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Abstract 

This classroom action research aims to investigate the development of collaborative problem-solving 
competencies using STEM-based learning through dietary plan lessons. The participants included 77 
twelfth-grade students in the 2018 academic year in the science-technology program in a public school under the 
supervision of the Ministry of University Affairs. Two types of instruments were used in the study: 1) ten lesson 
plans of the biomolecules unit equivalent to eighteen lesson periods; 2) data collection instruments, including 
collaborative problem-solving competencies observation sheets, students’ learning reflections, and informal 
interview protocols. The data analysis involved frequencies, percentages, and content analysis. The results of the 
study revealed that the students improved all three competencies. Regarding the first competency, “Establishing 
and Maintaining Shared Understanding,” the students were accustomed to having a dominant member assigning 
the task while other members passively followed the orders. When they encountered a problem, each member 
individually solved it or asked the teachers for help without a group discussion. However, after the instruction, 
the students improved their communication skills by discussing the task processes with the other group 
members. Moreover, when a problem occurred, they approached it as a shared responsibility instead of as an 
individual’s duty. Therefore, the problem was collectively sorted out and successfully solved. In terms of the 
second competency, “Taking Appropriate Action to Solve the Problem,” the students had previously been 
assigned their roles by the group leaders without consideration of the strengths and weaknesses of each member, 
resulting in an unsuccessful task. After the instruction, everyone became more collaborative in considering the 
task at hand and discussed the role that best suited each member. When they encountered a problem, everyone 
collectively planned the appropriate steps toward the solution. With regard to the third competency, 
“Establishing and Maintaining Team Organization,” the students had not previously reflected on their 
performance, but after the activities, they learned to provide feedback to improve other members’ understanding 
and carry out the task more efficiently. A challenge that emerged in implementing the activities involved the 
time issue. It is important to manage time effectively and to challenge the students to collaboratively solve the 
problem. The instructional activities should be conducted continuously by rotating students into new groups 
where they can practice their teamwork skills with others. Moreover, the collaborative problem-solving activities 
are found to be applicable not only for a STEM-based approach but also for a project-based approach. 

Keywords: collaborative problem-solving competencies, STEM-based learning 

1. Introduction 

The world we live in is without borders and characterized by constant changes and numerous problems. We need 
to realize that we cannot live and face all these obstacles alone. Creative teamwork and problem-solving are 
essential life skills (Hesse et al., 2015; Nelson, 1999). This is consistent with the position of the Basic Education 
Commission (2012), which asserts that problem-solving and collaborative skills are the crucial components of 
life skills in the 21st century (Griffin & Care, 2014; Binkley et al., 2012). These skills will enable young 
generations to cope with the current changes as well as the problems they will encounter in the future. According 
to the Organization for Economic Co-operation and Development’s (OECD) (2017), collaborative 
problem-solving is an essential competency essential for learning and working, as it promotes learners’ ability to 
find effective solutions to problems through collective work with other group members. Facing a problem and 
trying to solve it alone may not be as effective as doing it as a team. Coordination results in more alternatives 
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and myriad approaches to the problem (Barron, 2000; Hennessy & Murphy, 1999; Innes, 2007). Collaborative 
problem-solving (CPS) competency refers to the capacity of a learner to collaborate with other members of a 
group to solve problems in different situations. The CPS competency consists of three sub-competencies: 1) 
establishing and maintaining shared understanding; 2) taking appropriate action to solve the problem; and 3) 
establishing and maintaining team organization (Nelson, 1999). 

Studies related to CPS competencies have mainly examined the outcomes of using the CPS framework on 
students’ learning (Bungum, Bøe, & Henriksen, 2018; Rozenszayn & Ben-Zvi Assaraf, 2011; Tao, 1999) 
without considering how the group work process affected the students’ learning outcomes. These studies only 
highlighted the improved performance of the students after the group work process. A few studies even found 
that group work did not produce better outcomes than individual work (Sampson & Clark, 2009). This negative 
result could be due to the students’ lack of practice in CPS when the teacher assigned them a group task. Often, 
the task was ultimately completed by a single person, especially the group leader (Innes, 2007).  

However, as an increasing number of studies reported the success of the collaborative inquiry approach, more 
researchers started to pay attention to the factors that contribute to successful collaboration. Besides the 
emphasis on the content itself, many studies began to focus on the emotion and stress that occurred during the 
group process, including methods learners used to cope with tension and conflict due to group arguments 
(Lamminpää & Vesterinen, 2018; Sohr, Gupta, & Elby, 2018).  

The researcher, as a teacher, is fully aware of the important task of preparing learners for all necessary skills, 
especially when the students exhibit no CPS behaviors. Based on the researcher’s observation, only one or two 
students in a group of four or five normally bear the responsibility of completing the task. There was a low level 
of engagement and interaction among the group members. The group leader gave orders and was in charge of 
dividing the tasks for each member. Moreover, the group members did not plan the whole task together. When 
there was a problem during the task process, the group leader solved the problem without asking the other 
members for their opinions. If the issue arose during the final work presentation, it was the sole responsibility of 
the leader. This might also be the case in other classrooms in Thailand. According to the Programme for 
International Student Assessment (PISA, 2003), a majority of Thai students have a low level of CPS 
competencies. Therefore, the lack of CPS competencies among Thai students requires as much attention as the 
development of cognitive competence at the national level, both of which educators should prioritize. 

Based on the aforementioned problem, the researcher attempted to develop instruction that enhances CPS 
competencies by emphasizing the development of skills contributing to group work achievement. The review of 
the previous research revealed that most studies only focused on using various techniques, approaches, and 
concepts that helped with the problem-solving and group work processes. However, CPS competencies, which 
are an essential skill, require interdisciplinary knowledge and a combination of skills to effectively enhance 
learners’ CPS competencies (Kim & Tan, 2013). 

Therefore, the researcher believed that CPS competencies combined with STEM-based education would likely 
lead to better learning outcomes. According to Suthida Jamrus (2017), the six main features of STEM-based 
education include (1) the integrated approach of teaching science, technology, engineering, and mathematics, 
focusing on STEM understanding and knowledge; (2) the learning innovation framework; (3) context-based 
learning; (4) 21st-century learning; (5) design and problem-solving activities; and (6) authentic assessment and 
evaluation. Based on the study of Edmunds et al. (2017), the combination of STEM-based and project-based 
approaches leads to the development of CPS skills. This finding is consistent with those of Bybee (2013) and 
Radloff and Guzey (2016), who concluded that STEM-based learning can facilitate students’ application of 
integrated knowledge to design innovation to solve a problem based on their creativity and collaborative skills. 
Therefore, to prepare learners for the 21st century, the researcher aimed to use dietary program planning lessons 
based on the STEM education framework to enhance the students’ CPS competencies.  

1.1 Objectives of the Study 

The objective was to study the results of CPS competency development based on STEM-based learning through 
dietary plan lessons. 

2. Research Methodology 

This study was based on classroom action research, the purpose of which is to find the best way to develop students’ 
learning. The researcher, as a teacher, collected the qualitative data using the Kemmis’ action research process 
(Kemmis & McTaggart, 1988), which consists of three phases in a cycle of planning, acting and observing, and 
reflecting. The three phases are continuously repeated in four cycles, as shown in Figure 1. 
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Table 1. Detailed lesson plans on the STEM-based biomolecules 
Stages Supplement Activity 

Documents 
Periods Activity Descriptions 

Stage 1: Identifying the 
problem, activating prior 
knowledge, and suggesting 
a dietary plan 

1 lesson plan 1 The teacher and students discuss health issues that could lead to the 
appropriate dietary plan. Once the students identify their goals, they will 
work in a group with mixed genders and abilities. Then, the group 
members will search for an appropriate meal plan for people with 
different needs and conditions, such as working adults, students, athletes, 
and the elderly.  

Stage 2: Exploring and 
gathering information 

Six lesson plans 
Writing chemical structures 
and nomenclature of peptide 
bonds 
Protein test experiment and 
reflection 
Experiment the enzyme 
action and reflection  
Experiment lipid test and 
reflection 
Soap-making experiment and 
reflection 
Experiment with other lipids 

 
1 
 
 
2 
 
3 
 
2 
 
2 
 
1 

The students will learn about the topics through different teaching 
approaches, such as lectures (related to chemical structures and molecule 
formulae). They will explore and search for information from different 
sources using a jigsaw technique to promote collaborative learning. They 
will experiment and design an experiment to gain knowledge about 
nutrition. Every time they work in groups, the next period will include a 
reflection of the group processes by presenting the strengths of the group, 
the problems they encounter, and the problem-solving methods used. In 
each reflection session, the teacher will facilitate the class discussion on 
the missing issue, including mediating and controlling the situation when 
the arguments become heated. However, the students will be in charge of 
all activities. In this stage, the students will collect information to make 
their dietary plan. Each group needs to gather more information on the 
topics they choose. Besides the discussion to reflect the group process, the 
students will also need to write in their journals every time they engage in 
group work. 

Stage 3: Making the dietary 
plan  

1 lesson plan  3 Each group of students will make a dietary plan for seven days, three 
meals a day. They will search for more information about nutrition, 
calorie calculation, benefits, and the dangers of each type of food. They 
will need to make a table to present the meal plan, types of food, 
ingredients, and daily consumption to appropriately match the chosen 
topic. Then, they will design a poster (to advertise their meal plan) to 
present their final task to the class. 

Stage 4: Evaluating and 
revising  

1 lesson plan 2 Each group will present an example of a one-day dietary plan in front of 
the class. Subsequently, the whole class will discuss and provide 
feedback.  

Stage 5: Concluding and 
presenting the final product 

1 lesson plan  1 The students will present their posters and a commercial dietary plan.  

 

2.3 Research Instrument  

The following research instruments were used for data collection: 

(1) The Collaborative Problem-Solving (CPS) Observation Form. This form consists of seven rating scale 
questions regarding the group members’ behaviors. The observation protocol was adapted from the study of 
Lertdechapat and Promrat (2015). This observation protocol was utilized to evaluate collaborative behavior, 
which is a crucial skill for the 21st century. The sample sheet of the CPS Observation Form is shown below. 

 



jel.ccsenet.o

 

(2) Studen
the studen
The studen
this activit
how did yo

(3) Inform
interviews
question c
researcher
researcher
elaboration

2.4 Data C

The resear
Subsequen
classroom 
analyze th
members’ 
observer an
to complet
asked eac
interviewe

2.5 Data A

The resear
conducting
responses 
Subsequen
that alway
sometimes
demonstra
check the a

 

org 

Fi

nts’ Reflection 
nts to write a re
nts were assign
ty (in terms o
ou solve them?

mal Interview 
s to deeply inv
can be adjusted
r and the parti
r read the parti
n, the research

Collection  

rcher asked th
ntly, the researc

action researc
he developmen

reflection bef
nd facilitated t
te the reflectio

ch student to 
ed the students

Analysis 

rcher analyzed
g a content ana
from the CPS

ntly, the resear
ys or regularly 
s demonstrate 
ate the compete
accuracy of th

igure 2. The co

Form. This is
eflection at the
ned questions 
f both content
? 

Protocol. The
vestigate topic
d or rephrased
icipants. If the
icipants’ refle

her could follow

he students to 
cher organized
ch: plan, act a
nt of the CPS 
fore moving on
the group work
on form to reco

complete the
 for additional

d the informat
alysis. To chec
S observation, 
rcher categoriz
demonstrate t
the competen

encies. After th
he data interpre

Journal of Ed

ollaborative pro

 a tool to help
e end of each p
to write about

t and task)? D

e researcher us
cs that were im
d until the stu
ere is any mis
ctions and fou
w up with an i

 complete the
d instructional 
and observe, an
 competencies
n to the next fo
king process. A
ord the knowle
 CPS compet
l comments, de

tion from the 
ck the reliabilit

the students’ 
zed the data in
the competenc
ncies; and 3) t
he data analys

etation. Table 2

ducation and Le

106 

oblem-solving

 students recor
period includin
t in their reflec

Did you have a

sed the inform
mportant or un
udents understa
sunderstanding
und any incom
nformal interv

e CPS observa
activities that f
nd reflect. The
s and then to 

four cycles. Du
At the end of ea
edge and learni
tencies observ
etails of the tal

data gathered
ty, the data we
reflection, an

nto three group
ies; 2) the opin
the opinions o
sis, the researc
2 below shows

earning

g (CPS) observ

rd what they le
ng obstacles an
ctions, such as
any problems 

mal interview 
nclear. This k
and, so the in
g, it can be co

mplete, ambigu
view on a case-

ation form aft
followed four 
e information 
improve the 

uring the instru
ach lesson, the 
ing activities. 
vation form a
lk/conversation

d by calculatin
ere triangulated
nd the informa
ps: 1) the opin
nions or behav
or behaviors o
cher asked the 
s how the data 

vation form 

earned. The re
nd suggestions
s: What did yo
while perform

protocol to re
ind of intervie
formation is s
orrected imme
uous answers t
-by-case basis

ter the first gr
cycles of the th
from the first
group dynami
uction, the rese
researcher inst
In the final les

again. Moreov
ns, or unclear 

ng frequencies
d by cross-ana
al interview (C
nions or behavi
viors of the stu
of the student
participants to
were sorted an

Vol. 9, No. 4;

 

esearcher instru
s for all ten cla
ou learn from d
ming your task

ecord the stud
ew is flexible.
shared between
ediately. When
that needed fu
. 

roup work ses
hree spiral stag
t cycle was us
ics based upon
earcher acted 
tructed the stud
sson, the resea
ver, the resea
incidents. 

s, percentages
alyzing the stud
Cohen et al., 2
iors of the stud
udents that oft
s that occasio

o review the da
nd analyzed. 

2020 

ucted 
asses. 
doing 
, and 

dents’ 
. The 
n the 
n the 

urther 

ssion. 
ges of 
ed to 
n the 
as an 
dents 
rcher 
rcher 

, and 
dents’ 
007). 
dents 
en or 
nally 
ata to 



jel.ccsenet.org Journal of Education and Learning Vol. 9, No. 4; 2020 

107 

Table 2. The data coding scheme 

The Collaborative Problem-Solving (CPS) 
Competencies 

Opinions and behaviors 
Before the lesson After the lesson 
Always/ 
Regularly

Often/ 
Sometimes

Occasionally/
Seldom 

Always/ 
Regularly 

Often/ 
Sometimes 

Occasionally/
Seldom 

1. Establishing and maintaining shared 
understanding  
1.1 Understanding the problem and the task. 
1.2 Maintaining rules of engagement while solving 
the problem during tasks without getting off track. 

      

2. Taking appropriate action to solve the problem  
2.1 Considering the strengths and weaknesses of the 
member when assigning roles. 
2.2 Enacting the plan based on the assigned task and 
role. 
2.3 Communicating with team members while 
performing the task for successful completion. 

      

3. Establishing and maintaining team organization  
3.1 Adapting the team organization or roles when 
facing an unexpected situation. 
3.2 Monitoring and providing feedback about the 
group successes. 

      

Note. The rating scale: 3 = always/usually (80–100%); 2 = often/sometimes (50–79%); 1 = occasionally/seldom (below 50%). 

 

3. Findings 

The researcher found that STEM-based learning through dietary plan lessons enhanced the CPS competencies. 
When considering the average scores across seven competencies before and after the lessons, the students gained 
the highest average score (X = 2.4) in Competency 2.2, which was about enacting the plan based on the assigned 
task and role. Competency 2.3, which was concerned with communicating with team members while performing 
the task for successful completion, received the lowest average score (X = 2.02). After the activities, the average 
scores of each competency increased, as shown in Figure 3. 

 

 
Figure 3. The average scores of the CPS competencies 
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In teaching the chemistry class, the researcher typically assigned the students to perform group experiments. Based 
on the researcher’s observation, the students often behaved similarly. At the beginning of an experiment, they 
often walked aimlessly following one another to where the equipment was placed. Some group leaders knew what 
they needed and picked up their equipment for their groups, while other members who were gathered around the 
equipment table came back to their groups. Then, the group leaders started the experiment by ordering other 
members to pick up more materials, keep track of time, or take notes on the experiment. When the researcher 
walked around to ask them what they were doing, many students could not explain their experiment. Some said 
they took notes when their peers told them to. The students who did not engage in the lessons waited for the 
equipment clean-up time. If they had any questions, they might ask the teacher. If there was more than one step for 
any experiment, even the group leader needed to ask the teacher what to do next, even though the steps had been 
explained immediately before the beginning of the experiment. These were the observable behaviors before the 
introduction of STEM-based learning. When the students filled out the first CPS form before the lesson started, it 
was found that, for Competency 2.2: Enacting the plan based on the assigned task and role, the students had an 
average score of 2.4. Some of the behaviors that the students believed involved enacting the plan based on the 
assigned task were stated as follows: 

“Everybody in our group carried out the assigned task.” S9 

“Once assigned, our group members fully performed their task.” S22 

“Everybody was assigned what to do and did their best.” S26  

Competency 2.3 concerning communicating with team members while performing the task for successful 
completion was rarely seen in group dynamics, with a mean score of 2.02. The students who believed this 
competency was rarely observed in their group works expressed the following opinions: 

“Mostly when the students were assigned their roles, they would do their parts without looking at the big 
picture.” S7 

“When they completed their duties, they did not care to help other members who had not finished the task.” 
S15 

“Everybody was busy working on their tasks, they did not communicate with each other while working.” 
S49 

Next, the researcher implemented the 10-unit, 18-period lessons on biomolecules that were designed using the 
STEM-based learning. After completing each group activity, the students needed to write their reflection. They 
would then use this reflection to improve their group processes. At the end of the implementation, the researcher 
asked each student to complete the CPS observation form for a second time. The results revealed certain 
competencies that the students had developed by performing the following actions more frequently. For instance, 
regarding Competency 1.2, when a problem occurred, members of the group negotiated to find a way to solve it. 
The average score of this competency jumped from 2.07 to 2.50 after the implementation. Similarly, scores for 
Competency 1.1, discussing and understanding before starting the task, increased from 2.18 to 2.58. The scores for 
Competency 2.1, assigning roles based on the members’ potentials, also increased from 2.19 to 2.59. 

The development of CPS competencies can be examined based on the three key competencies: 1) establishing 
and maintaining a shared understanding; 2) taking appropriate action to solve the problem; and 3) establishing 
and maintaining team organization. Each core competency was categorized in one of three levels: 1) the member 
rarely or never displays the behavior; 2) the member displays the behavior but not regularly; and 3) the member 
often and regularly displays the behavior. The findings regarding the behaviors before and after the instruction 
are shown in Table 3. 
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Table 3. Collaborative problem-solving (CPS) competencies scores 

Collaborative Problem-Solving (CPS) Competencies Scores of the Competencies (Percentage (N)) 
First Assessment Second Assessment 

 3 2 1 3 2 1 
1. Establishing and maintaining a shared 
understanding  

      

1.1 Understanding the problem and the task. 31.17 (24) 
25.98(20) 

55.84 (43) 
55.84 (43) 

12.99 (10) 
18.18 (14) 

62.33 (48) 
57.14 (44) 

33.77 (26) 
36.35 (28) 

3.90 (3) 
6.49 (5) 1.2 Maintaining rules of engagement while solving the 

problem during tasks without getting off track. 
2. Taking appropriate action to solve the problem        
2.1 Considering the strengths and weaknesses of the 
member when assigning roles. 

33.76 (26) 53.25 (41) 12.99 (9) 64.94 (50) 29.87 (23) 5.19 (4) 

2.2 Enacting the plan based on the assigned task and role. 48.05 (37) 44.16 (34) 7.79 (6) 77.92 (60) 19.48 (15) 2.60 (2) 
2.3 Communicating with team members while performing 
the task for successful completion. 

31.17 (24) 40.26 (31) 28.57 (22) 42.86 (33) 45.45 (35) 11.69 (9)

3. Adapting the team organization or roles when 
facing an unexpected situation. 

      

3.1 Monitoring and providing feedback about the group 
success. 

41.55 (32) 44.16 (34) 14.29 (11) 70.13 (54) 24.68 (19) 5.19 (4) 

3.2 Adapting the team organization or roles when facing 
an unexpected situation. 

29.87 (23) 44.16 (34) 25.97 (20) 45.45 (35) 45.45 (35) 9.10 (7) 

 

The first competency, establishing and maintaining shared understanding, consists of two components: 
competency 1.1: Understanding the problem and the task; and competency 1.2: Maintaining rules of engagement 
while solving the problem during tasks without getting off track. The detailed results of the competencies are 
presented next. 

Competency 1.1 Understanding the Problem and the Task 

In understanding the problem and the task, the researcher attempted to first identify the students’ behaviors at the 
beginning of the first period. The members talked and discussed the task process. Based on Table 1, before the 
STEM-based learning through dietary plan lessons, there were 43 students (55.84%) who did not communicate 
and discuss with each other regularly. Meanwhile, there were 24 students (31.17%) who thought that they 
regularly engaged in discussions with group members, and only 10 students (12.88%) believed that the members 
took actions on their own without communicating with others. 

In the first group session, the researcher instructed the students in each group to design an experiment to test the 
presence of nutrients (carbohydrates, proteins, and fats) in food. The groups that communicated and talked about 
their plan expressed their views as follows: 

“We had discussed and agreed on the procedures for the experiment, and then we assigned what food each 
person needed to bring.” S15 

“The day we received the assignment, we brainstormed on how to test the nutrients, what food to bring for 
the experiment, who could bring what.” S32 

“We gathered to check the worksheet first. Everybody helped reading the procedures, making sure that we 
understood the task, dividing the tasks into sections, and assigned each person for a section or two persons 
per section. S73 

The members of the groups who admitted having some communication but not frequently reported their group 
process as follows: 

“We discussed in our LINE© group, but some members did not read the messages.” S03 

“There was no discussion before the experiment, so we ended up bringing the same materials.” S05 

“We told each other about what to bring, but we didn’t check if we covered every nutrient. So, we missed 
some experiments.” S21 

The students in the groups that worked separately without communicating among the group members described 
their experience as follows: 

“No communication.” S02 

“We separately prepared and tested our own food.” S06 

“We had a bit of discussion while working in the lab; we asked each other how to proceed for each step.” 
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S10 

After the completion of the CPS activities, the students evaluated their group work processes by discussing the 
problems and how they solved them. In the end, the students completed their second CPS assessment form. The 
results are shown in Table 1. The findings demonstrated that 48 students (62.34%), an increase of 24 students, 
reported regularly interacting and discussing the task. Meanwhile, 26 students (33.77%) thought their groups did 
not regularly communicate or discuss the work procedures. Finally, only three students (3.9%) reported not 
having any communication between the group members and working separately on their own. The students 
talked about their changing experiences as follows: 

“We had discussed beforehand what to do in the experiment. Everyone knew well about the procedure. 
Then we assigned roles based on their strengths by asking who wanted to do what part.” S02 

“We discussed before starting the task and divided our roles.” S29 

“We always discussed and negotiated the types of tasks before enacting the plan.” S41 

Competency 1.2 Maintaining the Rules of Engagement While Solving the Problem During Rasks Without Getting 
off Track 

Regarding Competency 1.2, the researcher highlighted behaviors when the members collectively worked to solve 
the problem without getting sidetracked. The results in Table 1 showed that, prior to STEM-based learning 
through the dietary plan lessons, there were 43 students (55.84%) who believed their group did not collectively 
solve problems when they occurred. Whereas 20 students (25.97%) reported having regular discussions among 
the group members about problems, 14 students (18.18%) reportedly did not discuss the problems with other 
members and solved them on their own.  

The activity for testing the presence of nutrients required prior knowledge in testing the specific nutrients. The 
problem that occurred test was with carbohydrate testing, as the students forgot to bring food with a drop of 
Benedict’s solution to boil. The color of the copper (II) ion changed from blue to a brick red copper (I) ion. 
Therefore, the result of the lab experiment did not show the change, even though the food that was being tested 
contained monosaccharide. Moreover, the result of the experiment was not consistent with what the students had 
been taught previously. For example, when tested, the result turned green, not blue or brick red. The students 
were confused and unsure of the experiment. The students who discussed the problem with other members 
described it as follows: 

“If there was a mistake, we worked together to think of how to solve that problem.” S19 

“We encountered a problem when the experiment went differently from the theory. We discussed and fixed 
the problem by reassigning the roles to redo the experiment.” S51 

“When we had a problem, we shared and discussed how to solve it.” S72 

The groups in which the members did not regularly collaborate explained their working procedures as follows:  

“Each person took care of their task first, then helped with other members’ problems.” S22 

“When the problem occurred, there would be one person who was assigned to solve it by telling others to 
follow.” S26 

“We worked on the solution only with the ones in charge of the experiment.” S68 

While working on the lab experiment, the members did not engage in group discussion to find a solution when 
they encountered a problem. Instead, they chose to ask the teacher. Moreover, they did not attempt to find the 
solution first before asking the teacher. The following instances showed how the members searched for the 
solution on their own without discussing it with other members: 

“We didn’t talk. We solved the problem differently.” S2 

“We solved our problem independently; we didn’t talk.” S10 

“We didn’t collaborate. We handled the problem on our own.” S56 

The students learned to do the lab experiments several times. Each time, they had a chance to reflect on the 
problems and factors contributing to group success. It was found that more than half of the students changed 
their behaviors by collaborating more and discussing the solutions more often rather than focusing on the 
individual’s responsibility. They agreed to work collaboratively as a group. The challenges should be 
approached together as a group, so everybody needed to help each other. The results of the second assessment of 
CPS competencies are shown in Table 1. The number of students who reported they had regular interactions and 
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discussions when they faced a problem went from 20 to 44 (57.14%). The number of students who believed they 
had little interaction and discussion decreased to 28 (36.36%). Finally, there were only five students (6.49%) 
who believed that their group members rarely discussed the problem and sought solutions individually. The 
students reflected on their group dynamics in the following quotes: 

“Everybody worked together to find solutions, for example, when the time is up, we decided together to 
redistribute the work.” S12 

“We brainstormed to find the solution; everybody expressed their opinions to solve the problem.” S15 

“At the beginning when we had different opinions, we went separate ways to do what we were responsible 
for. Now when we had different ideas, we solved the problems by brainstorming and finding the best way 
that everybody agreed.” S51. 

The second competency, Taking appropriate action to solve the problem, can be divided into three subtopics: 
competency 2.1: Considering the strengths and weaknesses of the member when assigning roles; competency 2.2: 
Enacting the plan based on the assigned task and role; and competency 2.3: Communicating with team members 
while performing the task for successful completion. 

Of the three subtopics, the behaviors related to the second subtopic were reported occur most often in the group 
work. Thirty-seven students (48.05%) chose to perform the role assigned by the group. After the learning 
activities, the percentage of students who developed Competency 2.1 (considering the strengths and weaknesses 
of the member when assigning roles) increased from 33.77% to 64.94%. Each subtopic is described in detail in 
the following. 

Competency 2.1 Considering the Strengths and Weaknesses of the Members when Assigning Roles 

Most students did not consider the strengths and weaknesses of the group members while working in their 
groups, and the group leaders were typically selected based on good academic records. Therefore, the roles were 
simply assigned for superficial reasons; for example, those with neat handwriting would be assigned to write a 
lab report, while those who like to play around or talk during class would be told to stay still and clean up the 
equipment after class. The members did not collaborate to establish a plan, so they did not know the opinions 
and preferences of each person. In the first group session, the individual members did not know what their roles 
were and only followed the leaders by picking up a few items.  

The researcher assigned the lab experiment with food testing, which required careful planning to complete the 
task on time. In fact, after the first experiment, two-thirds of the students failed because they ran out of time. 
This was because only one or two members of the group were engaged in the task. The rest of the group 
members did not know what to do. Some students might have been competent, but they were not confident 
enough to volunteer to contribute to the experiment because they viewed themselves as mediocre. The results 
from the first CPS assessment indicated that there were only 26 students (33.77%) in the groups that always 
considered the strengths and weaknesses of the other members. Whereas 41 students (53.25%) said they 
sometimes considered their peers’ abilities in the role assignment, nine students (12.99%) admitted that they did 
not consider this at all. The following quotes illustrate examples of the behaviors the students believed occurred 
with regard to assigning roles based on their peers’ abilities. 

“We let the person who understood the task assign the roles; other people will complete the task based on 
their assigned role.” S20 

“We divided the task well so we know who would be responsible for which part.” S35 

“Before the task, each member had been informed of their roles as well as the overall picture of today’s 
task.” S15 

The students who sometimes, but not regularly, considered the members’ strengths and weaknesses expressed 
their opinions as follows: 

“We divided the roles, but it might not match their potentials.” S1 

“When we experimented, we assigned the role for each person without actually knowing that that person 
could do it best.” S8 

“Mostly, we assigned the roles based on their responsibilities more than their potentials; for instance, in the 
food testing, the first step was to grind the food. Even though we already assigned this role, but in the lab 
preparation, we ground the food we brought in.” S33. 

The students who didn’t consider the members’ abilities reported their group dynamics as follows: 
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“We didn’t assign roles clearly.” S11 

“There was no division of tasks.” S21 

“Some members only followed what they were told without showing their potentials.” S44 

The results of the second CPS assessment following the CPS activities are presented in Table 1. The students 
asked their group members about their strengths before assigning a role. After several collaborative activities, 
each person’s strengths and weaknesses were revealed. Fifty students (64.94%), an increase from the previous 26, 
believed that their groups considered the strengths and weaknesses of the team members and assigned 
appropriate roles to them. Twenty-three students (28.87%) believed that they sometimes considered the strengths 
and weaknesses and assigned appropriate roles. Only four students (5.19%) still did not think that their group 
members’ potential and appropriate role assignments were considered. The students reported their changed work 
process as follows: 

“After working together several times, we started to know the potentials of each member, so we assigned 
the roles based on their potentials.” S8 

“There was an appropriate role assignment for each person, and everyone shared equal responsibility.” S11 

“There was a role assignment based on their abilities. Some were good at planning, some were good at 
searching for information, some were good at summarizing the lab results. Each person worked on what 
they did best.” S44 

Competency 2.2 Enacting the Plan Based on the Assigned Task and Role 

Competency 2.2 involves enacting the plan based on the assigned task and role. This competency was reported to 
be found most frequently in the group work. The students believed that in group work sessions, each person 
needed to be assigned a role and to perform the task according to that role. The data from the interviews 
provided additional information showing that the role assignment was done by a single person without 
considering the strengths and weaknesses of the members or discussing the plan. The first CPS competency 
observation revealed that 37 students (48.05%) enacted the plan based on the assigned task. Thirty-four students 
(44.16%) reported that their groups performed their assigned tasks, although not regularly, as they sometimes 
spent time socializing or not following the plan. Six members (7.79%) thought their groups did not perform their 
assigned task. The following quotes refer to the students who performed their tasks. 

“Everyone performed their tasks based on their assigned roles and they performed attentively.” S9 

“Once assigned, everyone performed their task attentively.” S22 

Several students thought that, when engaging in group works, the members followed their roles, although not 
regularly. They spent time socializing and did not follow through with their plan. They expressed their opinions 
as follows: 

“Everyone worked on their assigned role, but sometimes they were meddling with others.” S21 

“Most people were well responsible for their duties, though sometimes they wandered off the task” S27 

The students who did not think their groups followed the assigned roles and did not perform according to the 
plan expressed their opinions as follows:  

“Some members were not responsible, did not perform their task, and did not tell the others. Therefore, we 
couldn’t conduct the experiments because there was no food to use in the experiments.” S54 

“Some members did not remember their duties. They didn’t tell anyone when they were absent from 
school.” S50 

After completing the CPS observation form, the students worked in groups several times, which involved the lab 
experiments on the nutrients and information search activities using a jigsaw technique. After the activities, they 
completed an evaluation to revise and develop their collaborative skills with others. Subsequently, they 
completed the second CPS observation form. The results indicated that 37 students (77.62%) out of 60 made 
progress by enacting the plan based on their assigned roles. The number of students who still spent time 
socializing and interfering with other people’s tasks declined from 34 to 15 (19.48%). Finally, the number of 
students who abandoned their tasks decreased to two (2.60%). The following quotes reflect their changed 
collaborative behaviors: 

“After discussion and a clear role assignment, everyone performed their tasks well and finished it in time.” 
S41 
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“We were assigned the roles that we were capable to do, so we did well on our tasks. We even had enough 
time left to help when our friends asked for help.” S55 

“After discussing, we all understood the importance of roles and responsibilities. So we got a good result 
and were willing to help each other.” S11 

Competency 2.3 Communicating with Team Members while Performing the Task for Successful 
Completion 

In collaborating with others, the students felt that they were regularly communicating while participating in the 
activities. However, their communications can be divided into different purposes; for example, a discussion to 
solve a problem, an exchange to inform other members about what they had done, or a discussion to explain to 
other members which data from the interviews identified this type of communication as the group leaders giving 
orders. Based on first CPS observation, there were 24, 31, and 22 students exhibiting this behavior regularly, 
often but not consistently, and seldom, respectively. The students who regularly communicated with the groups 
expressed their opinions as follows: 

“During the lab experiment, we communicated all the time to report the progress.” S8 

“We always discussed during the experiment because we were afraid of making a mistake.” S38 

The students who felt that their group members often but not always communicated voiced their opinions as 
follows: 

“We talked about progress, but not so much.” S37 

“We discussed before assigning roles and tasks, but everyone was busy with their task until we forgot to 
follow up with others. When we completed our work, we reported our results.” S22 

The students who did not communicate during the activities expressed the following views: 

“We clearly divided our roles. Everyone was responsible for his/her work. We checked on our progress a 
little bit.” S26 

“We separately did our job without communicating during the task.” S49 

In later activities, the teacher asked each group to present problems and how to solve them through discussion 
with the whole class. During the group work, the students expressed their opinions about communication. Some 
students believed that only talking and asking questions would be enough for group communication. Additional 
questions were asked by the teacher about the problems within their groups; for instance, which group brought 
up the problems they experienced and helped each other find the solution. When some groups provided an 
example of the problem they encountered and talked about how they discussed possible solutions and solved it, 
other students learned and better understood how to communicate to solve the group problems. Thereafter, the 
students started to discuss more before, during, and after the task. When they completed the task, they discussed 
the results of the experiment together. In contrast to the first activity, the member who wrote the report was 
solely responsible for the discussion and conclusion. Consequently, when they completed the second CPS 
observation, the results revealed that 33 students displayed this behavior regularly. Thirty-five students 
expressed this behavior often but not regularly, and only nine students rarely did. The following excerpts reflect 
their opinions on the changed behaviors: 

“We always discussed during our work. We interacted more often and brainstormed to find out why our 
experiment went wrong.” S51 

“We asked each other about the progress of the work. When we encountered a problem, everyone was 
willing to set aside their job and helped solve the problems together.” S32 

“We discussed every time we finished each step. We communicated about the steps and sequence of the 
tasks all the time.” S73 

The third competency, Establishing and maintaining team organization. This competency consists of two 
components: competency 3.1: Adapting the team organization or roles when facing an unexpected situation; and 
competency 3.2: Monitoring and providing feedback about the group success. The students focused on 
reassigning roles rather than on providing feedback and reflecting with group members. Thirty-two students 
(41.56%) confirmed that, when they encountered a problem, they always fixed it by reassigning the roles. 
Regarding feedback, only 23 students (29.87%) said that they provided feedback and reflected on their work 
with the group members. After the group work activities, it was found that 70.13% of the students developed 
Competency 3.1, while 45.45% developed Competency 3.2 (a detailed description is presented below). 
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Competency 3.1 Adapting the Team Organization or Roles when Facing an Unexpected Situation 

During the group work, the students assigned their roles from the beginning. There was a member who was in 
charge of the experiment, another who took notes and wrote the report, and others who cleaned up the lab 
equipment. When they encountered a problem, such as a failed experiment, the students who did the experiment 
needed to figure out a solution by themselves by asking other groups or the teacher. Most of them did not discuss 
possible solutions with their group members. Sometimes, they knew that some members had abilities that better 
suited the job, but they did not reassign the role appropriately. However, despite the lack of collaborative 
solutions, everyone was ready to switch their roles depending on the group leaders’ suggestions. Therefore, 
when completing the first CPS observation, most students (44.16%) believed that they switched their roles 
sometimes but not always when they faced a problem. A total of 41.56% of the students were able to always 
change their roles when they encountered a problem. Only 14.29% of the students did not shift their roles at all. 
The following excerpts reflect the students’ behaviors. 

“When we had a problem and couldn’t continue, we helped each other or switched our roles.” S12 

“Everyone was willing to change their roles to make the job successful.” S29 

“Everyone was ready to listen to and helped each other solving problems. We might take other roles to 
make the experiment successful.” S1 

Most students thought that they could shift their roles, but not every time. They expressed their views as follows: 

“Sometimes we couldn’t find anyone who wanted to take the role, so we needed to switch our roles from 
time to time.” S21 

“We helped each other at any stage when we came across a problem, but there were some members who 
did not want to change their responsibility.” S62 

“To solve the problem, we could call for help.” S27 

The students who said they did not switch roles even if they had a problem expressed the following views: 

“We could not make any changes. We realized that we were wrong after learning from other groups.” S32 

“When we had a problem, we only gave suggestions, but they had to solve their own problems.” S48 

“If we knew how to make the lab experiment better, we would immediately do it without discussing it with 
others in the group.” S26 

When completing the second CPS assessment after the activities, the students saw some examples of 
collaboration and problem-solving methods, so they reassigned roles and responsibilities to match the members’ 
abilities and working process. Most students changed their plans. When they encountered a problem, they turned 
to each other to find a solution. When it was necessary to adjust their roles, they were ready to follow the group 
agreement. Accordingly, the proportion of students who modified their plans or roles increased from 41.56% to 
70.13%. Nineteen students (24.68%) said their groups frequently revised their roles once a problem occurred, 
while only four students (5.16%, decreasing from 11 in the first assessment) claimed that there was no change in 
their groups. The students mentioned their revised plans: 

“We reassigned the role to a more appropriate member to replace the one who couldn’t complete the task. 
“S51 

“When we faced a challenge, we discussed it, which made us understand each other more, and agreed to 
change for the better.” S25 

“When we had a problem, we could switch roles or help each other to work together more smoothly.” S41 

Competency 3.2 Monitoring and Providing Feedback about the Group’s Success  

The students rarely monitored and provided feedback on role assignment and group work processes. The 
majority of the students preferred to compromise. When they were assigned any roles, they would do their best. 
Only a few students complained about their duties because they were not familiar with the tasks. Based on the 
interviews, if any members refused to perform any assigned tasks, they would be seen as selfish and demanding. 
Therefore, the roles and responsibilities were assigned by the group leaders only. In the event the leaders let the 
members choose their roles, the members who were quick to speak up had the right to choose first. When they 
faced difficulties, none determined whether the cause was due to a particular person or task. Everyone 
particularly avoided talking about the problem if it was due to someone’s mistake. Therefore, according to the 
results from the first CPS observation, 44.16% of the students felt that only a few members of the group engaged 
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in providing feedback. While 29.87% of the students believed that all group members participated in the 
feedback and reflection, 25.97% did not think that there was any feedback or reflection on the role assignments 
and group work processes. They expressed their opinions in the following excerpts: 

“The members discussed work and evaluated our performance.” S5 

“We honestly expressed our opinions, listening to each other to find out a better solution.” S73 

“Everyone shared their opinions on the planning and steps for completing the task.” S11 

The following excerpts reflected the opinions of the students about certain members providing feedback:  

“Only a few members shared their thoughts. Some disagreed but said nothing.” S14 

“Some members were afraid to voice their ideas about the role assignment.” S29 

“We tried to share our ideas and make suggestions on the planning, but some members may be afraid of 
expressing their opinion.” S55 

The students who felt that their group members did not participate in the reflection process shared their thoughts: 

“We did not talk about the roles and responsibilities at all. Nobody expressed their opinions.” S21 

“The members just followed the order; they neither spoke up nor suggested anything.” S23 

“We did not communicate among members in the group. When they were assigned a role, they said fine 
and no more suggestions.” S7 

After the group work evaluation, the researcher asked questions about what had led to the problems and 
attempted to encourage the students to share their ideas on the mismatched roles and responsibilities. In the early 
rounds of evaluation, they were afraid to talk openly about the problems. However, after several rounds of 
activities, the students started to become familiar with finding the cause of the problems. As a result, they had 
more discussions regarding the inappropriate role assignments of the group members. However, they were 
careful not to hurt each others’ feelings. At the end of the activities, the findings from the second CPS 
observation indicated that 45.45% of the students thought that their group members regularly provided feedback 
to each other, whereas the same number of students said only a few members engaged in providing feedback. 
Only 9.09% of the students still did not think that there was any monitoring or feedback provided. Here are some 
excerpts demonstrating the changes in their ideas: 

“When we had a discussion, we developed collaborative skills. Therefore, the members understood and 
performed their tasks properly.” S3 

“Everyone shared their thoughts about the appropriateness of the role assignment, then provided opinions 
on work planning and how to run the work smoothly.” S11 

“After working together for a while, we were more comfortable to share and participate in giving opinions 
and planning our work.” S29 

4. Conclusion, Discussion, and Recommendations 

After the implementation of STEM-based learning using dietary plan lessons to enhance the students’ CPS 
competencies, the researcher discovered that the learners developed all three competencies. First, they learned to 
establish and maintain shared understandings. Previously, the students were accustomed to having a group leader 
giving orders while others followed and working separately without collaborating within the groups. Through the 
implementation, they developed their communication skills and began to engage in discussions about the work 
procedures. Additionally, when they faced a challenge, they felt that it was a shared responsibility rather than 
one person’s duty. Thus, they would try to solve it collaboratively. This action is consistent with Graesser et al. 
(2018), who claimed that collaborative group work requires a shared goal. Each member should not try to solve 
the problem alone. Regarding the second competency, taking appropriate action to solve the problem, the 
students were accustomed to their roles being assigned by the group leader without consideration of their 
strengths and weaknesses. Hence, they failed to achieve their goals successfully. After the lessons, they started to 
consider their task collaboratively and followed the planned procedures. This finding is also in line with Graesser 
et al. (2017), who argued that group members need to explain the steps to be taken to find the solution and to act 
according to the plan. In solving the problem, the members need to communicate, explain, and negotiate to arrive 
at a conclusion. Third, in terms of establishing and maintaining team organization, the learners were not initially 
aware of the role of feedback. However, after the activities, the learners started to give feedback to each other. 
Consequently, they developed shared understandings and completed their tasks as planned. According to 
Kozlowski and Ilgen (2006), the members of the group need to perform their roles within the group, collectively 



jel.ccsenet.org Journal of Education and Learning Vol. 9, No. 4; 2020 

116 

manage any difficulties, communicate the important messages, and provide feedback and reflection to the other 
group members. 

In conclusion, this research focused on the development of CPS competencies to prepare learners to work 
collaboratively with others and to develop their problem-solving skills. These skills are considered essential in 
the 21st century. The crucial recommendation in organizing group work activities is to allow learners to discuss 
and provide feedback on their tasks. Teachers should take the role of active facilitator to mediate the 
relationships among students in the groups (Rozenszayn & Ben-Zvi Assaraf, 2011). 

The main challenge of implementing STEM-based learning through dietary plan lessons to promote CPS 
competencies is time limitations. It is important to allow time for the students to talk about the problems, for 
whole-class discussions about the solution, and for discussing the factors that contribute to obtaining successful 
results. All of these activities are important for collaboration and social skills development. Therefore, the lesson 
must be conducted efficiently to allow sufficient time for feedback. In addition, the assigned task should be 
challenging to allow the learners to practice solving a problem collaboratively, thus enhancing their group work 
skills. Moreover, learners need to spend time understanding and learning about their group members. Thus, they 
should continue to work with the same group members to develop their group work competencies. The findings 
indicated that the students’ group work skills developed, but only within a familiar setting. These results could 
have been different if the students had been in a new environment. Thus, the instructional activities should be 
conducted continuously with students rotated into new groups to practice their teamwork skills with others.  

Scientific inquiries are an important factor contributing to the development of CPS competencies. The members 
of the groups can exchange information, discuss, and engage in debate to find a solution to the problem. Hence, 
aside from the STEM-based instruction, the project-based approach is also appropriate for developing CPS 
competencies. 
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