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In addition to the studies on what the 21st century skills are, how these 

skills will be gained by the students, that is, after completing the K-12 

and university education, the problem of how the students will  graduate 

with these skills has become one of the most important questions  waiting 

for an answer all over the world  and it has been an issue for the world 

of education. STEM (Science, Technology, Engineering and 

Mathematics) education approach has the potential to respond to these 

questions to some extent. The purpose of this study is to adapt ‘the basic 

STEM skills level self-perception’ scale which was formerly designed to 

measure the STEM skills levels of the university students within their 

self- perception, to the secondary school level and define secondary 

school students’ basic STEM skills levels within their self-perception. 

This study was conducted in a descriptive survey model. The participants 

were 501 middle school students. Data of this study were collected using 

the “Basic STEM Skill Levels Perception Scale”. Exploratory factor 

analysis was run to figure out the construct validity of the instrument. 

Item discrimination was tested by observing the differentiation between 

groups of 27% and top 27%. As a result: ‘Basic STEM Skill Levels 

Scale’ was adapted to the level of secondary school. The scale is a 7-

point Likert-type scale containing of 23 items that can be categorized 

three factors. Within their self-perceptions, students’ basic STEM skills 

in science and mathematics are at intermediate level. However, it is seen 

that the basic STEM skills related to the field of engineering and 

technology are relatively low. There is a similarity between students’ 

genders in science and engineering - technology factors. 
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Introduction 

The 21st century has changed the skills that people must possess to a great extent. In 

fact, there is a substantial difference between the skills and abilities expected of an individual 

who graduated from university 50 years ago and the one who graduates from the same 

department today. In this context, the Partnership For 21st Century (PFC), an organization 

which came together with the support of the US Ministry of Education and different 

organizations, conducted studies on the 21st century learning outcomes. At the end of the study, 

4 basic fields were determined as the 21st century skills and these were identified under the 

fields: new learning skills (innovation skills); new career skills, basic topics and 21st century 

themes (besides being knowledgeable in basic science areas, global awareness; knowledge of 

finance, economy, business and entrepreneurship; citizenship knowledge; health information 

and environmental knowledge); information and technology skills (information, 

communication and technology literacy) (Larson & Miller, 2011; Geisinger, 2016). On the 

other hand, the Organization of OECD summarized the 21st century skills under 3 main titles 

as knowledge (research and problem solving skills; identifying, searching, evaluating, 

selecting, organizing, analysing and interpreting information), communication and ethical and 

social impact and they called it the OECD approach (Ananiadou & Claro, 2009). 

In addition to the studies on what the 21st century skills are, how these skills will be gained by 

the students, that is, after completing the K-12 and university education, the problem of how 

the students will graduate with these skills has become one of the most important questions  

awaiting for an answer all over the world and thereupon it has been an issue for the world of 

education. STEM (Science, Technology, Engineering and Mathematics) education approach 

has the potential to respond to these questions to a certain extent. The STEM concept emerged 

in the late 19th century and in a gradual sense it attracted more attention in the USA firstly and 

in Britain, Austria and many other countries (Blackley & Howell, 2015). Taking a historical 

outlook on the very issue, according to Ostler (2012), STEM is not a novel concept nor a new 

idea. At the end of the 19th century it was used in agriculture and industry in America (White, 

2014). As for STEM education approach, it was originally initiated by the National Science 

Foundation of America (NSF) (Sanders, 2009). The main aim of this educational initiative was 

to provide all students with creative problem solving and critical thinking skills that would 

make them more marketable in the workforce. It was thought to be an advantage for any student 

attending STEM education, especially at K-12 level, to choose this course. If students do not 

receive post-secondary education, STEM courses enable them to succeed professionally. It is 

thought that if the students attend a STEM-related college, then the lessons they take will be 

beneficial for them (Butz et al., 2004). It is witnessed that the use of STEM concepts has 

historically been of interest of the industrial world and has not attracted the attention of 

educators. However, with the help of the developing technology and especially Industry 4.0, 

STEM education is being used in educational environments to improve children's educational 

activities and prepare them for the new world emerging (White, 2014).  In this sense, the main 

aim of STEM education is to enable integrated education of science, technology, engineering 

and mathematics in school. With this integrated education, it is intended to educate individuals 

with 21st century skills, information literacy and adaptability to technology (Tutak, Sevil, & 

Tezsezen, 2017). 

Recent studies show that; countries integrate developments into their education such as industry 

4.0, coding and robotics, and others to provide their students with 21. century skills viz. creative 

thinking, problem solving and critical thinking skills (He & Liang, 2019; Çakır & Ozan, 2018; 

Tutak, Sevil, & Tezsezen, 2017). It is observed that a fair number of countries have developed 

and implemented STEM training strategy plans. Given the importance of STEM education as 



Participatory Educational Research (PER), 8(1);423-437, 1 January 2021 

Participatory Educational Research (PER) 

 
-425- 

measured research considerations, countries question the quality curriculum and the specific 

plans needed to develop STEM area (English, 2016). To cite an example, in the USA, the 

Integrated STEM Training Committee has developed recommendations for many stakeholders 

in STEM training (Kelley & Knowles, 2016). Likewise, in Turkey, the Ministry of Education 

(MOE) published a STEM training report in 2016 and set a roadmap for the integration of the 

existing education STEM education approach (MOE, 2016). STEM education approach can be 

defined as coming up with a ‘common solution to a complex problem adopting an 

interdisciplinary approach also valid for its training rather than by independent disciplines and 

their fields of study and technical fields (Karataş, 2017, p.59). In other words, nowadays, 

students are not only intended to have basic information in STEM, but they should be able to 

apply knowledge from these fields in a holistic perspective to solve real life problems. In 

addition, students are also expected to have the 21st century skills as mentioned above. It would 

be fair to state that it is not possible to provide these skills to the students with the understanding 

of classical education, but STEM education approach has the impending to provide these skills 

(Akgündüz and others, 2015). 

STEM education approach mainly focuses on gaining problem-solving skills, innovativeness 

and designing (Hernandez et al., 2014; Yılmaz, Gülgün & Çağlar, 2017). When analized, it is 

seen in the relevant literature that the STEM training has provided the students with plentiful 

skills. To illustrate, Yıldırım (2016) stated in his meta-analysis study that STEM education 

approach positively affects students' academic achievement in the field of STEM, their 

problem-solving skills, creative thinking skills and attitudes and scientific skills. Furthermore, 

the integrated teaching of STEM areas positively affects students' learning of these subject areas 

(Becker & Park, 2011). Another similar study showed that after a one-year STEM education 

approach in basic education, the students' knowledge of science-related knowledge and science 

processing skills are positively influenced (Cotabish, Dailey, Robinson & Hughes, 2013). In 

his meta-analysis, Kanadlı (2019) pinpointed that STEM education approach paves the way to 

the development of basic skills, to increase students’ career awareness about STEM areas, to 

attract students' attention and to provide a fun learning environment. Another study showed that 

STEM-oriented technology education positively affects high school students' conceptual 

knowledge, advanced thinking skills and project designing activities (Fan & Yu, 2017). In the 

studies investigating the effects of STEM education approach like the one handled in this 

manuscript, some skills are generally selected, and these skills are measured by various skill 

scales and achievement tests. 

Despite the fact that there are studies on how STEM is implemented in education, STEM 

examples and the effects of STEM education approach on specific skills, there are limited 

studies in the literature about exactly what STEM skills are. In one of these studies, the skills 

needed in STEM occupational fields, which are the ultimate goal of STEM education approach, 

have been analysed and as a result creative/critical thinking, reading/ listening- speaking, 

solving complex problems, decision making, active learning, coordination, system analysis, 

math and science for problem solving purposes, social understanding, being instructive and 

using the learning strategies in appropriate places are stated to be needed for STEM professions 

(Jang, 2016). However, although there are ample scales in the literature to measure some of 

these skills separately, no scale was found to directly measure STEM skills. This study aimed 

to answer the need detected in this respect. 

The most important thing to remember about teaching basic STEM skills to early learners is 

that they are perfectly adapted to learn STEM concepts, and it is not difficult to teach basic 

STEM skills to children (Sneideman, 2013). According to Sneideman (2013), the secret is to 
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tap into their natural and innate curiosity about the living World. Furthermore, it can be said 

that research, problem solving and thinking skills which are assumed to be gained through 

STEM are indeed the basic skills that begin to be nurtured at an early age. Therefore, it can be 

said that it is important to acquire STEM skills at an early age. For this reason, it was thought 

that adapting the scale developed for university students to the level of middle school students 

could meet the needs in this age group. In this context, the main purpose of this research is to 

adapt ‘the basic STEM skills level self-perception’ scale which was previously designed to 

measure the basic STEM skills levels of the university students within their self- perception, to 

the secondary school level and define secondary school students’ basic STEM skills levels 

within their self-perception. The general purpose of the study is to carry out the adaptation of 

the aforementioned scale. For this reason, independent variables were limited and only class 

level and gender variables which were thought to directly affect student development were 

included. The problems of the study are as below: 

1) Is the Basic STEM Skill Levels Scale a valid and reliable scale that can be used at the 

secondary school level? 

2) How are the students' perceptions of basic STEM skill levels within their self-

perceptions? 

3) Are their perceptions of basic STEM skill levels differentiated by gender? 

4) Are the perceptions of basic STEM skill levels differentiated according to classes?  

Method 

Research Design 

In addition to being a scale study, this study was conducted in a descriptive survey 

model. Thence, students' perceptions about basic STEM skill levels were attempted to be 

determined. 

Participants 

The accessible universe consists of secondary school students studying in Amasya city 

Centre. The participants of this study were selected by using Convenience sampling method 

from non-probable sampling types. In this context, the participants consist of a total of 501 

students studying in different secondary schools in Amasya city Centre. The distribution of 

students is summarized in Table 1. 

Table 1. Distribution of the study group 
  Female  Male  Total 

Grade 5,00 11 12 23 

  6,00 37 29 66 

  7,00 126 126 252 

  8,00 71 89 160 

Total 245 256 501 

Instrument  

Data of this study were collected using the “Basic STEM Skill Levels Perception Scale” 

which was improved by Korkmaz, Çakır and Uğur Erdoğmuş (2020). A pilot study was 

conducted with 723 students at the Education Faculty and Technology at Amasya University 

for the original scale. In this study, whether the scale was valid and reliable at secondary school 

level was examined. The original 7-point Likert type scale consists of 43 items and three factors. 
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Factors, item numbers and internal consistency coefficients included in the instrument are given 

in Table2. 

Table 2. Internal consistency coefficients and item numbers 

Factors Item Count Cronbach’s Alpha 

Science 20 .950 

Engineering and Technology  15 .940 

Mathematic 8 .848 

Total 43 .969 

Scale Adaptation Process 

It was stated that, whilst the item pool of the original scale was being created, articles 

capable of answering the following questions outnumbered the others (Korkmaz and others, 

2020): What skills are intended to be improved with STEM education approach? How does a 

student with STEM skills behave? What makes us think that a student has STEM skills? What 

are the learning outcomes aimed at the end of the STEM process? What is the evidence that 

students have STEM skills? In addition, it was also stated that the learning outcomes at different 

class levels in the rubrics and curriculums presented on the Stanford NGSS Assessment Project 

(SNAP, 2018) and Next Generation Science Standards’ (NGSS, 2018) web page were 

converted to the area independently and added to the pool of items. However, in the original 

scale, all the achievements in this rubric and curriculum from secondary school to university 

level were included in the article pool, in the adaptation process for secondary school level, 15 

items which were added in line with the achievements at high school and university level were 

removed and in the original scale only the items of primary and secondary level were used. The 

language characteristics of the remaining items were examined, and corrections were made with 

the concern that some items could not be understood by middle school students. Two secondary 

school students from each class level were asked to read the final draft scale and they were 

asked to explain what they understood.  At the end of this process, three items that students had 

difficulty in understanding were re-expressed. After this process, the draft scale form consisting 

of 28 items was examined by a science education, two educational technology and a 

measurement and evaluation specialist and the draft form was finalized. After the draft scale 

form was created this way, the scale was applied to 501 students to assess its factor, reliability 

and the reliability of the scale scores. Based on the data obtained from the implementation, the 

factor structures for this form of the scale were examined. After the draft scale, the data obtained 

were uploaded to SPSS to perform the validity and reliability analyses of the instrument. The 

validity of the original factor structure at the secondary school level was examined with 

exploratory factor analysis and it turned out to be suitable. Internal consistency analysis 

(Cronbach's alpha) was run on the data to calculate the scale reliability. 

Data Analysis 

Firstly, KMO and Bartlett test analysis were run to identify the need for factor analysis. 

Based on the values, exploratory factor analysis (EFA) was run; the factorization of the scale 

was set by the principal component analysis; factor loads were also investigated using Varimax 

vertical rotation technique. As a result, the item discriminant powers of the items were tested 

by the independent sample t test. The Pearson’s correlation test was run for item-total 

correlations.  Item discrimination was tested by observing the differentiation between groups 

of 27% and top 27%. In order to assess the reliability of the instrument, internal consistency 

coefficients and stability tests were run. Cronbach alpha coefficient was used to assess the 

internal consistency. Test-retest technique was used to determine the stability level. Mean, 
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standard deviation, minimum, maximum values, independent sample t test and ANOVA 

analyses were performed to determine the self-perception of the STEM skill level of the 

students. P <0.05 significance level was found to be sufficient in the difference analysis. 

Result 

Validity 

The main construct validity, item-total correlations and discriminant levels were 

calculated within the framework of the validity analysis of the Basic STEM Skill Levels Self-

perception Scale and the results are presented following section. 

Construct validity 

Kaiser-Meyer-Oklin (KMO) and Bartlett tests were used to determine whether factor 

analysis could be performed on collected data and it was tested whether EFA would be 

performed on collected data (Tatlıdil, 2002). Results showed that KMO = 0.971; the value of 

Bartlett test χ2 = 9463.7; df = 703 (p = 0.000). In this context, it can be said that the data set is 

perfectly suitable for factor analysis (Field, 2000; Russell, 2002). However, since the factor 

loads of the three items in the draft form were found to be below 0.40, these items were 

excluded. It is seen that in the remaining items, the loads of the factor are between 0.438 and 

0.638. According to this, all the remaining items can be said to be extremely good. In this 

context, EFA’s were run on the data; the factorization was defined by the principal component 

analysis; factor loads were also investigated by using technique of the Varimax vertical rotation. 

Factor analysis was referred to with a view to finding out whether the substances in the 

instrument are divided into fewer factors (Balcı, 2009; Carmines, 1982). In this context, it is 

necessary to discard the substances which have a factor load of less than 0.40 and have a 

difference of at least 0.100 between the 2 factors. For this reason, two items which were 

determined to be distributed to more than one factor were excluded from the scale. When the 

natural factor distributions of the substances were calculated according to the factor loads 

obtained in the first analyses, it was determined that there were three factors with self-value 

above 1. Considering that the original scale consists of three factors, this structure was 

preserved. So as to be able to determine how the five items removed from the scale affected the 

content validity, the 23 items obtained were presented to the expert opinion again and EFA was 

run on the remaining on the basis of the opinions that the content validity was not spoiled. 

In its last form, the KMO value of the 23-item was 0.960; values of Bartlett test were χ2 = 

5100.5; df = 253; p <0.001. The main criterion for evaluating EFA results is factor loadings 

(Balcı, 2009; Eroğlu, 2008; Gorsuch, 1983). Since factor loadings are high, the item can be 

included in the factor (Büyüköztürk, 2002). The factor loads of the lasting 23 items were 

between 0.412 and 0.638. On the other hand, these were observed to be between 0.514 and 

0.705 after the technique of varimax rotation. The explanation of at least 40% of the general 

variance in the literature is considered sufficient in terms of behavioral sciences (Eroğlu, 2008; 

Kline, 1994; Scherer et al., 1988). It was defined that the items in the instrument explained 

52.23% of the total. The contents were concluded that they were collected under the themes of 

Science, Mathematics and Engineering and Technology as explained in the original and the 

factor structure in the original scale was preserved. As a result of these procedures, the data on 

the remaining 23 items according to the factors, the eigenvalues and the variance of the factors 

are as following in Table3. 
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Table 3. Factor Analysis Results 

 
I. No 

Items 
Factor 

loads 
F1 F2 F3 

sc
ie

n
ce

 

2 I can design something based on the information I gather. 0.545 0.692   

11 I can design a simple problem given material, time and cost 

constraints and success criteria. 
0.543 

0.670 
  

12 I can show the evidence I collect for solution of a problem in the 

form of graphic or table. 
0.541 

0.656 
  

13 I can create different solutions to a problem. 0.519 0.626   

5 I can analyse a problem to its smallest components. 0.484 0.618   

15 About any problem, I can design something to solve the problem. 0.507 0.606   

14 I can consider all the details in order to understand a topic.  0.506 0.586   

19 I can gather scientific evidence to solve the problem. 0.517 0.582   

4 I can make estimates by making measurements related to a case. 0.471 0.566   

10 I can collect information to make a design. 0.527 0.559   

20 I can take into account even the smallest details when developing 

a model. 
0.484 

0.555 
  

E
n

g
in

ee
ri

n
g
 a

n
d
 t

ec
h

n
o

lo
g

y
 30 I can suggest a mathematical model to solve a problem. 0.632  0.712  

25 I can apply scientific principles to build a device to solve a 

problem. 
0.638  

0.672 
 

28 I can apply scientific principles to design a device to solve a 

problem. 
0.412  

0.631 
 

29 I can test a model by setting up an experimental setup in the 

laboratory. 
0.475  

0.610 
 

32 I can use the properties of integers to equalize both sides of an 

equation 
0.523  

0.562 
 

27 In order to understand a topic, I can collect information related 

to each other in a model.  
0.523  

0.514 
 

M
at

h
s 

38 I can work with other friends in a research project designed to 

solve a problem. 
0.533   

0.705 

37 I use proportioning and reasoning to solve the problems I 

encounter in everyday life. 
0.558   

0.614 

6 With all the evidence in hand, I can put forward claims on a 

subject. 
0.530   

0.571 

34 I am aware that positive and negative numbers can indicate a 

direction. (for example, -3 degrees below zero, above +4 

degrees) 

0.438   

0.567 

35 I use proportioning and reasoning to solve math problems. 0.547   0.535 

36 I can use mathematical expressions to explain a simple model 

about scientific fields. 
0.559  

 
0.452 

  Eigenvalues 5.22 3.758 3.05 

  Explained Variance 22.67 16.30 13.2 

As shown in Table3, the factor contains 11 items and the factor loadings vary between 0.555 

and 0.692. The eigenvalue of this factor in the overall scale is 5.22; the amount it contributes 

to the variance is 22.67%. The Engineering and Technology factor includes 6 items. Item factor 

loads are between 0.514 and 0.712 The eigenvalue is 3.758 and its contribution to the variance 

is 16.30%. The math factor includes 6 items. The factor loadings of the items are between 0.452 

and 0.705. The eigenvalue of the factor in the overall scale is 3.05; its contribution to the general 

variance is 13.2. The factors were mostly consistent with the original scale, but the two items 

were observed to shift under different factors. On the original scale while the item ‘I can use 

the properties of integers to equalize both sides of an equation” is gathered under the Math 

factor, it is seen that on the adapted scale that this item is gathered under the Engineering and 

Technology factor. Along with that, although the item “With all the evidence in hand, I can put 

forward claims on a subject” is gathered under the Science factor on the original scale, it is 

gathered under the Math factor on the adapted scale. 
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Item Factor Total Correlations 

The correlation between the points gained from each item and the points acquired from 

the factors were calculated and the serviceability level of each item to the objective was run 

according to the method of the item total correlation.  

Table 4. Item – Factor Total Correlations  
F1 

Science 

F2 

Engineering and Technology 

F3 

Mathematic 

I r I r I r 

2 0.699** 30 0.756** 38 0.632** 

11 0.712** 25 0.759** 37 0.735** 

12 0.730** 28 0.722*** 6 0.701** 

13 0.724** 29 0.692** 34 0.689** 

5 0.690** 32 0.681** 35 0.747** 

15 0.707** 27 0.714** 36 0.741** 

14 0.718**     

19 0.730**     

4 0.694**     

10 0.651**     

20 0.706**  N=501; **=p<, 001 

In the Table 4, the correlation coefficients range from 0.651 to 0.730 for the first factor; 

for the second, 0.681 to 0.759; for the third 0.632 and 0.747. Each item is significantly and 

positively associated with the total factor (p <0.000). Accordingly, it can be said that each item 

attends to the objective of the factor. 

Item discrimination 

The item discrimination was tested. Firstly, raw points gained from the scale were listed 

from high to low and then forming the lower 27% and upper 27% groups, groups of 135 people 

were defined. Independent sample t-test scores were tested over the total scores. Table 5 

presents the findings about the t scores and significance levels of discrimination. 

 

Table 5. Item discriminatory powers 
F1 

Science 

F2 

Engineering and Technology 

F3 

Mathematic 

I t I t I t 

2 16.372* 30 19.155* 38 11.036* 

11 18.807* 25 20.525* 37 16.466* 

12 19.099* 28 19.472* 6 15.366* 

13 18.951* 29 14.468* 34 13.123* 

5 17.913* 32 22.753* 35 16.876* 

15 16.091* 27 20.238* 36 18.066* 

14 17.943*   F1 37.953* 

19 19.520*   F2 31.593* 

4 17.120*   F3 26.332* 

10 13.593*   FT 44.798* 

20 21.272*   *df: 268;  p<,001 

It is displayed in Table 5 that the independent sample t test values for 23 items, factors and 

points in the scale ranged from 13.123 to 22.753. The overall value of the scale was determined 

as 44.798. The t values for the factor scores ranged from 26.332 to 37.953. The level of each 

difference was significant (p <0.001). It can be expressed that the general and items have a high 

discrimination. 
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Findings Related to the Reliability 

Internal Consistency Level 

Reliability of the scale and the factors was tested by analyzing of the Cronbach’s Alpha. 

The values reliability for each factor and the overall are given in Table 6; 

Table 6. Reliability Level of the Scale 

Factors Item Count. Cronbach’s Alpha 

Science 11 0.899 

Engineering and Technology 6 0.858 

Mathematics 6 0.800 

Total 23 0.940 

As shown in Table 6; the reliability coefficient was calculated as 0.940. Scores of the 

Cronbach's Alpha for the factors ranged between 0.800 and 0.899., both the factor and the scale 

can make consistent measurements. 

Consistency Level  

The consistency level was determined by the test-retest technique. The 23-item was 

tested with the 32 students again after four weeks. The ability of both the scale and the items 

on it to make consistent was run and the results are given in Table 7. 

Table 7. Consistency level of the scale  
F1 

Science 

F2 

Engineering and Technology 

F3 

Mathematic 

I r I I r I 

2 0.328** 30 0.501** 38 0.409** 

11 0.421** 25 0.375** 37 0.365** 

12 0.386** 28 0.394*** 6 0.475** 

13 0.424** 29 0.692** 34 0.463** 

5 0.501** 32 0.403** 35 0.509** 

15 0.391** 27 0.417** 36 0.512** 

14 0.417**     

19 0.524**     

4 0.482**     

10 0.416**     

20 0.492**  N=501; **=p<, 001 

The correlation coefficients of each item in Table 7 were found to be between 0.365 and 0.524, 

and each relationship was positively significant. It is clearly seen that the scale can make stable 

measurements. 

Findings related to secondary school students’ STEM skills  

Table 8 summarizes basic STEM skill levels of the students  

Table 8. Students’ Basic STEM Skill Levels  

Factors  N 𝐗 Sd Min Max 

Science 

501 

52,59 15,61 8 77 

Engineering and Technology 26,11 9,606 1 42 

Mathematic 30,01 8,638 1 42 

As can be seen in Table 8, the basic skill scores of the students in the field of science vary 
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between 8-77 and the average is (𝐗)=52.59. Students got a minimum of 8 and a maximum of 

77 from this factor. According to this, it is possible to say that the students' STEM basic skills 

related to the science field are at an intermediate level. The basic skill scores of the students in 

the field of Engineering and Technology vary between 1-42 and the average is (𝐗)=26.11. 

Students could get a minimum of 1 and a maximum of 42 from this factor. Accordingly, it can 

be articulated that the students have little lower STEM basic skills in the field of Engineering 

and Technology. The basic skill scores of the students in the field of Mathematics vary between 

1-42 and the average is (𝐗̅)=30.01. Students could get a minimum of 1 and a maximum of 42 

from this factor. Accordingly, it can be said that the students’ basic STEM skills related to 

mathematics are at intermediate level. Table 9 summarizes the findings of students' basic STEM 

skill levels by gender. 

Table 9. The effect of gender on the STEM skills of students  

Factors N 𝐗 sd t df p 

Science 
Female 245 52,67 16,51 

0.113 

499 

0.910 
Male 256 52,52 14,73 

Engineering and Technology 
Female 245 25,95 10,28 

-0.362 0.718 
Male 256 26,26 8,92 

Mathematic 
Female 245 30,89 8,64 

2.248 0.025 
Male 256 29,16 8,54 

Although there is no significant difference between students' Science(t(2-499)=0.113; p>0.05) 

and Engineering-Technology (t(2-499)=0.362; p>0.05) factors related to their gender, there is 

a significant difference in terms of Maths factor (t(2-499)=2.248; p<0.05). When the averages 

are examined, it is seen that differentiation is in favor of female students. Accordingly, it can 

be accentutaed that when it comes to their gender, secondary school students are similar in 

terms of Science, Engineering- Technology yet it is also observed that female students have 

significantly higher skill levels at basic Maths compared to the male ones. Table 10 summarizes 

the findings of the basic STEM skill levels of the students according to their learning level. 

Table 10. Basic STEM Skill Levels of Students by Grade 

Grade level N 
Science 

Engineering and 

Technology 
Mathematic 

X sd X sd X sd 

5 23 46,78 19,62 21,87 11,08 23,30 8,91 

6 66 47,71 17,92 24,11 10,28 27,03 10,06 

7 252 55,27 14,39 27,85 9,43 31,68 7,88 

8. 160 51,23 15,09 24,80 8,86 29,56 8,29 

When the mean scores of the students towards basic STEM skill levels are examined in Table 

10, it is seen that the highest average for all factors belongs to the 7th graders and the lowest 

average belongs to 5th graders. It is understood that in terms of all three factors, as the grade 

level increases, the basic STEM skill levels increase accordingly, but in the 8th grade, the skill 

points decrease slightly. Variance analysis was performed on the data to determine the 

significance level and source of the differentiation in the basic STEM skills of the students 

according to the grade levels and Tukey post hoc test was run to understand which groups have 

difference. The results of the analysis are summarized in Table 11. 
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Table 11. Variance Analysis and Tukey Test Results of Basic STEM Skill Levels of Students 

According to Grade Levels  

 
Sum of 

Squares 

df Mean 

Square 

F Sig. 
LSD 

Science 

Between Groups 4445,861 3 1481,954 6,273 ,000 
Between 7 and 

others  
Within Groups 117409,074 497 236,236   

Total 121854,934 500    

Engineering and 

Technology 

Between Groups 1711,963 3 570,654 6,392 ,000 
Between 7 and 

others 
Within Groups 44373,431 497 89,283   

Total 46085,393 500    

Mathematic 

Between Groups 2354,725 3 784,908 11,196 ,000 
Between 7 and 

others 
Within Groups 34841,267 497 70,103   

Total 37195,992 500    

In Table 11, according to the grade levels, the students' skill levels differ significantly in terms 

of all factors (science factor [F(3-497) = 6.273, p <0.05); engineering and technology factor 

[F(3-497) = 6.392, p <0.05), Math factor [F(3-497) = 11.196, p <0.05]). Tukey Test showed 

that the significant difference was between the 7th grade students and the students studying in 

other classes in terms of all three factors. When the mean scores were examined, it was 

determined that differentiation was the favour of the 7th grade students. On the other hand, as 

the grade level increases, the mean scores have also increased, but there has been some decrease 

in the 8th grade. According to this, it can be accentuated that the basic Stem skill levels of the 

students increased as the level of the class increased, and the highest mean scores of the students 

belonged to the 7th grade, while the mean scores decreased in the 8th grade. 

Discussion & Conclusion 

‘Basic STEM Skill Levels Scale’ was adapted to determine the basic STEM skill levels 

of secondary school students for this study. The scale is a 7-point Likert-type consisting of 23 

items that can be classified into three factors. EFA was performed for factor structure, and it 

was found out that the scale had construct validity. Factor correlations were calculated on the 

data to be able to decide the extent to which each of the items in the scale was able to measure 

the characteristics by the factor they belong to. 

Correlation between item and the score of the factor to which the substance belongs is utilized 

as a criterion the level of the item scale (Balcı, 2009). In this respect, it was determined that the 

correlation values of the items were quite high. In addition, the values gained from each item 

are listed from high to low in order to determine the item discriminatory powers and then groups 

of 135 students were determined which form the lower 27% and upper 27% groups. 

Independent sample t-test values were calculated over the total scores. It was determined that 

there was a difference between the lower and upper groups; in other words, it was determined 

that the level of discrimination of both items and factors was high. 

Internal consistency coefficients; the reliability (Cronbach Alpha) formula was tested to state 

the internal consistency of the scale and it turned out to be quite high according to the data 

obtained. On the other hand, test-retest analysis was run to determine whether the scale could 

make stable measurements and it was defined that the scale made consistent measurements. As 

a result, it can be said that’ Basic STEM Skill Levels Scale’ is a valid and reliable that can be 

used for basic STEM skill levels of secondary school students. 

On the other hand, the following remarks are made regarding the basic STEM skill levels of 

the students: Within their self-perceptions, students’ basic STEM skills in science and 

mathematics are at intermediate level. However, it is seen that the basic STEM skills related to 
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the field of engineering and technology are a bit low. When the literature studies are analyzed, 

there are similar results, and the science and mathematics fields seem to attract more attention. 

Bybee (2010) relates this to the difficulties encountered in STEM applications integrating 

technology and engineering disciplines into the curriculum. Bybee (2010) implies that STEM 

education approach is practiced in science and mathematics, and rarely emphasizes technology 

and engineering, and pinpoints that it is important to associate science with technology and 

engineering in curriculums. However, English (2016) argues that mathematics and engineering 

are not adequately included in STEM studies. More experimental studies can be carried out on 

this subject and students can make real life related applications on STEM concepts. For 

example, Cakir and Ozan (2018) found that in their quasi-experimental study of secondary 

school students that experimental group students’ academic achievement in Math and their 

reflective thinking skills related to problem solving increased statistically compared to the 

control group students after STEM activities were performed. 

Another finding of the study is that there is a similarity between students’ genders in science 

and engineering - technology factors. On the other hand, basic mathematical skills of females 

are significantly higher than those of males. When literature studies are examined, it is noted 

that there are STEM studies mostly on gender differences related to attitudes (Badur, 2018; 

Christensen & Knezek, 2017; Karakaya & Avgın, 2016; Unfried, Faber & Wiebe, 2014). For 

instance, Unfried, Faber and Wiebe (2014) conducted a study to measure the attitudes of 7032 

secondary and 1324 high school students towards STEM subjects and their interest in STEM 

careers. The findings show that female and male students have similar attitudes towards 

mathematics, but men show more interest in most of the science fields and engineering and 

technology than girls. According to the authors, girls are more interested in careers such as 

biology and medicine than their male peers. The findings also show that the attitudes of older 

students towards STEM are lower. These results suggest that there is a need for new strategies 

to increase women's interest in engineering and technology, and the need to find ways of 

maintaining student interest in STEM as they age. However, Karakaya and Avgın (2016) 

concluded that attitudes of the female students towards STEM are higher than those of males. 

In a similar vein, in their study with 813 secondary school students, Christensen, and Knezek 

(2017) concluded that male students want to maintain a career in STEM and also show more 

interest in STEM fields. It was also concluded that female students had a more positive response 

than male ones to project activities which were presented to them in the study. 

Badur (2018) conducted a thesis with 834 secondary school students in grades 5, 6, 7 and 8 to 

examine the interest of secondary school students towards STEM professions. It was seen that 

the scores of female students for the sub-dimension of science were higher than the scores of 

male students. This situation can be interpreted in this way:  the gender variable is important in 

the interest of secondary school students toward professions. Another result of Badur’s study 

(2018) showed that students who are at lower grades (5th, 6th, 7th) have more interest in STEM 

related professions that is significantly different from the ones at higher grades (8th). This 

finding does not coincide with one of the findings in this study. In this study, it was found that 

the basic STEM skill levels of the students increased as the class level increased, and the 

students with the highest average level were 7th grade students. It was seen that in the 8th grade, 

the averages decreased slightly. According to this, it can be said that the education of the 

students in the schools contributed to their basic STEM skills, but there was a decrease in the 

8th grade. That 8th grade students are going through a different preparation period or 

experiencing anxiety to prepare for the transition exam to high school may have been the reason 

to this decrease. Similarly, Potvin and Hasni (2014) found that students perceived science and 

technology very well until the end of their school years, but this situation declined significantly 
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when they reached the last grade. On the other hand, Karakaya and Avgın (2016) examined the 

secondary school students’ attitudes towards STEM and stated that attitudes decreased as the 

grade level increased in terms of mathematics. 

As a result, when secondary school students grasp intersections of STEM and real-world 

applications, more meaningful learning will occur (Kelley and Knowles, 2016). Education 

researchers need to conduct more practical studies and endeavor to guide teachers to ensure that 

students make a connection between STEM disciplines. 
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