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1. Introduction

Along with the developing world economy, science and technology have improved further since the second
half of 20" century (Yildirim & Selvi, 2017). Considering this realm, training productive learners who are
inquisitive about science; who are problem solvers and creative, self-perpetuating individuals has become one
of the most important objectives of education. To develop 21st century skills and train these individuals,
countries should review and reform their educational systems (Bybee, 2013). As it is the case for many subject
areas, when a glance is taken at the aims of science educational program, training students as science literate
individuals is of crucial importance. It is expected from the science literate individuals to be collaborative, to
make good use of communication skills, to be a life-long learner and to embrace knowledge, skills, attitudes,
perceptions and values that science contains (Stinson, Harkness, Meyer & Stallworth, 2009). On the other hand,
science literate individuals can use scientific knowledge, interpret world by defining problems based on
evidences and derived results, and determine what kind of changes may occur and their causes according to
possible changes of human activities (Rogers & Porstmore, 2004). Individuals want to explore and transfer
knowledge through the generations by developing these explorations and inventions. These explorations and
inventions are attained by converting theoretical knowledge into usable forms (Daugherty, 2009; Yilmaz,
Gilgiin & Caglar, 2017). For sure, generating theories, developing explorations and inventions based on these
theories require an interdisciplinary effort.

Science, Technology, Engineering and Mathematics (STEM) education aims to approach problems with an
interdisciplinary approach (Honey, Pearson & Schweingruber, 2014; Yilmaz, Giilgiin & Caglar, 2017). STEM
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Education focuses on three themes: gaining problem solving skills, being innovative and being capable of
designing (Hernandez, et. al, 2014; Yimaz, Giigiin & Caglar, 2017). Problem solving-oriented
interdisciplinary point of view is accompanied with teaching Science, Technology, Engineering and
Mathematics areas in a combined fashion and this point of view enabled the formation of STEM education
(Hernandez, et al., 2014, 108; Giilhan & Sahin, 2016). By definition, STEM aims to take individuals at an
interdisciplinary level that includes Science, Mathematics, Engineering and Technology areas (Sullivan, 2008).
Within this framework STEM is an approach that teachers support students constantly and encourage them
to produce, to solve problems and to be in search of a better solution than the usual solution(s) (Yilmaz, Giilgiin
& Caglar, 2017).

As the STEM education gained popularity, quality of it began to be questioned. It is suggested that to educate
creative and innovative individuals should include science, technology, engineering and mathematics areas
and this approach is called as STEAM (Yakman, 2008). Yakman (2008) formed a pyramid and divided it into
four areas to define the STEAM education. In this pyramid at the lowest step topics of the STEAM disciplines
are placed in a separate manner. The disciplined specific upper step is placed on the top of the first step and
disciplines formed on these topics. Then at the third, multidisciplinary step, STEM education and art are placed.
The fourth step which is called integrative step represents STEAM that integrates all disciplines and arts.

Before introducing STEM education, first theoretical framework should be taught (Yilmaz, Giilgiin & Caglar,

2017). This framework holds the knowledge of STEM subjects, integration and 21 century skills. 21t century
skills point out upper-level thinking skills that students need for fulfilling necessities of the information age
and also underline their learning tendencies (Whittle, Pell & MurdochEaton, 2010). These skills still constitute
a requirement for students and schools are struggling for this very purpose (Giinii¢, Odabasi & Kuzu, 2013).
Students should be the individuals who are flexible, able to take initiatives if required and able to produce
new and useful products (Gelen, 2007). According to World Economic Forum while skills that are going to be
needed in 2015 were listed as complex problem solving, coordinating with others, people management, critical
thinking, negotiation, quality control, service orientation, judgment and decision making, active listening and
creativity; skills that are going to be needed in 2020 are articulated as complex problem solving, critical
thinking, creativity, people management, coordinating with others, emotional intelligence, judgment and
decision making, service orientation, negotiation and cognitive flexibility (Gokkurt, Ornek, Hayat & Soylu,
2015). While maintaining their academic/learning life, being aware of the skills related to the demands of their
future vision, the ones for the business world is essential for learners and developing themselves in accordance
with these skills is critical to that end (MNE, 2011). All skills that are expected to be even more important in
the 21t century are closely related to lifelong learning concept. Sustaining lifelong learning activities to
develop students’ knowledge, skills and abilities with respect to personal, citizenship, social and/or
employment perspectives will be a suitable approach to be able to target the necessities of this age (Kegeci,
Alan & Kirbag Zengin; 2017). According to MNE (2011) skills that students should have in the 21+t century
addressed in four main themes, which are ways of thinking, ways of working, working tools and integration
with world. Innovative/creative thinking and to be open for these, critical thinking, problem solving and
decision making, using learning strategies/learning how to learn and having higher-order cognitive skills and
self-evaluation can be considered within the scope of ‘the ways of thinking’.

In this regard, in the STEM education process measurement of both academic achievements and the 21+
century skills of the students are necessary. It is possible to utter that performance evaluation is the most
common measurement and evaluation method in STEM education. In this method there are two parts:
performance task and rubrics. The difference between the performance tasks and multiple-choice tests, which
require choosing the right choice, is that students produce their own answers rather than arriving at the right
choice amongst the provided ones. Rubric is the most common measurement tool. It is possible to come across
rubric examples in the literature that are used for identifying to what extent students have the 21% century
skills. However, these rubrics are the tools which are used in a rather discipline-dependent way. Moreover,
teachers should observe students one by one in rubrics. Result of the literature review showed that there is not
any valid or reliable scale developed to measure, STEM skills. In addition, there are limited numbers of studies
related to possible basic skills that can be gained through STEM. Therefore, the aim of this study is to develop
a valid and reliable perception scale to measure basic STEM skills levels of students according to their
perceptions.
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2. Methodology
2.1. Research Method

This study is a scale development study as well as being a descriptive one. A survey model was carried out.
In this scope basis STEM skill levels perception scale was developed.

2.2, Participants

Participants of this study consisted of 723 university students who were students of elementary mathematics
education, elementary science education and computer and instructional technology departments of
education faculty and electrical and electronics engineering and mechanical engineering departments of
engineering faculty of Amasya University in 2018 spring semester. While administering study groups,
quantitative fields are chosen because students of these fields are thought to possess basic mathematics,
science, engineering and technology skills. Volunteering students participated in this study. 361 of the
participants were female and 362 of them were male. Distribution of the participants according to department
and grade level is summarized in Table 1.

Table 1. Distribution of participants according to grades and departments

Department Grade Total
1 2 3 4
Elementary Mathematics Education 35 46 42 34 157
Elementary Science Education 23 44 58 74 199
Computer Education and Instructional Technology 3 34 38 0 75
Electrical and Electronics Engineering 45 60 50 45 200
Mechanical Engineering 40 52 0 0 9
Total 146 236 188 153 723

It is assumed that the students who will be included in the scope of the study have sufficient knowledge in
engineering, science, mathematics and technology. When the curricula of these departments are examined, it
is seen that there are many courses related to basic STEM skills. Hence these departments were selected as
places to collect the relevant data. In that sense it can be expected that the differences between the items on
the scale will be high.

2.3. Development process of the scale

Development process of this scale was initiated with literature review and creation of an item pool. There are
many achievement scales related to STEM in the literature. Because of the nature of STEM almost all of these
scales are comprised of field-specific open-ended questions and rubrics (Cepni, 2018). In this study, it is
intended to develop a scale related to the possible basic skills that can be gained through STEM and how these
skills are measured in support of field-specific test in the literature. Within these frameworks qualified items
which could be answers to the following questions were attempted to be produced. To ensure that the item
pool is as rich as possible, the questions are kept fairly general.

(1) Which skills are aimed to be developed with STEM?

(2) How does a student who has STEM skills behave?

(3) What kind of actions a student makes if they possess STEM skills?

(4) What are the target learning outcomes at the end of the STEM process in general?
(5) What are the evidences that show students have STEM skills?

Moreover, rubrics and learning outcomes pertaining to different levels of curriculum presented on the web
pages of Stanford NGSS Assessment Project (SNAP, 2018) and Next Generation Science Standards (NGSS,
2018) are converted to a field-independent format and added onto the following item pool. For example, a
learning outcome placed in DCI Arrangements of the Next Generation Science Standards (NGSS, 2018) and
stated as “3-PS2-4. Define a simple design problem that can be solved by applying scientific ideas about
magnets.” was adapted as a can-do statement: “I can define simple design problems that can be solved by
applying scientific ideas about any subjects”. Another learning outcome that is stated as “4-PS3-4. Apply
scientific ideas to design, test, and refine a device that converts energy from one form to another.” was adapted



International Journal of Psychology and Educational Studies 2014,7(2), 111-121

as “I can apply scientific ideas to design a device for solving a problem. Similarly, the learning outcome which
is stated as “5-LS2-1. Develop a model to describe the movement of matter among plants, animals,
decomposers, and the environment.” was revised as “I can describe a topic by modelling all of its
components.” Moreover, the learning outcome which is stated as “MS-PS4-1. Use mathematical
representations to describe a simple model for waves that includes how the amplitude of a wave is related to
the energy in a wave” was adapted as “I can use mathematical representations to describe a simple model
related to science”. Likewise, the learning outcome that is stated as “Analyze and interpret patterns in
graphs/charts/maps to make predictions about natural hazards” and was placed in the curriculum developed
by SANP (2018) was converted into two items: “I can analyze a graph and explain the relationship between
the quantities in it” and “I can make predictions about a phenomenon by observations”. Also, the learning
outcome that is stated as “Integrate quantitative or technical information expressed in words in a text with a
version of that information expressed visually (e.g., in a flowchart, diagram, model, graph, or table)” was
adapted as “I can express evidences that I collected for the solution of a problem in graph or table”.

Resulting item pool was finalized by using Delphi technique. Traditionally, Delphi technique requires
application of a set of phases to reveal point of views of domain experts of a problem and to arrive at agreement
as to what the solution to that problem should be. In this study, explained phases (Sahin, 2001) are applied as
it is described in the following lines:

First step of the Delphi technique is to specify the problem. In this study, the following question forms the
problem statement: “Which learning outcomes should an individual have to be evaluated as being capable of
basic STEM skills?”. This problem is stated as five questions, which were provided above, for them to be
grasped in similar ways by the domain experts. The second step is determining panel members. In this context,
eight domain experts were identified. All these domain experts have PhD degrees. Four of them have their
PhD degree in instructional technology, two of them in science education, one of them in measurement and
evaluation and the other one in primary mathematics education field. All were working on STEM then. In the
third step, five questions mentioned above were emailed to these domain experts. As part of developing the
first Delphi survey, to determine as many skills as possible related to topic the domain experts were asked to
brainstorm. In the second Delphi survey formation step, opinions of the domain experts were listed as items
and placed under “basic science skills, basic mathematics skills, basic engineering skills and basic technology
skills” subtitles. As explained above, skills that were placed in the curriculum of SNAP (2018) and NGSS (2018)
were added to skills that were written by the domain experts. The acquired item pool was resent to the domain
experts. They were requested to take notes their opinions and justify the reasons behind agreeing/ disagreeing
on items and considering whether the items are important or not using the related margins. In the third Delphi
application, the domain experts were requested to review their answers related to the second item pool. Mean
scores and expert opinions related to the previous application were also added to the form, which was
submitted to domain experts. The domain experts were requested to review and write their opinions according
to the mean scores. After this step, a meeting was assembled with the domain experts and in this meeting each
item was reviewed one by one and the item pool was finalized. The draft form consisted of 66 items. In this
meeting there were four domain experts. In the draft form items were organized into a 7-point likert type scale
presenting statements to “strongly disagree” to “strongly agree” with. To refrain from misunderstandings
short definitions of concept, analyze, analog signal, reference, relation, inference, digital signal, model,
quantitative, phenomenon, abstract, design and data were added to the draft form.

2.4. Data analysis

In the statistical analysis, first, KMO and Bartlett tests were applied on the data that was gathered with the
scale to determine construct validity of it and to determine whether factor analysis can be administered or not.
Based on these results an explanatory factor analysis was conducted; factor discrimination of the scale was
determined by principal component analysis; Varimax orthogonal rotation was used to analyze factor
loadings. Independent sample t-test was used to test the discriminating power of items that remained in the
scale after the factor analysis. Validity of the scale was determined by testing total item correlation of the scale
by Pearson’s r test. Item discrimination was tested by observing discrimination between lower 27% and upper
27% groups. Coefficient of internal consistency and stability was conducted to measure reliability of the scale.
Cronbach’s alpha reliability coefficient, split-half reliability correlation, Spearman-Brown formula and
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Guttmann split-half reliability formula were used to determine internal consistency level. Test-retest method
was conducted to identify the scale’s stability.

3. Results
Findings related to validity of the scale

For the validity of the Basic STEM Skill Levels Perception Scale, construct validity, total item correlations and
item discrimination levels were calculated, and findings were represented below.

Construct validity

Tathdil (2002) states that first appropriateness to factor analysis of collected data should be tested. Hence,
Kaiser-Meyer-Oklin (KMO) and Bartlett tests were conducted, with a view to determining if exploratory factor
analysis could be conducted or not. KMO values that were between 0.70 and 0.80 were considered as middling,
0.80 to 0.90 were good and higher than 0.90 were interpreted as the data set is marvelous for factor analysis.
Moreover, if KMO value is under 0.50, data set cannot be factorized (Field, 2000; Russell, 2002). Besides,
according to Bartlett test null hypothesis is rejected at 0.05 significance level (Biiyiikoztiirk, 2002; Eroglu, 2008).
In this study KMO = 0.936; Bartlett test results were x?>= 40417.699; df=2145 (p=0.000). Hence, data set is
marvelous for factor analysis. On the other hand, common factor variances are between .585 to .821. According
to this result all the items can be considered quite good.

In this framework, exploratory factor analysis was conducted; principal component analysis was carried out
to identify scales factors; and by conducting Varimax rotation technique factor loads were investigated. Factor
analysis is used to discover whether items of a scale are distributed to less factors or not (Balci, 2009; Carmines,
1982). Principal component analysis is a common technique for factorization (Biiyiikoztiirk, 2002; Carmines,
1982). According to principal component analysis results, if item factor loads are below 0.40 or items whose
difference between two factor loads are not at least 0.100 (i.e., items whose factors distributed on two factors)
should be omitted (Biiyiikoztiirk, 2002). In the first analysis, when natural factor distribution was examined,
there were 13 factors whose eigenvalue were above 1. However, a considerable part of the items was gathered
under 3 factor and eigenvalues of these factors were quite large. Thus, factor analysis started as three-factor
solution. According to principal components of tree-factor structure Varimax orthogonal rotation technique
was conducted and 27 items, whose item loads were under 0.40 and distributed different factors, were
removed from the scale incrementally. Removed items were revised by four field experts who participated in
the third Delphi round meeting. Field experts came to an agreement on that learning outcomes that were
measured by 17 of the removed items were also measured by other remaining items of the scale; and 6 of the
removed items were slightly not appropriate to the general aim of the scale. Although factor loads of 4 items
were below 0.40, they were not removed from the scale since it was considered that it could impact content
validity negatively. As a result, it was agreed that removed items would not affect the content validity
negatively and factor analysis was reconducted on 43 remained items.

At the end of these processes, it was witnessed that remaining 43 items gathered under 3 factors. KMO value
of 43 itemed scale was 0.947; Bartlett values of it was x2=23874.641 df=903; p<0.001. Main criteria for factor
analysis results is factor loads (Balci, 2009; Eroglu, 2008; Gorsuch, 1983). High factor loads are considered as a
sign of possibility of placement of the variable under respective factor (Biiyiikoztiirk, 2002). Unrotated factor
loads of remaining 43 items were between .461 to .758. In the literature, explaining at least 40% of the general
variance is found adequate in behavioral sciences (Biiyiikoztiirk, 2002; Eroglu, 2008; Kline, 1994; Scherer at al.,
1988). First, it was identified that items in the scale and factors explain 54.16% of the variance in total variance.
Then, contents of the items of factors were examined and checked to see whether they were placed under the
predetermined themes (Science, Mathematics, Engineering and Technology). It was observed that Engineering
and Technology themes merged. In this framework factors were entitled as Science, Mathematics and
Engineering-technology. Factor structure can also be seen in eigenvalue scree plot (Figure 1). In figure 1, high
accelerated decline is observed in the first three factors, so these three factors have important contributions to
the variance. On the other hand, other factors decline horizontally meaning that contribution of these factors
to the variance are close the each other (Biiytiikoztiirk, 2002; Eroglu, 2008).
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Figure 1. Screen plot graphic (eigenvalues according to the factors).

Findings that are related to item loads of remaining 43 items with respect to factors, eigenvalues of factors and
the part of explained variance which is related to factors are presented in Table 2.

Table 2. Factor analysis results of the scale as per factors

Items Com F1 F2 F3
Var
1. Ican form relation/relations related topics. .701 .758
2. Ican form a model according to evidences that I gathered. .653 745
3. Ican make prediction according to my observations related to a 607 734
phenomenon. ’ ’
4. Ican make predictions by making measurements related to a 516 688
phenomenon. ’ ’
5. Icananalyze a problem up to the minimum components. .593 674
6.  Icanasserta claim related to a topic by considering all of the
. .560 .644
evidences.
7. Ican conduct a research to prove a claim, phenomena or theory. .563 .642
8.  Ican compare different solutions that I produce for a solution of 604 618
a problem. ’ ’
9. Icancriticize others” ideas by producing 557 618
° scientific/realistic/concreate/evidence-based claims. : :
é 10. Ican explain relations of information that is needed for forming 547 608
8 a model by going over a sample. ’ ’
11.  Ican design a basic problem in which material, time or budget 492 502
constraints and success criteria are given. ’ ’
12.  Ican express evidences that I collected for a problem solution as 576 585
graph or table. ’ ’
13.  Ican produce different solutions for solution of a problem. .536 .580
14. Tounderstand an issue, I can consider all of the details related
. .526 .579
to that issue.
15.  Ican present design problems that can be solved by applying 571 561
scientific ideas on any subject. ’ ’
16. Ican explain a topic by modeling it with all its components. 478 .550
17.  Ican understand abstract relations between objects and events 384 550
by forming cause and effect relationship. : :
18. I can recognize proportional relationships between quantities. 487 .517
19. Ican gather scientific evidence to solve a problem. .366 .498
20. When developing a model, I can even consider the smallest
. 372 467
details.
21. 1 review the inconsistencies in my solution model and try to 704 784
reveal its source.
ES 22. Ican apply scientific principles to test a device to solve a 619 755
) problem.
—g 23. By analyzing a chart, I can explain the relationship between the
51 L .672 742
= quantities in the chart.
5o 24. Ican design models for being understood of the idea that I 701 716
% proposed for solution. ’ '
& 25. Ican write statements that include clear reasons and related 639 703
s evidences to support a claim. ' '
M 26. Ican apply scientific principles to build a device for a solution
.559 .695
of a problem.
27. Icanlogically arrange evidences of a claim. .604 .662
28. In order to understand a topic, I can collect related information 633 662

in a model.
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29. Ican state the relationship by establishing connection between

. . .555 614
claims, reasons and evidences.
30. Ican evaluate the evidence of alternative / counter-claims and, if 574 612
necessary, accept it. ’ '
31. Ican apply scientific principles to design a device to solve a
.399 .564
problem.
32. Ican t'est a model in the laboratory by setting up an 430 543
experimental setup.
33. Ican consider that realistic evidence is important to achieve the 555 539

right solution.
34. Icansuggest a mathematical model to solve a problem. 461 517
35. Ican make conclusions using data from an example given about

an unknown situation. 433 493

36. Ican use the properties of integers to synchronize two sides of
an equation.

37. Ican write simple equations to solve problems. .568 .687

38. Iam aware that positive and negative numbers can indicate a

.661 .806

" direction. (for example, -3 degrees below zero, above +4 436 .624
'l-x:-‘: degrees)
g 39. Tuse proportioning and reasoning to solve math problems. .532 .598
=  40. Icanuse mathematical expressions to describe a simple model
S . . 495 592
S related to science fields.

41. Tuse proportioning and reasoning to solve the problems that I

. oo .505 577
encounter in daily life.
42.  Tcan work collaboratively with my other friends in a research 430 516

project designed to solve a problem.

43.  Ican use statistical interpretation methods (mean, standard
deviation, etc.) so that the numerical data I obtain can be the 411 .509
answer to a question.

Eigenvalues 9.49 8.83 4.96
Explained variance 22.06 20.52 11.53

As it is seen in Table 2, Science factor of the scale includes 20 items and their factor loadings are ranging from
0.467 to 0.758. This factor’s eigenvalue in the scale is 9.49; its portion in the total variance is 22.06%.
Engineering-technology factor includes 15 items. These items factor loadings are ranging from 0.493 to 0.784.
This factor’s eigenvalue in the scale is 8.83; its portion in the total variance is 20.52%. Mathematics factor
includes 8 items. These items factor loadings range from 0.509 to 0.806. This factor’s eigenvalue in scale is 4.96;
its portion in the total variance is 11.53%.

Item-Factor Total Correlations

In this part, correlation between scores of each item in factors and factor scores was calculated and level of
serving for general purpose was tested for each item. Item-factor correlation values of each item are presented
in Table 3.

Table 3. Item-factor scores correlation analysis

F1 F2 F3
Science Engineering-Technology Mathematics

I r 1 r I r

1 .826™* 21 825%* 36 763**
2 790%* 22 743** 37 746%*
3 758** 23 .805** 38 .595%*
4 657%* 24 844** 39 .733%*
5 .766** 25 .789** 40 .707**
6 732% 26 734% 41 .699**
7 744 27 773% 42 677
8 745%* 28 794%* 43 .653**
9 732% 29 .755%*

10 736%* 30 758%*

11 .698** 31 .641%*

12 761% 32 .645%¢

13 725%* 33 733%*

14 727 34 .647%%

15 743%* 35 .640%*

16 .613**

17 .697%*

18 .691%*

19 .610%*
20 .618** N=723; **=p<. 001

As it is seen in Table 3, item test correlation coefficients for the first factor is ranging from 0.610 to 0.826; for
the second factor from 0.641 to 0.805 and for the third factor from .595 to 763. Each item has a positive and



International Journal of Psychology and Educational Studies 2014,7(2), 111-121

significant correlation with the total factor (p<.001). Therefore, it can comfortably be stated that each item is
appropriate for the factor that it is placed.

Item Discrimination

Item discriminations of the scale items were calculated. For this purpose, first, raw scores that were gathered
from the scale sorted in a descending order. Then, groups of lower and upper groups were determined with
195 individuals from lower 27% and upper 27%. Independent sample t-test scores were calculated by using
total scores of groups. t values related to discrimination powers and significance of them are presented in
Table 4.

Table 4. Item Discrimination Powers

F1 F2 F3
Science Engineering-Technology Mathematics

1 t I t I t

1 27.959* 21 20.651* 36 7.590%
2 26.445* 22 16.762* 37 13.823*
3 26.390% 23 18.720* 38 10.57*
4 15.377* 24 21.895* 39 22.259*
5 25.469* 25 18.909* 40 13.987*
6 22.319* 26 16.957* 41 13.201*

7 21.099* 27 22.333* 42 13.471*
8 19.082* 28 21.113* 43 12.766*
9 27.841% 29 21.569*

10 22.692* 30 20.461*

11 20.503* 31 15.879*

12 27.305* 32 18.217*

13 19.856* 33 21.113*

14 20.394* 34 15.092*

15 25.594* 35 22.338*

16 20.049* F1 46.560*
17 21.148* F2 33.568*
18 23.924* F3 20.957*
19 14.746* FT 44.946*
20 14.431* *df: 388; p<.001

As itis seenin Table 4, independent sample t-test values related to 43 items, factors and total scores are ranging
from 7.590 to 27.959. t value of the scale in general is 44.946. t values related to factor scores range from 20.946
to 46.560. Each difference is significant (p<.001). In accordance with that it can be shared that discrimination
of the scale and each of its items are high.

Findings Related to Reliability of the Scale
Internal Consistency

Cronbach’s alpha reliability coefficient, split-half reliability correlation, Spearman-Brown formula and
Guttmann split-half reliability formula were used to calculate reliability of the scale considering the whole of
the scale and its factors. Reliability analysis results considering the whole of the scale and its factors were
summarized in Table 5.

Table 5. Reliability analysis results considering the whole of the scale and its factors.

Number of Two congruent halves Sperman Guttmann

Factor items correlation Brown Split-Half Cronbach’s Alpha
Science 20 ,887 ,940 ,938 ,950
Engineering — Technology 15 912 ,954 ,944 ,940
Mathematic 8 ,737 ,849 ,849 ,848
Total 43 ,852 ,920 ,918 ,969

According to Table 5, split-half correlation of the scale is .852; Spearman-Brown reliability coefficient is .920;
Guttmann Split-Half value is .918; Cronbach’s alpha reliability coefficient is .969. Together with that, it is
observed that split-half correlation related to factors range from .737 to .912; Spearman-Brown values range
from .894 to .954; Guttmann Split-Half values range from .849 to .9382; and Cronbach’s alpha reliability
coefficients range from .848 to .950. Parallel to these results, it can be highlighted that both the whole of the
scale and factors of it can make consistent measurements.
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Stability Level

Stability level of the scale was determined by conducting test-retest method. After three weeks of the
implementation, 29 students retook the 43-itemed final form of the scale. After both administration of the scale,
correlation between the scores with respect to both each item and whole of the scale were measured.
Thereupon, both each item’s and the whole of the scale’s ability to make stable measurements were tested and
results are summarized in Table 6.

Table 6 Test-retest results of the items of the scale.

F1 F2 F3
Science Engineering-Technology Mathematics
I r I r I r
1 .849** 21 .531%* 36 .349*
2 .523** 22 .404* 37 .640**
3 .889** 23 .340* 38 .393*
4 .686** 24 639 39 .506**
5 572%* 25 .342% 40 A477*
6 .618** 26 .524*% 41 .684**
7 .900** 27 .661** 42 .895%*
8 .651%* 28 .526** 43 .400*
9 .364* 29 .386™*
10 457* 30 874
11 .887** 31 .465*
12 .321* 32 .536%*
13 .398* 33 A71%
14 .351* 34 777*
15 .888** 35 .443*
16 .864** F1 .833**
17 .740%* F2 .627**
18 577% F3 741
19 549 FT 812
20 .536** N=29; *=p<0.05 **=p<0.001

As presented in Table 6, correlation coefficients of each item of scale ranges from .321 to .900, which were
produced by test-retest method, and each correlation was significant and positive. Correlation coefficients of
scale’s factors, which were obtained by the same method, range from .741 to .833. It is observed that correlation
related to the total score is .892 and each correlation was significant and positive. Whence it can be declared
that this scale makes stable measurements.

4. Result, Discussion and Suggestions

In this study, “Basic STEM Skill Levels Perception Scale” was developed to identify students’ basic STEM skill
levels according to their perception. This scale is a 7-point likert-type scale consisted of 43 items under three
factors. Each item under the factors was scaled between “(1) strongly disagree” to “(7) strongly agree”. To
identify the factor structure of the scale exploratory factor analysis was conducted. According to this
exploratory factor analysis, the factor loadings of items, eigenvalues of factors and explained variances of this
scale it can be said that it has construct validity. Item factor correlations of each items of the scale were
calculated to identify at what level these items were able to measure the skills of the factors they belonged to.
Finding correlation between scores gained from each item and the score of the factors that the item belongs to
was used as a criterion to identify the level of service of each item to general purpose of each factor (Balc,
2009). Accordingly, correlation between scores gained from each item and the score of factors that the item
belongs to range from 0.595 to 0.826. Thus, it can be said that each item and the factor of the scale significantly
serve for measuring skills aimed to evaluate scale-wide and item discrimination level of each item is
appropriate. Internal consistency coefficient of the scale was calculated by Cronbach Alpha formula and was
determined as .969. Hence, it is identified that both each factor and scale able to make consistent
measurements. According to Murphy and Davidshoper (1988) Cronbach Alpha value which is higher than .90
indicates high level reliability. Stability of the scale was identified by conducting test-retest method and results
showed that, between these two applications, correlation coefficients of factors ranged .320 to .900 and
correlation related to scores was .812. As a result, it can be said that this scale is able to make reliable
measurements. In addition, it can be said that “Basic STEM Skill Levels Perception Scale” is a valid and reliable
scale to measure university students’” basic STEM skills according to their self-perception. Considering the
general structure of STEM approach, it is thought that using factors of the scale separately would not be
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appropriate. In this line of thought it is recommended to use this scale to measure university students’
perceived skills.
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