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Abstract 

The purpose of this study is to determine the effects of the scenario-based STEM project 
design process on pre-service science teachers’ perceptions of 21st-century skills, 
competencies, integrative STEM teaching intentions, and STEM attitude. In the study, a 
pretest-posttest quasi-experimental design, which does not contain a control group, was used. 
The participants of the research are 66 fourth-grade pre-service science teachers in the 
south-west of Turkey. The 21st-century skills and competencies scale and an integrative 
STEM teaching intentions questionnaire, and a STEM attitudes scale were used as a pre-test 
and post-test. Pre-service teachers designed projects using engineering design processes to 
solve the problems in the scenarios given to them. In the analysis of the data, paired-samples 
t-test and Wilcoxon Signed Rank Test were applied using SPSS-21. The results show that 
designing a scenario-based STEM project certainly contributed to the 21st-century skills 
competence perceptions, STEM teaching intentions, and STEM attitudes of pre-service 
science teachers. 

Keywords: 21st-century skills, Integrative STEM teaching intentions, Scenario-based STEM 
project, STEM attitudes  
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1. Introduction 

1.1 Introduce the Problem 

For a productive society, individuals who can think critically, use research-inquiry skills, 
solve problems, make designs, produce and think creatively; in short, they must be equipped 
with the skills required by 21st-century. Such societies can reach the power to compete with 
other nations (Morrison, 2006; Wai, Lubinski, & Benbow, 2010; Akgündüz et al., 2015; 
White, 2014; Gunn, 2017; Aydın, Saka, & Guzey, 2017). In the new century, the demand with 
the changing situations, different human needs, and problems arise for this commitment for 
qualified people who offer particular solutions to these questions is increasing. Therefore, 
STEM-integrated education is becoming more important for people around the world 
(Kumtepe & Genc-Kumtepe, 2014; Ministry of Education, 2016). Leading countries, 
exclusively known as global powers, need to have innovative industry fields and qualified 
STEM graduates who can solve these problems and compete globally (Kanematsu & Barry, 
2016). Science, Technology, Engineering, and Mathematics (STEM), STEM aims at a 
production-oriented education approach along with providing high-level skills necessary in 
21st-century (Moomaw & Davis, 2010; Oner et al., 2014). Thus, STEM education has an 
essential role for individuals to gain 21st-century skills (R. M. Capraro, M. M. Capraro, & 
Morgan, 2013; Baran, Canbazoğlu-Bilici, & Mesutoğlu, 2015; Yıdırım, 2016; Çevik, 
Danıştay, & Yağcı, 2017). Being successful in STEM fields reflects the sophistication and 
economic power in science and technology and directs the necessary conditions of our lives 
as citizens, consumers, employees, and parents (National Research Council [NRC], 2011). 
STEM education aims to provide students with environments where they can gain experience 
and to enable them to become engineers, technologists, or scientists of the future because 
STEM education stands on solving problems by using daily life examples instead of using 
traditional education programs (Breiner, Harkness, & Johnsonand-Koehler, 2012). 

Not only are the conditions different nowadays, but the real-world demands are also very 
different from what applies to teachers and employers (Anugerahwati, 2019). Teachers’ 
knowledge of only one area without interdisciplinary work and their specialization is 
insufficient to raise individuals who are suitable for the 21st-century skills of countries (Çorlu, 
R. M. Capraro, & M. M. Capraro, 2014). STEM education enables students to become 
competent by gaining the necessary skills for the 21st century (Tsupros, Kohler, & Hallinen, 
2009; Ibrahim & Halim, 2013). In STEM learning environments, social interaction between 
students is more enthusiastic. It supports the improvement of 21st-century skills by 
developing expertise in collaboration, inquiring, critical thinking and problem-solving 
(Sanders, 2009; Şahin, Ayar, & Adıguzel, 2014; Khalil & Osman, 2017). The combination of 
21st-century skills and the STEM program is equally critical. This combination can apply to 
students at all school levels (Kay, 2009; Rotherham & Willingham, 2009). Although teachers 
know the advantages of the STEM education approach, they feel inadequate to use it in 
practice (Hsu, Purzer, & Cardella, 2011; Hacıoğlu, Yamak, & Kavak, 2016a; Özbilen, 2018). 
Pre-service teachers have basic knowledge of engineering discipline, but they are insufficient 
in the scope of integrating engineering with science and technology disciplines (Marulcu & 
Sungur, 2012). In this context, there is a need for teachers to be equipped with STEM 
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education during their in-service or pre-service education to raise qualified individuals (Han, 
Yalvaç, R. M. Capraro, & M. M. Capraro, 2015; Hacıoğlu, Yamak, & Kavak, 2016b; 
Özçakır-Sümen & Çalışıcı, 2016). Science teachers need to learn how to ease STEM 
implementation, and to improve both attitudes and skills toward interdisciplinary teaching 
(Salami, Makela, & Miranda, 2017). 

The related literature demonstrates that the problem-solving skills, and critical thinking skills 
of pre-service science teachers who received STEM education increased positively (Öztürk, 
2018). Design and engineering-based STEM education practices have improved the 
leadership skills and perceptions of teachers and pre-service teachers regarding teaching 
competencies (Pinnell et al., 2013). There was a significant increase in the learning level of 
pre-service science teachers in the lessons conducted with STEM (Yıldırım & Altun, 2015). 
As a result of STEM-based education, pre-service science-mathematics teachers think that 
activities are efficient, educationally effective and fun (Yılmaz & Pekbay, 2017). As a result 
of the engineering design-based science education process, science teachers emphasize that 
they will benefit from engineering-based science education in their teaching (Bozkurt, 2014). 
There is a significant difference in STEM definitions before and after the STEM application 
of pre-service teachers, which changed as ‘STEM is an integrated education approach’ 
(Aslan-Tutak, Akaygün, & Tezsezen, 2017). It positively affected students’ attitudes as a 
result of the training in which project-based learning activities and STEM education were 
integrated (Bingolbali, Monaghan, & Roper, 2007). Attitudes towards STEM education are 
essential for individuals to acquire 21st-century skills and achieve success in STEM 
education in their future lives (Alıcı, 2018). Studies show a significant difference in favor of 
post-tests in the attitudes of the study group of STEM-based education at different education 
levels towards STEM education (Uğraş, 2018; Rehmat, 2015; Karışan & Yurdakul, 2017; 
Reid-Griffin, 2019; Wahono & Chang, 2018; Sivrikaya, 2019). The fact that teachers have 
different perceptions about STEM integration causes differences in STEM education 
integration applied in lessons (Wang, Moore, Roehrig, & Park, 2011). STEM attitudes of the 
pre-service teachers who will raise the generations of the future will enable them to make 
inferences about how they will promote the next generations. The positive attitudes of the 
pre-service teachers about STEM education show that students who display a positive 
perspective towards STEM education and have a tendency towards these fields can be a boost 
in the future (Gelen, Akçay, Tiryaki, & Benek, 2019). Thus, revealing the 21st-century skills 
competence perceptions of pre-service teachers and their STEM attitudes and STEM teaching 
intentions will render an insight into how they will shape the future. Based on this, the 
present study aimed to determine the effect of developing scenario-based STEM projects with 
pre-service science teachers on 21st-century skills and perceptions, STEM teaching intentions, 
and STEM attitude. The dependent variables of the study are 21st-century skills and 
competencies, integrative STEM teaching intentions, and STEM attitudes of pre-service 
teachers. The independent variable is the scenario-based STEM project design process. The 
research questions are presented as follows: 

• Does the scenario-based STEM project design process make significant differences in 
pre-service science teachers’ perceptions of 21st-century skills and competencies? 
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• Does the scenario-based STEM project design process make significant differences in 
pre-service science teachers’ integrative STEM teaching intentions? 

• Does the scenario-based STEM project design process make significant differences in 
the STEM attitudes of pre-service science teachers? 

1.2 Conceptual Framework 

The conceptual framework of the research was prepared by revising A Conceptual 
Framework for the Integration of 21st Century Skills in Biology Education based on literature 
by Hiong and Osman (2013) and is presented in Figure 1. One of the basic principles of the 
constructivist approach is students’ constructing new insights actively instead of taking and 
assimilating facts passively. Consistent with this view, different classroom techniques are 
required to help students learn essential and complex system of ideas (Jacobson & Wilensky, 
2006). Inquiry-based-learning proposes learning environments that promote inquiry, 
thoughtful research, interpretation of information, and the development of new insights 
(Diggs, 2009). Problem-based learning indicates that learning environments should involve 
students in related and original problems to increase the significance of the subject matter to 
be taught (Christensen, Knezek, & Tyler Wood, 2015). Project-based learning is an 
exhaustive approach to classroom teaching designed to involve students in researching real 
problems (Blumenfeld et al., 1991). The integration of STEM content entails the use of 
learning objectives, facilitation, and application from various STEM disciplines. To ensure 
the integration, learning goals and learning projects from mathematics, science and 
technology should be defined and a connection should be determined between intimately 
associated concepts in various disciplines (Bryan, Moore, Johnson, & Roehrig, 2015). From 
an educational perspective, there may be a variety of activities in STEM but generally it 
involves replacing traditional lesson-based teaching strategies by more research and 
project-based approaches (Breiner, Harkness, Johnson, & Koehler, 2012). Twenty first 
century skills which are identified as collaboration, digital literacy, critical and creative 
thinking, and problem-solving considered certainly to be connected with the competencies 
believed to be taught by schools to help students succeed in today’s world (Motallebzadeh, 
Ahmadi, & Hosseinnia 2018). STEM teaching intentions can be defined as the voluntariness 
of teacher candidates to use STEM-based teaching in their lessons and to claim to have a 
teaching style propped up a multidisciplinary approach (Günbatar & Bakırcı, 2019). Attitude 
can be defined as an individual’s (or a group’s) developing a positive, negative, or neutral 
emotion towards an object, a state or a behavior (Pryor, Pryor, & Kang, 2015). Based on this 
definition, STEM attitudes can be understood as a positive, negative, and neutral feeling 
towards STEM. 
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Figure 1. Conceptual Framework of the Research 

 

2. Method 

2.1 The Research Design 

In the present study, a pretest-posttest quasi-experimental design without a control group was 
used (Cook & Campbell, 1979). This model is one of the pre-trial models. In this model, an 
independent variable is applied to the determined group (Karasar, 2010). In this design, the 
effect of the experimental process is tested with a study on a single group, and the 
measurements of the subjects regarding the dependent variable are obtained by using the 
same subjects and the same measurement tools as a pre-test before the implementation and 
the post-test after the implementation. There is no randomness and matching, and in this 
respect, the research design can be defined as one-factor within-groups or repeated measures 
design. In the design, the significance of the difference between the pre-test and post-test 
values of a single group is analyzed (Büyüköztürk et al., 2008). The scenario-based STEM 
project design process was used as an experimental process in the study. The 21st Century 
skill perceptions scale, STEM attitudes scale, and Integrative STEM Teaching Intentions 
questionnaire were used as pre-test and post-test. 
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2.2 Participants 

The implementation process of the study was carried out in Creating Projects in Secondary 
School elective course in a faculty of education of a state university in the southwest of 
Turkey. seventy two pre-service teachers who were 4th-year students within the Department 
of Science and Mathematics Education participated in the research. Of these, 66 pre-service 
teachers answered the questionnaire voluntarily. The research was carried out in the spring 
semester of 2020. As for the gender distribution, 78.79% (n = 52) of the participants were 
female while 21.21% (n = 14) were male.  

2.3 Data Collection Instrument 

2.3.1 Twenty First Century Skills Century Skills Competence Perceptions Scale for 
Pre-service Teachers 

21st Century Skills Competence Scale for Pre-service Teachers developed by Anagün, Atalay, 
Kılıç, and Yaşar (2016) to determine the 21st-century skill perceptions were used to collect 
data. The scale consists of three sub-factors. These are: learning and innovation skills factor; 
life and career skills factor; and knowledge, media, and technology skills factor. Cronbach 
alpha coefficient of the inventory, which is formed by 42 Likert-type items, was found to 
be .88. Cronbachs’ alpha values of each sub-factor of the scale are shown in Table 1. 

 

Table 1. Sub-factors, examples of items, and Cronbach alpha values of 21st Century Skills 
and Competencies Scale 

Sub-factors of 21st Century  

Skills and Competencies Scale  
Examples of items Original Cronbachs’Alpha

Learning and Innovation Skills 
I synthesize by establishing relationships

between knowledge and arguments. 
0.85 

Life and Career Skills I listen to what others think on a topic. 0.83 

Information, Media and  

Technology Skills 

I use the appropriate media tool  

to get information. 
0.81 

 

2.3.2 STEM Attitudes Scale 

STEM Attitudes Scale developed by Faber, Unfried, Wiebe, Corn, Townsend, and Collins 
(2013) and adapted to Turkish by Yıldırım and Selvi (2015) was used. The Turkish version of 
the STEM Attitudes Scale consists of four factors (Science, Engineering, 21st Century skills, 
Mathematics) and 37 items in total. Cronbach’s alpha coefficient of the inventory was found 
to be 0.94. Cronbachs’ alpha values of each sub-factor of the scale are shown in Table 2. 
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Table 2. Sub-factors, examples of items and Cronbach alpha values of STEM Attitude Scale 

Sub-factors of STEM  

Attitude Scale  
Examples of items Original Cronbachs’Alpha 

Science 
Science is important to me in the  

work of my life. 
0.86 

Engineering and Technology I take care of how the machines work. 0.86 

Mathematics  Math is a difficult lesson for me. 0.89 

21st century skills 
I am sure that I can manage my time  

wisely while working on my own. 
0.89 

 

2.3.3 Integrative STEM Teaching Intentions Questionnaire 

The Integrated STEM Teaching Intentions Scale developed by Lin and Williams (2015) was 
adapted into Turkish by Hacıömeroğlu and Bulut (2016). The Turkish form of the adapted 
scale consists of 31 items and is a 7-point Likert type. Cronbach’s alpha coefficient for the 
overall instrument was calculated as 0.94. Cronbachs’ alpha values of each sub-factor of the 
scale are shown in Table 3. 

 

Table 3. Sub-factors, examples of items and Cronbach alpha values of Integrative STEM 
Teaching Intention Scale 

Sub-factors of Integrative STEM  

Teaching Intention Scale 
Examples of items 

Original 

Cronbachs’Alpha 

Knowledge 
I am familiar with primary school science 

(Newton’s laws of motion). 
0.93 

Value 
I think it is important to help students learn how to 

collect data about STEM in the learning process. 
0.86 

Attitude  

If the school environment is in this direction (the 

request of the administrators, the school’s physical 

and technological equipment), I use STEM in my 

lessons in the learning-teaching process. 

0.87 

Subjective norm 
I think I have enough skills to use STEM in the 

learning-teaching environment. 
0.69 

Perceived behavioral control  

and behavioral intention 

In the learning-teaching process, we can train the 

talented students of the future by using STEM. 
0.86 
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2.4 Data Analysis 

The data were analyzed in SPSS 21 package program. Whether the data obtained with the 
scales had a normal distribution was investigated. When Kolmogorov-Smirnov test results 
and skewness and kurtosis values were examined, it was determined that the pre-test and 
post-test data of the 21st-century competence perceptions scale were suitable for normal 
distribution, the STEM teaching orientation scale and the STEM attitudes scale were not 
suitable for the normal distribution. The paired sample t-test was used for comparing the 
pre-test and post-test scores of the 21st-century efficacy scale. Wilcoxon Signed Rank Test 
for Paired Samples, one of the non-parametric analyses, was used to compare the STEM 
teaching orientation scale and STEM attitudes scale pretest-posttest scores. 

2.5 Experimental Manipulations or Interventions 

The experimental application was carried out with pre-service science teachers in the spring 
semester of the 2019-2020 academic year in the “Elective Course: Creating a project in the 
secondary school” course. In this course, pre-service teachers were informed about 
project-based learning, problem-based learning, inquiry-based learning, STEM, and 
application examples for seven weeks (14 lesson hours). Four weeks (8 lesson hours) of these 
applications were carried out with face-to-face training. The pandemic was declared while the 
experimental practice was in progress. Turkey, like the entire world, has taken precautions 
against the Covid-19 outbreak. After the first Covid-19 diagnosis of a person in Turkey, The 
Council of Higher Education has suspended the courses at universities for three weeks. After 
these three weeks, it has been announced that the 2019-2020 spring semester will be 
completed through distance education (Görgülü-Arı & Hayır-Kanat, 2020). For this reason, 3 
weeks (6 lesson hours) of the theoretical courses were conducted using the Adobe Connect 
application by logging in the distance education unit of the university where the research was 
conducted. The 6-week STEM project preparation process was likewise continued through 
distance education. The pre-service teachers were given four different scenarios including 
daily life problems. Various books were used to select the scenarios (Çepni, 2018; Yıldırım, 
2018). As there may be difficulties in accessing certain project materials during the pandemic, 
the pre-service teachers were allowed to choose the scenario they wanted to carry out. 
Problem-based learning approach and scenarios have been used with STEM education in 
recent years, especially in activity design studies (Gülgün, Yılmaz, & Çağlar, 2017). The best 
way to achieve STEM integration is to carry out the activities within the scope of the 
engineering design process (Felix, Bandstra, & Strosnider, 2010). Hence, pre-service teachers 
prepared their projects according to the Engineering in Elementary (EiE) design process 
shown in Figure 2 (Cunningham, 2009). In the project preparation process carried out 
through distance education process, inquiry-based questions were asked to pre-service 
teachers every week. Thus, the pre-service teachers created STEM projects with an approach 
by combining problem-based learning, project-based learning, and inquiry-based learning. As 
a result, they presented the STEM projects they created based on the scenarios in the format 
of video recording. Since the process was carried out through distance education, the 
pre-service teachers prepared their projects individually. The pre-service teachers created 
projects obtaining different energy sources, creating a habitable city plan, a solar-powered car, 
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a hydroelectric power station based on the scenarios. Before the experimental application 
(face-to-face) and after the experimental application (through a distance learning 
environment), the 21st-century skills competence perceptions scale, the STEM attitudes scale, 
and the Integrative STEM Teaching Intentions Questionnaire were applied as pre-test and 
post-test. The pre-service teachers used nicknames while answering the scales items.  

 

 

Figure 2. The Engineering in Elementary (EiE) engineering design process 
(Cunningham, 2009) 

 

3. Results 

Arithmetic means and standard deviations of pre-test and post-test scores pre-service science 
teachers have achieved from 21st Century Skills and Competencies Scale and its sub-factors 
are given in Table 4. 
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Table 4. Arithmetic means and standard deviations that pre-service teachers have achieved 
from 21st Century Skills and Competencies Scale and sub-factors 

21st Century Skills and Competences Scale and sub-factors 
Pre-Test Post-Test 

Mean SD Mean SD 

Learning and Innovation Skills Sub-factor 67.63 9.05 72.18 8.98 

Life and Career Skills Sub-factor 66.59 5.72 68.78 5.49 

Information, Media and Technology Skills Sub-factor 34.42 4.13 35.31 3.44 

Total Inventory 168.65 15.34 176.28 14.95 

 

As a result of pre-service teachers’ scenario-based STEM project design, there was a 
significant increase in their 21st-century skills [t (65) = 6.34, p < .01]. While the average of 
the 21st-century skill of pre-service teachers was 168.65 before the application, after the 
implementation of scenario-based STEM project design it increased to 176.28. This finding 
showed that scenario-based STEM project design had a meaningful effect on increasing the 
21st-century skills of pre-service teachers. In addition, Cohen d effect size was 0.781, and η2 
(et square) effect size was 0.38. Therefore, the difference between the means was 0.78 
standard deviation and the 38% of the variant that belongs to the 21st-century skills scores 
emerged depending on the pre-test post-test, namely measurement. Measured effect sizes 
reflect a large effect. As a result of pre-service teachers’ designing scenario-based STEM 
projects, there was an increase in the sub-factors of Learning and Innovation Skills [t (65) = 
6.02, p < .01]. Furthermore, there was an increase in sub-factors of life and career skills [t (65) 
= 5.03, p < .01] and information, media, and technology skills [t (65) = 3.39, p < .01]. 

T-test results conducted on the significance of the difference between pre-test and post-test 
average scores of 21st Century Skills and Competencies Scale are given in Table 5. 
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Table 5. T-test Results of Pre-test Post-test for 21st Century Skills and Competencies Scale 
and sub-factors 

21st Century Skills Scale and sub-factors Measurement N sd t p 

21st Century Skills and Competences  
Pre test 

66 65 6.34 .000 
Post test 

Learning and Innovation Skills  
Pre test 

66 65 6.02 .000 
Post test 

Life and Career Skills 
Pre test 

66 65 5.03 .000 
Post test 

Information, Media and Technology Skills
Pre test 

66 65 3.39 .001 
Post test 

 

Wilcoxon Signed-Rank test results were given in the Table 5 that is about if the STEM 
attitudes of pre-service science teachers show a significant difference before and after the 
process of designing a scenario-based STEM project. The result of the analysis shows that 
there is a significant difference between pre-service science teachers’ pre-test and post-test 
scores in the STEM attitudes scale, z = 5.27, p < .05. When the mean rank and sum of ranks 
are taken into consideration, they evidence that this difference is in support of the post-test 
scores. The same results are available for the STEM attitudes scale’s sub-factors of science, 
engineering, technology, mathematics and 21st-century skills. When the scale and 
sub-dimensions before and after the experiment are compared, it is noteworthy that although 
there are more pre-service teachers in the positive rank, there are also pre-service teachers in 
the negative rank (19 pre-service teachers), especially in the science sub-dimension. 

Arithmetic means and standard deviations of pre-test and post-test scores pre-service science 
teachers have achieved from the STEM Attitude Scale and its sub-factors are given in Table 
6. 

 

 

 

 

 

 

 



Journal of Educational Issues 
ISSN 2377-2263 

2020, Vol. 6, No. 2 

www.macrothink.org/jei 462

Table 6. Arithmetic means and standard deviations that pre-service teachers have achieved 
from STEM Attitude Scale and sub-factors 

STEM Attitude Scale and sub-factors 
Pre-Test Post-Test 

Mean SD Mean SD 

Science sub-factor 38.12 5.59 40.22 4.12 

Engineering and technology sub-factor 33.51 5.86 38.50 6.04 

Mathematics sub-factor 30.01 5.7 33.89 6.09 

21st century skills sub-factor 45.12 6.79 49.95 4.72 

Total Inventory 146.77 18.01 162.57 16.85 

 

The results of the Wilcoxon Signed Rank Test for Paired Samples, which is conducted for the 
significance of the difference between pre-test and post-test average scores belonging to the 
STEM attitude scale and its sub-factors, are given in Table 7. 

 

Table 7. STEM Attitude Scale Scores of Wilcoxon Signed Rank Test Results before and after 
the experiment 

 Posttest-Pre test n Mean Rank Sum of Ranks z p 

STEM Attitude Scale 

Negative Ranks 11 25.45 280.0 5.27* ,000

Positive Ranks 55 35.11 1931.0   

Ties 0     

Science sub-factor 

Negative Ranks 19 26.82 509.5 2.99* ,003

Positive Ranks 41 32.21 1320.5   

Ties 6     

Engineering and technology sub-factor 

Negative Ranks 12 20.58 247.0 4.92* ,000

Positive Ranks 48 32.98 1583.0   

Ties 6     

Mathematics sub-factor  

Negative Ranks 12 21.71 260.5 4.50* ,000

Positive Ranks 45 30.94 1392.5   

Ties 9     

21st century skills sub-factor 

Negative Ranks 13 20.92 272.0 4.73* ,000

Positive Ranks 47 33.15 1558.0   

Ties 6     

Note. * Based on negative ranks. 
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Wilcoxon Signed-Rank test results were given in the Table 7 that is about if the STEM 
attitudes of pre-service science teachers show a significant difference before and after the 
process of designing a scenario-based STEM project. The result of the analysis shows that 
there is a significant difference between pre-service science teachers’ pre-test and post-test 
scores in the STEM attitudes scale, z = 5.27, p < .05. When the mean rank and sum of ranks 
are taken into consideration, they evidence that this difference is in support of the post-test 
scores. The same results are available for the STEM attitudes scale’s sub-factors of science, 
engineering, technology, mathematics and 21st-century skills. When the scale and 
sub-dimensions before and after the experiment are compared, it is noteworthy that although 
there are more pre-service teachers in the positive rank, there are also pre-service teachers in 
the negative rank (19 pre-service teachers), especially in the science sub-dimension. 

Arithmetic means and standard deviations of pre-test and post-test scores pre-service science 
teachers have achieved in the Integrative STEM Teaching Intentions Questionnaire and its 
sub-factors are given in Table 8.  

 

Table 8. Arithmetic means and standard deviations that pre-service teachers have achieved 
from the Integrative STEM Teaching Intention Questionnaire and sub-factors 

Integrative STEM Teaching Intention Scale and sub-factors 
Pre-Test Post-Test 

Mean SD Mean SD 

Knowledge 24.22 2.48 25.48 2.25 

Value 38.22 3.66 39.37 2.83 

Attitude  36.25 5.18 37.89 5.11 

Subjective norm 26.27 4.21 29.18 3.45 

Perceived behavioral control and behavioral intention 63.04 4.63 65.00 5.12 

Total Inventory 186.81 17.27 196.93 15.64 

Note. *Based on negative ranks. 
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Table 9. Integrative STEM Teaching Intention Scale Scores of Wilcoxon Signed Rank Test 
Results before and after the experiment 

Posttest-Pretest n Mean Rank Sum of Ranks z p 

Integrative STEM  

Teaching Intention Scale 

Negative Ranks 17 25.47 433.0 4.18* .000

Positive Ranks 48 35.67 1712.0   

Ties 1     

Knowledge Negative Ranks 13 19.46 253.0 3.74* .000

Positive Ranks 37 27.62 1022.0   

Ties 16     

Value Negative Ranks 16 28.06 449.0 2.19* .028

Positive Ranks 36 25.81 929.0   

Ties 14     

Attitude Negative Ranks 16 29.75 476.0 2.47* .013

Positive Ranks 39 27.28 1064.0   

Ties 11     

Subjective norm Negative Ranks 15 18.80 282.0 4.56* .000

Positive Ranks 44 33.82 1488.0   

Ties 7     

Perceived behavioral  

control and behavioral  

intention 

Negative Ranks 11 28.64 315.0 3.56* .000

Positive Ranks 42 26.57 1116.0   

Ties 13     

 

Wilcoxon Signed-Rank test results were given in the Table 9 that is about if integrative 
STEM teaching intentions of pre-service science teachers shows a significant difference 
before and after the process of designing scenario-based STEM projects. The result  of the 
analysis shows that there is a significant difference between pre-service science teacher’s 
scores of the pre-test and post-test in the integrative STEM teaching intentions scale, z=4.18, 
p<.05. When the mean rank and sum of ranks are considered, this difference is in favor of the 
post-test score. The same results are available for the integrative STEM teaching intentions 
scale sub-factors of knowledge, value, attitude, subjective norm, perceived behavioral control, 
and behavioral intentions. When the scores before and after the experiment are compared, it 
is seen that 17 preservice teachers ranked negative in the total score of the scale. There are 
preservice teachers who are in the negative rank in the sub-dimensions of the scale. 
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4. Discussion 

After analyzing the findings obtained by the research questions and the purposes of the study, 
the following results were obtained. 

The first result obtained from the study is that there has been a significant increase in 
21st-century skills of pre-service teachers, their 21st-century skill sub-factors of learning and 
innovation skills, life and career skills, information, media, and technology skills. In the 
related literature it is stated that STEM-based activities help participants to develop 
21st-century skills such as collaboration and communication (Karahan, Canbazoğlu-Bilici, & 
Ünal, 2015), creative thinking, critical thinking, and problem-solving (Bybee, 2010; Şahin, 
Ayar, & Adıguzel, 2014; Morrison, 2006; Lawanto et al., 2013; Yıldırım & Altun, 2015; 
Knezek, Christensen, Tyler-Wood, & Periathiruvadi, 2013; Tseng, Chang, Lou, & Chen, 
2013). Wan Husın et al. (2016), who conducted a similar study with middle school students, 
found that the 21st-century skills of the students improved with the Project-Oriented Problem 
Based Learning (POPBL) integrated with STEM education program. One of the most 
important goals of STEM education is to contribute to the development of 21st-century skills 
of students (Capraro & Jones, 2013; Çepni & Ormancı, 2017). As students learn by solving 
problems with STEM education, they become problem solvers in daily life who can adopt 
these solutions to new situations (Morrison, 2006; Dewaters & Powers, 2006). With STEM, 
students can solve problems related to daily life, thus improving their 21st-century skills 
(Hmelo-Silver, 2004). In the scope of the present research, the pre-service teachers identified 
the problem based on the scenario related to daily life and design projects in which they used 
engineering design processes to solve this problem. In this program, pre-service teachers first 
defined the daily life problem. Then, they designed projects using the problem situation in 
question, ask, imagine, plan, create, and improve the engineering design process. Research 
findings show that this program has a positive effect on pre-service science teachers’ 
perceptions of 21st-century competence. Research findings show that this program has a 
significant consequence on pre-service science teachers’ perceptions of 21st-century skill 
competence. To achieve this, trainee teachers had to make a connection between the state of 
the problem and the situations they experienced in real life. This association was kept with 
scenarios. With design-based STEM, 21st-century skills can be advanced (Felix, Bandstra, & 
Strosnider, 2010). Pre-service science teachers had to use many 21st century skills throughout 
this process. The positive increase in the 21st-century skill perceptions of pre-service teachers 
urges them that they have to use these skills in the experimental application process. It is 
critical for science teachers who will train future generations to have advanced 21st-century 
skills. 

The second result obtained from the study is that there has been a significant increase in the 
STEM attitudes of pre-service science teachers. There has also been a significant increase in 
their STEM attitudes towards the sub-factors of science, engineering, technology, 
mathematics, and 21st-century skills. There has been a positive progress in the 21st-Century 
skills sub-factor of pre-service teachers. Kan and Murat (2018) found a moderate positive 
relationship between STEM attitudes and 21st-century efficacy perceptions. Teachers’ 
negative attitudes towards STEM cause less time spent in science and mathematics teaching 
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and less focus on students’ participation in authentic inquiry-based activities (Appleton & 
Kindt, 2002). Teachers’ attitudes are related to teaching practices in STEM (Thibaut et al., 
2018). For this reason, it is crucial to determine and develop teachers’ and pre-service 
teachers’ attitudes toward STEM. Similarly, activities based on STEM education at different 
educational levels positively affect their attitudes towards STEM education (Rehmat, 2015; 
Gülhan & Şahin, 2016; Yamak, Bulut, & Dündar, 2014; Mixan & Yurdakul, 2017; Uğraş, 
2018; Reid-Griffin, 2019; Guzey, Moore, Harwell, & Moreno; 2016; Karahan et al., 2014). 
Activities using STEM in the problem-based learning environment affect students’ attitudes 
positively towards STEM (Alıcı, 2018). These results were consistent with relevant studies. 
STEM-based applications have also improved the STEM attitudes of pre-service science 
teachers (Wahono & Chang, 2018). Most of the teachers who participated in STEM training 
sessions had positive attitudes (Affouneh et al., 2020). Active involvement of pre-service 
science teachers in the process based on Cunningham (2009), and engineering design process 
steps may have been effective in the positive change in their attitudes. Methodology lessons 
can play an essential role in addressing teachers’ attitudes toward STEM. It is assumed that 
the teachers who develop positive attitudes towards STEM will include STEM in their 
teaching in the future (Adams et al., 2014). Tseng et al. (2013) concluded that project-based 
learning practices improved the STEM attitudes positively in the first-year students of the 
technology institute. Similarly, Çetin and Kahyaoğlu (2018) concluded those pre-service 
science teachers’ attitudes towards science, engineering technology, and 21st-century skills of 
STEM-based activities increased. However, in these studies, it was determined that unlike the 
results of the research, their attitudes towards mathematics decreased. The fact that the 
number of pre-service teachers who were in negative ranks in the comparison of 
pretest-posttest in the whole scale were especially in the science sub-dimension draws 
attention. This situation may have had a negative effect on the attitudes of pre-service 
teachers preparing STEM projects intensively for one semester, that is, because of their 
engaging themselves in similar activities for a long time. 

The third result obtained from the study is that there has been a significant increase in 
integrative STEM Teaching Intentions and its sub-factors of knowledge, value, attitude, 
subjective norm, perceived behavioral control and behavioral intention. Teaching a course 
well is a prerequisite for accumulating interdisciplinary knowledge. To improve teachers’ 
involvement in STEM teaching, further studies on teacher professional development are 
needed to investigate how to develop their pedagogical design qualifications and 
collaboration recognition (Dong et al., 2019). Similarly, Aygen (2018), who examined the 
effect of STEM activities with pre-service science teachers, concluded that the group in 
which the activities were applied had higher integrated STEM teaching orientations, but did 
not examine the change in sub-dimensions. To a similar result to the research results, Timur 
and Belek (2020) concluded that STEM applications with pre-service science teachers have a 
positive effect on STEM teaching orientations. While the researchers found a significant 
increase in knowledge, attitude, and subjective norm sub-dimensions, they did not find a 
statistically significant increase in value, perceived behavioral control, and behavioral 
intention sub-factors. In the present study, which investigated the effect of similar 
design-based STEM activities on pre-service science teachers’ orientation towards integrated 
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STEM teaching, the statistical effect of the activities on the sub-dimensions of value, 
subjective norm, perceived behavioral control and behavioral intention was significant. There 
is no significant increase in the knowledge and attitude dimensions of the scale (Özkızılcık & 
Cebesoy, 2020). Dissimilar results were in sub-dimensions in various studies. This may be 
due to the different class levels of the study groups or the various activities used in 
experimental practice. In the implementation of STEM education plans for primary and 
secondary schools, the development of teachers’ teaching skills is emphasized (Kuenzi, 2008). 
The explanations of the pre-service teachers about STEM education may also reflect their 
general attitudes towards STEM (Lin & Williams, 2016). STEM applications improve the 
perceptions of teaching competencies (Pinnell et al., 2013). STEM education has also a 
positive effect on teaching science (El-Deghaidy & Mansour, 201; Becker & Park, 2011). In 
line with the results of the research, especially, the STEM awareness and intentions of 
teaching STEM subjects tended to increase after attending the methodology course (Karışan 
et al., 2019). Adams et al. (2014), revealed that place-based STEM teaching has a positive 
effect on a pre-service teacher’s intentions to design and implement STEM activities. In the 
STEM teaching intentions scale total score, the number of pre-service teachers in positive 
rank is higher, but the number of pre-service teachers in the negative rank is also remarkable. 
This may be due to the fact that teacher candidates, who learned and applied STEM in all its 
dimensions, evaluated their own self-efficacy, content knowledge and pedagogical content 
knowledge in depth. It was emphasized that the reason why some pre-service teachers do not 
want to use STEM in their lessons is due to their lack of content knowledge (Yıldırım & Türk, 
2018), and teachers do not want to integrate STEM into their lessons due to their low 
self-efficacy perceptions despite their positive views on STEM (Yıldırım, 2016). 

5. Conclusion 

This study confirms the impact of STEM project design process supported by a scenario to 
develop the 21st-century competency perceptions of pre-service science teachers, STEM 
attitudes, and integrated STEM teaching orientations. Pre-service science teachers improve 
the perceptions of 21st-century skill competence and learning and innovation skills, life and 
career skills, information, media, and technology skills, which are sub-factors of the scale. 

The scenario-based STEM project design process caused a positive change in the STEM 
attitude and science, engineering and technology, mathematics, and 21st-century skills, which 
are sub-factors of the STEM attitudes of pre-service science teachers. 

The integrative STEM Teaching Intentions and its sub-factors of knowledge, value, attitude, 
subjective norm, perceived behavioral control and behavioral intentions are also significantly 
different in favor of post-tests. 

It contributes to the current knowledge by asserting the scenario-based STEM project design 
process has a positive effect on pre-service science teachers’ 21st-century skills and 
competencies, integrative STEM teaching intentions, and STEM attitude. Thus, teachers who 
are educated in terms of various skills will be trained and their desire to integrate STEM into 
their professional lives will increase with their positive attitudes. In this study, pre-service 
teachers followed the steps of the engineering design process and searched for solutions to 
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scenarios involving real-life problems. This situation has improved their 21st-century skills 
perceptions. This emphasizes the importance of including activities for preparing STEM 
projects supported by the script in science teacher education. It is thought that if the 
pre-service teachers are aware of STEM, project-based learning, problem-based learning, and 
inquiry-based learning methods, it will be easier to apply them in their lessons. The present 
study, therefore, recommends that the scenario-based STEM project design process can be 
used in pre-service teachers training courses. 

6. Limitations 

The findings in this study should be interpreted considering several limitations. First, in this 
study, a single group of weak experimental design can be considered the limitation of the 
study. However, this situation stems from the fact that a comparison with a control group is 
not desired for the study. Additionally, the issue of how the activities to be applied to the 
control group should differ from the experimental group prevented the researchers from 
conducting this study with an experimental control group. Since it would not be meaningful 
to determine STEM attitudes and integrated STEM teaching orientations with laboratory 
activities that were not developed based on STEM, and to prevent bias in favor of the 
experimental group, the study was designed as a single group.  

Second, this study continued for an academic half-year. However, with the announcement of 
a pandemic in that semester, the practices that started through face-to-face education had to 
be completed through distance education process, since the lessons were conducted through 
distance education. Furthermore, the pre-service teachers had difficulties in procuring 
materials due to the curfew restrictions and had to choose easily accessible materials as much 
as possible. The development and change of pre-service teachers in a year have been 
examined. Considering that especially the improvement of affective characteristics takes a 
long time, the permanent effect of development and change can be discussed by applying 
follow-up tests. Finally, in this study, data were collected quantitatively. It was assumed that 
the 21st-century competency perceptions, STEM attitude, and integrated STEM teaching 
orientations of pre-service teachers can be measured with the items in the scale used. It is 
critical to diversify the studies using scenario-based STEM project applications by using 
qualitative data collection tools to support quantitative data and to make a more in-depth 
analysis. For this reason, a mixed-method design can be used in future studies. Sharing the 
research finding with science teachers, they can be motivated to design a scenario-based 
STEM project. 
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