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Abstract: This study aims to examine the academic achievement of 

sixth-grade students and their perceptions of the learning process 

through STEM activities implemented using the 6E Learning Mod-

el in the ‘Force and Motion’ unit of the sixth-grade Science curricu-

lum. In this context, to achieve the learning objectives of the "Force 

and Motion" unit, students participated in STEM activities guided 

by the 6E Learning Model for two weeks (eight lesson hours). A 

mixed research design was used in the study. The study was con-

ducted in a public school located in a district of a major city. The 

sample was selected using purposive sampling. A total of 83 stu-

dents from four randomly selected classes were included in the 

study, forming the experimental group (n=42) and the control group 

(n=41). An achievement test was used to collect quantitative data, 

and five open-ended questions regarding the 6E Learning Model-

based STEM activities process were used to gather qualitative data. 

The independent-samples t-test was used to analyze the quantitative 

data, and descriptive analysis was employed for the qualitative data. 

The analyses indicated that the mean achievement scores of the ex-

perimental group were significantly higher than those of the control 

group. This quantitative finding was supported by the students’ pos-

itive views on the 6E Learning Model-based STEM activities. 
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Introduction 

T IS AN era of rapid change, development and diffusion of information 

and technology, which has led to the prevalence of its challenges. In fact, 

this situation leads to the prevalence of educational problems. For this 

reason, global goals also come to the fore in education, the most prominent 

of which are the individual’s taking responsibility for their own learning, 

learning to make things and to do things together, and learning to live to-

gether in harmony (Nicolescu, 1999). In alignment with these goals, the 

main purpose of education is to prepare individuals for real-world scenarios 

and the complex problems they entail. Achieving this requires the simulta-

neous and integrated application of diverse skills across various fields (Sty-

ron, 2013). Corresponding to these evolving purposes, many new learning 

and teaching approaches, models and theories are being developed (Flogie & 

Aberšek, 2015; İnci & Kaya, 2022). These new approaches in education are 

based on the requirements and expectations of the 21st century (Gelen, 2017). 

Conventional teaching methods, where disciplines such as science, mathe-

matics, and engineering are often taught in isolation, are insufficient to equip 

individuals with the 21st-century skills necessary for real-world problem-

solving. Therefore, in updating new approaches, it has become important to 

ensure that a discipline is taught together with multiple disciplines, and many 

curricula are reorganized and updated according to interdisciplinary teaching 

(Uştu & Mentiş Taş, 2020). For example, in Türkiye, the curricula last up-

dated by the Ministry of National Education (MoNE) in 2024, an interdisci-

plinary science teaching is planned in which students can make sense of 

themselves, their environment and the world by realizing that they are a part 

of the environment. Furthermore, the revised curriculum adopts an integra-

tive teaching approach that incorporates skills and values education, focusing 

on an understanding based on Science, Technology, Engineering, and Design 

(MEB, 2024). 

STEM, which is used in interdisciplinary education, is a concept that 

is frequently used and researched worldwide (Gonzalez & Kuenzi, 2012). 

STEM is an effort to solve real world problems by integrating interdiscipli-

nary approaches with 21st century skills (Stohlmann et al., 2011). STEM in-

struction aims to foster essential skills such as creative, innovative thinking, 

and collaborative entrepreneurship (Obarski et al., 2013). Bybee (2010) stat-

ed that STEM, which generally focuses on the fields of science and mathe-

matics, including engineering and technology, is a collaborative working 

philosophy based on putting knowledge into practice by providing students 

with comprehensive and meaningful real-life experiences. Sirajudin and 

Suratno (2021) stated that the STEM learning approach will lead to active 

and integrated learning due to the interrelationship between the four ele-

ments (Science, Technology, Engineering, Mathematics) that are needed and 

I 



 Türkmen & Edis. (Türkiye). STEM-Based 6E Learning and Science Achievement. 

SIEF, Vol.31, No.2, 2026 5144 

compatible to solve the problems presented to students, and enhances learn-

ing by helping students connect abstract concepts from different dimensions 

to understand the problem’s core information.  

Consequently, the integration of STEM into learning environments is 

critically important. When the literature is examined, there are many studies 

on the difficulties and problems experienced in the integration of STEM into 

curricula and learning processes. Hsu and Fang (2019), in their research on 

STEM, emphasized that STEM integration is one of the main challenges 

they face arguing that it necessitates the development of exemplary practices 

and targeted teacher training to help practicing teachers design their teaching 

plans. Kennedy and Odell (2014), in their study, mentioned the challenges of 

developing effective curricula that tightly integrate the four elements of 

STEM and providing teachers with adequate professional development train-

ings to help students gain STEM literacy. In Turkey, STEM research in the 

last 10 years has shown that the most fundamental problem is the integration 

of STEM fields into the curriculum, followed by the lack of STEM content 

knowledge of educators and problems such as equipment, lesson planning, 

and time management (Altunel, 2018; Örgüt, 2022). 

In the studies, it is emphasized that students are less likely to use all 

four STEM disciplines by taking into account the knowledge and skills of all 

four STEM disciplines due to the fact that applied STEM activities in the 

general curriculum mostly focus on science and mathematics disciplines, 

emphasize technology and engineering disciplines less than the other two 

disciplines, and technology and engineering elements cannot be actively in-

cluded in the process (Bybee, 2010; Hsiao, Chen, Chang, et al., 2024).  

In this context, Katehi, Pearson, and Feder (2009) stated in their 

study that the presence of technology and engineering in K-12 applications 

of STEM is very low and insufficient in career planning and contributions to 

society, and that it is extremely important to emphasize the T (Technology) 

and E (Engineering) in STEM for a real innovation. Students must engage in 

an interdisciplinary structure to fully grasp the necessary knowledge and 

manage the process of solving problems that involve authentic engineering 

design (Moore et al., 2014). For this reason, combining activities involving 

engineering design and active scientific inquiry process in STEM applica-

tions will facilitate the integration of STEM into learning environments 

(Hacıoğlu & Gülhan, 2021; Roehrig et al., 2021). At this point, a systematic 

and sequential learning model is needed to lead all components of the STEM 

curriculum at the same time (Hsiao et al., 2024). 

As a learning model that can integrate STEM practices into the cur-

riculum, the 6E learning by DeSIGN Model was proposed by Barry N. 

Burke of the International Technology and Engineering Educators Associa-

tion (ITEEA) in 2013. This model is derived from R. Bybee’s (1997) 5E 

learning cycle model, which is based on constructivist learning theory in 
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which students gradually build a framework of knowledge in the learning 

process and use discovery, discussion, research and application activities. 

The 6E Learning Model is utilized to enhance students’ design and techno-

logical inquiry abilities and to implement interdisciplinary STEM practices 

through student-centered activities. Furthermore, it specifically emphasizes 

the importance of individual motivation and the desire to learn, factors that 

significantly influence learning performance (Lin et al., 2020; Sanjayanti, 

Rustaman & Hidayat, 2019). The 6E learning model has an effective design 

that emphasizes real-world problems, successfully solves the problem of the 

lack of a serial and sequential STEM curriculum (Burke, 2014; Hashim et al., 

2018; Hsiao et al., 2024). In this respect, the 6E model places more emphasis 

on the transfer of learned knowledge compared to the 5E model. The sequen-

tial steps of the 6E model help students to reinforce their learning one after 

the other and to think and develop ideas (Lin & Chiang, 2019).The 6E learn-

ing model is both a practical model that provides educators with strategies 

that can be implemented at the classroom level, and a framework for policy 

makers that has the potential to improve learning outcomes and develop 21st 

century skills (Hsiao et al., 2024).The six steps of the 6E model are as fol-

lows:  

1. Engagement: Arousing students’ curiosity, interest and engagement by 

creating connected experiences through real-life situations.  

2. Explore: Providing opportunities for students to explore themselves, to 

build their own understanding of the problem as they collect data about it, 

and to make sense of the data they collect.  

3. Explain: Enabling students to rethink what they have learned and to con-

struct knowledge, realizing this through their own explanations.  

4. Engineering: To clarify concepts through practical work and integrate 

knowledge and skills. To be able to understand and solve a problem in 

greater depth.  

5. Enriching: Providing students with the opportunity to enrich their 

knowledge by exploring what they have learned in depth and applying 

what they have learned to more complex problems.  

6. Evaluation: To evaluate students’ learning using alternative assessment 

techniques. Keep students and teachers informed of students’ learning 

progress in order to facilitate future improvement (Burke, 2014). 

Research on 6E-STEM applications has consistently shown their ef-

fectiveness in improving students’ learning performance, efficiency, attitude, 

motivation, creativity, hands-on performance, practical skills, and willing-

ness for self-discovery (Hsiao et al., 2023; Lin et al., 2020; Şahin & Kılıç, 

2023). Sanjayanti, Rustaman, and Hidayat (2019) emphasized that learning 

with STEM Applications based on the 6E Model can improve logical think-

ing and reasoning skills, and allow for process-oriented and gradual deepen-

ing of learning. Şahin and Kılıç (2023) found that students improved their 
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research skills (including data collection, analysis, and solution generation), 

developed a positive attitude toward collaboration, and perceived the model 

as both effective and enjoyable. Furthermore, Yazıcı, Hacıoğlu, and Sarı 

(2023) stated that the engineering and technology dimensions used con-

sciously in STEM Applications based on the 6E Model contributed to stu-

dents’ STEM attitudes and STEM career interests. Lin et al. (2020) conduct-

ed a comparative study between 6E-focused STEM applications and Prob-

lem-Solving (PS)-based STEM applications, focusing on middle school stu-

dents’ attitudes toward technology and technological inquiry skills. They 

found that the 6E model’s effect was more pronounced in students with high 

levels of prior knowledge, particularly regarding attitudes toward technology. 

While the research concluded that both the 6E model and the problem-

solving approach are effective in classroom STEM applications, it suggested 

that 6E activities should be more selectively designed for optimal efficiency. 

They also noted that the 6E model offers more guidance for teachers during 

the process, whereas PS-based STEM activities are more flexible and time-

based. 

The aim of this study is to investigate the effect of 6E Learning Mod-

el-based STEM activities on students’ academic achievement and to explore 

students’ perceptions of this learning environment. This research is signifi-

cant as it provides an empirical example of the 6E model’s application—a 

model designed to integrate STEM disciplines into the curriculum—and ex-

amines the effectiveness of this specific integration on student learning out-

comes. 

Method 

In this study, sequential explanatory design, one of the mixed method re-

search designs, was used. In this design, quantitative data are collected and 

analyzed first, followed by the collection and analysis of qualitative data. 

The goal is then to interpret the relationship between the two datasets and 

establish their supportive nature (Baki & Gökçek, 2012). For the quantitative 

dimension, a pre-test/post-test quasi-experimental control group design was 

utilized to investigate the effect of 6E Learning Model-based STEM activi-

ties on student achievement related to unit learning outcomes. Comparative 

analysis of the collected data was made in SPSS program. The qualitative 

dimension of the research was carried out with a case study design and stu-

dents’ opinions and ideas about learning environments containing 6E Learn-

ing Model Based STEM Practices were taken. The analysis of qualitative 

data was carried out using thematic analysis method. The analysis followed a 

rigorous process based on a coding framework developed by the researcher. 

First, meaningful expressions were identified from the student opinions. 

Next, these expressions were comparatively grouped by two researchers 
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based on similar characteristics to generate initial codes. Finally, these codes 

were organized into higher-level structures, which served as the themes. An 

inductive approach was adopted during coding, ensuring fidelity to the data 

set. Each code was substantiated with sample quotes (opinions), and their 

frequency distributions were calculated and reported. The resulting codes, 

themes, and sample opinions are presented in the Findings section (Çarıkcı et 

al., 2024). 

Study Groups 

The population of the study consists of middle school students in a public 

school in a district of a large city. One public school in the district was se-

lected for the study through purposive sampling. Two of the sixth-grade 

groups at the school were randomly selected as the experimental group (42 

pupils) and two as the control group (41 pupils). A total of 83 pupils were 

included in the study. 

The research was conducted with the necessary ethical and adminis-

trative approvals obtained from the relevant institutions and authorities. Prior 

to the start of the study, all participants and their legal guardians were in-

formed about the purpose and procedures of the research, and their informed 

consent was obtained on a voluntary basis. 

Data Collection Instruments 

In the study, a 20-item achievement test developed by Özer (2019) within 

the scope of the 6th grade "Force and Motion" unit was applied to students in 

the experimental and control groups as a pre-test and post-test. The neces-

sary permissions for the use of the achievement test were received via e-mail. 

For the validity of the achievement test, it was evaluated by two faculty 

members from Ege University in terms of content validity and measurement 

and evaluation criteria. The difficulty levels (Pj) and discrimination indices 

(Rjx) of the items in the achievement test were analyzed, and the Pj values of 

the test items ranged from 0.33 to 0.80. When the question difficulty levels 

were grouped; 3 items (Pj ≤ 0.40) were determined as difficult, 9 items (0.40 

< Pj < 0.60) were determined as medium difficulty, and 8 items (Pj ≥0.60) 

were determined as easy. The KR-21 value for the reliability of the achieve-

ment test was calculated as 0.82, and since this value is greater than 0.70, it 

has an appropriate reliability (Büyüköztürk, 2018). 

In the qualitative part of the study, after content validity was estab-

lished based on the opinions of two academics, data were collected by asking 

four open-ended interview questions to students in the experimental group. 

The collected qualitative data were coded by two researchers, and an inter-

coder reliability coefficient of 0.92 was reported using Cohen’s Kappa (Қ). 
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Table 1. Experimental Group - 6E Learning Model Based STEM Prac-
tices. 

 Engage Explore Explain Engineer Enrich 

Week 
1 

Students are en-
couraged to think 
about the observa-
ble effects of force 
through in-class 
applications. 

Students are encour-
aged to explore con-
cepts such as bal-
anced force and com-
posite force by playing 
the 'Rope Game'. 

Discussions lead to 
clarification of con-
cepts by drawing 
attention to errors 
with student expla-
nations. 

Bridge 
Design 
STEM 
Group Work 

Developing 
design bridg-
es over new 
situations 

Week 
2 

Making and flying 
paper airplanes, 
question and an-
swer work on their 
movements 

Speed experiment 
with 'Handkerchief 
Grab' game 

By drawing attention 
to errors with stu-
dent explanations, 
discussions lead to 
clarification of con-
cepts. 

Balloon 
Rocket 
Design 
STEM 
Group Work 

Design rock-
ets work on 
developing 
new cases 

 

 

 

 

Table 2. Control Group - 5E Learning Model. 

 Engage Explore Explain Elaborate Evaluation 

Week 
1-2 

Question-
answer through 
examples for 
the concepts of 
force and mo-
tion 

Experiments 
through examples 
for the concepts 
of force and mo-
tion 

Student explanations 
draw attention to 
errors and lead to 
clarification of con-
cepts through discus-
sions. 

Solution of sam-
ple problems 
related to the 
concepts learned 
and question-
answer 

Process-
oriented 
study ques-
tions 

 

 

 

Application Process 

Before starting the research process, a 6E Learning Model Based STEM 

Practices lesson plan (Table 1) for the experimental group and a 5E lesson 

plan (Table 2) for the control group were prepared in line with the relevant 

outcomes of the selected scientific subject. Then, the total duration for the 

application process of the research was determined as 3 weeks (2-weeks ap-

plication, 1-week pre-test, post-test, and interview process).  

Before the lesson plans were applied to the experimental and control 

groups determined for the research, the achievement test was applied as a 

pre-test. Then, the application was carried out in line with the lesson plans. 

In the first lesson, after the end of the implementation process of the lesson 

plans, the achievement test was applied to the experimental and control 

groups as a post-test. The answers given to the achievement test and inter-

view questions were evaluated by the researcher through descriptive content 

analysis. The data collection process is given in Table 3. 
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Table 3. Data Collection Process. 

Experimental 
Group 

Pre-Test 
(Force and Motion 
Academic 
Achievement Test) 
(1 Class Hour) 

6E Learning Mod-
el Based STEM 
Practices  
(2 Weeks)  

Post-Test 
(Force and Motion 
Academic 
Achievement Test) 
(1 Class Hour) 

Experimental 
Group Interview 
Questions  
(1 Class Hour) 

Control Group  

 

 

 

 

Table 4. Tests of Normality. 

 

Groups Kolmogorov-Smirnova Shapiro-Wilk 

Statistic df Sig. Statistic df Sig. 

Pre-Test Total 0.084 83 0.200 0.978 83 0.160 

Experimental Group 0.142 42 0.033 0.951 42 0.071 

Control Group 0.126 41 0.100 0.974 41 0.461 

 

 

 

 

Data Analysis 

Within the scope of the research, normal distribution test was first performed 

for the data obtained in the achievement test. For the normality test, some 

researchers suggest using the Shapiro-Wilk test when the number of experi-

mental and/or control groups is below 50 and the Kolmogorov-Smirnov test 

when the number is above 50 (Razali & Wah, 2011), while some researchers 

argue that this number should be 30 (Mayers, 2013). Since the experimental 

group in our study consisted of 42 students and the control group consisted 

of 41 students, we used both Kolmogorov-Smirnov and Shapiro-Wilk tests 

and the analysis values showed normal distribution for both tests 

(P=020>0.05 and P=016>0.05). 

Content analysis was performed for qualitative data. In this process, 

the data were first coded, themes were created, codes and themes were orga-

nized, and the findings were defined and interpreted (Table 4). 

Findings 

The results of the analysis of the data obtained through data collection tools 

are presented under two main headings. 
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Table 5. Pre-Test of Independent Samples t-test Results. 

 Levene’s Test for 

Equality of Vari-

ances 

t-test for 

Equality of Means 

Pre-test 

F Sig. t df Sig. (2-tailed) Mean Std. Error 

95% CI 

Lower Upper 

Equal Variances  

Assumed 

2.39 0.12 -0.47 81 0.63 -1.98 4.16 -10.25 6.29 

Equal Variances not  

Assumed 
  

-0.48 79.1 0.63 -1.98 4.15 -10.24 6.27 

 

 

 

Table 6. Post-test of Independent Samples t-test results. 

 Levene’s Test for  
Equality of Variances 

t-test for 
Equality of Means 

Post-test 

F Sig. t df Sig. (2-tailed) Mean Std. Error 

95% CI 

Lower Upper 

Equal Variances Assumed 0.352 0.555 2.82 81 0.006 12.4 4.39 3.66 21.15 

Equal Variances not Assumed   
2.82 80.8 0.006 12.4 4.38 3.67 21.14 

 

 

 

Findings from the Achievement Test 

Since the achievement test data showed normal distribution, it was decided 

to use the independent group’s t-test, one of the parametric hypothesis tests. 

As a result of the t-test analysis conducted to understand whether the 

achievement of the students in the experimental and control groups on the 

scientific subject before the application of the 6E Learning Model Based 

STEM Practices and 5E learning model were equivalent to each other, it was 

seen that the groups were equivalent to each other. The mean pre-test score 

of the experimental group was 46.19 and the mean post-test score of the con-

trol group was 48.17. There is no statistically significant difference between 

the pre-test mean scores of the experimental and control groups (t=-0.476, 

p=0.635>0.05). This shows that the students of both groups have equivalent 

prior knowledge of the “Force and Motion” unit (Table 5). 

The average post-test score of the experimental group was 71.31 and 

the average post-test score of the control group was 58.90. There is a statisti-

cally significant difference between the post-test mean scores of the experi-

mental and control groups (t=2.824, p=0.006<0.05) (Table 6). This situation  
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Figure 1. Number of Students Answering Correctly to the Achievement Test in 
the Experimental and Control Groups. 

 

 

 

 

shows that 6E Learning Model Based STEM Practices are more effective 

than 5E learning model in students’ learning the subjects within the scope of 

the “Force and Motion” unit. 

According to the posttest results, the mean score of the experimental 

group (M = 71.31) is significantly higher than the mean score of the control 

group (M = 58.90) (p = 0.006). According to the posttest results, the calcu-

lated effect size was found as Cohen’s d = 0.62 (Table 7). This shows that 

STEM applications based on the 6E learning model have a moderately posi-

tive effect on student achievement compared to the 5E learning model (Co-

hen, 1988). This finding suggests that the 6E model contributes to students’ 

more active participation in the learning process and their deeper learning. 

When the responses to the achievement test were analyzed individu-

ally, the questions showing the largest differences in the number of correct 

answers between the experimental and control groups were questions 8, 12, 

and 16 (Figure 1) (see Appendix I: Sample Questions of the Achievement 

Test). This may be attributed to the fact that the problem situations in these 

questions were the focus of the 6E Learning Model-Based STEM Applica-

tions in the experimental group, with extensive activities facilitating concept  

Table 7. Effect Size Calculated According to the Posttest Results 

Test 
Type 

Group 1 
(Experiment) 

Group 2 
(Control) 

Difference Between 
Averages 

Pooled 
SD 

Cohen's 
d 

Effect 
Size 

Posttest 71.31 58.90 12.41 20.00 0.62 
Intermedi
ate 
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Table 8. Student views on the learning contribution of 6E Learn-
ing Model Based STEM Practices. 

Code  Sample N % 

Effective & Per-
manent Learning 

 S17: I think I have grasped the subject, it is more 
memorable, we can do these things and always re-
member them rather than writing them in a notebook 
and reading them. 

10 23.8 

Ease of Learning By design and 
implementation 

S8: It helped me to understand the subject more easily 
with the activities we did (making rockets). 

10 23.8 

Having fun S27: Yes, it was both instructive and very fun, espe-
cially making rockets was fun. 

5 11.9 

In cooperation S3: Yes, we learned both the subject and how to learn 
through cooperation. 

7 16.7 

Contribution to 
Thinking Skills 

 S39: It helped thinking and generating ideas. 10 23.8 

 

 

 

 

learning. The experimental group answered questions 4 and 19 correctly 

most frequently (38 students), whereas the control group most frequently 

answered questions 7 and 18 correctly (35 students). Notably, the control 

group did not outperform the experimental group on any question. The most 

challenging question for the experimental group was question 20 (answered 

correctly by 21 students), while the control group struggled most with ques-

tions 12 and 20 (see Appendix I: Sample Questions of the Achievement 

Test), possibly due to difficulties with unit conversions in the mathematical 

content of the questions. 

Findings Obtained from Interview Questions Regarding 

6E Learning Model Based STEM Practices  

After the 6E Learning Model Based STEM Practices, the students in the ex-

perimental group were asked 4 open-ended questions to analyze their opin-

ions about these experiences. The first question “Did teaching in this way 

contribute to your learning? Briefly explain”, all of the students’ opinions 

were positive. The codes for their explanations were “effective and perma-

nent learning” (23.8%), “ease of learning” (52.4%), and “contribution to 

thinking skills” (23.8%) (Table 8). 

When the students were asked the question “How did you feel while 

teaching in this way, how does it feel to teach in this way?”, 97.6% of the 

answers consisted of positive emotions. The most common response was 

“Excited and joyful” with 50%, followed by “Willingness to learn” with 

33.3%. Only one of the experimental group students (2.4%) mentioned a 

negative emotion such as “Being challenging” (Table 9). 
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Table 9. The emotional states about 6E Learning Model Based 
STEM Practices Lesson. 

Theme Code Sample N % 

Positive Emo-
tions 

Excited & Joyful S41: I felt excited while teaching, I felt like an engineer. 21 50 

Willing S17: I felt that my desire to learn increased, this is a very 
nice feeling 

14 33.3 

Surprising S29: It was very nice to cooperate with my friends and 
surprisingly I never wanted the lesson to end. 

6 14.3 

Negative Emo-
tions 

Challenging S5: It was very difficult for me to work with the group in 
this way. 

1 2.4 

 

 

Table 10. The benefits of group work during 6E Learning Model 
Based STEM Practices Lesson. 

Theme Code Sample N % 

Communication & 
İnteraction 

Idea Sharing S4: Since everyone thought differently, we shared 
and thought about the ideas in the group. 

5 12 

Active Resting S22: We learned both teamwork and taking turns to 
listen to each other even though it was difficult (active 
listening). 

5 12 

Social Skills Cooperation S1: We also learned to work together and we suc-
ceeded together (cooperation). 

22 52.3 

Conflict Resolu-
tion 

S38: First, we had many ideas, but then we combined 
these ideas and created the best idea (conflict resolu-
tion). 

4 9.5 

Fun & Positive 
Experience 

Enjoyment S9: It was fun, we learned very well (enjoyment while 
learning). 

6 14.2 

 

 

Table 11. The Negative Aspects of 6E Learning Model Based 
STEM Practices Lesson. 

Theme Code Sample N % 

Negatives 
Exist 

Technological challenges in 
product creation 

S42: We could not adjust the weight of our 
rocket and the balloon exploded. 

6 14.3 

Tiredness S33: We tried too much, I got a little tired 2 4.8 

Disharmony among 
groupmates 

S15: The work of some people in group work 
was not sufficient 

7 16.5 

Physical conditions of the 
learning environment 

S18: There was a lot of noise 1 2.4 

No Negatives   26 62 

 

 

When the students were asked the question “What are the benefits of 

group work while teaching in this way?”, the themes of “Communication 

and Interaction”, “Social Skills” and “Fun and positive experience” were 

reached as a result of their answers. The frequency of occurrence of the 

codes belonging to these themes is explained in Table 10. 

When the students were asked the question “What are the deficien-

cies/negatives you have seen or experienced while learning in this way?” 62% 

of the experimental group students answered that there were no negative sit-
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uations. Of those who thought that there were deficiencies/negatives situa-

tions, 14.3% stated “technical problems in product creation”, 4.8% “fatigue”, 

16.6% “incompatibility within the group”, and 2.3% “physical conditions of 

the environment (sound)” (Table 11). 

Conclusion and Discussion 

The theoretical framework of this activity is based on the classical thesis of 

‘learning by doing’ (Dewey, 1952), which is also reflected in constructivism 

(Piaget, 1969; Vygotsky, 1978). In constructivist learning theories (Bruner, 

1986, 1990; Piaget, 1969), learning is the construction of the whole process 

in which a person is involved and experiences. Moreover, according to 

Bloom’s taxonomy (Forehand, 2005), education based on ‘learning by solv-

ing problems’ paradigm is considered as the most effective process of ac-

quiring knowledge (Burbaite et al., 2012). In this study, 6th grade students 

were asked to make a real design related to the subject and to develop their 

designs by experimenting in order to fulfil a task involving the process of 

‘learning by problem solving’ in STEM Applications based on the 6E learn-

ing model during the teaching of the concepts of the ‘Force and Motion’ unit 

within the scope of the science course, and the effects of the process on the 

students’ academic achievement levels and their views on the application 

process were examined. 

In this context, in the study with experimental and control groups, it 

is seen that there is no significant difference between the pre-test scores of 

both experimental and control groups, the groups are equal in terms of 

achievement level, and when the post-test scores after the lessons are exam-

ined, it is seen that the achievement scores of the experimental group stu-

dents are significantly higher, and 6E Learning Model Based STEM Practic-

es affect learning more positively. STEM practices based on the 6E model 

are likely to have increased the learning effects of the experimental group 

students (Love & Deck, 2015; Štuikys & Burbaitė, 2018), because students’ 

ability to think systematically and integrate content into the design process in 

a purposeful and informed way provided a student-centered framework for 

teaching (Burke, 2014; Hashim et al., 2018).  While students generally carry 

out hands-on, task-oriented activities such as creating a design in design-

based or project-based STEM Practices, with 6E learning model-based 

STEM Practices, students learned how to use and develop their designs by 

integrating the knowledge they learned into their designs in practice, and this 

facilitated the learning and application process of students by strengthening 

the interdisciplinary connection (Burke, 2014; Hsiao et al., 2022).  

There are many experimental studies in the literature that support this 

research result. In their study, Hsiao et al. (2022) used robot-based applica-

tions based on the 6E model in teaching “Arduino electronic components” in 
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6th graders and concluded that learning performance, motivation and appli-

cation skills showed significantly more improvement in students who were 

subjected to 6E-oriented applications.  

Lin, Lin, Wang, and Wu (2023) investigated the effects of applying 

6E Learning Model Based STEM Practices to VR lessons on learning out-

comes, motivation, creativity, and learning satisfaction of middle school stu-

dents with different cognitive styles. They drew attention to the effect of 6E 

Learning Model Based STEM Practices on cognitive styles and stated that 

serialist learning style (active, deep, and sequential learning) is more advan-

tageous in this context and that they show higher performance as learning 

achievement. Çakmak (2007) mentioned in his study, systematic guidance of 

cognitive resources through activities and supporting them with effective 

teaching materials provide active participation and meaningful learning by 

balancing the cognitive load. In this context, learning efficiency can be in-

creased by balancing the cognitive load during the transfer of complex 

STEM concepts to students in the ‘Explanation’ and ‘Deepening’ steps of 

the 6E model. Şahin and Kılıç (2023) used the 6E Learning Model to exam-

ine the effects of the 6E Learning Model on the learning skills, opinions and 

values of first-year university students in the “Character Development and 

Values Education” course and stated that there were significant positive 

changes in students’ learning skills and acquisition of new values. In this 

context, it can be said that the 6E learning model integrates the “T and E” of 

STEM better than the different teaching models that have been used for 

years, and since 6E has a systematic and holistic structure, teachers can easi-

ly develop and implement STEM activities in the 6E model (Yazıcı, 

Hacıoğlu, & Sarı, 2023).In addition, Burke (2014), while defining the Engi-

neering step of the 6E Learning model, underlines that students use inquiry-

based learning approaches to make informed design decisions in their solu-

tions and systematically integrate this with engineering concepts. 

Within the scope of the research, after the achievement levels of the 

students were examined, the opinions of the entire experimental group about 

the 6E Learning Model Based STEM Practices were taken and, in this direc-

tion, it was seen that the students emphasized the positive aspects of this 

course such as that it was fun, caused effective and permanent learning, and 

facilitated learning through collaboration and design. These views expressed 

by the students are in line with Styron’s (2013) statement that the use of 

models that encourage students to engage in interdisciplinary learning devel-

ops communication skills, collaboration, creativity and positive feelings 

about learning. Moreover, in Şahin and Kılıç’s (2023) study on the effec-

tiveness of the 6E model, students stated that they were satisfied with mak-

ing products and that they found the model effective, exciting and fun. While 

STEM applications based on the 6E learning model increase students’ moti-

vation and encourage their active participation in learning, they also contrib-
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ute to the development of self-regulated learning skills through their student-

centered structure and systematic stages (Burke, 2014; Sanjayanti et al., 

2019; Yazıcı, 2019). This synergy between motivation and self-regulated 

learning can positively affect students’ learning success in the STEM field 

and their views on the learning environment. 

In another study Yazici, Hacıoğlu, and Sari (2023), students’ views 

on 6E-based STEM activities were stated that the activities made the learn-

ing process fun and effective, increased their interest in the course and im-

proved their various skills. Like in our study, although the majority of the 

students who expressed their opinions in the study mentioned the positive 

aspects of the activities, a few negative opinions were also expressed, such 

as process-oriented strain, tiredness, in-group conflicts and environment-

oriented noise level. 

These opinions expressed by the students can be seen as the reasons 

for these difficulties, as stated in Yazıcı’s (2019) study, that they are experi-

encing 6E-oriented STEM activities for the first time and that students lack 

time management and teamwork. If these design-oriented activities are im-

plemented sequentially and frequently in the curriculum, students will grad-

ually ease the complexity of applied tasks, and their knowledge and skills 

will gradually strengthen, enabling them to produce easier products (Hsiao et 

al., 2024). 

Another notable finding of the study is the responses of the experi-

mental group students, which indicate their acceptance of the 6E Learning 

Model-based STEM practices, even though they were performing these ac-

tivities for the first time and encountered some difficulties. In contrast, it was 

found that, despite recognizing several positive effects—such as increased 

effectiveness, enjoyment, and facilitation of collaborative learning—teachers 

were reluctant to integrate these applications into their lesson plans. Previous 

studies suggest that this reluctance may be due to challenges such as ineffec-

tive time management, deficiencies in measurement and evaluation planning, 

difficulties incorporating design and engineering activities into lessons, and 

concerns about classroom management (Nuangchalerm, 2018). In the 6E 

model, the student has a role that investigates questions and experiences 

(Şahin & Kılıç, 2023). However, as Harman and Yenikalaycı (2021), stated 

in their study, it takes both time and experience for teachers to effectively 

plan and implement each stage of the model. This may create an extra bur-

den on the teacher in terms of classroom management and the time allocated 

to the program. 

As a result, the 6E Learning Model Based STEM Practices made a 

positive difference in the success of the students and created positive feel-

ings and thoughts towards the process. The fact that students remained active 

in each step of the 6E learning model facilitated STEM applications and 

played an important role in increasing success by providing a design-
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oriented approach to daily life problems in line with the concepts they 

learned. 

Limitations of the Study 

There are some limitations that should be considered when interpreting the 

findings of this study. Firstly, as the sample was limited to a single state 

school with only 83 sixth-grade pupils, the generalizability of the results is 

restricted. Furthermore, the intervention period was relatively short (two 

weeks) and covered only the ‘Force and Motion’ unit; therefore, the long-

term effects and learning retention of 6E-based STEM applications could not 

be examined. The fact that the intervention was conducted by a single teach-

er can be considered another limitation that may have affected the teaching 

practice and classroom management. Qualitative data were collected using 

only five open-ended questions, limiting the depth and diversity of students’ 

views. Finally, the fact that students were experiencing 6E-based STEM ap-

plications for the first time suggests that process-related difficulties such as 

group inconsistency, noise levels, and time management may have affected 

the learning experience. 

Recommendations 

Based on the findings of the study, the following recommendations can be 

made: 

 As the application period was short, future studies should be 

planned to examine long-term effects and learning retention. 

 As the study was limited to the ‘Force and Motion’ unit, the 

scope could be expanded to include the outcomes of other science 

units. 

 As this study was conducted only on Year 6 students, it could be 

diversified to evaluate learning effects in different age groups. 

 The demographic characteristics of students, such as socio-

cultural and economic factors, could be included in the study to 

examine the effects in different contexts. 

 The literature shows that the 6E learning model is not limited to 

STEM fields; it can be successfully adapted to various disciplines, 

values education, entrepreneurship education, and general stu-

dent-centered approaches. The structured stages of the model 

provide a flexible framework for achieving different educational 

goals by encouraging student participation. Therefore, it is rec-

ommended that studies on the 6E learning model be expanded. 
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Appendix I: Sample Questions of the Achievement Test 

Question 8. 
The forces acting on the bodies at rest are shown below. Which of the infor-
mation given about these bodies is incorrect? 

a) 
← 2N ██████ 7N → 
The object is under balanced forces. 
b) 
← 1N ██████ 6N → 
The object moves. 
c) 

← 18N ██████ 2N → 

The object moves in the direction of the 18N force 
d) 

← 4N ██████ 4N → 

The net force acting on the object is zero 

Question 12.  
Can, Oya and Ali, who are moving at the same time with speeds of constant 
magnitude, reach point R at the same time. Since the distance between the 
points is equal, which of the following is the fastest and slowest of Can, Oya 
and Ali? 

 

 the fastest 
the slow-

est 

a. Can Oya 

b. Ali Can 

c. Can Ali 

d. Oya Ali 
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Question 4. 
1.A runner running at a constant speed 
2.The movement of a stopped car 
3.The book on the table 
Balanced in which of the above situations, which ones involve unbalanced forces? 
   1                          2                          3   
a) Balanced - Balanced - Unbalanced 
b) Unbalanced - Balanced - Balanced 
c) Unbalanced - Unbalanced - Unbalanced  
d) Balanced - Unbalanced - Balanced 

 
 
Question 19.  
Which object exerts the most force? 
a) L          b) K               c) M                 d) K & M 

 
Question 7.  
Two forces act on the following object, which of the following is incorrect? 
a) The resultant force acting on the object is 10N. 
b) The object moves in the direction of 2N. 
c) The direction of the combined force is in the direction of 12 N. 
d) The object moves. 

Question 16.  
The speed-time graph of a vehicle with a speed of 20 m/s is shown on the right. How many me-
ters is the distance traveled between the 4th second and the 10th second? 
a) 80 m/s,   b)120 m/s,   c) 160 m/s,   d) 200 m/s 
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Question 18.  
Find the force values of objects suspended on a dynamometer? 

 
 

 
Question 20.  
Which dynamometer can we better measure an object weighing 200 grams? 
a) M            b) L                c) K                 d) K & M 

 
 


