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Abstract  
This research aims to develop a valid and reliable scale to determine the motivation level of students for 

learning. Within the scope of this aim, the study utilized Exploratory Factor Analysis (EFA) and 

Confirmatory Factor Analysis (CFA) with the participation of 1081 undergraduate pre-service science 

teachers in universities in Turkey. EFA results show the 22 items on the scale group under 3 factors which 

are Self-Efficacy, Appreciation-Reward, and Value of Learning Physics. The total variance explained by the 

factors is 53.448%. The Cronbach alpha coefficient was found to be .911 for the whole scale. The findings 

suggest the Motivation Scale towards Physics Learning (MSPL) is a good tool that researchers and 

instructors can use to efficiently assess pre-service teachers’ motivation to learn physics in universities. 
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Introduction 

The word motivation comes from the root “movere” in Latin, which means "animating" or 

"moving" (Ruthankoon & Ogunlana, 2003; Pitrich & Schunk 1996; Parham, 1988). Motivation 

is a psychological structure that tries to define the behaviors and efforts shown in life (Watters & 

Ginns, 2000). Gage and Berliner (1992) describe the concept of motivation as similar to the 

relationship between a car's steering and engine, and explain motivation as a force that drives the 

movement of the individual for behavior. It has also been defined as the determinant of 

individuals' desire to do something (Richards, Platt, & Platt, 1992). Maslow (1984) defines 

motivation as the way people behave as they want and desire according to a certain goal. 

According to Ryan and Deci (2000a), motivation is defined as taking action to do something. In 

another definition, motivation is defined as a structure that enables and continues to act for the 

purpose (Pintrich & Schunk, 2002; Schunk, 2012). In the literature; motivation is examined in 

two different groups as the direction of behavior and independent from behavior (Cannon & 

Simpson, 1985). While content theories try to identify the factors that initiate motivation by 

focusing on human needs; process theories focus on how an individual acts, how he/she directs 

himself, and how he/she controls himself/herself according to behavior change. 

Theoretical background 
Learning and motivation are complementary concepts (Pintrich & Schunk, 1996). Determining 

how students learn and how they approach the subjects they learn is the focus of education and 

motivation studies (Tohidi & Jabbari, 2012). Motivation, which is a psychological concept, affects 

the learning and performance of students (Schiefele, Krapp & Schreyer, 1993a; Singh, Graville & 

Dika, 2002). It is a starting step for learning (Peklaj & Levpuscek, 2006). Brophy (1987) states 

that motivation is an important element that stimulates student's behavior towards learning. 

According to Ames (1990), learning motivation is the participation of students in teaching 

activities, the long-term interest in learning and the commitment to their learning. Students’ 

excitement, interest and effort to learn are the main factors of learning motivation (Crump, 1995). 

It is thought that the motivation level of students to learn a course is specific to that course, and 

has different motivation levels for different courses (Boekaerts & Simons, 1995; Urdan, 1997).  

Physics is a field of science that provides an understanding of the phenomena in nature (Angell, 

Guttersrud, Henriksen & Isnes, 2004). It has an important role in helping students to gain many 

skills of such as: understanding the events around them; inquiring; critical thinking; awareness 

about the nature of science; producing knowledge by acquiring scientific process skills; problem-

solving; realizing the effects of physics on economy, technology and society; producing useful 

projects, inventions, and unique designs for society (Ministry of Education-Turkey, 2019). 

Physics is integrated with all fields of science (Fishbane, Gasiorowicz, & Thornton, 1996). Today, 

to be equipped for the generations that need to be well-educated in the light of scientific and 

technological developments, physics must be taught correctly with daily life applications.  Future 

generations will depend even more heavily on science and technology than we do today.  To 

prepare students for such a future, physics must be taught not just correctly; it must be taught in 

a way such that students will remember it and be able to apply it to their daily lives. In this respect, 

the effective learning of physics courses is a necessity for all levels of students (Saleh, 2014). 

However, physics is seen as a difficult subject matter (De Lozano & Cardenas, 2002), and students 

think it is composed of disconnected formulas and laws (Hammer & Elby, 2003; Guido, 2013). 

Students' failures in physics and low interest in physics are closely related to their low level of 

motivation for learning physics.  
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When the current studies are examined, we have seen there is a limited number of studies, which 

are generally focused on the high school level, on the measurement of motivation levels of 

students for learning physics, and there is limited number of measurement tools developed in 

order to determine the motivation level of students towards physics learning at university level 

(Table 1). 

Dermitzaki et al. (2013) carried out a Greek adaptation study for physics from Tuan et al. (2005) 

's Motivation Questionnaire on science with 350 undergraduates. While adapting this 

measurement tool, researchers used only “physics” instead of the word “science” in the original 

scale. The questionnaire was translated and validated by language experts. Factors of the 

measurement tool were validated as self-efficacy, active learning strategies, the value of science 

learning, performance, achievement and encouragement in the learning environment. The 

Cronbach alpha coefficients of these factors were calculated as .82, .79, .52, .78, .69, .68 

respectively. The Cronbach's alpha coefficient of the total scale was reported to be .85. 

Saleh (2014) conducted a questionnaire, which was formed by taking opinions of students in 

order to determine the factors affecting motivation towards physics learning. The data were 

analyzed quantitatively, and it was indicated that most students had a negative perception of 

learning Physics in terms of the dimensions of motivation followed by pressure/stress, 

effort/significance, value/use, interest, understanding, and choice. 

Özdemir et al. (2018) developed a measurement tool based on the sub-scales of Tuan et al. (2005), 

Dede and Yaman (2008), Glynn et al. (2009) research studies to determine the motivation levels 

of secondary school students for learning physics subjects. The measurement instrument 

consisted of 38 items. The Cronbach alpha coefficient for the whole scale was reported to be .92. 

The Cronbach alpha coefficient values of the sub-factors were determined as .83 for “Self-

Efficacy”, .77 for "The value of learning Physics", .85 for “Effective learning strategies”, .74 for 

“Achievement Goal”, .80 for "Encouragement of the learning environment", .60 for 

“Communication and collaborative work”, and .87 for “Doing research about physics”. It was 

indicated that this scale is suitable to use in research conducted to determine the motivation level 

of secondary school students for learning physics in this study. 

 

 

 

 

 

 

Table 1. Measurement tools and their characteristics. 

Researcher(s) Field of 
Science 

Participants Adaptation/ 
Development 

Cronbach 
Alfa Internal 
Consistency 
Coefficient 

Factors of the Scales and  
Cronbach Alfa Internal  
Consistency Coefficient  

of the Factors 

Tuan, Chin, & 
Shieh. (2005) 

Science 
1407 secondary 
school students 

Development .89 

Self-efficacy (.78) 
Active learning strategies (.84) 

The value of learning science (.66) 
Performance (.79) 
Achievement (.78) 

Encouragement in learning environ. (.69) 

Yılmaz & Çavaş 
(2007) 

Science 
659 secondary 
school students 

Adaptation 
from Tuan et al. 

(2005) 
.87 

Self-efficacy (.71) 
Active learning strategies (.85) 

The value of learning science (.74) 
Performance (.54) 
Achievement (.77) 

Encouragement in learning environ. (.77) 

Dede & Yaman 
(2008) 

Science 
421 secondary 
school students 

Development .82 

Research (.75) 
Performance (.68) 

Communication (.56) 
Cooperative work (.55) 

Contribution (.59) 

Ekici (2009) Biology 
646 high school 

student 

Adaptation 
from Glynn and 
Koballa (2006) 

.87 

Intrinsic motivation (.85) 
Extrinsic motivation (.80) 

Interest in learning biology (.83) 
Responsibility for learning biology (.86) 

Confidence in learning biology (.86) 
Responsibility for biology exams (.88) 

Glynn, 
Taasoobshirazi & 
Brickman (2009) 

Science 
770 

undergraduate 
Development .91 

Intrinsic motivation & personal relevance 
(.91) 

Self-efficacy and assessment Anxiety (.88) 
Self-determination (.74) 
Career motivation (.88) 
Grade motivation (.55) 

Güvendik (2010) Chem. 
1801 high school 

student 

Adaptation 
from Gylnn et 

al. (2009) 
.88 

Personal attention (.83) 
Self-responsibility (.80) 

Self-efficacy (.79) 
Intrinsic motivation (.68) 
Evaluation anxiety (.58) 

İlhan, Yıldırım, & 
Yılmaz (2012) 

Chem. 
308 Pre-service 
science teacher 

Adaptation 
from Glynn et 

al. (2009) 
.82 

Intrinsic motivation & personal suitability 
(.80) 

Evaluation anxiety (.66) 
Self-determination and Self-efficacy (.74) 

Extrinsic motivation (.61) 

Tosun (2013) Chem. 
306 high school 

student 

Adaptation 
from Gylnn et 

al. (2011) 
.84 

Score motivation (.48) 
Career motivation (.85) 

Self-efficacy (.80) 
Self-recognition (.71) 

Intrinsic motivation (.34) 
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Tosun (2013) Chem. 
266 

undergraduate 

Adaptation 
from Gylnn et 

al. (2011) 
.83 

Score motivation (.80) 
Self-efficacy (.74) 

Self-recognition (.75) 
Intrinsic motivation (.66) 

Dermitzaki, 
Stavroussi, 

Vavougios, & 
Kotsis (2013) 

Physics 
350 

undergraduate 

Adaptation 
from Tuan et al. 

(2005) 
.85 

Self-efficacy (.82) 
Active learning strategies (.79) 

The value of learning science (.52) 
Performance (.78) 
Achievement (.69) 

Encouragement in the learning environ. (.68) 

Saleh (2014) Physics 
337 high school 

student 

Adaptation 
from Ryan et al. 

(1994) 
Unspecified Unspecified 

Aydın, Yerdelen, 
Yalmancı, & 

Göksu (2014) 
Biology 

479 high school 
student 

Development Unspecified 

Intrinsic motivation (.88) 
Unmotivated state (.84) 

External motivation-career (.84) 
External motivation-social (.74) 

Fortus & Vedder-
Weiss (2014) 

Science 
2958 secondary 
school students 

Development .83 One-dimensional 

Mubeen & Reid 
(2014) 

Science 
600 secondary 
school students 

Adaptation 
from Glynn and 
Koballa (2006) 

- - 

Önen & Ulusoy 
(2014) 

Chem. 
525 high school 

student 
Development .91 Interest (.84) Benefit (.80) Performance (.81) 

Rodil (2014) Chem. 
127 

undergraduate 
Development .90 

Selection behavior (.74) 
Permanent behavior (.84) 

Studying approaches and strategies (.84) 
Flexible behavior (.71) 

Çetin-Dindar & 
Geban (2015) 

Chem. 
1354 high school 

student 

Adaptation 
from Glynn ve 
Koballa (2006) 

.93 

Self-efficacy in learning chemistry (.91) 
Concern for chemistry exams (.59) 

External motivation for learning chem. (.90) 
Intrinsic motivation for learning chem. (.63) 

Erdoğan, Çakır, 
Gürel & Şeker 

(2015) 
Science 

220 secondary 
school students 

Adaptation 
from Fortus ve 
Vedder-Weiss 

(2014) 

.87 One-dimensional 

Liu, Ferrell, 
Barbera, &  Lewis 

(2017) 
Chem. 

238 
undergraduate 

Adaptation 
based on self-
determination 

theory 

- 

Unmotivated state (.86) 
External regulation (.90) 
Internal regulation (.83) 
Defined regulation (.79) 

Experience (.88) 
Achievement (.90) 
Knowledge (.84) 

Özdemir, Kural & 
Kocakülah (2018) 

Physics 
492 high school 

student 

Adaptation 
based on Tuan 
et al. (2005), 

Dede and 
Yaman (2008), 

Glynn et al. 
(2009) 

.92 

Self-efficacy (.83) 
The value of learning physics (.77) 
Effective learning strategies (.85) 

Achievement (.74) 
Learning environment (.80) 

Communication and collaborative work (.60) 
Physics-related research (.87) 

 

Present Study 
When the reforms realized in education around the world are examined, it is seen that it is 

necessary to train new generations who can integrate science, mathematics, technology and 

engineering at each level of education, and STEM education practices are continuing rapidly (Lai, 

2018). In this context, pre-service science teachers should be well educated and well-equipped 

teachers who can integrate science with other fields. In STEM education, the relationship and 

integration of physics courses with other courses are very important (Lai, 2018). But the studies 

show that pre-service science teachers' physics achievement and attitudes towards physics are 

quite low (Colclough, Lock, & Soares, 2011; Cebesoy, 2013; Lynch, 2006, 2010).  

The main purpose of this study was to investigate whether the Motivation Scale towards Physics 

Learning is a valid and reliable measurement tool. The research questions investigated in this 

study were as follows: 

•To what extent is this Motivation Scale towards Physics Learning valid? 

•To what extent is this Motivation Scale towards Physics Learning reliable? 

In the literature, it has been identified there is a limited number of studies that are generally 

focused on the secondary level on the measurement of motivation levels of students for learning 

physics, and a limited number of measurement tools developed to determine the motivation level 

of students towards physics learning at the university level. In this context, this research focused 

on developing a valid and reliable scale to determine the motivation levels of pre-service science 

teachers towards physics learning. 

Method 

In this section, we present in detail the process of the development of the Motivation Scale 

towards Physics Learning (MSPL) developed for pre-service science teachers, and the steps of 

validity and the reliability of the scale.  

Questionnaire  
The scale was formed as a 5-point Likert type. The options and scores of the items in the scale 

were “Strongly Disagree = 1”, “Disagree = 2 ”, “Undecided = 3”, “Agree = 4 ”and“ Strongly 

Agree = 5. The reverse items were coded as “Strongly disagree = 5”, “Disagree = 4 ”, “Undecided 

= 3”, “Agree = 2” and “Strongly agree = 1”. The scale was developed on the basis of literature, 

and the factors affecting the motivation levels of the students were taken into consideration such 

as; self-efficacy, learning strategies, performance, achievement, learning environment, fear of 

failure, fear of exams, self-confidence, self-regulation, motivation to pass the course, career, self-

recognition, the value of physics learning, intrinsic motivation, extrinsic motivation and non-

motivational state. The high number of these factors also affected the number of items created 

for the item pool.  115 items were formed, including 21 reverse items for the raw scale. The items 
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in the pool were examined by two physics educators, two assessment and evaluation experts and 

one language expert. According to expert evaluations, 41 inappropriate items were removed from 

the item pool, and the number of items was reduced to 74. The measuring instrument for the 

pilot application thus contains 9 reverse items. The scale was applied to 32 pre-service science 

teachers. It was seen that there was no negative feedback from the students in this process where 

the intelligibility of the items was measured. 

The application of the scale which consisted of 74 items was carried out with 631 pre-service 

science teachers. As a result of the first analyses, because of low factor loadings, it was decided 

to remove 13 more items at this stage. EFA was performed with 61 items. According to the EFA 

results, 39 more items were removed from the measurement tool at this stage. In the last case, it 

was determined that scale consisted of 22 items and had a 3 sub-factors. CFA was carried out 

with the participation of 450 pre-service science teachers. For the reliability, 42 pre-service science 

teachers were enrolled in the test-retest application. 

Statistical Analysis 

SPSS 21.0 was used for item analysis, exploratory factor analysis and test-retest reliability analysis, 

and LISREL 8.71 was used for confirmatory factor analysis. 

Participants 

The participants were determined as pre-service science teachers who had taken/ were taking the 

physics course in the 18-21 age range. Content validity was provided with 32 first-year pre-service 

science teachers (28 girls, 4 boys) who were enrolled in the department of science education in a 

state university education faculty in Istanbul in the 2017-2018 academic year.  

In order to gather the data for EFA, we used 682 (1st, 2nd, 3rd, and 4th year) pre-service science 

teachers who were enrolled in the department of science education in state universities education 

faculty in Turkey in 2017-2018 academic year. It was decided not to use 51 inappropriate data, 

and EFA analysis was performed with the data of 631 (538 girls, 93 boys) pre-service science 

teachers. 

For CFA, we used 466 (1st, 2nd, 3rd, and 4th -year) pre-service science teachers who were 

enrolled in the department of science education in two different state universities education 

faculty in Istanbul and Erciyes in Turkey in the 2018-2019 academic year. CFA analysis was 

performed with the data of 450 (398 girls, 52 boys) pre-service science teachers. 

For the test - re-test application, we used 42 (36 girls, 6 boys) second-year pre-service science 

teachers who were enrolled in the department of science education in a state university education 

faculty in Istanbul in the 2018-2019 academic year. All the mentioned applications of the MSPL 

were carried out by the researchers in the classroom environment where the pre-service science 

teachers could answer individually. 

Results 

In this section, the results of the analysis of the validity and reliability are presented in detail. 

Validity Analysis 
Content Validity: In line with the conceptual framework of motivation, the item pool consisting of 

115 items, 21 of which are reverse, was prepared by considering specified literature and student 

interviews. 

The item pool was examined by two assessment and evaluation experts, two physics educators 

experts and one language expert according to the conceptual framework for compliance with the 

expressions used in physics, grammar and style of expression. As a result of these evaluations, it 

was decided that 41 items should be removed from the item pool. With this 74-item initial 

assessment, the instrument was piloted to 32 (28 girls, 4 boys) pre-service science teachers in the 

second year of the 2017-2018 academic year at a state University Faculty of Education in Istanbul. 

No negative feedback was received regarding the items on the scale from pre-services. It was 

concluded that the items were clear and understandable by the pre-service science teachers. The 

scale became the first version, with 74 items, nine of which were reversed. In this context, it was 

seen that the scale meets the scope validity criteria. 

Exploratory Factor Analysis 
EFA was performed with 74 items by using the data obtained from 631 pre-service science 

teachers. In this context, it was determined that the Cronbach alpha coefficient of the scale was 

.949 and the Cronbach alpha value was .955. Before the Factor Analysis, Item Total and 

Cronbach Alpha values were calculated separately for all items to remove inappropriate items. It 

was determined that mean values of the items were between 2.49 and 4.42, and the standard 

deviation values were between .824 and 2.248. To further increase the corrected item-total 

correlation and the Cronbach alpha internal consistency coefficient values, 13 items which were 

included in all the reverse items were removed from the scale. The 61-item structure of the scale 

was examined, and it was found that the Cronbach alpha coefficient of 61 items was .967, and 

the Cronbach alpha value based on standardized items was .967. 

EFA was performed using 61 items. A criterion used to test the suitability of the data structure 

for factor analysis was the Kaiser-Meyer-Olkin (KMO) test. Also, the Bartlett for Sphericity test 

was used to determine the suitability of the data for factor extraction. 

As shown in Table 2, the KMO value of scale items was 0.965 and the Bartlett test of sphericity 

was found to be .00. For the significance level, the Bartlett test of sphericity value should be less 

than .05. The KMO value should be above .60 according to Pallant (2001). Hutcheson and 

Sofroniou (1999) who indicated that if the KMO value is between .70 and .80, the sample is good; 

between .80 and .90, the sample is very good, and .90 and above, the sample is excellent. The 

results of both KMO and Bartlett values show that data are suitable for factor analysis. Another 
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criterion for the suitability of factor analysis is the Anti-image correlation variable value. Anti-

image correlation variable values are expected to be greater than .50 (Field, 2000). Anti-image 

correlation item values of the measurement tool were found to vary between .934 and.979, and 

these values were found to be significant and sufficient for factor analysis. 

Table 2. KMO and Bartlett of Sphericity test results of 61-item form of the scale 

KMO Measure of Sampling 

Adequacy 

 .965 

Bartlett Test for Sphericity Approx. Chi-Square 19564.320 

df 1830 

Sigma .000 

 

To determine the factor structure of the measurement tool, a principal component analysis was 

performed. As a result of the analysis, nine factors with an eigenvalue greater than 1 were 

determined, and this structure explained 55.899% of the total variance of the scale. Henson and 

Roberts (2006) stated that total variance should be 52% and above in the scale development 

studies. In this context, the total variance value explained by the scale is at an appropriate value. 

To check the factor load values and overlapping conditions of each item, the Rotated Component 

Matrix Table was examined, and it was found that many items overlapped, or some items do not 

have appropriate values in any factor. Factor load values were taken as .32 and above as the 

criterion (Seçer, 2015). At this stage, 39 items which did not have appropriate values in any of the 

factors or showed an overlap in more than one factor were excluded from the scale, and the 

components analysis was performed again. The final version of the scale was found to have 22 

items and 3 factors. When Table 3 is examined, it can be seen that a 3-factor structure explained 

53.448% of the total variance (Table 3). 

Table 3. Total variance explanation of 22-item scale. 

 
 

Factors 

Initial Eigenvalues Extraction Sums of Squared 
Loadings 

Rotation Sums of Squared 
Loadings 

Total % of Variance Cumulative 
% 

Total % of 
Variance 

Cumulative % Total % of 
Variance 

Cumulative % 

1 7.809 35.497 35.497 7.809 35.497 35.497 5.708 25.946 25.946 

2 2.733 12.424 47.921 2.733 12.424 47.921 3.293 14.970 40.915 

3 1.216 5.527 53.448 1.216 5.527 53.448 2.757 12.533 53.448 

4 .845 3.843 57.291       

.          

22 .301 1.370 100.000       

 

 

The ScreePlot was also examined for factor number verification, and the scale was found to have 

a 3-factor structure with an eigenvalue greater than 1 and a steep slope (Figure 1). 

 

Figure 1. ScreePlot. 

The three factors were rotated around the origin axes. A varimax rotation was used to produce 

the factor loadings of the components. A direct oblimin rotation was also used with similar 

results. The Rotated Component matrix and factor loading were shown in Table 4. When the 

Rotated Component matrix table was examined; it was seen that the first factor consisted of 13 

items, the second factor consisted of 5 items and the third factor consisted of 4 items. Factor 

loads of the items for the first factor varied between .555 and .744, in the second factor varied 

between .667 and.821, and in the third factor varied between .579 and .778 (Table 4). 
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Table 4. Rotated component matrix and factor loading. 

Item 
Number 

Factor Loading 

1  2 3 

15 .744   
11 .693   
19 .684   
8 .672   

13 .657   
6 .656   

18 .639   
16 .629   
22 .628   
2 .623   

21 .597   
5 .579   

14 .555   
4  .821  

12  .775  
1  .735  
9  .697  

20  .667  
10   .778 
3   .731 
7   .687 

17   .579 
 

Naming of Factors 
When the items distributed to the factors were examined; it was seen that the first factor is 

associated with Self-Efficacy, the second factor is associated with Appreciation-Reward, and the 

third factor is associated with the Value of Learning Physics. 

Self Efficacy: According to Bandura (1977), self-efficacy is expressed as the belief in the ability of 

an individual to plan and perform the behaviors that an individual needs to manage future 

situations. Self-efficacy is central to the belief that an individual can perform a particular task. If 

the individual's self-efficacy is high, he/she will benefit from affective and cognitive processes. 

Self-efficacy, which is one of the fundamental concepts of Bandura's social cognitive theory, is 

the most important motivating factor behind the actions of individuals. Increasing self-efficacy 

allows increasing the strength and determination of the occurrence of high performance 

(Arseven, 2016). 

Appreciation-Reward: The reward is an external stimulus that encourages the individual to do a 

behavior. These rewards can be tangible or intangible (Eren, 2004).  According to the self-

determination theory, an individual with external motivation performs a behavior in order to gain 

social approval or reward (Horn, 2000). In this context, the individual's desire to hear appreciative 

words can be an intangible reward. An appreciation-reward is thought to be the external stimulus 

of the concept of motivation. 

Value of Learning Physics: During education, we come across many questions from students about 

why they learn the subjects, where to use what they have learned and what is the connection 

between knowledge and real life. This situation shows that students want to learn to what extent 

daily life and scientific knowledge are related to each other (Pekdağ, Azizoğlu, Topal, Ağalar & 

Oran, 2013). To fully learn a concept, the student must apply it in daily life (Smith & Siegel, 2004). 

In other words, when an individual thinks that a concept to be learned is valuable for 

herself/himself and her/his environment, she/he wants to obtain that information. Therefore, 

an individual's association with physics and daily life makes her/him think that learning physics 

is valuable. Stylianides and Stylianides (2008) indicated that real-life contexts are motivating for 

students. Elmas (2012) found that lessons associated with daily life are better liked and motivate 

the students. 

Confirmatory Factor Analysis 
According to the results of exploratory factor analysis, it was determined that the measurement 

tool consisted of 22 items and had a 3-factors structure. The lowest score that can be obtained 

from the scale is 22 and the highest score is 110. In order to perform the CFA of this final version 

of MSPL, data from 450 pre-service science teachers were used. The results were analyzed by 

using the LISREL 8.71 program. In the CFA, some reference values are used to demonstrate the 

statistical suitability of the model. In this study; obtained values of the ratio of criteria, which are 

chi-square to freedom degree (2/df), Goodness of Fit Index (GFI), Adjusted Goodness of Fit 

Index (AGFI), Comparative Fit Index (CFI), Incremental Fit Index (IFI) and Root Mean Squared 

Error (RMSEA) were presented (Table 5). 

Table 5. Fit criteria according to the index of fit used in structural equation model. 

Criteria Good Fit Acceptable  Obtained Values  

p .05 ≤ p ≤1.00 .01 ≤ p ≤ .05 .000 

2/df 0 ≤ 2/df ≤2 2 ≤ 2/ df ≤ 3 2.416 

RMSEA 0 ≤ RMSEA ≤ .05 .05 ≤ RMSEA ≤ .08 .047 
 (RMSEA <.05) 0.01 ≤ p ≤ 1.00 .05 ≤ p ≤ .10 .78 

SRMR 0 ≤ SRMR ≤ .05 .05 ≤ SRMR ≤.10 .051 
NFI .95 ≤ NFI ≤ 1.00 .90 ≤ NFI ≤.95 .97 

NNFI .97 ≤ NNFI ≤ 1.00 .95≤ NNFI ≤ .97 .98 
CFI .97 ≤ CFI ≤ 1.00 .95 ≤ CFI ≤ .97 .98 
GFI .95 ≤ GFI ≤ 1.00 .90 ≤ GFI ≤ .95 .93 

AGFI .90 ≤ AGFI ≤ 1.00 .85≤ AGFI ≤ .90 .92 
IFI .95 ≤ IFI ≤ 1.00 .90 ≤ IFI ≤ .95 .98 
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According to the CFA, the 2 value was found to be 492.88, the df value was found to be 204 

and the p-value was found to be .000. Since the value of 2 is affected by the sample size, the 

2/df value was examined. The fact that this ratio had a value less than or equal to 3 indicated 

that the model shows a good fit (Marsh & Hocevar, 1985; Sümer, 2000; Klassen, Bong, Usher, 

Chong, Huan, Wong & Georgiou, 2009). The value of 2/df was determined as 2.41, which 

indicated that the model had a very high fit. Another criterion for model compliance is the 

RMSEA value. The RMSEA value must be less than .06 (Hu & Bentler, 1999; Sümer, 2000). The 

value of RMSEA was determined as .047, which indicated that the model had a very high fit. 

NFI, NNFI, CFI, GFI, AGFI and IFI values above .90 are acceptable criteria. These values were 

found to be .97, .98, .98, .93, .92 and .98 respectively in this study. It was seen these values were 

in the good fit range (MacCallum, Browne, & Sugawara, 1996; Hu & Bentler, 1999).  

When the t values of the scale items were examined, it was seen that the t value that indicates 

whether each item is related to its size varied between 12.21 and 16.94, and was above the 

threshold value. The threshold value has been accepted as 1.96 (for .05 significance level) or 2.576 

(for .01 significance level) (Şimşek, 2007). This result showed that items in this measurement tool 

have a significant relationship with the factor to which they were assigned (Table 6). 

R2, which is another important criterion within the context of CFA, expresses the explained 

variance of each observed variable and reveals how much this variable refers to the latent variable 

(Şimşek, 2007). When Table 6 is examined, it can be seen that R2 values of the variables vary 

between .28 and .65. According to R2 values, the variable that provides the highest contribution 

to the measuring instrument is .65 (M4), and the variable that provides the least contribution is 

.28 (M18). 

Table 6. Standardized regression coefficients, latent variable and t-values of the scale. 

Sub-Factors Item # λ t R2  Sub-Factors Item # λ t R2 

Self-Efficacy 

14 .56 16.73 .35  

Appreciation-
Reward 

20 .65 15.91 .39 

21 .58 16.10 .46  1 .46 14.72 .51 

19 .64 16.20 .44  12 .33 13.86 .57 

11 .47 15.81 .50  4 .28 12.21 .65 

16 .89 16.94 .29  9 .43 15.41 .44 

8 .68 16.37 .42  
Value of 
Learning 
Physics 

10 .32 13.77 .55 
22 .53 15.77 .49  3 .31 12.68 .61 
13 .69 16.04 .45  7 .38 13.75 .55 
6 .64 16.37 .42  17 .60 15.92 .37 

5 .55 16.57 .38       
2 .49 16.41 .41       

15 .61 16.20 .44       
18 .99 16.94 .28       

The factor structure and path diagram results were also presented in Figure 2. According to the 

results of the CFA analysis; it was found that the obtained fit indices were acceptable, and this 

structure was confirmed as the three-factor structure of the MSPL. 

 
Figure 2. Path diagram of confirmatory factor analysis. 
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Reliability Analysis 
For the reliability of the MSPL, the mean value, standard deviation, item-total, corrected item-

total and Cronbach alpha of item deleted values were calculated and presented in Table 7 for 

each item. When these results were examined, it was found that the mean scores of the items 

ranged between 3.1 and 4.4; the standard deviation value of the scale is 12.89. The Pearson 

correlation coefficient was calculated to examine the relationship between each item and the 

whole scale. These values varied between .430 and .716; it was seen that each item had a medium 

and high correlation with the whole scale. When Corrected item-total Correlation results were 

examined, it was found that values varied between .401 and .695. These values indicated that each 

item had a medium and high correlation with the whole scale. In addition, the Cronbach alpha 

coefficient of the whole scale was calculated as .911. 

Table 7. 22 Item-Total statistics. 

Item 
Number 

Mean Standard 
Deviation 

N Item-Total 
(Pearson) 

Corrected Item-
Total 

Correlation  

Cronbach Alpha if 
Item Deleted 

10 4.0887 .85173 631 .567** .544 .742 

3 4.0238 .88609 631 .611** .589 .740 

20 3.8906 1.02775 631 .535** .505 .741 

7 3.9445 .92673 631 .614** .591 .740 

14 3.3930 .92627 631 .602** .578 .740 

1 4.1696 .96515 631 .529** .501 .741 

12 4.2076 .87632 631 .514** .489 .743 

4 4.1553 .89157 631 .510** .484 .742 

9 4.4184 .87609 631 .430** .401 .744 

21 3.3613 1.03404 631 .684** .661 .737 

19 3.1030 1.07075 631 .611** .584 .738 

17 3.7385 .97252 631 .597** .572 .740 

11 3.3265 .96835 631 .669** .647 .738 

16 3.0444 1.12176 631 .529** .497 .740 

8 3.1331 1.07852 631 .595** .567 .739 

22 3.3946 1.02100 631 .716** .695 .736 

13 3.2425 1.12257 631 .651** .625 .737 

6 3.3597 1.04906 631 .625** .599 .738 

5 3.4786 .93898 631 .620** .597 .740 

2 3.3391 .91324 631 .635** .613 .739 

15 3.1189 1.04660 631 .619** .593 .738 

18 3.1300 1.17199 631 .558** .526 .739 

Total  79.0618 12.89805 631 1.000 1.000 .911 

 

The Cronbach alpha values were calculated for the whole scale and its sub-factors. This value 

was found to be .911 for the whole scale; .899 for Self -Efficacy; .832 for Appreciation-Reward 

and .802 for Value of Learning Physics sub-factors (Table 8). 

Table 8. The Cronbach Alpha values for whole scale and sub-factors. 

Sub-Factors Item Number Cronbach Alpha 

Self - Efficacy 2, 5, 6, 8, 11, 13, 14, 15, 16, 18, 19, 21, 22 .899 

Appreciation-Reward 1, 4, 9, 12, 20 .832 

Value of Learning Physics 3, 7, 10, 17 .802 

Total 1-22 .911 

 

In order to determine the discrimination of the 22 items in the MSPL, the relationship between 

the lower and the upper groups was examined. The total score obtained from the scale was ranked 

from big to small. Then, two groups were identified as 27% lower (170 persons) and 27% upper 

(170 persons). The mean scores of each item and the scale were compared with the independent 

group t-test. When these values were examined, it was seen that there was a significant difference 

between the lower and upper groups at .000 level for each item (p <.001). It was also determined 

that the discrimination (t) values of the items ranged between 7.422 and 20.691 for each item 

(Table 9). 

Table 9. Results of Lower-Upper group difference based item analysis. 

Item 
Number 

Group N Mean Standard 
Deviation 

Mean of 
Standard Error  

t df p 

10 
Lower 170 4.58 .572 .044 

11.817 263.745 .000* 
Upper 170 3.51 1.033 .079 

3 
Lower 170 4.62 .521 .040 

13.679 246.751 .000* 
Upper 170 3.39 1.056 .081 

20 
Lower 170 4.47 .645 .049 

11.981 257.199 .000* 
Upper 170 3.21 1.216 .093 

7 
Lower 170 4.54 .626 .048 

14.174 269.917 .000* 
Upper 170 3.17 1.088 .083 

14 
Lower 170 4.09 .732 .056 

15.786 322.549 .000* 
Upper 170 2.68 .914 .070 

1 
Lower 170 4.67 .530 .041 

11.028 227.461 .000* 
Upper 170 3.52 1.256 .096 

12 
Lower 170 4.66 .500 .038 

10.051 227.686 .000* 
Upper 170 3.67 1.181 .091 

4 
Lower 170 4.61 .547 .042 

9.541 236.421 .000* 
Upper 170 3.64 1.199 .092 
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Table 9 (Continued) 

9 
Lower 170 4.68 .592 .045 

7.422 244.662 .000* 
Upper 170 3.91 1.217 .093 

21 
Lower 170 4.15 .694 .053 

17.734 302.291 .000* 
Upper 170 2.50 .993 .076 

19 
Lower 170 3.95 .855 .066 

16.574 332.506 .000* 
Upper 170 2.31 .973 .075 

17 
Lower 170 4.38 .585 .045 

14.064 260.636 .000* 
Upper 170 3.05 1.078 .083 

11 
Lower 170 4.11 .692 .053 

19.160 321.422 .000* 
Upper 170 2.48 .872 .067 

16 
Lower 170 3.86 .950 .073 

13.857 335.509 .000* 
Upper 170 2.36 1.036 .079 

8 
Lower 170 3.93 .833 .064 

16.722 328.375 .000* 
Upper 170 2.27 .990 .076 

22 
Lower 170 4.22 .620 .048 

20.691 292.438 .000* 
Upper 170 2.43 .941 .072 

13 
Lower 170 4.09 .776 .059 

19.540 317.904 .000* 
Upper 170 2.19 1.003 .077 

6 
Lower 170 4.16 .716 .055 

17.331 302.768 .000* 
Upper 170 2.50 1.022 .078 

5 
Lower 170 4.17 .738 .057 

15.251 319.655 .000* 
Upper 170 2.77 .942 .072 

2 
Lower 170 4.01 .701 .054 

15.203 314.965 .000* 
Upper 170 2.65 .925 .071 

15 
Lower 170 3.94 .786 .060 

17.469 327.678 .000* 
Upper 170 2.29 .940 .072 

18 
Lower 170 3.94 .955 .073 

15.621 336.469 .000* 
Upper 170 2.26 1.022 .078 

Total 
Lower 170 93.8059 6.22773 .47764 

39.717 317.582 .000* 
Upper 170 62.7529 8.07056 .61898 

 

Test-retest was performed with 42 (36 girls, 6 boys) second-year pre-service science teachers who 

were enrolled in the department of science education in a state university education faculty in 

Istanbul in the 2018-2019 academic year. The same test was repeated 15 days later in the same 

group. Correlation values were calculated for each factor and presented in Table 10. According 

to the results of this analysis, it was seen these values varied between .507 and .832. The fact that 

values were close to 1 indicates the MSPL has a reliable and stable structure. 

 

Table 10. Test re-test correlation coefficients of whole scale and sub-factors 

Sub-Factors r 

Self - Efficacy .832 

Appreciation-Reward .645 

Value of Learning Physics .507 

Total .863 

 

Sample items of MSPL are presented in Table 11. The scale is given in both English and Turkish 

in Appendix 1. 

Table 11. Some items of MSPL. 

Item Number Items 

8 Even if I encounter a question about physics that I have never seen before, I think 
that I can solve it. (Self efficacy) 

18 I like being in a race with my friends in physics classes. (Self efficacy) 

9 I'd like to get high marks in physics. (Appreciation reward) 

10 Learning physics helps us to produce the creative ideas about the world. (Value of 
learning physics) 

17 I think about physics in everyday life. (Value of learning physics) 

 

Conclusion  

In this study, the aim was to develop a valid and reliable measurement tool to measure the 

motivation levels of pre-service science teachers enrolled at the studying level for physics learning. 

The 682 pre-service science teachers were enrolled in the science education department of 6 

public universities education faculty in Turkey from 1st, 2nd, 3rd, and 4th year in the 2017-2018 

academic year. It was determined that the measuring tool had a three-factor structure consisting 

of 22 items. It was found that the total variance explained by the factors was 53.448 %, and the 

load values of the items in the factor ranged between .555 and .821. The results of CFA were 

supported by the structure obtained from the EFA, and the fit indices were found to be excellent 

or acceptable. For the reliability of the scale, the Cronbach alpha coefficient was examined, and 

test-retest was performed. As a result of the reliability analysis, the Cronbach alpha coefficient 

was found to be .911 for the whole scale; .899 for Self - Efficacy; .832 for Appreciation-Reward 

and .802 for Value of Learning Physics sub-factors. The Test-retest results showed a positive 

correlation between the sub-factors. For the item discrimination of the MSPL,a lower-upper 

group analysis was carried out, and it was seen that MSPL had a valid, reliable and stable structure. 
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When the literature was examined, it was seen that most of the studies carried out for motivation 

towards learning science were scale adaptation studies (Yılmaz & Çavaş, 2007; Ekici, 2009; 

Güvendik, 2010; İlhan et al., 2012; Tosun, 2013; Dermitzaki et al., 2013; Mubeen & Reid, 2014; 

Çetin Dindar & Geban, 2015; Erdoğan et al., 2015; Liu et al., 2017). Scale development studies 

for motivation towards learning science have been performed by Tuan et al. (2005), Dede & 

Yaman (2008), Gylnn et al. (2009, 2011), Aydın et al. (2014), Fortus and Vedder-Weiss (2014), 

Önen and Ulusoy (2014), Rodil (2014), Eskicioğlu and Alpat (2017) and Özdemir et al. (2018).  

When the areas of the developed or adapted scales were examined, it could be seen there were a 

limited number of measurement tools for physics learning and these measurement tools were 

limited to the secondary education level, and there were no measurement tools for measuring the 

motivation towards learning physics at the university level. Among the developed motivation 

scales, only Özdemir et al. (2018) constructed a motivation scale for physics learning. However, 

it was seen that this scale was developed for the high school level. 

In the study by Özdemir et al. (2018), 38 items and a seven-factor structure were reached. In the 

study by Özdemir et al. (2018); it was seen that the factors were self-efficacy, the value of learning 

physics, effective learning strategies, achievement goals, learning environment encouragement, 

communication, and collaborative work, and research on physics. In this study, motivation 

factors for physics learning are self-efficacy, appreciation-reward and the value of physics 

learning. In this context, it is thought that the motivation factors may be different for learning 

physics for high school students and university students. 

Tuan et al. (2005), Yilmaz and Çavaş (2007), We Trusted (2010), Glynn et al. (2011), İlhan et al. 

(2012), Tosun (2013), Çetin Dindar and Geban (2015), Dermitzaki et al. (2013) and Özdemir et 

al. (2018) identified self-efficacy as a sub-dimension, as we found in our study. Önen and Ulusoy 

(2014), Dermitzaki et al. (2013), Yılmaz and Çavaş (2007), Tuan et al. (2005) and Özdemir et al. 

(2018) determined the value of learning physics as a sub-dimension in their own studies as in this 

study.   

Limitations and Future Work 

This study was limited to undergraduate pre-service science teachers to determine their 

motivation levels on physics learning. The sub-factor of appreciation-reward can be seen as an 

external stimulus in the motivation theory. However, this sub-dimension was not found in the 

studies conducted in recent years. In this respect, the original contribution to the literature was 

the presence of the Appreciation-Reward sub-factor as a sub-dimension that affected motivation 

towards physics learning in this research.  

The findings suggest that MSPL is a good measurement tool that researchers, instructors, and 

academic advisors can use to efficiently assess students’ motivation to learn physics in universities 

at different divisions. 

As it is known, physics courses at the university level are fundamental courses in all departments 

of science, medicine and engineering. In this context, the Motivation Scale towards Physics 

Learning can be used to determine the motivation levels of students studying in these fields at 

the university level for physics learning for pre-services. The enrichment of the sample will make 

a significant contribution to the literature in terms of revealing the differences or similarities 

between the participants. Following the determination of the motivation levels of the students at 

the university level for learning physics, studies can be carried out to determine the changes in 

the motivation levels by using appropriate teaching strategies and methods to increase the physics 

attitudes and physics achievement. When the literature is examined, there are studies in which 

motivation varies according to many demographic variables. Using this measurement tool, we 

can be investigate whether the motivation level for learning physics differs according to 

demographic variables. 
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