codon—steps that lend themselves to designing algorithms
thatincorporate iteration. This process also involves debugging. Once developed, the algorithm
for finding the start codon can be generalized to identify a stop codon.

Specifically, computational thinking entails several concepts, such as sequences, loops,
parallelism, events, conditionals, operators, and data (Brennan & Resnick, 2012), as detailed in
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Table 2. Students can use these conceptsto modelthe protein synthesis, such as asking the user
to enter DNA (i.e., events) and store it as a string in a variable (i.e., data). Students can also write
code to repeatedly check whether each nucleotide in the DNA entered by the user consists of A,
T,C,orG(i.e.,loops), in orderto process it; otherwise, the program informs the user that the DNA
isincorrect(i.e., conditionals). To facilitate transcription and translation, students can also write
code using a boolean expression to check for start and stop codons in the DNA (i.e., operators).
Because these computational concepts are taught in elementary or lower secondary grades,
students are likely to “apply [them] in developing a project that integrates with other subjects
creatively and connects with real life” (Bureau of Academic Affairs and Educational Standards,
2017, p. 125). Based on this analysis, protein synthesis provides a potential context for students
to apply computational thinking.

Table 2
Concepts in Computational Thinking (Brennan & Resnick, 2012)
Concept Detail

Sequences Ordered steps that the computer follows to carry out actions
Loops Repetition of the same instructions for a specified number of times
Parallelism Execution of multiple instructions at the same time
Events Triggers that initiate actions and enable interactive behavior
Conditionals Rules that allow different outcomes depending on conditions
Operators Tools for performing mathematical or text-based operations
Data Information that can be stored, accessed, and modified

Design-based Learning

Based on a constructionist perspective of learning, design-based learning has been used
as an instructional model to integrate engineering design into science instruction (Delen & Sen,
2023; Doppelt et al., 2008). More recently, it has also been employed to support students’
development of computational thinking (Hsiao et al., 2022). Although design-based learning can
take various forms (Ladachart & Ladachart, 2020), this article adopts the 6E Learning byDeSIGN™
model developed by the International Technology and Engineering Educators Association (Burke,
2014) to integrate computational thinking into science instruction on protein synthesis. As the
name suggests, the 6E model has six stages: Engage, Explore, Explain, Engineer, Enrich, and
Evaluate (see Table 3). Because its stages closely resemble those of the 5E inquiry cycle—an
instructional model that has been nationally promoted and widely used in Thailand—science
teachers are more likely to understand and adopt the 6E model than other models of design-
based learning. Hence, this model was selected as an example to demonstrate the development
of science lessons incorporating computational thinking.
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Table 3
Six Stages of Design-based Learning (Burke, 2014)
Stage Purpose
Engage To spark students’ interest and activate their prior knowledge
Explore To give students opportunities to investigate and construct understanding
Explain To allow students to articulate and refine their developing ideas
Engineer To deepen students’ understanding by applying it in solving a problem
Enrich To let students extend their learning to more complex situations
Evaluate To assess the extent of student learning for both students and teachers

The six stages of the 6E model align well with Koba and Tweed’s (2009) sequence for
teaching protein synthesis. Specifically, with the aim of piquing students’ interest, Engage
focuses on what students know about proteins in the body and the functions of these proteins.
Then, with the aim of helping students construct and explain their understanding of how each
protein is synthesized to function in a specific way, Explore and Explain move them toward
comprehending what proteins are made of, where they get the necessary information, and how
the process unfolds. Subsequently, with the aim of enabling students to deepen their
understanding through application, Engineer challenges them to design a computer program to
model the biological process. Afterward, with the aim of enhancing students’ understanding,
Enrich draws attention to errors that can occur in both the computer program and the body.
Finally, with the aim of assessing students’ understanding, Evaluate encourages them to
examine the similarities and differences between the computer program and the biological
process. The next section illustrates how these pedagogical ideas can be realized in practice.

Instructional Activities

Engage

According to Koba and Tweed’s (2009) framework for teaching protein synthesis,
students should first understand that their bodies contain many types of proteins, each with
distinct functions. To engage students, the instructional activities commence with asking
whether they know what protein is and where it can be found. Drawing on their prior knowledge
from elementary education, students are likely to focus on proteins in food (e.g., meat) rather
than in the body. After shifting their focus to proteins within the body, students may recall that
protein helps repair damage (e.g., wounds). Building on this idea, students can then be asked to
search the internet for other protein functions in the body. This activity may yield results similar
to those shown in Table 4. Once students have a basic understanding of the types and functions
of proteins, they can be asked what components these various proteins have in common. To
facilitate students’ responses, they may be encouraged to examine a milk carton label (e.g.,
Figure 1), through which they can notice that protein consists of amino acids. Students can also
share the names of amino acids to highlight their variety.
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Table 4
Types and Functions of Proteins
Type Function Example
Structural To provide physical support and Keratin provides strength in
structure nails.
Contractile To enable muscle movement Tropomyosin regulates muscle
contraction.
Transport To move vital substances through Albumin transports fatty acids
the body in blood.
Storage To maintain nutrients for later use Ferritin stores iron in the liver
and spleen.
Hormone To regulate metabolic and Insulin controls blood glucose
nervous-system processes levels.
Enzyme To speed up chemicalreactionsin  Lactase digests lactose in the
cells small intestine.
Protection To identify and remove harmful Immunoglobulin protects the
substances body from infections.
Figure 1

A Milk Carton Label Showing Some Amino Acids

Usurunsroe:ialu €) sin
$JU 5,706.0 UN./500 va.
dannu 472.0 un,, ToluaaBu 489.0 un,,
a0%u 1,110.0 un,, [adu 1,145.0 un,
wislodu 159.5 un., wWiiag:aniiu 1,025.0 un.,
sSlodu 795.0 un., nSulamu 159.0 un,,
193U 351.5 un.

After identifying some amino acids from the label, students can be asked to search the
internet for additional types. They may discover that there are 20 amino acids, which can be
categorized as essential and non-essential. The former are what the human body cannot
construct but must obtain from food. The latter can be constructed by the body. At this point,
students should be informed that all proteins, regardless of their type and function, are
composed of a sequence of amino acids, each unique in number and order. While some protein
(i.e., glutathione) contains only three amino acids, others (e.g., titin) can have more than 30,000.
Based on this information, students can be asked how the body “knows” the correct number and
order of amino acids when synthesizing a protein. This question is intended to direct students’
attention to DNA as the genetic code within the body. As students have learned about cell
structures—including nucleus, chromosomes, DNA, and genes that determine genetic traits—in
their lower secondary grades, they are likely to view DNA as the source that determines the
number and sequence of amino acids to constitute a protein.
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Explore

Once students have identified DNA as the source the body uses to determine the number
and order of amino acids in protein synthesis, they may be asked about its structure and
components. Students may explore a model of DNA, whether physical or graphical, to observe
that it is a double-helix composed of four types of nitrogenous bases: adenine (A), thymine (T),
cytosine (C), and guanine (G). They should be informed that a typical human cell contains about
6.4 billion nitrogenous bases and that each individual has a unique sequence of these bases.
Based on this information, students can then be asked whether the order of amino acids in a
protein relates to the order of nitrogenous bases in DNA. To answer this question, they can be
encouraged to watch a video clip, such as one from the YourGenome channel on YouTube, that
illustrates the process of protein synthesis. While watching, they should record which organelles
areinvolved and whathappens ateach step of the processfor classroomdiscussion. Acomputer
simulation, such as one from the PhET Interactive Simulations project at the University of
Colorado, can also be used to allow students to explore and test their ideas.

Explain

After watching the video clip and exploring the computer simulation—possibly several
times—each student should be asked to describe the key steps of protein synthesis are. At this
point, they should understand that it involves transcription and translation. Transcription occurs
in the nucleus, where DNA is located. The sequence of DNA representing a gene is copied into
messenger ribonucleic acid (mRNA), based on the pairing of two nitrogenous bases (e.g., C pairs
with G, while A pairs with T). Unlike DNA, where thymine (T) pairs with adenine (A), mRNA uses
uracil (U) for this pairing. Consequently, mRNA's composition includes the four nitrogenous
bases: A, U, C, and G. Once the mRNA is constructed, it leaves the nucleus and enters the
cytoplasm for translation. Translation occurs when a ribosome attaches to the mRNA and reads
three nitrogenous bases—codons—simultaneously, with AUG as the start codon. Transfer
ribonucleic acid (tRNA) then transports amino acids to the ribosome according to the codon
table (see Figure 2). The ribosome links the amino acids together using peptide bonds in the
correct order to create a protein until it finds one of the stop codons.

Figure 2
Codon Table

Second letter

U c A G
uuu ucu UAU uGU U
u UUC}Phe uee |l UAC}Tyr UGC}CyS c
UUA}Leu UCA UAA Stop|UGA Stop| A
uuG UCG UAG Stop|UGG Tip |G
CUU ccu CAU }His cGU U
clcuc o, lece |, [cac cec |, |¢c
5 CUA CCA CAA}GI” CcGA [V9 |al| 5
£ CUG | cce CAG (Elele G| E
B AUU ACU AAU AGU ul B
& [aAuC tie [AcC | AAC}Asn AGC}Ser clE
AUA | ACA AAA }Lys AGA } Arg | A
AUG™ Met | AcG AAG AGG &
GUU GCU GAU} sp | GGU U
6l 6YC lya | GCC | g [BAC Pleec cille
GUA GCA GAA}GIU GGA [ZY | A
GUG | GCG GAG GGG €

Source: Open Oregon (2019)
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Once students can sufficiently explain the process of protein synthesis in their own
words, they can discuss and identify which steps in this biological process can be modeled using
concepts in computational science (e.g., sequences, loops, conditionals, and operators).
Through this discussion, they can realize the correspondence between the two and begin
mapping each biological step to a computational concept. For example, during transcription,
students can apply conditionals (i.e., if-else statements) to represent the pairing of nitrogenous
bases—such as replacing adenine (A) in DNA with uracil (U) in mRNA. Loops (e.g., for or while
loops) can be used to repeat this base-pairing process until the end of the DNA strand is reached.
Similarly, students can use conditionals to determine whether translation will begin—for
instance, starting translation only if the start codon (i.e., AUG) is presentin mRNA. Loops can be
used to represent the process of adding amino acids until a stop codon is encountered. Figures
3 and 4 illustrate examples of flowcharts for transcription and translation, respectively. Joint
creation of these flowcharts will consolidate students’ understanding.

Figure 3
Flowchart of Transcription

/ Get DNA from the user /

v

Y

Add Uto

mRNA Yes

Is the
base T?

A 4

AddAto
mRNA

Y

Add C to
mRNA

Y

Add G to
mRNA

Yes

No

Does DNA
end?

47/ mRNA

10



Suranaree Journal of Social Science, Vol. 20, No. 1 (2026), €281996

Figure 4
Flowchart of Translation

/ Get mRNA from transcription /

Are the first base A,
the second base U,
and the third base
G?

v

\J

Add an amino acid
Move to the based on the codon
next base. table to protein

Y

Move to the next
three bases.

Are the three
bases UAA, UAG,
or UGA?

Engineer

Using flowcharts that reflect their understanding of protein synthesis, students can
design a computer program that identifies the order of amino acids from a given strand of DNA.
While various programming languages and platforms are suitable for this purpose, this article
uses Python as the programming language and uses JupyterLab within the Anaconda distribution
as the programming platform, both of which are freely available. Using this platform, students
canwrite theircode directlyin aweb browser on theircomputer. To supportthis activity, students
should be pointed to a website, such as RANDOM DNA SEQUENCE GENERATOR developed by
the University of California, Reverside, through which they can generate arandom strand of DNA.
They can then use this DNA to explore various computational concepts. These include creating
an event to get a DNA input from the user, defining a variable to store the DNA as a string,
displaying the stored DNA, manipulating the DNA sequence, identifying its length, accessing
specific characters, creating conditional statements, using loops, and applying logical
expressions to produce true-or-false outcomes.

11
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For example, students can write the code “DNA = str(input("Please enter DNA:"))” to
promptthe userto enter a DNA sequence. Because Python is case-sensitive, they can also write
the code “DNA = DNA.upper()” to ensure all nitrogenous bases in the DNA are in uppercase for
further processing. To verify that the DNA sequence contains only valid nitrogenous bases (i.e.,
A, T, C, and G), students can write the code using a “for” loop to check whether each nitrogenous
baseis one of these four. If all nitrogenous bases are valid, the program will confirm the user and
display the DNA sequence; otherwise, it will inform the user that the DNA is not valid and not
proceed with further steps. Figure 5 shows the results for the cases of different input. Once this
validation is successful, students can proceed to write the code for transcription. To do so,
students can similarly apply a “for” loop to replace A with U, T with A, C with G, and G with C, as
illustrated in Figure 6. After creating the mRNA, students can write the code to check whether

and where the start codonis present. As shownin Figure 7, they can also apply another “for” loop
to examine the mRNA base by base.

Figure 5
Code That Prompts the User for Input in Gray with Output in White

DNA = str(input("Please enter DNA:"))
DNA = DNA.upper()
for i in range(len(DNA)):
if DNA[i] == "A" or DNA[i] == "T" or DNA[i] == "C" or DNA[i] == "G":
valid_DNA = True
else:

valid_DNA = False
if valid_DNA == True:
print("DNA is", DNA)
else:
print("DNA is not valid.")

Please enter DNA: TACCCATGCC
DNA is TACCCATGCC

DNA = str(input("Please enter DNA:"))
DNA = DNA.upper()
for i in range(len(DNA)):
if DNA[i] == "A" or DNA[i] == "T" or DNA[i] == "C" or DNA[i] == "G":
valid_DNA = True
else:
valid_DNA = False
if valid_DNA == True:
print("DNA is", DNA)
else:
print("DNA is not valid.")

Please enter DNA: TACCCATGCCaaaa
DNA is TACCCATGCCAAAA

DNA = str(input("Please enter DNA:"))
DNA = DNA.upper()
for i in range(len(DNA)):
if DNA[i] == "A" or DNA[i] == "T" or DNA[i] == "C" or DNA[i] == "G":
valid_DNA = True
else:

valid DNA = False
if valid_DNA == True:
print("DNA is", DNA)
else:
print("DNA is not valid.™)

Please enter DNA: TACCCATGCCzzz
DNA is not valid.

12
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Figure 6
Code for Transcribing DNA to mRNA in Gray with Output in White

mRNA = ""
for j in DNA:
if j == "A™:
j =
elif j == "T":
j =
elif j == "c":
j="e"
elif j == "6":
j =
mRNA = mRNA + j
print("mRNA is", mRNA)

Please enter DNA: ATAAAACTGC
DNA is ATAAAACTGC
mRNA is UAUUUUGACG

Figure 7
Code for Finding a Start Codon in mRNA in Gray with Output in White

startCODON = False

for k in range(len(mRNA)):
basel=mRNA[k:k + 1]
base2=mRNA[k + 1:k + 2]
base3=mRNA[k + 2:k + 3]

if basel == "A" and base2 == "U" and base3 == "G":
startCODON = True
break

else:
k = k+1

if startCODON == True:

print("A start codon is found at", k + 1, "-", k + 3)
else:

print("A start codon is not found.™)

Please enter DNA: ATAATACTGC
DNA is ATAATACTGC

mRNA is UAUUAUGACG

A start codon is found at 5 - 7

startCODON = False

for k in range(len(mRNA)):
basel=mRNA[k:k + 1]
base2=mRNA[k + 1:k + 2]
base3=mRNA[k + 2:k + 3]

if basel == "A" and base2 == "U" and base3 == "G":
startCODON = True
break

else:
k = k+1

if startCODON == True:

print("A start codon is found at", k + 1, "-", k + 3)
else:

print("A start codon is not found.")

Please enter DNA: ATAAAACTGC
DNA is ATAAAACTGC

mRNA is UAUUUUGACG

A start codon is not found.

Subsequently, students can write the code for translation. Since the nitrogenous bases
before the start codon are not used in this process, students can remove them. To do this, they
can write the code “gene = mRNA[k:]”, which specifies that only the nitrogenous bases starting
from the start codon are used as the gene for translation. Because the location of a stop codon
within the gene is unknown, students must use a “while” loop instead of a “for” loop, to identify
the amino acids corresponding to each codon. According to the codon table (see Figure 2), the
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start codon represents the amino acid “Met”, and students can define this amino acid at the
beginning of the polypeptide. The “while” loop continues until the end of the gene is reached or
a stop codon is met. During this iteration, amino acids are linked to form a polypeptide, which
becomes a protein. If no stop codon is found in the gene, the program will inform the user that
the translation does not occur due to the absence of a stop codon. Otherwise, the program will
display the sequence of amino acids that form the protein. Figure 8 shows the code for
translation. This stage represents the process as it usually occurs.

Figure 8
Code for Translating mRNA to Protein in Gray with Output in White

gene = mANA[k: )
m=8
n=3
poly pep = "Met"
valid gene = False
while n « len{gene) + 3:
codon = gene[m + 3: n + 3]
if codon == "UAA" or codonm == "UAG" or codon == "UGA":
wvalid_gene = True
print{"A stop codon is found at™, m + 4, "-", n + 4)
break
elif codon = " or codon == “UUC":
aming = "
elif codon " or codon == "UUG" or codon == "CLU" or codon == "CUC" or codon == "CUA" or codon == "CLG™:
amino = "
elif codon == "AM" or codon == "AUC" or codon == "ALA":
amino = "
elif codon
amine = "Me
elif codon " or codon == "GUC" or codon == "GUA" or codom == "GUG":
amino = "
elif codon " or codon == "UCC" or codon == "UCA" or codon == "UCG"or codon == "AGU" or codon == "AGC":
amino = "Ser”
elif codon == "CCU" or codon == "CCC" or codon == "CCA™ or codon == “CCG"
amine = "Pro”
elif codon == "ACU" or codon == "ACC" or codon == "ACA"™ or codonm == “ACG":
amine = "Thr"
elif codon == "GCU" or codon == "GCC" or codon == "GCA™ or codonm == “GCG":
amino = "ala”
elif codon == "UAU™ or codon == "UAC":
amino = "Tyr"
elif codon == "CAU™ or codon == "CAC":
amino = "His"
elif codon == "CAA™ or codon == "CAG":
amino = "
elif codon " or codon == “AAC"
amino = "
elif codon = " or codon == "A&G"
amino = "
elif codon == "GAU™ or codon == "GAC":
amino = "
elif codon = " or codon == "GAG":
amino = "@lu”
elif codon == "UGU" or codon == "UGC
amino = "Cys"
elif codon == "UGGT:
amino = "Trp"”
elif codon == "CGU™ or codon == "CGC" or codon == "CGA" or codon == “"CGG" or codon == "AGA" or codon == "AGG™:
amino = "A
elif codon = " or codon == "GGL" or codon == "GGA" or codon == "GGC":
amino = "Gly"
poly pep = poly_pep + "-" + amino
m=m+ 3
n=mn+3
else:
print("Translation does not occur due to the absence of a stop codon.™)
if walid_gene == True:
print("Protein has a sequence of amino acids as follows: " + poly _pep)
Please enter DMA: TTTGGCGGATTTTTACAGATACTAACCAGGTGATTTGAAGTAMATTAGTT
DNA is TTTGGCGEATTTTTACAGATACTAACCAGGTGATT TGAAGTAMATTAGTT
mANA is AAACCGCCUAAMAALIGUCUAUGALUGGLCCACUAAACULICALULLKALICAL
A start codon is found at 14 - 18
A stop codon is found at 31 - 34
Protein has a sequence of amino acids as follows: Met-Zer-Met-1le-Gly-Pro-Lleu-Asn-Phe-Ile
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Enrich

As students write the code, they may realize that errors can occur in the process. This
realization presents an opportunity to discuss whether protein synthesis in the body can also
involve errors, especially considering that the number of nitrogenous bases in the body is far
greater than in their programs. Specifically, using the programs they created, students can
explore the consequences of a nitrogenous base being omitted, added, or substituted. For
example, omitting one nitrogenous base (e.g., G) in the gene shown in Figure 8 can result in a
different number and sequence of amino acids (c.f., Figure 9). This change can alter the shape
and structure of the resulting protein. Consequently, the protein may malfunction. By examining
multiple cases of altered nitrogenous bases within a gene and their effects, students may
observe that these changes can result in the failure to synthesise a protein. This phenomenon is
known as a mutation, which can manifest in various, often abnormal traits. Students can then
find real-world examples of such mutations on the internet. This exploration can extend their
understanding of protein synthesis in the abnormal cases.

Figure 9
Protein Systhesis Output After Nucleotide Change (Mutation Example)

Please enter DNA: TTTGGCGGATTTTTACAGATACTAACCAGTGATTTGAAGTAAATTAGTT

DNA is TTTGGCGGATTTTTACAGATACTAACCAGTGATTTGAAGTAAATTAGTT

mRNA is AAACCGCCUAAAAAUGUCUAUGAUUGGUCACUAAACUUCAUUUAAUCAA

A start codon is found at 14 - 16

A stop codon is found at 19 - 22

Protein has a sequence of amino acids as follows: Met-Ser-Met-Ile-Gly-His

Evaluate
At the end of the lesson, students should be encouraged to evaluate what they have

learned. When writing programs, students’ code often fails to fully reflect the real process of
protein synthesis in the body. This is an inherent limitation in scientific models and modelling.
Therefore, in addition to identifying similarities, it is important that students discuss how the
modelin their programs differs from the actual process of protein synthesis. For example, during
protein synthesis, certain segments of mRNA (introns) are removed, while the remaining
segments (exons)join to form a gene for translation. Moreover, severaltools, such as conceptual
tests (Guzman & Bartlett, 2012) and learning logs (Lawsin et al., 2022), can be used to evaluate
students’ understanding. Students’ responses to these tools can encourage discussion to
deepen their understanding. With a stronger grasp of the biological process and the nature of
models, students can reflect on how their programs can be more efficient—even if they diverge
from the biological process. For instance, after identifying the start codon, students may decide
to locate the stop codon before initiating translation.

Conclusions and Implications

This article presents an instructional activity in which computational thinking is
incorporated into the teaching of protein synthesis using the 6E Learning by DeSIGN™ model of
design-based learning (Burke, 2014). The instructional activity can be considered an example of
STEM-integrated lessons, given that it draws on science (protein synthesis), technology
(computer programming), engineering (design process), and mathematics (logical
manipulation). Whereas the first three stages of the instructional activity (Engage, Explore, and
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Explain) focus primarily on science learning, the fourth stage (Engineer) emphasizes
computational thinking, design process, and mathematical application. The remaining two
stages (Enrich and Evaluate) are devoted to extending and assessing students’ learning,
respectively. Although all STEM fields are integrated to varying degrees throughout the
instructional activity, these stages promote reciprocal learning through which each field
supports and reinforces the others. As demonstrated in this article, the proportion of STEM
components is not required to be equal in an instructional activity.

Through the instructional activity, this article offers a pedagogical guideline for science
teachers to implement the activity in their classrooms. In doing so, however, science teachers
must be aware of this article’s limitations. Specifically, it does not—and cannot—describe the
instructional activity in full detail. Moreover, the instructional activity does not target all aspects
of protein synthesis. For example, while the instructional activity emphasizes the biological
process, it may not directly target some misconceptions possessed by students, such as
confusions about the specificity of related terms. The same limitation is also featured in
computational thinking. For example, while some concepts (e.g., loops and conditionals) are
frequently applied throughout the coding process, other concepts (e.g., events and parallelism)
may be less used. As a result of these limitations, adjustments, expansions, and additions may
be necessary to make the instructional activity more suitable for particular contexts, students,
and purposes. Moreover, as in teaching any topic, science teachers require a strong foundation
of content knowledge.

In addition to directly applying the instruction activity, science teachers can use it as a
learning resource for creating and developing their own lessons on other science topics. As
demonstrated in this article, they need to analyze a scientific concept in light of computational
thinking. In other words, they should consider how the concept can be abstracted and
decomposed to parts and how each part can be modeled using a computational concept.
Furthermore, science teachers need to choose a model of design-based learning that supports
the integration of computational thinking with the teaching of that scientific concept. Such a
model does not need to be the one demonstrated in this article, but it should be appropriate for
the concept being taught. If possible, the developed instructional activities should be organized
according to the learning progression suggested by the extant literature, so that students can
learn the concepts in a progressively sophisticated manner. The more science lessons like the
one presentedin this article are developed, the more students are bound to learn computational
thinking and design process regularly.

Research Possibilities

Although carefully designed and developed, the instructional activity presented in this
article has not yet been empirically studied. Therefore, further research is needed to determine
whetherand how it can influence students’ learning, particularly regarding protein synthesis and
computational thinking. Research with students is currently underway. Because the
instructional activity also has the potential to serve as a learning resource for science teachers,
there is an opportunity to examine whether and how it can support their professional
development. For example, given that computationalthinking entails not only concepts, but also
perspectives and practices, it would be valuable to investigate whether and how science
teachers develop abilities, attitudes, and identities related to coding through engaging in the
instructional activity. Such characteristics may increase the likelihood that science teachers,
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whetherin-service or preservice, integrate computational thinking into their science lessons. For
those interested in the pedagogical implications and the research directions afforded by this
article, the full code is provided in the Appendix for learning.
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Appendix

H#DNA input and examination
DNA = str(input("Please enter DNA:")) #Ask for an input (DNA)
DNA = DNA.upper() #Captalize the input
foriin range(len(DNA)): #Test if the input comprises correct nitrogenous bases
if DNA[i]=="A" or DNAJi] =="T" or DNA[i] =="C" or DNAJ[i]=="G":
valid_DNA =True
else:
valid_DNA = False
if valid_DNA == True: #Display the result of testing
print("DNA is", DNA)
else:
print("DNA is not valid.")

#HDNA transcription
MRNA ="" #Create an empty variable for mRNA
for jin DNA: #Pair complementary bases to form mRNA
ifj=="A":
j="u"
elifj=="T"
j="A"
elifj=="C":
j="G"
elifj=="G":
j="c"
mMRNA = mRNA +j
print("mRNA is", mRNA) #Display mRNA

HFinding a start codon

startCODON = False #Set a variable to indicate if there is a start codon

for k in range(len(mRNA)): #repeatedly find a start codon in mRNA base by base
base1=mRNA[k:k + 1]

base2=mRNA[k + 1:k + 2]

base3=mRNA[k + 2:k + 3]

if base1 =="A" and base2 =="U" and base3 =="G":

startCODON = True #Set the variable to indicate that a start codon is found
break #Stop finding a start codon when it was found
else:
k=k+1
if startCODON == True:
print("A start codon is found at", k + 1, "-", k + 3) #Display where the start codon was found
else:
print("A start codon is not found.") #Display where the start codon was not found

#HTranslation
sene = mMRNA[k:]#Create a variable for a gene beginning with the start codon found
m=0

n=3
poly_pep ="Met" #Create a variable for a polypeptide with the amino acid for the start codon
valid_gene = False #Set a variable to indicate if the gene has a stop codon (i.e., gene is correct)
while n <len(gene) + 3:

codon =gene[m + 3: n + 3] #Create a variable for a codon to be translated
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if codon =="UAA" or codon =="UAG" or codon == "UGA": #Repeatedlt find a stop codon

valid_gene =True #Set the variable to indicate gene correctly has a stop codon

print("A stop codon is found at", m + 4, "-", n + 4) #Display where the stop codon was found

break #Stop finding a stop codon when it was found
elif codon =="UUU" or codon =="UUC": #Translate the gene codon by codon

amino ="Phe"
elif codon == "UUA" or codon == "UUG" or codon == "CUU" or codon == "CUC" or codon == "CUA"
or codon =="CUG":
amino ="Leu"
elif codon =="AUU" or codon =="AUC" or codon =="AUA":
amino ="lle"
elif codon =="AUG":
amino = "Met"
elif codon =="GUU" or codon =="GUC" or codon =="GUA" or codon =="GUG":
amino ="Val"
elif codon == "UCU" or codon == "UCC" or codon == "UCA" or codon == "UCG"or codon == "AGU"
or codon =="AGC":
amino = "Ser"
elif codon =="CCU" or codon =="CCC" or codon =="CCA" or codon =="CCG":
amino ="Pro"
elif codon =="ACU" or codon =="ACC" or codon =="ACA" or codon =="ACG":
amino ="Thr"
elif codon =="GCU" or codon =="GCC" or codon == "GCA" or codon =="GCG":
amino ="Ala"
elif codon =="UAU" or codon == "UAC":
amino ="Tyr"
elif codon =="CAU" or codon =="CAC":
amino = "His"
elif codon =="CAA" or codon =="CAG":
amino ="Gln"
elif codon =="AAU" or codon =="AAC":
amino ="Asn"
elif codon =="AAA" or codon =="AAG":
amino ="Lys"
elif codon =="GAU" or codon =="GAC":
amino ="Asp"
elif codon =="GAA" or codon =="GAG":
amino ="Glu"
elif codon =="UGU" or codon =="UGC":
amino ="Cys"
elif codon =="UGG":
amino ="Trp"
elif codon == "CGU" or codon == "CGC" or codon == "CGA" or codon == "CGG" or codon == "AGA" or
codon =="AGG":
amino ="Arg"
elif codon =="GGU" or codon =="GGC" or codon =="GGA" or codon =="GGC":
amino ="Gly"
poly_pep = poly_pep +"-"+amino #Add the current codon’s amino acid to the polypeptide
m=m+3
n=n+3
else:
print("Translation fails due to missing stop codon.") #Display when the gene has no stop codon

if valid_gene ==True:
print("Protein has a sequence of amino acids as follows: " + poly_pep) #Display the polypeptide
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