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ABSTRACT 

The Mathematics Teaching Efficacy Beliefs Instrument (MTEBI), developed in the 

United States, is one of the most popular scales used in the study of mathematics teaching 

efficacy. However, the MTEBI might not be trustworthy in other cultures. This study described 

the development of a new instrument measuring mathematics teaching efficacy beliefs for 

Korean preservice teachers using Bandura’s efficacy theory.  

In Article One, Korean mathematics teacher education professors’ perspectives to the 

MTEBI were analyzed. This resulted in a revision of the MTEBI in the context of Korean 

mathematics education, and the recommendation that an instrument should be separated for 

elementary and for secondary preservice teachers. Article Two described the development of a 

new instrument, the Mathematics Teaching Self Efficacy Scale (MTSES) for elementary 

preservice teachers (Form-E). The instrument consists of one single scale with nine items. 

Marginal reliability was ρ = .8281. Article Three presented the development of the MTSES for 

secondary preservice teachers (Form-S). This instrument also consists of one single scale with 10 

items. Marginal reliability was ρ = .8591.  

Use of modern item response theory, rather than classical test theory, in the development 

of an instrument would decrease bias from a local culture. The MTSES Form-E and Form-S was 

verified by a item response theory model, and thus the MTSES would be a more valid and 

reliable instrument than the MTEBI. Use of MTSES in an international and cross-cultural study 

will produce trustworthy and useful information.    
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INTRODUCTION 

 

Traditionally, teacher education programs have the primary goal of developing preservice 

teachers’ knowledge such as content knowledge, pedagogical knowledge, and pedagogical 

content knowledge (Shulman, 1987). In addition to these types of knowledge, teachers’ beliefs 

about teaching efficacy have been found as an important ingredient for teachers to be effective. 

Borko and Putnam (1995) stressed that teachers must have a rich content knowledge, pedagogy, 

and pedagogical content knowledge as well as develop certain beliefs in each academic domain.  

For mathematics teachers, possessing high level of mathematics teaching efficacy beliefs 

is desirable. An interesting question is: How do we know the level of mathematics teaching 

efficacy that preservice teachers possess? To help investigate this question, this research focuses 

on the development of an instrument to provide valid and reliable information of Korean 

preservice teachers’ mathematics teaching efficacy beliefs.   

Research Framework 

Teacher efficacy is an individual teacher’s perceived ability to bring about the desired 

outcomes related to students’ engagement and learning. This theoretical construct strongly 

influences teachers’ instructional effectiveness as well as students’ own sense of efficacious 

capabilities and outcomes (Gibson & Dembo, 1984; Tschannen-Moran, Woolfolk Hoy, & Hoy, 

1998; Tschannen-Moran & Hoy, 2001). There are a variety of issues related to teacher efficacy 

that warrant further research. For example:  

 What is the appropriate degree of specificity, such as general versus subject specific, 

when investigating efficacy beliefs? (Specificity)  
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 To what degree is the validity and reliability of the various instruments designed to 

measure efficacy beliefs? (Appropriateness) 

 To what degree is the changeability of efficacy beliefs during a specific time span of 

a teacher’s life? (Changeability) 

 What possible cultural effects influence a teacher’s efficacy beliefs? And, how are 

those influences measured in a teacher efficacy belief instrument? (Culture Effect) 

This research is on the venue of these issues. With regard to the first issue, specificity, the 

author, adapting the theoretical assumption of Bandura (1977, 1986, 1997), Gibson and Dembo 

(1984), and Tschannen-Moran and Hoy (2001), defines mathematics teaching efficacy as a 

teacher’s capability to organize and execute courses of action during classroom mathematics 

instruction to accomplish a specific teaching task within a particular context. Under this 

definition, this research addresses teachers’ teaching efficacy in the subject of mathematics.  

With respect to the second issue, appropriateness of an instrument, validity and reliability 

are critical components. Even though the Mathematics Teaching Efficacy Beliefs Instrument 

(MTEBI) established factorial validity (Enochs, Smith, & Huinker, 2000), its prototype 

instrument, Gibson and Dembo’s (1984) Teacher Efficacy Scale (TES), has been a challenge for 

educational scholars regarding its factorial structure. The TES has been tested as a two-factor, 

three-factor, and four-factor model; none of any one model was considered valid (Brouwers & 

Tomic, 2003). Findings indicated that more research is needed in this area. A goal of this present 

study is to develop a new instrument to measure mathematics teaching efficacy where the 

validity and reliability are rigorously investigated for Korean preservice teachers.  

Regarding to the third issue, changeability, Bandura (1977, 1986) postulated that efficacy 

would be most changeable early in learning. There is research evidence supporting this 
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postulation. While experienced teachers’ efficacy beliefs appear to be stable, even when the 

teachers are exposed to workshops and new teaching methods (Ross, 1994), preservice teachers’ 

efficacy beliefs are likely to change. For example, preservice teachers’ general teaching efficacy 

beliefs change when  they are exposed to learning experiences such as college course work 

(Watters & Ginns, 1995), and preservice teachers’ actual teaching practices have an impact on 

personal teaching efficacy (Housego, 1992; Hoy & Woolfolk, 1990). Tschannen-Moran, 

Woolfolk Hoy, and Hoy (1998) agreed that teacher efficacy is changeable, emphasizing that 

attention to changing efficacy beliefs in early stages is desirable because, once established, 

experienced teachers’ efficacy seem resistant to change. Therefore, this research focuses on 

preservice teachers’ mathematics teaching efficacy rather than on inservice teachers’ efficacy.  

The last issue, cultural effect on teacher efficacy, has received greater emphasis in recent 

years. As the world becomes more globalized, people are exposed to other cultures more so than 

in the past. Educational scholars are interested in comparing efficacy beliefs of teachers in other 

countries. In the 1990s, Gorrell and her colleagues, using Gibson and Dembo’s TES, studied 

teacher efficacy of various cultures (Ares & Gorrell, 1999; Gorrell, Hazareesingh, Carlson, & 

Stenmalm-Sjoblom, 1993; Gorrell & Hwang, 1995; Lin & Gorrell, 1999; Lin, Gorrell, & Taylor, 

2002). They concluded that teacher efficacy might vary in different cultures. In addition, to 

obtain more valid results in an international study, an equitable measure is strongly desirable. To 

this end, the use of Item Response Theory (IRT) is preferred to the classical test theory, since the 

use of IRT reduces biases from row scores (Mpofu & Ortiz, 2009). The present study uses 

Samejima’s (1969) Graded Response Model (1969) of IRT to test the instrument.  

In summary, the present study addresses four factors listed above. The first factor 

addresses mathematics teaching efficacy rather than general teacher efficacy (Issue 1; 
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Specificity); the seconds factor addresses the development of a new instrument rather than 

testing the MTEBI (Issue 2: Appropriateness); the third factor investigates preservice teachers 

rather than inservice teachers (Issue 3: changeability); and the fourth factor addresses cultural 

issues by developing an instrument for Korean preservice teachers, but developed in such a way 

that it might be expanded for more global use (Issue 4: Culture). 

Need for Separate Instruments 

This study addresses both Korean elementary and secondary preservice teachers. The 

elementary and the secondary teacher education programs may lead to different levels and/or 

types of mathematics teaching efficacy since the purposes of these programs are different. The 

Korean elementary program nurtures education generalists while the secondary program nurtures 

subject specialists. Being cognizant of the differences in each program will help to foresee 

disparity in efficacy beliefs between the two groups of preservice teachers. Elementary 

preservice teachers learn content and methods for various subjects, plus further study in a 

specific subject in later years in their program. Their major is elementary education and their 

further study tracks can be considered minor subjects. In contrast, secondary preservice teachers 

learn content and methods in one discipline such as mathematics, which is considered their major 

field. Both elementary education major and secondary education major students earn at least 140 

credit hours for graduation. A typical curriculum for Korean elementary and secondary 

mathematics teacher education programs is shown in Table 1. 

Field experience formats for both programs are similar. A preservice teacher is sent to a 

local school two or three times during the program. A typical format is 2 weeks of classroom 

observational practice in the second semester of the sophomore year, 2 weeks of participation 

practice in the second semester of the junior year, and 4 weeks of teaching and professional 
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practice in the first semester of the senior year. Observational practice and participation practice 

often occur together, where a preservice teacher learns through observations and classroom 

practice with an inservice teacher.  

Elementary preservice teachers are exposed to a wide variety of subjects and they are 

nurtured as generalists while secondary preservice teachers gain advanced knowledge in a 

specific subject matter such as mathematics and are nurtured as specialists in the subject 

mathematics. Such fundamental differences between the two programs result in different types of 

efficacy beliefs in mathematics teaching. This observation leads to developing separate 

instruments for the elementary and the secondary mathematics preservice teachers. A survey 

packet including the informational consent letters, the demographic questionnaire, and the initial 

item pool is appended in the end of this dissertation. 

 

Table 1 

Credit Hours of Teacher Education Program Curricula
 

 Elementary
 

Secondary 

Total 140 140 

Liberal arts  21  21 

Pedagogy  18  18 

Contents 30 + 15
* 

 63 

Methods 38 + 6
* 

 22 

Elective 8  12 

Field Experience 4   4 

 

Note. This information is from the 2009 curriculum of the Korea National University of 

Education. *An elementary education major student in a further study track in a subject, for 

example mathematics, should take more courses in mathematics contents (15 credit hours) and 

methods (6 credit hours). 
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The Three-Article Style Format 

This study discusses the development of two instruments to measure mathematics 

teaching efficacy beliefs; one for Korean elementary preservice teachers and the other for 

secondary preservice teachers. To address this nature of research, a three-article style format is 

considered better appropriate than the traditional five-chapter style format. 

 The first article, A Revision of the Mathematics Teaching Efficacy Beliefs Instrument for 

Korean Preservice Teachers, analyzes Korean mathematics teacher education professors’ review 

of the MTEBI (Enochs, Smith, & Huinker, 2000). So far, the MTEBI, developed in the United 

States, seems the most valid and reliable instrument to measure mathematics teaching efficacy. 

Since teacher efficacy may vary from one culture to another (Lin & Gorrell, 2001), Korean 

teacher education professors’ to mathematics teaching efficacy differ from American professors’ 

perspective. When the MTEBI is used in other culture than the United States, the validity and 

reliability of the MTEBI should be tested within the culture. Unfortunately, the MTEBI, in the 

current state, is not useable for Korean preservice teachers (Ryang, 2007). Development of a new 

instrument is needed for Korean preservice teachers. The result from the article is useful for the 

development of a new instrument. 

The second article, The Development of the Mathematics Teaching Efficacy Scale for 

Elementary Preservice Teachers, presents the development of a new instrument measuring 

mathematics teaching efficacy of Korean elementary preservice teachers. The third article, The 

Development of the Mathematics Teaching Efficacy Scale for Secondary Preservice Teachers, is 

a parallel study to the second article for the secondary mathematics preservice teachers. The 

process of developing an instrument most often entails constructing items and deleting weak 

items. The item pool was initially developed from the literature review and reviews of Korean 
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mathematics teacher education professors. The item deletion undergoes examination using 

various statistical methods such as normality test, exploratory factor analysis and reliability 

analysis, structural equation modeling analysis, and item response theory analysis to search for 

further inappropriate items. Further, these analyses are performed on the two different data sets 

by which cross validity is established on the instrument. 

Significance of the Study 

 This study explored the development of new instruments measuring mathematics 

teaching efficacy beliefs for Korean elementary and secondary preservice teachers. The new 

instrument, the Mathematics Teaching Self Efficacy Scale (MTSES), has three-fold significance:  

 The MTSES is more appropriate than the MTEBI in the study of mathematics 

teaching efficacy of Korean preservice teachers. Mathematics teaching efficacy 

outside the U.S. has not been extensively studied. The MTSES is expected to become 

a useful and trustworthy instrument for Korean preservice teachers. The results of 

studies in which the MTSES is used should expand the current knowledge on teacher 

efficacy and help education scholars to increase global sense forward teacher efficacy 

beliefs.  

 The MTSES is developed using IRT. In contrast to the classical test theory, the 

responses of each item are tested by a mathematical model. This way reduces bias 

reflected in raw scores which might include bias from a specific culture so the 

MTSES will serve as an equitable measure usable in an international study of 

mathematics teaching efficacy. 

 The MTSES has two different forms, one for elementary preservice teachers (Form-

E) and the other for secondary mathematics preservice teachers (Form-S). Each form 
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has been developed from the same item pool, same time span, same region, and by 

the same method. Form-E and Form-S are considered valid and reliable for a study 

comparing the elementary and secondary preservice teachers. The research studies 

using the MTSES would provide trustworthy information on preservice teachers’ 

mathematics teaching efficacy. Results from these studies would be useful for the 

mathematics teacher education professors to conceive idea for improving their teacher 

education program. 
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ONE 

A REVISION OF THE MATHEMATICS TEACHING EFFICACY BELIEFS  

INSTRUMENT FOR KOREAN PRESERVICE TEACHERS  

A teacher’s self-efficacy is a significant psychological construct that influences teacher 

instructional performances and student outcomes (Gibson & Dembo, 1984), and is reemphasized 

as the extent to which teachers believe they control, or at least strongly influence, student 

achievement and motivation (Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998). For over 30 

years, educational researchers have studied teacher efficacy, which includes how it can best be 

measured, how it is related to other variables, such as student achievement, and the significance 

of it. The nature of teacher efficacy may vary according to the academic discipline (Tschannen-

Moran & Hoy, 2001); this led to the development of the Mathematics Teaching Efficacy Beliefs 

Instrument in the United States. However, revising the MTEBI for the preservice teachers 

bounded in a culture of the study is important because teacher efficacy may vary from one 

culture to the next (Lin & Gorrell, 2001).  

This article is to present an investigation of Korean mathematics teacher education 

professors’ linguistic and cultural interpretations of the MTEBI when translated into Korean. The 

Korean-translated MTEBI, revised from these interpretations, is expected to be more valid and 

reliable for Korean preservice teachers. This study, thus, extends our understanding of teacher 

efficacy in mathematics teaching in Korea. 
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Related Research 

Since Bandura suggested social learning theory (1977, 1986), later called situated 

cognitive learning theory (1997, 2006), teacher efficacy has been firmly conceptualized and 

refined. Bandura (1977) discussed that a person’s future behavior can be predicated by one’s 

beliefs about the degree the behavior is efficaciously executed. Bandura (1986) also explained 

that such beliefs are defined by two dimensions of Self Efficacy (SE), a person’s perceived sense 

on one’s own ability executing a given behavior, and Outcome Expectancy (OE), a person’s 

general beliefs on the effect of the executive behavior.  

Gibson and Dembo (1984) adapted Bandura’s theory to develop the Teacher Efficacy 

Scale (TES), which consists of 22 items and has two subscales measuring personal teaching 

efficacy (TE) and general teaching efficacy (GTE). The TE and GTE correspond to SE and OE 

respectively in Bandura’s theory. The TES provided a global measure of teacher efficacy and it 

was modified and used in studies that verified the importance of teacher efficacy as a construct 

(Tschannen-Moran et al., 1998).  

Teacher efficacy is regarded as context specific and subject-matter specific (Tschannen-

Moran et al., 1998), but it is not clear how specifically measuring teacher efficacy is appropriate 

(Tschannen-Moran & Hoy, 2001). Teacher efficacy measures have been developed within 

specific subject areas. Enochs and Riggs (1990) developed the Science Teaching Efficacy 

Beliefs Instrument (STEBI) to measure teachers’ science teaching efficacy. The STEBI was 

constructed to have the two variables, the Personal Science Teaching Efficacy (PSTE), 

corresponding to Bandura’s SE and Gibson and Dembo’s PTE, and Science Teaching Outcome 

Expectancy (STOE), corresponding to Bandura’s OE and Gibson and Dembo’s GTE. Modifying 

the STEBI, Huinker and Madison (1997) developed the Mathematics Teaching Efficacy Beliefs 
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Instrument (MTEBI), later revised by Enochs, Smith, and Huinker (2000). The MTEBI, with 21 

items, has two subscales measuring personal mathematics teaching efficacy (PMTE), consisting 

of 13 items, and mathematics teaching outcome expectancy (MTOE), consisting of eight items.  

The MTEBI is frequently used in measuring preservice elementary teacher efficacy 

beliefs on mathematics teaching in research conducted in the United States (Gresham, 2008; 

Swars, 2005; Swars, Daane, & Giesen, 2006; Swars, Smith, Smith, & Hart, 2009; Utley, Bryant, 

& Moseley, 2005). For use in other culture,  cross-cultural researchers recommend that any 

research instrument used in other cultures needs to be tested in that culture for validity and 

reliability (Hui & Trandis, 1985). Therefore, it is questionable whether the MTEBI can be used 

in other cultural contexts as it is currently written. The MTEBI has been tested in a few instances 

outside the United States. Alkhateeb (2004) translated the MTEBI into Arabic to verify its 

accuracy in Jordan, reporting the reliabilities of the subscales; the PMTE alpha = .84, and the 

MTOE alpha = .75. In another study, Ryang (2007) translated the MTEBI into Korean to test its 

reliability and the validity of the instrument for Korean preservice teachers. He found that the 

MTEBI’s two-factor structure did not provide the accuracy required when used with Korean 

preservice teachers. Therefore, analysis of the data obtained from using the MTEBI for Korean 

preservice teachers may have limitations when the result is interpreted. 

The result of Ryang’s (2007) study indicates that Korean preservice teachers may have 

different perspectives on teaching mathematics based on different socio-cultural backgrounds, in 

addition; and the MTEBI when word-by-word translated into Korean may not be a valid measure 

for Korean preservice teachers. Since English and Korean are very different languages, 

researchers should consider linguistic and socio-cultural dimensions when translating the 

instrument for use in Korea.   
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Method 

Participants 

Four Korean mathematics teacher education professors participated in this study. Each 

professor is either the department chair or the program coordinator of the mathematics education 

in a college of education in Korea. Professor J is a female associate professor of elementary 

education and the mathematics education program coordinator who teaches mathematics 

methods courses for the past 7 years at the Korea National University of Education. She earned 

her Ph. D. in the United States. Professor S is a male full professor of elementary education and 

the department chair who teaches mathematics content courses for the past 20 years at the Jinjoo 

National University of Education. He earned his Ph. D. in Korea. Professor P is a male full 

professor of elementary education and the mathematics education coordinator who teaches 

content and method courses for the past 17 years at the Busan National University of Education. 

He earned his Ph. D. in Canada. Professor Y is a male full professor of secondary mathematics 

education and the department chair who teaches statistics courses for the past 12 years at the 

Kongju National University. He earned his Ph. D. in Korea. The 4 Korean professors were asked 

to review the MTEBI translated into Korean. 

Procedure 

Before its translation into Korean, the MTEBI, developed in the United States (Enochs, 

Smith, and Huinker, 2000), was reviewed by a U.S. professor specializing in mathematics 

education. He suggested changing negative wordings to positive in some items; his suggestion 

was not taken in the translation but considered when the translated MTEBI was analyzed. Then, 

the author and two bilingual graduate students enrolling in a doctoral study in the United States 

individually translated the MTEBI into Korean. Next, the three different versions of the Korean-
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translated MTEBI were compared with each other. Based on translation agreement among the 

three translators, a single version of Korean-translated MTEBI was developed. For example, in 

Item P8, the adverb generally was deleted since it might decrease a personal trait of the PMTE.  

In Item P16, question was specified by mathematics question. Back-translation is a critical to 

check the translation quality (Brislin, 1970), and most widely used and accepted translation 

method for obtaining equivalence between the source language and the target language (Yu, Lee, 

& Woo, 2004). The Korean-translated MTEBI was translated back into English by another 

bilingual graduate student. Comparing the original MTEBI, the translated MTEBI, and the back-

translated MTEBI led to modifications in the translated MTEBI and the back-translated MTEBI.   

For the present study, the four Korean mathematics education professors were asked to 

review this Korean-translated MTEBI. Interviews with reviewers were conducted through e-

mails and one face-to-face meeting in Korea. The reviewers were asked to check the translation 

and appropriate use of language of the MTEBI, specifically the language used for a mathematics 

teacher education of Korean classrooms. In the first e-mail, two documents were attached. The 

first document was the Korean-translated MTEBI, and the second was the review protocol which 

constituted (a) personal information, (b) brief description on the MTEBI, and (c) directions for 

reviewing (See Appendix A). During the review of the translated MTEBI, each professor was 

asked to consider the following question: Do you believe that each item is appropriate for 

measuring a preservice teacher’s mathematics teaching efficacy beliefs regarding their 

mathematical knowledge, skills, and behavior? Why or why not? 

Peer assessment is considered as one of the best way to get a valid evaluation for 

undergraduate education (Chism, 1999, National Research Council, 2003). Each professor, after 

reviewing the MTEBI, was asked to give further comments or suggestions to one other 
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professor’s review (See Appendix B). So, all professors reviewed the MTEBI twice. Follow-up 

discussions between each professor and the author were completed through e-mails. The author 

met two professors among the four professors in an international conference, and the three 

scholars read and discussed the reviews of all professors. The follow-up discussion through e-

mails and the meeting in the conference led to further suggestions and thus final agreement on 

each item for the appropriateness in measuring a preservice teachers’ mathematics teaching 

efficacy beliefs.  

Instrument 

The MTEBI is an instrument to measure the degree in which preservice teachers feel that 

they teach mathematics effectively. This instrument consists of two subscales, Personal 

Mathematics Teaching Efficacy (PMTE), and Mathematics Teaching Outcome Expectancy 

(MTOE). Among the 21 items of the MTEBI, 13 items are of PMTE which describes personal 

beliefs about one’s ability to teach mathematics effectively; and eight items are of MTOE 

describing the expectancy that effective mathematics teaching will result in a positive outcome in 

student’s mathematical learning.  

For this study, the MTEBI was translated into Korean. One of the greatest challenges in 

instrument translation is ―to adapt the instrument in a culturally relevant and comprehensible 

form while maintaining the meaning of the original items‖ (Sperber et al., 1994, p. 502). The 

translators of the instrument were not linguists or cultural anthropologists but bilingual doctoral 

students who understood the context of mathematics teaching efficacy. In spite of the exerted 

effort, described in Procedure, to equate the instruments of the source and target language, 

perhaps some errors might occur in translation.  
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For the convenience in the later data analysis, items were distinguished by initials P or O. 

So, the 13 PMTE items were coded by P2, P3, P5, P6, P8, P11, P15, P16, P17, P18, P19, P20, 

and P21 while the eight MTOE items were coded by O1, O4, O7, O9, O10, O12, O13, and O14. 

The PMTE item is stated in the first person, as well as being written in the future tense since 

preservice teachers are not professional teachers yet, and eight PMTE items were negatively 

worded. In contrast, the MTOE item is stated in the third person, as well as being written in the 

present tense, and they are all positively worded.  

Results 

The analysis from the reviewing process indicated the Korean-translated MTEBI needed 

revising. Agreement on which items were appropriate and which items were inappropriate 

resulted from the review discussion process. For example, one professor questioned whether 

Item P2 (I am continually finding better ways to teach mathematics) could be interpreted as 

showing a teacher’s willingness rather than one’s personal ability to find better ways to teach. 

Another example, Item P15 (I will find it difficult to use manipulatives to explain to students why 

mathematics works) questioned whether the use of manipulatives is common in mathematics 

classrooms in Korea. Other professors opined that Item P2 might be true for educational 

researchers and Item P15 might be true for the inservice teachers; and considered that these two 

items are good enough to preservice teachers. Such considerations were taken into account for 

final agreement of each of the 21 item. At the completion of reviewing, all agreed that only eight 

items were appropriately stated and the other 13 items were in need of revising.    

Appropriate Items 

For this study, all reviewers agreed an item appropriate when no changes needed in 

measuring Korean preservice teachers’ mathematics teaching efficacy beliefs. Reviewers 
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considered that  4 items (P2, P8, P15, P16) out of the 13 PMTE items and the other four items 

(O4, O7, O12, O13) out of the eight MTOE items as being appropriately stated (See Table 1). 

The ratio of appropriateness in the PMTE items was 4/13 = .308, and the ratio of appropriateness 

in the MTOE items was 4/8 = .5. The difference between these two ratios suggests that MTOE 

items might be more appropriately stated than the PMTE items.  

Inappropriate Items 

The reviewers agreed that the content of the items regarding mathematics teaching 

efficacy beliefs were not problematic. However, they indicated that some items have problems in 

how they were translated into Korean. Problems were identified as (a) awkwardness, (b) tense 

disagreement (c) vagueness, (d) multiple meanings, and (e) illogicality (See Table 2). 

An expression in an item is awkward when the language used is contrary to a usual way 

of how it is expressed in Korean. For example, in Item P6, the reviewers discussed that ―[It] is 

okay but not often use; is understandable but not easily acceptable; and is not going well with 

other parts‖. Reviewer J actually said, ―It is awkward.‖ An inappropriate tense agreement 

occurred when a PMTE item was stated in the present tense instead of in the further tense. 

Vagueness was determined when an unclear word was used in the item statement. Reviewers 

stated, ―[The word] is vague so the meaning of the statement is unclear.‖ The problem of 

multiple meanings occurred when an item could be interpreted in more than one way.   

Illogicality was defined on the if-then statement of an MTOE item. Note that all MTOE 

items were positively worded and the items describe the student outcome in mathematics 

learning from the effective mathematics teaching. A sentence logically should have the form; 

if…, then…, where the if-clause, as an assumption, describes a type of effective mathematics 

teaching, then the conclusion about the student outcome follows. If an if-then statement is true, 

then only its contrapositive is true (Ebbinghaus, Flum, & Thomas, 1994). Professor S recognized 
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that some MTOE item are neither the conceptual if-then form nor its contrapositive, which is 

problematic. This type of problem was agreed by one other professor while the two other 

professors suggested that use of such items without revision would be acceptable. All professors 

agreed to the revisions including the problem of illogicality. 

Awkwardness. This category involved the most items and are all PMTE items—P3, P6, 

P18, P19, P20, P21 (See Table 2). The items P3 and P18 are double-problematic; these are 

visited in the section of Multiple Meanings. Regarding Item P6, a reviewer suggested revealing 

who is the doer of mathematics activity. Another reviewer inquired about the meaning of 

monitoring students’ mathematics activities. Thus, an alternative statement put forth was: I will 

not be very effective in monitoring students’ mathematics learning activities in the classroom. On 

Item P19, the phrase at a loss was annotatively translated to fail. Reviewers pointed that this 

word makes the whole sentence awkward. Reviewer P suggested restating this item with positive 

wording. Thus, an alternative is: When a student has difficulty understanding mathematics 

concepts, I will be able to help the student. On Item P20, the word welcome was considered 

awkward used in that context. A suggested alternative was:  When teaching mathematics, I will 

like to answer students’ questions. An alternative put forth by one of the reviewers regarding 

Item P21 involved changing it to: I do not know what to do in order for students to turn on to 

mathematics. However, the reviewers were comfortable using the original sentence as translated 

from English. 

 Tense disagreement. A PMTE item is required to use the future tense, since preservice 

teachers do not teach present but will teach in the future. However, the items P5 and P11 use the 

present tense (See Table 2). Use of future tense for the verbs know and understand is unusual in 

Korea and their translation is awkward. To address this problem, reviewer J suggested to use two 
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clauses in one sentence, one of which uses the present tense (know, understand), and another 

which uses the future tense.  It was recommended to put know or understand in the subordinate 

clause and introduce the main clause with the future tense. For instance, Item P5 can be restated 

as: Since I know already how to teach mathematics concepts effectively, I will not need to learn 

more about it in the future. Similarly, an alternative for Item P11 would be: Since I understand 

mathematics concepts well, I will teach mathematics effectively in the future.   

Vagueness. The items O9, O10, and O14 have vague words and/or phrases (See Table 2). 

On Item O9, the word background is rarely used in Korean education. It is unclear to Korean 

professors what it means concretely. This word can be understood by meanings of knowledge, 

intelligence, performance, attitude, or even home environment. Even though reviewers did not 

suggest any alternatives, use of a more concrete word than background was needed. A possible 

alternative is: A student’s lack of mathematics knowledge can be overcome by good teaching.  

On Item O10, extra attention was connotatively translated with the literal meaning of 

special consideration, which possibly broadens the original meaning. Use of appropriate Korean 

words reflecting the original meaning of English words was suggested. In Item O14, the word 

performance is vague and would be clearer if stated more concretely such as mathematical 

performance. The reviewers noted that mentioning parents comment made the statement lessen 

the focus on students’ interest. The item could be better by changing to: When students show 

more interest in mathematics at school, it is probably due to the performance of the students’ 

teacher. In spite of the change, the item has a logical problem. For detail, see the Illogicality 

section below.    

 Multiple meanings. Three PMTE items and one MTOE item fall into this category 

(Table 2). Item P3 is originally stated as: Even if I try very hard, I will not teach mathematics as 



 

 

19 

 

well as I will most subjects. Ryang (2007) modified and translated the phase as well as I will 

most subjects into Korean as well as other subject-major teacher teaches his/her subject. A 

reviewer pointed out that other subject-major may have multiple meanings. Since elementary 

teachers are generalists whereas secondary teachers are subject specialists, it is unclear for 

elementary preservice teachers whether other subject-major teacher means preservice teachers in 

the mathematics intensive program or ones in a different subject, such as the language intensive 

program. Reviewer J suggested an alternative item: Even if I try very hard, I will not teach 

mathematics as well as mathematics major teachers will teach mathematics. Another reviewer 

argued that elementary education students will understand other subject-major as an extensive 

program, and believed that preservice teachers who like and know mathematics well believe 

themselves to be better mathematics teachers. Another reviewer opined that the phase, even if I 

try very hard, is awkward, and the item’s negative wording is too strong. A suggested alternative 

was: If I work hard in mathematics material study, then I will teach mathematics well.  

On Item P17, the verb wonder meaning doubt, which is negative, was replaced by a 

positive verb regard in the Korean version. Professors J and P pointed out that this item is 

unclear when such skills are acquired, for example, whether during the teacher education 

program or later in one’s teaching career. The item might be regarded to be part of teacher 

professional development. Reviewers did not suggest any alternative items, but they mentioned 

that this item might need to be rewritten. A possible alternative is that: I will have the necessary 

skills to teach mathematics in the future. 

Item P18 was considered as the most problematic by all reviewers. First of all, this item is 

very awkward. Reviewers suggested rewriting the item as, for example: If I select people who 

observe my class, then I will not choose the principal. A problem still exits: the item did not 
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seem to ask about efficacy beliefs. All reviewers agreed that this item seems to ask about 

preferences rather than efficacy beliefs. A possible appropriate item is: I agree to open my class 

to others to observe my mathematics teaching. 

 Item O1 is possibly interpreted by two ways. It can be interpreted that a student’s doing 

better in mathematics is related to a teacher’s extra effort in teaching mathematics. Thus, this 

meaning asks for a belief related to whether a teacher is a factor in having a positive effect on 

student learning. The item’s language also possibly asks for the frequency of such an effect on a 

student learning. The frequency adverb often in this case is asking the responder to consider two 

separate classroom teaching instructions within one item. Thus, an alternative for this item is: 

When a teacher exerts an extra effort in a student’s mathematics learning, the student does better 

than usual in mathematics. This alternative seems as stated backward, which is continuously 

described below.  

Illogicality. The items O1, O10, and O14 were considered illogical (See Table 2). Note 

that an MTOE item has a basic form of the statement: If a teacher teaches mathematics 

effectively, then students show better performances in their mathematics learning. The 

assumption is effective mathematics teaching and the conclusion is student mathematical 

outcome. Only contrapositive is logically equivalent to the basic statement: The converse is not 

equivalent to the original item statement. The converse assumes that students’ better 

performances in mathematics come from effective mathematics teaching. Clearly, a student’s 

mathematics outcome is not assumed as a single variable function of effective mathematics 

teaching. 

For example, Item O1 (When a student does better than usual in mathematics, it is 

because the teacher exerted extra effort)  has the if-then structure where the if-clause 



 

 

21 

 

(subordinate clause) includes a student’s doing mathematics better than usual and then the then-

clause (main clause) includes a teacher’s extra effort. This conversed form opposes the premise 

that the assumption leads to the conclusion.  Interchanging the if-clause and the then-clause will 

give a logical structure on the item: When a teacher exerts an extra effort in a student’s 

mathematics learning, the student does better than usual in mathematics. Similarly, in Item O10, 

moving a teacher’s extra attention from the if-clause to the then-clause makes the statement 

logical. Then, an alternative is: When a mathematics teacher gives extra attention to a low-

achieving student, the student shows progress in mathematics learning. Also, Item O14 is 

changed to: When a teacher’s mathematical performance is good, the teacher’s students show 

more interest in mathematics at school. See Appendix C and D for the revised items. 

Suggested Items 

The reviewers not only suggested modifying existing items but also provided new items 

that are derived from existing items in the instrument. For example, a new item derived from 

Item O9 was: A student’s lack of mathematical knowledge and attitudes can be overcome by 

good teaching. An item derived from Item P16 was: I will be able to give an answer for any 

mathematical questions from students. And items derived from Item P18 were: I have no fear to 

open my class to others; I will teach mathematics well in an open class; I will willingly open my 

class to others, peer teachers or parents; and I am sure of high ratings on the class evaluation. 

Some items were suggested restating by the contrapositive form. For example, Item O1 

has the contrapositive: When a teacher exerts an extra effort in a student’s mathematics learning, 

the student does better than usual in mathematics. Item O7 has the contrapositive: If teachers’ 

mathematics teaching is effective, students have good achievement in mathematics learning. 
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And, Item O10’s contrapositive is that: A teacher’s extra attention to a low-achieving student 

makes the student progress in mathematics.  

 More suggested items followed: I will be able to teach students to easily understand 

mathematics; I will be able to explain a complex mathematical concept in a brief and easy 

manner; and, I will be able to explain mathematics easily to students who think of mathematics 

as being difficult. In particular, Professor Y suggested the following item: I will be able to get a 

student of any achievement level to have a successful experience in mathematics learning and to 

have a happy life. He, in this statement, reflected the departmental teacher education program 

motto, which is to nurture a mathematics teacher who (a) is devoted to their work, (b) is highly 

self-confident and has high self-esteem with regard to his/her teaching effectiveness, (c) loves to 

help students learn, and (d) possesses advanced mathematical knowledge, or connotatively, has a 

profound understanding of mathematics and explains it well. 

Discussion 

Deleted Items in the Previous Study 

The goal of Ryang’s (2007) study was to establish factorial validity and internal 

consistency of the MTEBI in Korea. Among the 21 items of the MTEBI, five items (O1, O7, 

P18, P19, P20) were deleted. The four Korean professors in this study agreed that these past 

deleted items, except Item O7, have problems of multiple meanings, awkwardness, or 

illogicality. Suggestions were made to keep these items with modifications for more appropriate 

wording.  

Preservice teachers viewed Item O7 (If students are underachieving in mathematics, it is 

most likely due to ineffective mathematics teaching) to contribute less than others in measuring 

mathematics teaching efficacy. Perhaps preservice teachers do not believe that students would be 
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underachievers in their mathematics classrooms, since they will provide effective mathematics 

teaching. They also may assume that effective mathematics teaching leads to students’ successful 

achievement in mathematics. Contrary to the preservice teachers, the professors did not see a 

problem with Item O7. The author of this study, however, realized a negative wording with Item 

O7 that was overlooked by the professors. MTOE items are positively stated. Item O7 was 

negatively stated with ineffective teaching in the item. Thus, the contrapositive, logically 

equivalent to the item, restated as: If a teachers’ mathematics teaching is effective, then students 

are overachieving in mathematics. 

Cross-Loading Items in the Previous Study 

The items P2 and O14 were cross-loaded to the other factor in Ryang’s (2007) study. If 

these two items are used in a research study, then the result would not be trustworthy because the 

instrument does not have factorial validity.  Item P2 (I am continually finding better ways to 

teach mathematics) was stated as a PMTE item, and considered appropriately stated in the 

current study. However, its Korean translation was loaded more heavily to the MTOE factor in 

the previous study (Ryang, 2007). This result implies that Korean preservice teachers may view 

this item as a general trait of all teachers; obviously, all teachers continually find better ways to 

teach mathematics (Ryang, 2007). Even though this item could be used without changing the 

wording based on the agreement among the professors, further study needs to look carefully into 

this item.  

In contrast, while Item O14 (If parents comment that their child is showing more interest 

in mathematics at school, it is probably due to the performance of the child’s teacher.) is an 

MTOE item, the Korean translation was more heavily loaded to the PMTE factor in the previous 

study (Ryang, 2007). This item has the problem of vagueness and illogicality as discussed in the 
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earlier sections. Detecting, however, these two problems does not explain why the item cross-

loaded to a factor. Further investigation is needed in future studies.  

Positive and Negative Wordings 

The MTEBI has eight negatively worded items in the PMTE subscale. Before the 

translation, a U.S. mathematics education professor suggested changing the wording from the 

negative to the positive in the items P8, P17, P19 (See Table 2). Especially, he opined that Item 

P8 (I generally teach mathematics ineffectively) is most representative for mathematics teaching 

efficacy so the negative wording of this item makes the whole instrument negatively biased. The 

U.S. professor also suggested changing the verb wonder in Item P17 and the phase at a loss in 

Item P19 to positive wording. In the translation, only the verb wonder in Item P17 was changed 

to verb regard. Thus, the Korean-translated MTEBI now has seven items negatively worded.  

Korean population usually uses a separated negative adverb such as no, not, never when 

they express a negative statement. The Korean professors suggested changing this negative 

wording to a positive wording or express a negative sentence using a negative adverb. For 

example, Item P8 would be clearer for Koreans if it is stated as: I generally do not teach 

mathematics effectively. Nonetheless, the Korean professors did not indicate the negative 

wording of this item because a negative wording in a PMTE item is allowable. Further, they 

chose this item as one of the most appropriate items for measuring personal mathematics 

teaching efficacy. For Item P8, the U.S. professor suggested changing the negative wording to 

positive while the Korean professors chose it is an appropriate item. The item reveals a cultural 

difference between the Korean and the American perspectives on negative wording...   

The Korean professors believe that sequentially stated negative items in a scale might 

influence that a student perceives a pattern of a negative wording occurring in the following 
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item. Thus, fewer negatively worded items in a scale are desirable or, at most, half of the items in 

a scale would be negatively worded. There were seven negatively worded items out of the 13 

PMTE items. However, the Korean professors discussed that if the PMTE scale starts with a 

negative wording item, avoiding sequential negative wording items, seven negative items can be 

put in the PMTE scale. This discussion sounds logical; however, more research about 

determining the number of negative items in a scale is needed.    

Needs for two versions of the instrument 

There exists a fundamental difference between the elementary teacher education program 

and the secondary teacher education program in Korea. Elementary teachers are all-subjects 

generalists while secondary teachers are one-subject specialists. Since the original MTEBI was 

developed for elementary preservice teachers, some items in the MTEBI were not appropriate for 

secondary (mathematics) preservice teachers. Developing a new version of the MTEBI for 

secondary preservice teachers is suggested by Korean professors. For the secondary version, the 

terms, teachers, teaching, and children in the elementary version were changed to mathematics 

teachers, mathematics teaching, and students. 

For examples, the original Item P3 in the MTEBI was stated as: Even if I try very hard, I 

will not teach mathematics as well as I will most subjects. For secondary preservice teachers, the 

clause, as well as I will most subjects, was modified to as well as other subject-major teachers 

do their subjects in the Korean-translated MTEBI. However, this modification to Item P3 would 

still be problematic. For detail explanation, refer to the subsection on multiple meanings under 

the Discussion section. Item P11 was stated as: I understand mathematics concepts well enough 

to be effective in teaching elementary mathematics. In this item, the word elementary was 

removed for the secondary preservice teachers. Item O14 was stated as: If parents comment that 
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their child is showing more interest in mathematics at school, it is probably due to the 

performance of the child’s teacher. In this item, child’s teacher is a classroom teacher for the 

elementary school, but, for secondary school teacher, the wording would be either a homeroom 

teacher or a mathematics teacher. For secondary preservice teachers, child’s teacher was 

changed to students’ mathematics teacher. 

Conclusion 

In cross-cultural studies, equivalence between the source and target instrument should be 

seriously and carefully thought through. Data obtained from translated measures that have not 

been evaluated for equivalence are meaningless (Sperber, Devellis, & Boehlecke, 1994). Since 

linguistic usage is considerably different across cultures, equivalence between two languages 

would not be attained within word-by-word translation. When an instrument is translated from 

one language to another, grammatical sensitivity as well as connotative characteristics including 

culture, experience, syntax, and conceptual interpretation need to be considered (Wang & Lee, 

2006). Considering the cultural and linguistic components, Ryang (2007) posited developing a 

new scale in Korean that better fit Korean preservice teachers’ efficacy beliefs. The current study 

addressed how the MTEBI can be better translated for Korean preservice teachers.  

Analysis from the study found that some items in the Korean-translated MTEBI were 

inappropriately stated in the Korean language. The inappropriateness was due to the problems of 

awkwardness, tense disagreement, vagueness, multiple meanings, and illogicality. For example, 

some negative English expressions were unfamiliar in the Korean language when the sentence 

was literally translated into Korean. In this study, negatively worded items had one or more 

problems listed above. The Korean-translated MTEBI had seven negatively worded items. 

Among them, two items were appropriate, and the other five items were problematic. Also, six 
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items were identified to have problems of awkwardness, and among them, five items were 

negatively worded. These observations indicated that word-by-word translation of English 

negative wording becomes unfamiliar when it is translated into Korean.  

This study revealed that the Korean professors’ unique perspectives to mathematics 

teaching efficacy assisted in clarifying the translation of the MTEBI for their homeland 

preservice teachers. Some items were modified and some new items were suggested to be added. 

In addition, versions of the MTEBI for Korean secondary, as well as elementary preservice 

teachers were developed. See Appendices C and D for the full versions of the revised MTEBI for 

Korean elementary and secondary preservice teachers; see Appendices E and F for the English 

versions.  

Even though the MTEBIs for Korean preservice teachers were revised to have 

trustworthiness, a future study should be conducted to test the reliability and validity of the 

instrument. Also, researchers wanting to use the MTEBI in their cultures may choose to follow a 

similar framework used in this study for revising a source instrument to develop a new target 

instrument for measuring preservice teachers’ mathematics teaching efficacy. 
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Table 1 

Appropriate Items  

 

PMTE Items 

 

P2 I am continually finding better ways to teach mathematics. 

 

P8 

P8* 

I will generally teach mathematics ineffectively. 

I will not teach mathematics effectively. 

 

P15 I will find it difficult to use manipulatives to explain to students why mathematics 

works. 

 

P16 

P16* 

I will typically be able to answer student’s question. 

I will be able to answer students’ mathematics questions. 

 

MTOE Items 

 

O4 When the mathematics grades of students improve, it is often due to their teacher 

having found a more effective teaching approach. 

 

O7 

 

O7* 

If students are underachieving in mathematics, it is most likely due to ineffective 

mathematics teaching. 

If a teachers’ mathematics teaching is effective, then students are overachieving in 

mathematics. 

 

O12 The teacher is generally responsible for the achievement of students in mathematics. 

 

O13 Students’ achievement in mathematics is directly related to their teacher’s effectiveness 

in mathematics teaching. 

 

 

Note. All the back-translations into English of appropriate items in the Korean translated MTEBI 

are not exactly same but equivalent to the original MTEBI items. The items without a mark are 

the original MTEBI whose Korean translation is agreed to be appropriately stated. The items 

with an asterisk were translated back to English from the Korean translated MTEBI. 
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Table 2 

 

Inappropriate Item 

 

Code Item Problems 

O1 When a student does better than usual in mathematics, it is often 

because the teacher exerted a little extra effort. 

Multiple meaning, 

Illogicality 

P3 Even if I try very hard, I will not teach mathematics as well as I 

will most subjects. 

Awkwardness, 

Multiple meaning 

P5 I know how to teach mathematics concepts effectively. Tense 

P6 I am not very effective in monitoring mathematics activities. Awkwardness 

O9 The inadequacy of a student’s mathematics background can be 

overcome by good teaching. 

Vagueness 

O10 When a low-achieving child progresses in mathematics, it is 

usually due to extra attention given by the teacher. 

Vagueness, 

Illogicality 

P11 I understand mathematics concepts well enough to be effective in 

teaching mathematics elementary mathematics. 

Tense 

O14 If parents comment that their child is showing more interest in 

mathematics at school, it is probably due to the performance of the 

child’s teacher.  

Vagueness, 

Illogicality 

P17 I wonder if I will have the necessary skills to teach mathematics. Multiple meaning 

P18 Given a choice, I will not invite the principal to evaluate my 

mathematics teaching. 

Awkwardness, 

Multiple meaning 

P19 When a student has difficulty understanding a mathematics 

concept, I will usually be at a loss as to how to help the student 

understand it better. 

Awkwardness 

P20 When teaching mathematics, I will usually welcome student 

questions. 

Awkwardness 

P21 I do not know what to do to turn students on to mathematics. Awkwardness 

 

Note. Items in this table are the original MTEBI items whose Korean translation is inappropriate. 

Two PMTE items (P3, P18) and three MTOE items (O1, O10, O14) were double-problematic. 

Among the 6 awkward PMTE items (P3, P6, P18, P19, P20, P21), 5 items (P3, P6, P18, P19, P21) 

were negatively worded.  
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Appendix A 

The MTEBI Review Protocol (Translated from Korean) 

Personal Information: 

 Name: 

 Title: 

 Career (Year): 

 Mathematics Specialty: 

  Algebra   Analysis   Geometry   Topology   Statistics   Mathematics Education  

  Other: 

 How much are you interested in mathematics teacher education?  

  A little      Some  Much  Very much 

 

MTEBI Information: 

 The Mathematics Teaching Efficacy Beliefs (MTEBI) measures the feeling of what 

degree preservice teachers teach efficaciously. The MTEBI has two subscales, (a) Personal 

Mathematics Teaching Efficacy (PMTE), and (b) Mathematics Teaching Outcome Expectancy 

(MTOE). The PMTE defines the beliefs of a teacher’s ability to teach mathematics effectively 

while the MTOE defines the beliefs that effective mathematics teaching brings a positive 

outcome in students’ mathematics learning. The PMTE items are all 13 items (2, 3, 5, 6, 8, 11, 

15, 16, 17, 18, 19, 20, 21) and the MTOE items are all 8 items (1, 4, 7, 9, 10, 12, 13, 14). A 

PMTE item is stated in the first person and in the future tense while an MTOE item is stated in 

the third person and in the present tense. Some PMTE items are negatively worded.    

 

Review Directions: 

 The purpose of this review is to obtain your opinion on each MTEBI item’s wording 

regarding the reality of mathematics education in Korea including socio-cultural milieu. Use the 

following five questions to review the 21 items of the MTEBI. 

1. Which of the PMTE items do you think are appropriately state the personal mathematics 

teaching efficacy for your students? Then, why?  

2. Which of the PMTE items do you think are inappropriately state the personal 

mathematics teaching efficacy for your students? Then, why not? 

3. Which of the MTOE items do you think are appropriately state the personal mathematics 

teaching efficacy for your students? Then, why?  

4. Which of the MTOE items do you think are inappropriately state the personal 

mathematics teaching efficacy for your students? Then, why not? 

5. Add a new item you think help to make the MTEBI better. 

 

Thank you for your time. 
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Appendix B 

 

An Excerpt of Peer Reviewed Responses 

 

O1. When a student does better than usual in mathematics, it is often because the teacher 

       exerted a little extra effort. 

 

(Professor J) 

The main clause can include two cases: (1) A reason why a student does better than usual is the 

teacher’s a little extra effort; and (2) When a teacher exerted a little extra effort, it often results 

in better outcome. The case (1) shows a belief that a teacher is one of the factors positively 

influencing to student learning, and the case (2) is interpreted as asking how frequently the 

better outcome of such influence is observed. In my opinion, an item ought to ask one thing only. 

 

(Professor P) 

This item was viewed as the converse of the statement: A teacher’s effort influences student 

outcome. It is far way from logic. 

 

P18. Given a choice, I will not invite the principal to evaluate my mathematics teaching. 

 

(Professor J) 

Words and the statement are very awkward—See Alternative 1. It does not seem to ask 

mathematics teaching efficacy. Interpretation literally as it were, it looks like asking about 

preference to the principal. Rather, for mathematics teaching efficacy, does it appropriate if the 

item focuses on the willingness of class observation?—See Alternative 2. 

Alternative 1: If I can choose persons to observe my class, then I will not choose the principal. 

Alternative 2: If needed, I will agree to open my class to others (such as peer teachers, staff,  

    principal, etc.) 

 

(Professor P) 

You may state the above alternatives more neatly. For example, I have no fear to open my 

class to others; I will teach mathematics well in a class open to others; and I certainly will have 

a high rating at the class evaluation. 
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Appendix C 

The Revised MTEBI for Elementary Preservice Teachers 

 

1 When a student does better than usual in mathematics, it is because the teacher 

exerted extra effort. 

2 I am continually finding better ways to teach mathematics. 

3 Even if I try very hard, I will not teach mathematics as well as I will other 

subjects. 

4 When students’ mathematics grades improve, it is often due to their teacher having 

found a more effective teaching approach. 

5 Since I know already how to teach mathematics concepts effectively, I do not need 

to learn more about it in the future. 

6 I will not be very effective in monitoring students’ mathematics learning activities 

in the classroom. 

7 If students are underachieving in mathematics, it is most likely due to a teacher’s 

ineffective mathematics teaching. 

8 I will not be able to teach mathematics effectively. 

9 The inadequacy of a students’ mathematical performance can be overcome by a 

teacher’s good teaching. 

10 When a teacher gives extra attention to a low-achieving student, the student shows 

progress in mathematics learning.  

11 Since I understand mathematics concepts well, I will teach elementary 

mathematics effectively in the future. 

12 The teacher is generally responsible for the achievement of students in 

mathematics. 

13 Students’ achievement in mathematics is directly related to their teacher’s 

effectiveness in mathematics teaching. 

14 When a teacher’s mathematical performance is good in a mathematics class, the 

students shows more interest in mathematics at school. 

15 I find it difficult to use manipulatives to explain to students why mathematics 

works. 

16 I will be able to answer a student’s mathematics question. 

17 I wonder if I have the necessary skills to teach mathematics in the future. 

18 I will willingly agree to open my class to others to observe my mathematics 

teaching. 

19 When a student has difficulty understanding mathematics concepts, I usually will 

not be able to help the student. 

20 When teaching mathematics, I will like to answer students’ questions. 

21 I do not know what to do to turn students on to mathematics in the future. 
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Appendix D 

The Revised MTEBI for Secondary Preservice Teachers  

1 When a student does better than usual in mathematics, it is because the 

mathematics teacher exerted extra effort. 

2 I am continually finding better ways to teach mathematics. 

3 Even if I try very hard, I will not teach mathematics as well as other mathematics 

teachers will do. 

4 When the students’ mathematics grades improve, it is often due to their 

mathematics teacher having found a more effective teaching approach. 

5 Since I know already how to teach mathematics concepts effectively, I will not 

need to learn more about it in the future. 

6 I will not be very effective in monitoring students’ mathematics learning activities 

in the classroom. 

7 If students are underachieving in mathematics, it is most likely due to the 

mathematics teacher’s ineffective teaching. 

8 I will not be able to teach mathematics effectively. 

9 The inadequacy of a students’ mathematical performance can be overcome by the 

mathematics teacher’s good teaching. 

10 When a mathematics teacher gives extra attention to a low-achieving student, the 

student shows progress in mathematics learning.  

11 Since I understand mathematics concepts well, I will teach mathematics 

effectively in the future. 

12 The mathematics teacher is generally responsible for the students’ mathematics 

achievement. 

13 Students’ mathematical achievement is directly related to their mathematics 

teacher’s effectiveness in mathematics teaching. 

14 When a mathematics teacher’s performance is good in a mathematics class, the 

students shows more interest in mathematics at school. 

15 I find it difficult to use manipulatives to explain to students why mathematics 

works. 

16 I will be able to answer students’ mathematics question. 

17 I wonder if I have the necessary skills to teach mathematics in the future. 

18 I will willingly agree to open my class to others to observe my mathematics 

teaching 

19 When a student has difficulty understanding mathematics concepts, I usually will 

not be able to help the student. 

20 When teaching mathematics, I will like to answer students’ questions. 

21 I do not know what to do to turn students on to mathematics in the future. 

 



 

 

36 

 

 

 

 

TWO 

THE DEVELOPMENT OF THE MATHEMATICS TEACHING EFFICACY SCALE FOR 

KOREAN ELEMENTARY PRESERVICE TEACHERS 

A teachers’ sense of efficacy refers to the teacher’s self-perceived beliefs regarding 

his/her ability to organize and execute courses of actions to successfully accomplish a specific 

teaching task in a particular context (Bandura, 1977, 1986; Tschannen-Moran, Woolfolk Hoy, & 

Hoy; 1998). Efficacy is an influential factor in teaching and learning. Teaching efficacy actions 

can influence student outcomes such as achievement (Ashton & Webb, 1986; Moore & 

Esselman, 1992; Ross, 1992), and motivation (Midgley, Feldlaufer, & Eccles, 1989). Since 

teacher efficacy beliefs are thought to be context specific and subject-matter specific (Bandura, 

2006; Tschannen-Moran et al., 1998), mathematics teaching efficacy is believed to be a powerful 

construct to predict the future behavioral actions of mathematics teachers in teaching 

mathematics in the classroom.  

For the past 25 years, teaching efficacy instruments have been developed using the 

seminal work of Bandura’s theory. The first teaching efficacy instrument was Gibson and 

Dembo’s (1984) Teacher Efficacy Scale (TES). Since then, adapting the TES, teaching efficacy 

instruments has been developed for specific subjects such as the Science Teaching Efficacy 

Beliefs Instrument (Enochs & Riggs, 1990), the Chemistry Teaching Efficacy Beliefs Instrument 

(Rubeck & Enochs, 1991), and the Mathematics Teaching Efficacy Beliefs Instrument (Enochs, 

Smith, & Huinker,2000) which has been widely used in measuring mathematics teaching 
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efficacy (Gresham, 2008; Swars, 2005; Swars, Daane, & Giesen, 2006; Swars, Smith, Smith, & 

Hart, 2009; Utley, Bryant, & Moseley, 2005).  

Equitable instruments are a critical issue in cross-cultural studies since a culture where an 

instrument is developed and used for social and educational research outcomes. Cultural and 

linguistic factors need to be considered when an instrument is used in other cultures (Mpofu & 

Ortiz, 2009). Therefore, great care is necessary when using an instrument to draw conclusions in 

another culture; not doing so may provide false results. However, merely translating an 

instrument from one language to another language is not sufficient to validate an instrument. 

Rigorous testing is required in order to accommodate the instrument to the other culture (Hui & 

Trandis, 1985).   

The purpose of this article is to discuss the development and validation of a new 

instrument, the Mathematics Teaching Self Efficacy Scale (MTSES) for Korean elementary 

preservice teachers. Even though the MTEBI is considered valid and reliable for assessing 

mathematics teaching efficacy in the United States, it does not seem to be so in other cultures. 

Ryang (2007) reported that a Korean-translated MTEBI would be invalid for a research study. In 

order to expand the discussion on mathematics teaching efficacy to Korean preservice teachers, a 

valid and reliable protocol needs to be developed.  

Background 

According to Bandura (1977, 1986, 1997), efficacy beliefs focused on two major 

intertwining variables, personal self-efficacy and outcome expectancy. Briefly, Bandura 

emphasized that personal and outcome efficacy perceptions play key roles for intervening 

variables between stimuli and responses (situational-interaction). Since self-efficacy perceptions 
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are cues from social behaviors, personal cognitive interpretations, and environmental influences 

that intertwine interactively, these perceptions determine resultant action consequences.  

Gibson and Dembo (1984) proposed using Bandura’s theory in studying teachers’ sense 

of efficacy. They stated: 

If we apply Bandura’s theory to the construct of teacher efficacy, outcome 

expectancy would essentially reflect the degree to which teachers believed that 

environment could be controlled, that is, the extent to which students can be 

taught given such factors as family background, IQ, and school conditions.  Self-

efficacy beliefs would be teachers’ evaluation of their abilities to bring about 

positive student change (p. 570) 

 

From their research framework, Gibson and Dembo (1984) developed the Teacher Efficacy 

Scale (TES) to measure the degree of teachers’ sense of efficacy beliefs. The TES consists of 

two subscales, personal teaching efficacy (PTE), corresponding to Bandura’s personal self-

efficacy, and general teaching efficacy (TE), corresponding to Bandura’s outcome expectancy; 

the TES contains originally 30 items but acceptable reliability coefficients were yielded from 

only 16 items. 

Since the development of the TES, addressing a theoretical assumption that efficacy 

belief is situational context-specific (Bandura, 1986), many teacher efficacy instruments have 

been developed within specific subjects. Tschannen-Moran et al. (1998) later concurred with this 

assumption by discussing that teacher candidates within a teacher education program seem to 

support the theory that teacher efficacy is context specific, as well as subject-matter specific. For 

example, Riggs and Enochs (1990), adapting the TES, developed the Science Teaching Efficacy 

Beliefs Instrument (STEBI) that contains two subscales, Personal Science Teaching Efficacy 

(PSTE) and Science Teaching Outcome Expectancy (STOE). Modification of the STEBI into 

other subject-specific teaching efficacy measurement have occurred, for instances, in chemistry, 

the Chemistry Teaching Efficacy Beliefs Instrument (Rubeck & Enochs, 1991).  
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A teacher efficacy instrument in the mathematics subject was also developed. For 

example, Huinker and Enochs (1995) adapted the STEBI into the mathematics context to 

develop the Mathematics Teaching Efficacy Beliefs Instrument. Enochs, Smith, and Huinker 

(2000) later established factorial validity of the Mathematics Teaching Efficacy Beliefs 

Instrument (MTEBI). Enochs, Smith, and Huinker’s MTEBI consists of 21 items, and has the 

two subscales, Personal Mathematics Teaching Efficacy (PMTE), adapted from PSTE, and 

Mathematics Teaching Outcome Expectancy (MTOE), adapted from STOE. The MTEBI has 

been widely used in measuring mathematics teaching efficacy.  

The two-factor structure of the TES, however, has been viewed as problematic. Kushner 

(1993) tested the two-factor model of the TES with Confirmatory Factor Analysis (CFA) on 357 

preservice teachers; the result indicated that the two-factor model did not fit the data very well; 

she concluded that revising or eliminating items from the TES would be necessary. Other 

researchers, using Exploratory Factor Analysis (EFA), tested various factor models such as an 

alternative two-factor model (Guskey & Passaro, 1994), three-factor models (Emmer and 

Hickerman, 1991; Soodak & Podell, 1996; Woolfolk & Hoy, 1990), and a four-factor model (Lin 

& Gorrell, 1998). 

The controversy with the measurement of teacher efficacy led researchers to explore a 

new teacher efficacy scale with different dimensions. Bandura (1990, 2006), for example, 

constructed a 30-item instrument with seven variables; efficacy to influence decision making, 

efficacy to influence school resources, instructional efficacy, disciplinary efficacy, efficacy to 

enlist parental involvement, efficacy to enlist community involvement, and efficacy to create a 

positive school climate. Unfortunately, the validity and the reliability of the instrument were not 

reported. Bandura (1997) later pointed out that teachers’ sense of efficacy is neither necessarily 
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uniform across the many different types of tasks teachers are asked to perform, nor across 

different subject matter. As another example, Tschannen-Moran and Hoy (2001) constructed a 

24-item instrument, the Teacher Self-Efficacy Scale (TSES), with three subscales; efficacy for 

instructional strategies, efficacy for classroom management, and efficacy for student 

engagement. The Cronbach α reliability of the TSES and the three subscales were reported 

by .94, .87, .91, and .90, respectively.  

Brouwers and Tomic (2003) tested the two, three, and four-factor models proposed by 

aforementioned authors using CFA on 540 Dutch teachers; found that the four-factor model 

fitted the data better than the other models but fit indices did not reach the recommended level of 

adequately fitted model. The result concluded that the TES was not suitable for obtaining precise 

and valid information about teacher efficacy beliefs. This conclusion implies that the MTEBI, as 

a variation of the TES might neither be valid nor reliable in obtaining information about 

mathematics teaching efficacy beliefs. Reliability and validity of an instrument are not a one-

point released but an ongoing processed issue.  

There were few studies on the validity and reliability of the MTEBI in other cultures. 

Since teacher efficacy reflects their own perspectives from their social and cultural backgrounds, 

it is necessary to re-test the use of it in other cultures. Alkhateeb (2004) reported that the Arabic 

translated MTEBI has a valid two-factor structure with the reliability α = .84 for PMTE and α 

= .75 for MTOE, suggesting that the MTEBI could be used in Jordan without any change of the 

instrument. In another study, Ryang (2007) translated the MTEBI into Korean to test the 

reliability of the internal consistency and the factorial validity of the instrument. Even after 

deleting six items of low factor loading less than .3 from the 21 items, there still remained two 

items cross-loaded to the other factor, which could decrease the instrument’s validity. Then, the 
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Korean translated MTEBI may provide biased information for preservice teachers’ efficacy 

beliefs.  

 Ryang (2007) hypothesized a new instrument of mathematics teaching efficacy should 

address cultural aspects including the language characteristic and educational philosophy of the 

region where the instrument is used. As a preliminary study for the development of a new 

instrument, Korean mathematics teacher education professors were asked to review the Korean-

translated MTEBI used in Ryang’s (2007) earlier study. The Korean professors, after their 

reviews, agreed modification of the instrument was necessary since they found problems as 

awkwardness, vagueness, multiple meaning, tense disagreement, illogicality (Article One). They 

also suggested adding new items describing mathematics teaching efficacy in the educational 

Korean context. For example, Korean teachers are mandated to regularly invite others, like 

principal, staff, peer teachers, and parents, to their classroom. Thus, an item strongly suggested 

to be added was: I can teach mathematics in a class open to the public. 

Methods 

Participants and Settings 

For this study, data were collected from seven colleges of education out of the 13 

colleges in Korea. The total participants were 1015 Korean elementary preservice teachers (688 

(68.5%) females and 317 (31.5%) males; 147 (14.6%) freshmen, 403 (40.1%) sophomores, 291 

(29.0%) juniors, and 164 (16.3%) seniors). Average age was 22.59 with the standard deviation of 

3.311.  The survey was distributed to the participants in a regular class, and was returned in 30 

minutes. An informed consent form was provided to each participant as well as the program 

coordinators or the department heads before the survey. Eighty six participants did not respond 
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to at least one item; the missing data were listwise deleted so the valid data set was constituted 

from the 919 participants. 

Theoretical Construct and Variables 

 The theoretical construct was mathematics teaching efficacy of elementary preservice 

teachers. The variables for the construct, according to the framework of Bandura’s efficacy 

theory, were personal efficacy beliefs about mathematics teaching and student outcome 

expectancy of mathematics teaching. Thus, the instrument measuring the construct had two 

subscales, Mathematics Teaching Self Efficacy (MTSE), formerly called Personal Mathematics 

Teaching Efficacy in Enoch, Smith, Huinker’s MTEBI, and Mathematics Teaching Outcome 

Expectancy (MTOE). The MTSE items were stated in the first person with the future tense since 

preservice teachers will teach mathematics in the future, while the MTOE items were stated in 

the third person with the present tense since these items described general beliefs about the effect 

of the social and educational culture on student outcome for mathematics teaching. 

Instrumentation 

A body of research provided general characteristics for effective teaching in three areas. 

First, with respect to professional competence, effective teachers are thought to have sufficient 

knowledge of the content area in which they teach, and are able to clearly impart their 

knowledge to their students (Fajet, Bello, Leftwich, Mesler, & Shaver; 2005; Minor, 

Onwuegbuzie, & Witcher, 2000; Segall & Wilson, 1998; Witcher, Onwuegbuzie, & Minor, 

2001). Second, with respect to cultural aspects, characteristics include creativity (Weinstein, 

1990), ability to spark students’ interests (Skamp, 1995), and openness to new teaching styles 

(Weinstein, 1990). Third, with respect to affective qualities, characteristics include being 

student-centered (Minor et al., 2000; Witcher et al., 2001), demonstrating enthusiasm for the 
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profession (Fajet et al. 2005, Witcher et al., 2001), having high expectations (Segall & Wilson, 

1998), having self-confidence (Segall & Wilson, 1998; Skamp, 1995), and being personable 

(Milnor et al. 2000). These characteristics have been incorporated into the development of a new 

instrument for Korean preservice teachers.  

The item pool for the instrument consisted of 58 items including the 21 Korean-translated 

MTEBI items revised in the previous study (Article One). The other 37 items were developed in 

response to the suggestions of the Korean professors, the modification from the MTEBI items, 

and the literature review. The instrument was translated back into English by a bilingual 

education scholar who understood the context of mathematics teaching efficacy. The instruments 

in Korean and English were then compared to each other, modifications were made, and both 

instruments in Korean and English were regarded as being equivalent. Prior to piloting the 

instrument, the items in the back-translated MTEBI were reviewed by U.S. teacher education 

professors. Each item was measured on a 5-point Likert scale from 1 (Strongly Disagree), to 5 

(Strongly Agree). One third of the items were stated in negative wording; as such the data from 

those items were reversely coded (1 = 5, 2 = 4, 4 = 2, and 5 = 1).  

Analysis Procedure  

Testing the instrument twice on the different data sets increases the possibility that the 

instrument is valid and reliable for other participants in other times and in other places, so called 

cross validity. Various statistical methods for this instrument were used to analyze the data. 

Normality of each item was first tested on the data (N = 919). The data (N = 919) was then 

separated into two subsets and different methods were conducted on each data set. EFA and 

Reliability Analysis were conducted with the first data set (N = 419), and CFA and Item 

Response Theory (IRT) analysis were performed with the second data set (N = 500). 
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Exploratory Factor Analysis 

Normality of Items 

 Factor analysis assumes that the observed variables are normally distributed (George & 

Mallery, 2005). In particular, CFA uses Structural Equation Modeling (SEM) where parameters 

are estimated by the Maximum Likelihood method which produces a best-fit solution when 

normality is tested (Bae, 2006). Normality is violated by skewness and kurtosis. Skewness is the 

degree of symmetry of the data, and kurtosis is the degree of proportion of the data in the middle 

to the data in the tail. These are calculated by  

          
       

   ,             
       

    , 

where X is the observed scores, M is the mean, and SD is the standard deviation (Hair, Anderson, 

Tatham, & Black, 1998). These scores are divided by  
 

 
 and  

  

 
  respectively, and are 

translated to Z-scores. If a calculated score is not in the interval [-1.96, 1.96], then the hypothesis 

of normal distribution on the variable data is rejected with the significance level .05. In fact, if p 

value of the combination of skewness and kurtosis in an item is less than .05, then the null 

hypothesis is rejected, and the item is not normally distributed.  In this study, LISREL program 

provided skewness, kurtosis, and their combination values with its p values for each of the 58 

items on the 919 scores; see Table 1. Only on the 25 MTSE items and 10 MTOE items, the p 

values for the combination of skewness and kurtosis were not less than .05; these 35 items 

passed the normality test.  

Principal Component Analysis 

Factor analysis provides evidence for the construct validity of scores (Shultz & Whitney, 

2005; Thompson & Daniel, 1996). The main applications of factor analysis are to reduce the 

number of variables, and to detect a structure in the relationships between variables (Hill & 
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Lewicki, 2007). EFA is a type of factor analysis using Principal Component Analysis (PCA) 

when no guiding hypothesis is assumed. PCA is used when exploring a factor structure in an 

instrument. Use of PCA assumes sampling adequacy and multivariate normality (George & 

Mallery, 2005).  

Rotating factors, when extracting factors, helps to achieve the simple fit where the 

variables have high loadings on one factor and low loadings on the others (George & Mallery, 

2005). There are two rotation methods, orthogonal and oblique rotation. In the orthogonal 

rotation, the vectors are set at 90 degrees to each other, so there is no mathematical correlation 

between the factors since the inner product is zero (Rencher, 2002). This method is frequently 

used when the factors can be assumed independent each other. Varimax is the most common 

orthogonal rotation method. In the oblique rotation, the vectors are set at various angles so the 

factors may be related. When the independence among factors is not assumed, the oblique 

rotation can be used. However, use of this method is little suggested because of the hard 

interpretation (George & Mallery, 2005). The most common oblique rotation method is promax. 

Since the MTSE and MTOE are assumed as intertwining with each other in some way, the 

independence between the two factors are suspect. So, in this study, promax rotation was used.    

When determining the factors, consideration for the number of items loading to a factor, 

the factor loading indices, and whether the items make sense when grouped together need to be 

addressed. Though there is no statistical test to determine the number of factors (Rencher, 2002), 

Kaiser’s eigenvalue criterion and Cattell’s scree test are widely used and generally accepted in 

exploring potential factors. Kaiser (1960; cited in Hill & Lewicki, 2007) suggested that a factor 

should have an eigenvalue greater than 1. Scree plot is a graph of eigenvalues along the potential 
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factors. Cattell (1966; cited Hill & Lewicki, 2007) suggested finding where the smooth decrease 

of eigenvalues appears to level off to the right of the plot.  

In this study, PCA was used in order to check the theoretical claim of the existence of a 

two-factor structure in the 35 items that passed the normality test. Since the instrument was 

developed under the theoretical framework of Bandura’s efficacy theory, each MTSE (25 items) 

and MTOE subscale (10 items) was hypothesized to have a one-factor structure. After discussing 

a one-factor structure in each subscale, then a two-factor structure on the combined scale (35 

items) is discussed. All the 35 items were tested their normality but not for multivariate 

normality. 

MTSE subscale. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy index 

evaluated for the 25 MTSE items was .912 which indicates a good sampling adequacy. Bartlett’s 

test of sphericity was significant (χ
2
 = 3631.423, df = 300, p < 0.001). So, the assumptions for 

conducting factor analysis were met. PCA with promax rotation on the 25 PMTE items initially 

extracted five components with eigenvalues greater than 1. Ratios between the consecutive 

eigenvalues were indicating the slopes between the factors in the scree plot; see Figure 1. The 

first component had a distinctively higher than the others that made a smooth decrease of 

eigenvalues appearing to level off to the right of the plot, so the MTOE subscale has a one-factor 

structure.  

MTOE subscale. The KMO measure of sampling adequacy index was .758, an 

acceptable score. Bartlett’s test of sphericity was significant (χ
2
 = 635.730, df = 45, p < 0.001). 

PCA with promax rotation on the 10 MTOE items initially extracted two components with 

eigenvalues greater than 1. The scree plot suggested that the scale might have a two-factor 

structure rather than a one-factor structure; see Figure 2 (a). The two-factor solution extracted by 
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PCA with promax rotation on the 10 MTOE items indicated that the three items (O36, O45, O35) 

constituted the minor factor. Deleting these items, the remaining seven MTOE items were 

suggested to have a one-factor structure; see Figure 2 (b).  

Entire instrument. The 25 MTSE items and the seven MTOE items were combined into 

a single instrument. The KMO index was .909, and Bartlett’s sphericity test significant (χ
2
 = 

4440.460, df = 496, p < 0.001). PCA with promax rotation on the 32 items initially extracted 

seven components with eigenvalues greater than 1. However, the scree plot indicated that the 

first two components had distinctively higher eigenvalues than the others of which eigenvalues 

made a smooth decrease appearing a flat tail to the right; so a two-factor structure was suggested 

on the 32 items (See Figure 3). PCA with promax rotation extracted two-factor solution on the 

32 items. All O-initial items were loaded to Component 2, and most S-initial items were loaded 

to Component 1. But, some S-initial items (S40, S53, S55) were loaded to Component 2; some 

items (S32, S43, S47, O7) were loaded to both factors with loading indices greater than .30; and 

some items did not loaded to any factor (S48, S50). After deleting these nine items, the 23 items 

consisting of 17 S-initial items and six O-initial items would have increased factorial validity; 

see Table 2. From the factor loading pattern, Component 1 is MTSE and component 2 is MTOE.  

Reliability Analysis 

 In the classical test model, the observed score is the composite of a true score and an 

error score. Reliability is the concept of how close the observed score is to the true score. So, the 

proportion of the true scores to the observed scores provides the reliability. Internal consistency 

coefficient α generally provides a good estimate of reliability (Nunnally & Bernstein, 1994). A 

reliability of  α = .90 or greater is suggested as appropriate; a reliability of α about .80 is as good 

as to make decision about a single individual; a reliability of α around .70 is accepted for only in 
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deciding about a group (Abell, Springer, & Kamata, 2009). There possibly exists an item that 

reduces the reliability of the scale to which the item belongs so removing the item would 

strengthen the scale or global instrument reliability.  

To find such an item in this study, Cronbach α of the scales in the remaining 23 items and 

Cronbach α when an item was deleted were compared for all 23 items; see Table 3. In the 23-

items, the MTSE subscale (17 items) had reliability α = .885, the MTOE subscale (six items) had 

reliability α = .681, and the global instrument (23 items) had reliability α = .883. The removal of 

an item did not increase subscale and global reliabilities. A low reliability level for the MTOE subscale 

indicated that the MTOE subscale may not inappropriate for the use in a research study. Further 

investigation is performed in the next section.  

Summary  

The initial 58 items were tested to see if they are normally distributed. Only 35 items 

passed the normality test. PCA with promax rotation suggested that a two-factor solution is a 

simple fit to the 23 items after deleting 12 items from the 35 items. The MTOE subscale may not 

be reliable for the use in a research study due to its low reliability α = .681.      

Confirmatory Factor Analysis 

 The two-factor model of the 23-item instrument was not confirmed but explored. SEM is 

a statistical method to provide a confirmatory way to test a factor structure in an instrument. 

SEM does not focus on an individual case, but it minimizes the fitted residual matrix, which is 

the difference between the sample covariance matrix and reproduced matrix. The covariance 

matrix of the 15-item model was reported in Appendix A. Parameters such as covariance errors 

between items and/or variables were estimated by the Maximum Likelihood method. In this 

study, LISREL 8.50 program (Jöreskog &Sörbom, 2001 June) was used to conduct CFA of one-

factor model for each subscale and of two-factor model for the entire instrument.  
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Model Fit Indices  

A reproduced model is confirmed if the data fit well the theoretical two-factor model. 

CFA compares the empirical data with a conceptual model to determine if the data may have 

reasonably resulted from the conceptual model. How much the data fit the model can be 

evaluated by a fit index. Since there are various fit indices and they may report different values 

for the same model, use of various indices, rather than a single index, are suggested when 

determining a model (Brown, 2006; Kline, 2005; Hu & Bentler, 1999). In this study, Chi-Square 

(χ
2
), Root Mean Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), 

Standardized Root Mean Square Residual (SRMR), and Goodness-of-Fit Index (GFI) were used 

for determining an appropriate model. 

Chi-Square.  This statistic tests the null hypothesis that the data covariance matrix and 

reproduced covariance matrix are same. By rejecting this null hypothesis for a large χ
2
 statistic, it 

indicates that there is enough evidence saying that the model does not fit the data. But, it is noted 

that χ
2
 is a function of the sample size and the fitting function minimized by maximum likelihood 

estimation (Abell et al., 2009). Thus, for a fixed value of the fitting function, the larger the 

sample size, the larger the χ
2
 statistic. It might happen that the null hypothesis is rejected for a 

large sample, which a model fits well. Alternatively, the ratio of a χ
2
 statistic to its degree of 

freedom (χ
2
/df) is observed. A ratio less than 2 or 3 is considered acceptable (Abell et al., 2009).  

Root mean square error of approximation.  This is a measure of model fit based on the 

degree of noncentrality of the χ
2
 statistic. Noncentrality is a quantity indicating a degree of the 

deviation from the null hypothesis that the data covariance matrix and reproduced covariance 

matrix are the same (Abell et al., 2009). If the model is perfectly fit, then RMSEA is zero. It is 
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suggested to obtain .05 or smaller RMSEA to claim a good fit. In addition, .08 is considered as 

an upper limit for an acceptable fit (Hu & Bentler, 1999).  

Comparative fit index.  This index is related to the difference between the χ
2
 statistic 

and its degrees of freedom for the proposed model and for the null model. CFI is an indicator to 

measure the improvement of fit by the proposed model. This index varies from 0 to 1. A model 

with CFI .90 is acceptable, and a model with CFI .95 or above is an excellent fit (Hu & Bentler, 

1999).   

Standardized root mean square residual.  This is a standardized measure of 

discrepancy between the data covariance matrix and the reproduced covariance matrix based on 

estimated parameter values. A model with SRMR .10 or smaller is claimed as a good fit (Kline, 

2005), but more strictly .05 or smaller SRMR is preferred (Bae, 2006).  

Goodness-of-fit index.  This index measures the quantity of relative variance and 

relative covariance of the data covariance matrix explained by a reproduced matrix (Jöreskog & 

Sörbom, 1989). The range of this index is from 0 to 1. It is suggested to obtain .90 to claim a 

good fit if the sample size is 200 or larger (Bae, 2006).   

Assumption 

 Maximum Likelihood (ML) estimation assumes that variables are normally distributed. 

All the 23 items passed the normality test on the whole data (N = 919). These items also passed 

the normality test on the subset data (N = 500). Another assumption for the use of CFA is 

unidimensionality, indicating that each item should explain a construct in one variable. 

Unidimensionality can be accessed by the existence of a dominating factor in each scale 

(Nandakumar & Stout, 1993). The 23-item instrument was investigated to hold 

unidimensionality from the previous EFA. Also, the scree plots for the MTSE and MTOE 
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subscales of the 23-item model on the new data (N = 500) showed the existence of one 

dominating factor in the subscale; see Figure 4.  

Model Modification 

In this study, the one-factor CFA model in each subscale was tested. By doing so, 

unidimensionality was rigorously established. The two-factor structure, then, on the entire 

instrument was investigated. CFA calculates the factor loading, λ, with its t value, for each item. 

An item with low λ whose t value is less than 2.0 is to be modified (Anderson & Gerbing, 1988). 

Such an item, first, would be deleted. There possibly exists high covariance error between items 

and/or variables that should not be ignored. LISREL detects such items and reports the decrease 

in χ
2
 if a path is allowed between them. An item with the most decrease in χ

2
 is selected to be 

deleted one at a time. 

Subscales. The 17 MTSE items’ fit indices were investigated; see Table 4 (a). Fit indices 

except CFI were not acceptable. χ
2
/df = 594.59/119 = 4.99 was much greater than 3; RMSEA 

= .089 was over an upper limit .08; SRMR = .062 was greater than .05; and GFI = .88 was less 

than .09. After deleting seven items (S24, S8, S56, S18, S20, S15, S29) one at a time which was 

of most decrease in χ
2
, the 10-item model for the MTSE subscale had excellent fit indices (χ

2
/df 

= 1.80, RMSEA = .040, CFI = .99, SRMR = .032, GFI = .98). The λ values of the 10 items were 

at least .25 with t value 6.72; see Table 4 (b). On the other hand, the six MTOE items had very 

good fit indices and acceptable factor loadings; see Table 5. No modification was needed at this 

time. Item O54, however, was flagged for further investigation due to its low level of factor 

loading (λ = .10, t = 2.24).  

Entire instrument. The two-factor CFA model was tested on the entire instrument 

consisting of the 11-item MTSE subscale and the six-item MTOE. Though each subscale was 
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tested on the one-factor model, in the combined instrument some items may load to the other 

factor, for example S16 → MTOE, or have covariance error with an item in the other factor, for 

example O25 ↔ S26. These items were deleted to produce better fit indices; see Table 6. Items 

S11, S22, and S21 were deleted since LISREL suggested putting a path to the other variable (S11 

→ MTOE), or allowing covariance error to an item within other variable (S22 ↔ O54, S21 ↔ 

O44). Deletion of O54 rather than S22 would be desirable since O54 has a low λ value. Deletion 

of S22 and S21, however, produced bigger decrease of χ
2
. Item O54 was still flagged for further 

investigation. Then, a low level of covariance error between a few S-initial items remained 

within the same variable, which could be allowed. After deleting those items, the 15-item model 

had good fit indices (χ
2
/df = 1.51, RMSEA = .032, CFI = .98, SRMR = .036, GFI = .97). 

Construct Validity 

Construct validity is described by the two ways, convergence within a group of items and 

discrimination between the groups of items. Convergent construct validity is the degree to which 

variables that should correlate with the scale score do so, and discriminant construct validity is 

the degree to which variables that should not correlate with the scale score do not so. In CFA, it 

is critical to establish construct validity. In the LISREL program, structural coefficients such as 

factor loading, λ, and covariance error between the variables, φ, can provide construct validity 

evidence for the model. Convergent validity is evidenced by λ and discriminant validity by φ. In 

the 15-item model, each item belongs to only one of the two variables with a high λ coefficient 

with t > 2.0; see Table 7. This result implies that the 15-item model has convergent construct 

validity. Item O54 had the lowest factor loading λ = 0.10 (t = 2.33), which might most hurt the 

instrument’s convergent validity.  
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A way to decide the discriminant validity is to see if the null hypothesis that the two 

variables covariate completely (φ = 1.0) is rejected (Anderson & Gerbing, 1988; cited in Bae, 

2006). In the 15-item model, the φ coefficient between the MTSE variable and the MTOE 

variable was .40 with standard error of measurement SEM = .06. The confidence interval with 

significance level 95% was 

.40 ± 1.96 *.06 = (.2824, .5176), 

and the confidence interval with significance level even 99% was  

.40 ± 2.58 *.06 = (.2452, .5548). 

Since these intervals did not include 1, the null hypothesis was rejected and thus the 18-item 

model had discriminant validity.   

Summary  

 Using the LISREL software program, CFA investigated the one-factor structure for each 

MTSE and MTOE subscale, and then the two-factor structure for the entire instrument on a new 

data set (N = 500). An item of high covariance error with the other variable or with an item in the 

other variable was removed. The one-factor CFA model for each MTSE and MTOE subscale 

suggested deleting five S-initial items. The two-factor CFA model, then, for the entire instrument 

suggested deleting additional three S-initial items. After deleting those eight items, the fit indices 

such as χ
2
/df, RMSEA, SRMR, CFI, and GFI indicated the 15-item model had a good fit to the 

theoretical two-factor model. In addition, structural coefficients λ and φ were used to show that 

the 15-item model had convergent validity and discriminant validity. 

Item Response Theory Analysis 

Item Response Theory (IRT) is a new theoretical basis for educational and psychological 

measurement including development of achievement, aptitude, and personality tests. IRT 
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overcomes many shortcomings of classical test theory on which models based on use such 

statistics as the standard error of measurement, the Spearman-Brown formula, Kuder-Richardson 

formula-20, and related techniques. Classical test theory is based on the theoretical equation, 

Observed Score = True Score + Error. 

So, when the error variance is controlled, the test is reliable. Shortcomings of this standard 

testing method are; (a) the values of item statistics such as item difficulty and item 

discrimination depend on the particular samples, (b) the comparisons of examinees on ability are 

limited to situations where the examinees are administered the same (or parallel) tests, (c) the 

reliability depends on the parallel tests, which is hard to achieve, (d) the classical test model 

provides no basis for determining how an examinee might perform, and (e) the classical test 

model premises that the variance of measurement errors is the same for all examinees 

(Hambleton & Swaminathan, 1985). Briefly, Henard (2004) indicated that the classical test 

model is not item-oriented but test-oriented; therefore, item information is not the emphasis, but 

the whole test is. Item Response Theory (IRT) has been developed to overcome some of the 

problems and assumptions associated with classical test theory and to provide information for 

decision-making that is not available through classical test theory (Hambleton, Swaminathan, & 

Rogers, 1991).  

Assumptions 

IRT does not assume sampling adequacy and normality but assumes unidimensionality 

and local independence. The previous CFA showed that the 18-item model met the 

unidimensionality assumption; the MTSE subscale and the MTOE subscale had a one-factor 

model. The assumption of local independence means that the examinees’ responses on the test 
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items are statistically independent (Hambleton & Swaminathan, 1985; Hambleton, Swaminathan, 

& Rogers, 1991; Henard, 2004). All items in this study were developed independently. 

Item Response Function 

IRT traces the probability on a person’s ability continuation. Probability for a person 

obtaining a correct or incorrect response is calibrated based on the relationship between a 

person’s ability level and item parameters such as discrimination, difficulty, and item pseudo-

chance-level or guessing. A mathematical model explaining such probability is called an item 

response function (Baker & Kim, 2004; Nunnally & Bernstein, 1994; Thorndike & Thorndike-

Christ, 2009). Item Characteristic Curve (ICC) is the graph of the item response function; IRT is 

often referred to as item characteristic curve theory. Distinctively different from classical test 

theory, item parameters and person ability parameters in IRT are invariant. Instead of a raw score, 

persons receive an ability estimate. 

An IRT model is described by an item response function. The 1-parameter logistic (1-PL) 

model is in terms of difficulty; the two-parameter logistic (2-PL) model is in terms of difficulty 

and discrimination, a; and the three-parameter logistic (3-PL) model is in terms of difficulty, 

discrimination, and guessing. These models follow in turn: 

     
    

        
       

        

          

 

              
        

          
    

where   is a person’s ability level, a is item discrimination, b is item difficulty, c is guessing, and 

D is a scaling factor. In the model, difficulty level is determined by the slope of the line tangent 

to the item characteristic curve at θ = 0; discrimination level is determined by the θ value 

satisfying P(θ) = .5; and the item guessing  is determined by the y-intercept. These logistic 

models are applicable for dichotomous (true-false) data. 
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Graded Response Model 

Besides dichotomous models, IRT models for polytomous data were introduced.  For 

example, Samejima (1969) applied a 2-PL model for all options in a multiple-choice item and 

developed an IRT model for ordered categorical data, called Graded Response Model (GRM). 

The probability of an examinee responding to an item in a particular category or higher can be 

given by an extension of the 2-PL model: 

      
 
        

   
        

 

 , 

where bj is the difficulty level for category j in an item. With all categories, say m, m-1 difficulty 

values need to be estimated for each item, plus one item discrimination. The actual probability of 

an examinee receiving a score of the category, say x, is given by  

        
         

      

This model has been widely used for psychological and educational measurements where the 

Likert scale with multiple rating categories is used. This study also used this model to test the 18-

item model. 

Model Fit Indices 

Each response in a multiple-choice item has a curve in the ICC of the item. If there are 

five choices in an item, then there are five curves in the ICC. For example, the ICC of the item 

S26 was shown in Figure 5. The horizontal axis indicates the person ability estimate θ, while the 

vertical axis is the probability level from 0 to 1. A number on a curve, 1 through 5, indicates a 

category. In the figure, a person of ability level 0 would have probabilities: 0 for endorsing 

option 1 (strongly disagree) and option 5 (strongly agree), about 10% for endorsing option 2 

(disagree) and option 4 (agree), and about 80% for option 3 (neutral).  
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Item parameters. Item discrimination is the first index for searching a good item. The 

higher an item’s discrimination is, the better it is. In polytomous model, each choice of an item 

has a difficulty parameter and it is a function of a corresponding threshold, τ, which is a θ value 

on which two consecutive category curves intersect; four thresholds of item S26 are about τ1 = -

2.9, τ2 = -1.2, τ3 = 1.1, and τ4 = 2.8; see Figure 5. If the distances between the two juxtaposed 

difficulties are equivalent so are distances between the thresholds, then the item is regarded as 

being a good item (Baker & Kim, 2004). 

Item information function. As well as item response function or ICC is, item 

information function is critical in IRT. The more information there is at a given θ level, the more 

precise the measurement will be at the θ level (Weiss & Yoes, 1990). In general, the amount of 

information of an item at a given level of θ can be represented by a function; 

      
      

            
   

The graph of the function, called Item Information Curve (IIC), is useful when we see the trait of 

the curve along the θ continuum. For example, IIC of the item S26, the second graph in Figure 5, 

shows that the item is relatively less precise for the persons with ability level θ = 0. But 

information level is high enough at every point of the continuum. An item information curve 

displays the item’s discriminating power at points along the ability continuum. An item with low 

discriminating power is nearly useless statistically (Hambleton, Swaminathan, & Rogers, 1991).  

Other indices.  Besides item parameters and item information function, more indices 

help to develop a measurement. Test (or instrument) information function is the sum of all item 

information functions. Ideal items have a constantly high value of the instrument information 

function along the ability interval including at least (-2, 2). Standard error of measurement of a 

test also gives information of preciseness, which relates to the test information curve; those two 
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curves look symmetric about a virtual horizontal line. MULTILOG calculates marginal 

reliability of a scale as a degree of test preciseness. 

Results 

The nine-item MTSE and the six-item MTOE subscales were investigated separately on 

the new data set (N = 500) by GRM using the MULTILOG 7 software program (Thissen, Chen, 

& Bock, 2003). Since unidimensionality is assumed in the use of MULTILOG, and the 

combined instrument is of two-dimensional, the MULTILOG software program cannot be run 

for the combined instrument. The MULTILOG command file of, for instance, the nine-item 

MTSE subscale was seen in Appendix B.  

Item discrimination and difficulties in each item was reported in Table 6. The a-column 

showed item discrimination level in a subscale; next four bi-columns showed item difficulty 

levels in a subscale. Almost items had a high level of discrimination in the subscale except O54 

whose discrimination level was less than .5. In addition, difficulty levels of O54 was the most 

wide, from -9.60 to 5.48, out of the all 15 items, which indicated that some thresholds may be 

distance away from the ability interval (-3, 3). In fact, only one threshold of the option 3 and 

option 4 were observed in the ICC; see the first graph of Figure 6. Further, the IIC of O54 

showed a low flat, information level about 0.07, on the whole ability continuum interval; see the 

second graph of Figure 6. Marginal reliability of each scale was calculated. The MTSE subscale 

had marginal reliability index .8281, and the six-item MTOE reliability had index .5721. 

Deleting O54 did not increase but even decrease the marginal reliability; after deleting O54, 

MTOE marginal reliability was .5597. Thus, the useless item O54 is deleted from the MTOE 

subscale. The instrument, then, has nine MTSE and five MTOE, with together, 14 items.  
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The two graphs of Figure 7 showed the test information and the standard error curve of 

each subscale. Test information curve and standard error curve. The first graph showed the two 

curves of the nine-item MTSE subscale. The test information curve ranged from 5 to 6.4, and 

standard error curve was no more than 0.45 along the ability continuum. The second graph is of 

the five-item MTOE subscale. The test information was no more than 2.4 and the standard error 

was at least 0.60. From these results, the MTOE subscale is indicated with more weaknesses 

besides the low marginal reliability. The MTOE items’ average information, dividing test 

information by the number of items, is no more than 0.48, and, especially, standard errors are 

more than 0.5 on the whole ability continuum. All together with these weaknesses of this 

subscale, use of an MTOE item or the whole subscale for the mathematics teaching efficacy may 

reduce the accuracy of the measurement. Only the MTSE scale (MTSES) can be used for 

measure mathematics teaching efficacy in a research study. The whole item pool of the 58 item 

was seen Appendix C. The 9 items consisting of MTSES were flagged.  

Summary 

 Accuracy of the 15-item model was tested on GRM using the MULTILOG program. 

Investigation of item discrimination, item difficulties, item characteristic curve, item information 

curve, test information curve, standard error of measurement, and marginal reliabilities detected 

one weak item. Even after deleting the item, the marginal reliability of the nine-item MTSE was 

.8281, and for the five-item MTOE .5597. With other weaknesses of low test information and 

over-high standard error, the MTOE subscale could not be confirmed as a reliable measurement. 

Only the MTSE scale can be used for measuring mathematics teaching efficacy in a research 

study. 
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Conclusion 

In this study, the Mathematics Teaching Self Efficacy Scale (MTSES) was developed to 

measure mathematics teaching efficacy of Korean elementary preservice teachers. Even though 

an existing instrument, the Mathematics Teaching Efficacy Beliefs Instrument (MTEBI), 

developed in the United States, is believed to be reliable, the MTEBI might not be appropriate 

for Korean preservice teachers due to the difference in cultural context between the United State 

and Korea. The MTSES would provide useful and trustworthy information for Korean preservice 

teachers and better contribute to the Korean teacher education program.   

This study focused on establishing the validity and reliability of the MTSES. Though the 

MTEBI’s factorial validity was tested (Enochs, Smith, & Huinker, 2000), it is still questionable 

in that the MTEBI’s prototype scale, Gibson and Dembo’s TES, had inconsistent factor 

structures (Bouwers & Tomic, 2003). In this study, using EFA, the two-factor structure of the 

instrument was explored; further, the two-factor structure of the instrument was investigated by 

CFA. The instrument thus had the two subscales; the nine-item MTSE and the six-item MTOE, 

but the MTOE subscale had Cronbach alpha less than .6. In addition, IRT analysis detected one 

weak O-initial item. After deleting this item, the marginal reliability of the nine-item MTSE 

scale was .8281, and the marginal reliability of the five-item MTOE subscale was .5597. The 

result indicates that the MTSE subscale is reliable for a research study while the MTOE could 

not be used as a single independent scale. Further studies, especially about the validity and 

reliability of the MTOE scale, are strongly suggested.  

A benefit of this study is that the MTSES is more flexible than the MTEBI when the 

instruments are adapted to other cultures. Since teacher efficacy is, in some ways, based on 

cultural beliefs of teachers, an equitable measure is suggested to be used for an international 
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study. For obtaining better equitable instrument, Mpofu and Ortiz (2009) recommended that 

instrument developers use IRT, rather than classical test theory. IRT analysis is theoretically 

accessed by a mathematical model rather than the raw scores in which cultural bias is reflected. 

The MTSES was tested by IRT, which helps to reduce cultural bias even when it is translated to 

other languages.   
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Figure 1. The scree plot of the 25 S-initial items by one-factor PCA with promax rotation. The 

first component has a distinctively higher eigenvalue than the others. The MTOE scale has a one-

factor structure. 
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Figure 2. The scree plot of the MTOE scale by one-factor PCA with promax rotation. The first 

graph is on the 10 items where two eigenvalues are greater than 1 and distinctively higher than 

other eigenvalues indicating that the 10 items may have a two-factor structure. The second is on 

the seven items where only the first eigenvalue dominates the other eigenvalues indicating the 

seven items have a one-factor structure.   

 

(a) Scree plot of the 10 O-initial items 

 

 
 

(b) Scree plot of the seven O-initial items  
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Figure 3. The scree plot of the 32 items by two-factor EFA with the promax rotation method. 

The first two components have distinctively higher eigenvalues than the others. The components 

from the third made a smooth decrease of eigenvalues appearing to level off to the right of the 

plot.  
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Figure 4. The subscale scree plots of the 23-item model on the new data (N = 500). There exists 

only one dominating component in each scale. Unidimensionality assumption is met for CFA.    

(a) MTSE scale 

 
 

(b) MTOE scale 
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Figure 5.  Item characteristic curve and item information curve of the 5th item in the MTSE 

subscale: S26. In the first graph, the thresholds look evenly distributed. In the second graph, the 

amount of information on the ability continuum is no less than 0.5.  
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Figure 6. Item characteristic curve and item information curve of the sixth item in the MTOE 

subscale: O54. In the first graph, the thresholds are hard to look at. In the second graph, the 

amount of information is 0.07 evenly along the ability continuum.  

 

 

 

0

0.2

0.4

0.6

0.8

1.0

-3 -2 -1 0 1 2 3

1

2

3

4

5

Ability

P
ro

b
a
b

il
it

y

Item Characteristic Curv e:  6    

Graded Response Model  

-3 -2 -1 0 1 2 3
0

0.1

0.2

0.3

0.4

0.5

Scale Score

 I
n

fo
rm

a
ti

o
n

Item Information Curv e:  6    



 

 

73 

 

Figure 7. Test information curve and standard error curve. The first is the graph of the two 

curves of the nine-item MTSE subscale. The test information curve is waved from 5 to 6.4, and 

standard error curve is up-side-down to the information curve and no more than 0.45 along the 

ability continuum. The second graph is of the five-item MTOE subscale. The test information is 

no more than 2.4 and the standard error is at least 0.60. 
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Table 1 

Test of Normality for the 58 Items 

 
               Skewness          Kurtosis        Skewness & Kurtosis 

 Variable     Z       p    Z       p     Z      p 

       O1   -2.113   .035      0.364   .716        4.599   .100 

       S2   -2.849   .004     -1.028   .304        9.170   .010 

       S3   -3.151   .002     -2.013   .044       13.979   .001 

       O4   -2.213   .027      2.175   .030        9.629   .008 

       S5   -3.707   .000     -0.858   .391       14.478   .001 

       S6   -1.458   .145     -0.448   .654        2.325   .313 

       O7    0.145   .885     -0.855   .393        0.751   .687 

       S8   -2.276   .023      0.418   .676        5.355   .069 

       O9   -2.657   .008      3.423   .001       18.778   .000 

      O10   -2.421   .015      1.361   .174        7.715   .021 

      S11   -0.202   .840     -0.091   .927        0.049   .976 

      O12   -2.398   .016      2.437   .015       11.688   .003 

      O13   -2.401   .016      0.628   .530        6.161   .046 

      O14   -2.824   .005      0.172   .864        8.004   .018 

      S15   -1.885   .059     -0.050   .960        3.554   .169 

      S16   -1.014   .311     -0.298   .766        1.117   .572 

      S17   -2.193   .028     -1.106   .269        6.032   .049 

      S18   -0.880   .379     -1.226   .220        2.278   .320 

      S19   -2.757   .006      2.888   .004       15.946   .000 

      S20   -1.720   .085     -1.099   .272        4.166   .125 

      S21   -1.583   .113     -0.320   .749        2.608   .271 

      S22    0.456   .648      0.893   .372        1.006   .605 

      S23   -0.139   .889     -0.972   .331        0.964   .618 

      S24   -1.105   .269     -1.431   .152        3.268   .195 

      O25   -1.996   .046      1.085   .278        5.161   .076 

      S26    0.224   .823      1.318   .187        1.788   .409 

      O27   -1.720   .085      3.988   .000       18.864   .000 

      O28   -2.071   .038      4.020   .000       20.447   .000 
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Table 1 Continued. 

 

Test of Normality for the 58 Items 

 
               Skewness          Kurtosis       Skewness & Kurtosis 

 Variable     Z      p    Z       p         Z       p 

      S29   -1.359   .174      1.182   .237        3.245   .197       

      S30   -2.249   .025      1.150   .250        6.380   .041 

      S31   -1.069   .285      0.446   .656        1.341   .511 

      S32   -0.512   .608     -0.091   .928        0.271   .873 

      O33    0.453   .651     -3.622   .000       13.321   .001 

      O34   -0.747   .455     -2.998   .003        9.548   .008 

      O35    0.288   .773     -1.711   .087        3.012   .222 

      O36    2.274   .023     -0.263   .792        5.240   .073 

      O37   -2.486   .013      1.530   .126        8.522   .014 

      S38   -1.848   .065      0.902   .367        4.229   .121 

      O39   -2.372   .018      1.223   .222        7.122   .028 

      O40   -1.705   .088     -0.264   .792        2.977   .226 

      O41   -3.081   .002     -0.065   .948        9.498   .009 

      O42   -0.933   .351     -0.938   .348        1.751   .417 

      S43   -0.196   .844      1.099   .272        1.246   .536 

      O44   -1.550   .121      0.781   .435        3.012   .222 

      O45    2.245   .025      0.510   .610        5.302   .071 

      S46   -2.110   .035      1.900   .057        8.060   .018 

      S47   -1.827   .068      1.350   .177        5.163   .076 

      S48    0.253   .800     -0.423   .672        0.243   .886 

      O49   -2.128   .033      3.263   .001       15.174   .001 

      S50   -0.440   .660     -1.335   .182        1.976   .372 

      S51   -2.416   .016      3.073   .002       15.284   .000 

      O52   -1.519   .129     -0.028   .978        2.307   .316 

      S53    0.372   .710     -0.149   .881        0.161   .923 

      O54   -1.370   .171     -0.260   .795        1.944   .378 

      S55   -0.367   .714      0.744   .457        0.689   .709 

      S56   -1.367   .172     -0.711   .477        2.374   .305 

      O57   -2.187   .029      2.845   .004       12.873   .002 

      S58   -0.560   .575     -1.663   .096        3.080   .214 
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Table 2   

Exploratory Factor Analysis on the 23 Items  

 

Item 

Component 

1 2 

S23 0.760  

S16 0.750  

S22 0.719  

S24 0.696  

S21 0.649  

S11 0.646  

  S8 0.612  

S58 0.596  

S26 0.566  

S29 0.551  

S20 0.538  

S56 0.509  

S15 0.487  

S18 0.447  

S31 0.446  

  S6 0.428  

S38 0.423  

O42  0.798 

O44  0.662 

O25  0.643 

O52  0.589 

  O1  0.570 

O54  0.445 

 

Note. Extraction Method: Principal Component Analysis; Rotation Method: Promax with 

Kaiser Normalization; Rotation converged in three iterations; N = 419. Factor loading values 

less than .30 were erased in the table. All S-initial items were loaded to Component 1 and all O-

initial items are loaded to Component 2.  From this loading pattern, Component 1 is MTSE and 

Component 2 is MTOE. The MTSE factor has the extraction sum of squared loading 6.715 

which explains 29.195% of the total variance. The MTOE factor has the extraction sum of 

squared loading 1.899 which explains 8.257% of the variance. The two factors together account 

for 37.452% of the total variance. 
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Table 3  

 

Reliability Analysis on the 23 Items 

Item α-if-item-deleted 

in a scale 

α-if-item-deleted 

in the global scale 

MTSE   

S23 .875 .875 

S16 .875 .875 

S22 .875 .875 

S24 .877 .876 

S21 .878 .877 

S11 .877 .876 

S8 .878 .877 

S58 .878 .876 

S26 .876 .874 

S29 .877 .875 

S20 .880 .878 

S56 .880 .877 

S15 .883 .880 

S18 .880 .877 

S31 .879 .876 

S6 .885 .882 

S38 .880 .882 

   

α .885  

   

MTOE   

O42 .606 .883 

O44 .630 .881 

O25 .620 .879 

O52 .644 .882 

O1 .659 .883 

O54 .674 .882 

   

α .681  

   

Global α  .883 
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Table 4 

 

MTSE one-factor Model Modification 

 

(a) Model Fit Indices 

 

Modification 
No. 

Items 
χ

2
 df RMSEA CFI SRMR GFI 

 17 594.59 119 .089 .93 .062 .88 

Delete S24 16 450.99 104 .082 .94 .059 .90 

Delete S8 15 353.76 90 .077 .94 .056 .91 

Delete S56 14 274.19 77 .072 .95 .052 .93 

Delete S18 13 196.24 65 .064 .96 .046 .94 

Delete S20 12 144.35 54 .058 .97 .042 .95 

 

 

(b) The 12-Item Model LISREL Estimates (Maximum Likelihood)                            

                

 MTSE 

Item λ SEM t 

S6 .26 .04   7.19 

S11 .48 .03 15.37 

S15 .20 .04   5.23 

S16 .56 .03 14.85 

S21 .35 .04   9.72 

S22 .48 .03 17.06 

S23 .57 .03 16.75 

S26 .44 .03 14.92 

S29 .44 .03 16.32 

S31 .39 .03 13.36 

S38 .26 .03   8.36 

S58 .41 .03 11.93 

 

       Note. SEM = Standard error of measurement 
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Table 5 

 

MTOE one-factor Model LISREL Estimates (Maximum Likelihood)                            

 

 MTOE 

Item λ SEM t 

O1 .30 .05   6.33 

O25 .30 .04   6.95 

O42 .37 .05   7.24 

O44 .37 .05   8.06 

O52 .25 .05   5.00 

O54 .10 .05   2.24 

          

Note. N = 500; χ
2 

=7.96, df = 9, RMSEA < .01, CFI = 1.00, SRMR = .023, GFI = .99. Item O54 

has a low λ value. This item was flagged for further investigation.  
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Table 6 

 

Modification of the two-factor Model to the Entire Instrument 

 

Modification 
No. of 

Items 
χ

2 
df RMSEA CFI SRMR GFI 

 18 258.43 134 .043 .97 .042 .95 

Delete S11 17 223.99 118 .042 .97 .040 .95 

Delete S22 16 165.46 103 .035 .97 .038 .96 

Delete S21 15 134.28   89 .032 .98 .036 .97 

 

Note. Item S11 loaded to the variable MTOE. Item S22 and S21 covariate with O54 and O44, 

but deletion of S22 and S21 decreased more χ
2
, respectively.  
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Table 7 

LISREL Estimates (Maximum Likelihood) of the15-Item Model 

 MTSE  MTOE 

Item λ SEM t  λ SEM t 

S6 .28 .038   7.32     

S15 .22 .039   5.78     

S16 .46 .032 14.35     

S23 .53 .036 14.74     

S26 .41 .031 13.32     

S29 .45 .028 16.24     

S31 .42 .030 13.89     

S38 .28 .032   8.79     

S58 .42 .035 11.82     

O1     0.30 0.046   6.51 

O25     0.31 0.041   7.38 

O42     0.36 0.048   7.39 

O44     0.38 0.043 8.89 

O52     0.24 0.048   4.88 

O54     0.10 0.045   2.33 

 

Note. Covariance between MTSE and MTOE is indexed by φ = .40 with SEM = .06 and t = 6.45. 
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Table 8 

Item Parameters on the 15-Item Model (N = 500) 

Item a b1 b2 b3 b4 

MTSE      

S6 0.81 -.7.23 -3.15 -0.16 3.28 

  S15 0.69 -7.88 -3.30 -0.44 3.90 

  S16 1.85 -4.19 -1.90   0.08 2.18 

  S23 1.85 -2.97 -1.15   0.69 2.34 

  S26 1.64 -3.35 -1.29   1.17 3.14 

  S29 2.32 -5.36 -2.31 -0.22 2.05 

  S31 1.69 -6.21 -2.26   0.02 2.47 

  S38 0.99 -7.90 -3.61 -0.72 2.85 

  S58 1.32 -7.02 -1.41   1.28 2.46 

MTOE      

O1 0.87 -5.45 -2.79 -0.26 3.80 

  O25 1.02 -6.59 -3.35 -0.73 2.76 

  O42 1.02 -4.80 -1.77 0.46 3.68 

  O44 1.30 -7.07 -2.58 -0.27 2.59 

  O52 0.68 -6.16 -2.96 0.17 4.72 

  O54 0.49 -9.60 -5.34 -0.26 5.48 

 

Note. a: item discrimination in the subscale, bi: item difficulties. MTSE marginal reliability is ρ 

= .8281, MTOE reliability is ρ = .5721; after deleting O54, MTOE marginal reliability ρ = .5597. 
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Appendix A  

 

Covariance Matrix of the 15 Items (N = 500) 

 
 
                S6        S15       S16       S23       S26       S29    

                -----     -----     -----     -----     -----     ----- 

      S6        .62 

      S15       .14       .63 

      S16       .13       .10       .54 

      S23       .10       .10       .30       .67 

      S26       .12       .10       .21       .23       .48 

      S29       .13       .08       .20       .22       .18       .41 

      S31       .10       .09       .16       .21       .15       .23 

      S38       .09       .07       .12       .15       .10       .12 

      S58       .14       .09       .18       .23       .17       .18 

      O1        .05       .03       .04       .05       .06       .05 

      O25       .05       .05       .05       .03       .07       .06 

      O42       .08       .00       .02       .04       .10       .05 

      O44       .03       .02       .05       .10       .06       .08 

      O52       .00       .02       .03       .01       .00       .05 

      O54       .02       .03      -.02       .01       .00       .02 

           

 

                S31       S38       S58       O1        O25       O42    

                -----     -----     -----     -----     -----     ----- 

      S31       .46 

      S38       .12       .45 

      S58       .19       .14       .60 

      O1        .06       .01       .02       .60 

      O25       .07       .05       .04       .11       .49 

      O42       .05       .07       .04       .08       .12       .67 

      O44       .08       .09       .07       .11       .10       .14 

      O52       .03       .01       .06       .11       .05       .11 

      O54       .04       .03       .03       .01       .04       .03 

     

 

                O44       O52       O54    

                -----     -----     ----- 

      O44       .49 

      O52       .08       .66 

      O54       .05       .02       .57 
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Appendix B 

MULTILOG Command File for the 9-Item MTSE Subscale  
 

MULTILOG for Windows 7.00.2327.2 

 

>PROBLEM RANDOM,  

         INDIVIDUAL,  

         DATA = 'C:\Elem_GRM_SE_9.,prn',  

         NITEMS = 9,  

         NGROUPS = 1,  

         NEXAMINEES = 500; 

>TEST ALL,  

      GRADED,  

      NC = (5(0)9); 

>END ; 

5 

12345 

111111111 

222222222 

333333333 

444444444 

555555555 

(9A1) 
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Appendix C 

 

The Item Pool for the Instrument  

 
1 When a student does better than usual in mathematics, it is because the teacher exerted extra 

effort. 

2 I am continually finding better ways to teach mathematics. 

3 Even if I try very hard, I will not teach mathematics as well as I will teach other subjects. 

4 When the mathematics grades of students improve, it is often due to their teacher having found 

a more effective teaching approach. 

5 Since I know already how to teach mathematics concepts effectively, I will not need to learn 

more about it in the future. 

6* I will not be very effective in monitoring students’ mathematics learning activities in the 

classroom. 

7 If students are underachieving in mathematics, it is most likely due to ineffective mathematics 

teaching. 

8 I will not be able to teach mathematics effectively. 

9 The inadequacy of a students’ mathematical performance can be overcome by good teaching. 

10 When a teacher gives extra attention to a student with low achievement in mathematics, the 

student shows progress in mathematics learning.   

11 Since I understand mathematics concepts well, I will teach elementary mathematics effectively 

in the future. 

12 The teacher is generally responsible for the achievement of students in mathematics. 

13 Students’ achievement in mathematics is directly related to their teacher’s effectiveness in 

mathematics teaching. 

14 When a teacher’s mathematical performance is good in a mathematics class, the students show 

more interest in mathematics at school. 

15* I will have difficulty in using manipulatives to explain to students why mathematics works. 

16* I will be able to answer students’ questions about mathematics. 

17 I wonder if I have the necessary skills to teach mathematics in the future. 

18 I will willingly agree to open my class to others to observe my mathematics teaching. 

19 When a student has difficulty understanding mathematical concepts, I usually will not be able 

to help the student. 

20 When teaching mathematics, I will like to answer students’ questions. 

21 I do not know what to do to engage students to mathematics in the future. 

22 I am sure that I will get a high rating on the mathematics teaching evaluation.  

23* I will be able to give an answer for any mathematical questions from students. 

24 I will have fear to open my mathematics class to peer teachers, staff, the principal, and parents. 

25 A student’ lack of mathematical knowledge and attitudes can be overcome by good teaching.  

26* I certainly will teach mathematics well in a class to the public. 

27 When a teacher exerts extra effort in a student’s mathematics learning, a student does better 

than usual in mathematics. 

28 If a teacher teaches mathematics effectively, students produce good achievement in a 

mathematics assessment. 

29* I will be able to teach students to easily understand mathematics  

30 I will not be able to explain a complex mathematical concept in a brief and easy manner. 

31* I will be able to explain mathematics easily to get students who think of mathematics as being 

difficult to understand it. 
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Note. The flagged item: MTSES 

  

32 I will be able to get a student of any achievement level to have a successful experience in 

mathematics learning. 

33 A teacher’s effectiveness in mathematics teaching has little influence on the mathematics 

achievement of students with low motivation. 

34 A teachers’ increased effort in mathematics teaching produces little change in some students’ 

mathematics achievement.  

35 The low mathematics achievement of some students cannot generally be blamed on their 

teachers. 

36 Even a teacher with good mathematics teaching abilities cannot help some students learn 

mathematics well.  

37 If a teacher has adequate skills and motivation in mathematics teaching, the teacher can get 

through to the lowest-achieving students in mathematics. 

38* When a student has difficulty with a mathematics problem, I will be usually able to adjust it to 

the student’s level. 

39 Individual differences among teachers account for the wide variations in student mathematics 

achievement.  

40 When I really try hard, I can get through to most unmotivated students of mathematics.  

41 A teacher is very limited in what a student can achieve because the student’s home 

environment is a large influence to their mathematics achievement. 

42 Teachers are the most powerful factor to student mathematics achievement. 

43 I will be able to implement an innovative mathematics teaching strategies. 

44 If a student masters a new mathematics concept quickly, this usually is because a teacher knew 

the necessary steps in teaching that concept.  

45 Even a teacher with good mathematics teaching abilities may not reach all students. 

46 I will be able to help my students think mathematically. 

47 I will get students to believe they can do well in mathematics. 

48 I will gauge students’ comprehension of mathematics immediately.   

49 A teacher’s use of good questions critically helps students’ mathematics learning. 

50 I will have a difficulty in adjusting mathematics lessons to the proper level for individual 

students. 

51 I will be able to provide an alternative explanation/example when students are confused with 

some mathematical concepts. 

52 If a teacher gets students to work mathematical tasks together, then their mathematical 

achievement increases. 

53 I will usually give differentiated teaching in a mathematical lesson.  

54 A teachers’ use of non-mathematical knowledge in mathematics teaching helps students 

understand the mathematical concept.  

55 I will succeed to motivate students low-achieving in mathematics. 

56 I will be usually hard to make students enjoy and learn mathematics. 

57 A teacher’s encouragement can lead students’ enhancement in mathematical performances. 

58* I will not explain some mathematical concepts very well. 
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THREE 

THE DEVELOPMENT OF THE MATHEMATICS TEACHING SELF EFFICACY  

SCALE FOR SECONDARY PRESERVICE TEACHERS 

Teacher efficacy is a self-perceived theoretical construct in organizing and executing 

actions to accomplish a specific teaching task in a particular context setting (Tschannen-Moran, 

Woolfolk Hoy, & Hoy, 1998).  Research continues to explore a better fit in developing 

measurements for identifying teachers’ efficacy beliefs. Early research by Gibson and Dembo 

(1984), applying Bandura’s (1977) self-efficacy theory, developed the Teacher Efficacy Scale 

(TES). Since then, the TES has been the primary measurement used in later studies of teacher 

efficacy to identify instructional effectiveness (Ashton & Webb, 1986; Gibson & Dembo, 1984; 

Guskey, 1987; Hoy & Spero, 2005; Tschannen-Moran & Hoy, 2001; Wertheim & Leyser, 2002), 

the influence on student academic achievement (Ashton & Webb, 1986; Moore & Esselman, 

1992; Ross, 1992), and student motivation (Midgley, Feldlaufer, & Eccles, 1989). 

Inspired by teacher efficacy studies, Bandura (1986) considered teacher efficacy to be 

context specific. Supporting Bandura’s theory, Tschannen-Moran et al. (1998) suggested teacher 

efficacy also to be subject-matter specific. For instance, Enochs, Smith, and Huinker (2000) 

redesigned the Mathematics Teaching Efficacy Beliefs Instrument (MTEBI), from an earlier 

version by Huinker and Enochs (1995), to include context specific and subject-matter specific 

items. Because the MTEBI was developed in the United States, reliability and validity of the 

instrument is a concern when it is used in other cultures. Modification of the MTEBI or a new 

instrument should be considered rather than use of the original MTEBI.   
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Culture significantly influences social and educational research studies, forcing a more 

equitable assessment that is valid and reliable for different cultures (Mpofu & Ortiz, 2009). 

Merely translating an instrument from one language to another language is not sufficient to 

validate the instrument. Rather, testing is necessary to accommodate another socio-cultural 

background (Hui & Trandis, 1985). In response, Ryang (2007) tested the MTEBI for Korean 

elementary preservice teachers. The result indicated that the MTEBI had less validity and 

reliability for Korean preservice teachers, followed by the development of a new instrument, the 

Mathematics Teaching Self Efficacy Scale (MTSES), which is considered to better predict 

Korean elementary preservice teachers’ future behavior in their mathematics teaching (Article 

Two).  

This article discussed the development of an instrument to measure mathematics teaching 

efficacy for Korean secondary preservice teachers. Due to the conceptual differences between 

the elementary and the secondary teacher education program in Korea, modifying the elementary 

MTSES does not provide trustworthiness for the secondary preservice teachers. Some items 

needed to be deleted, other items needed to be changed in wording, and other items needed to be 

added. The new instrument will provide in what degree secondary preservice teachers feel about 

their future mathematics teaching. The measurement of the efficacy will contributes to evaluate 

and reform a mathematics teacher education program.  

Related Research 

According to Bandura (1977, 1986, 1997), efficacy beliefs focused on two major 

intertwining variables, personal self-efficacy and outcome expectancy. Briefly, Bandura 

emphasized that personal and outcome efficacy perceptions play key roles for intervening 

variables between stimuli and responses (situational-interaction). Since self-efficacy perceptions 
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are cues from social behaviors, personal cognitive interpretations, and environmental influences 

that intertwine interactively, these perceptions determine resultant action consequences.  

Gibson and Dembo (1984) suggested the study of teacher efficacy under Bandura’s 

efficacy theory. They stated that: 

If we apply Bandura’s theory to the construct of teacher efficacy, outcome 

expectancy would essentially reflect the degree to which teachers believed that 

environment could be controlled, that is, the extent to which students can be 

taught given such factors as family background, IQ, and school conditions. Self-

efficacy beliefs would be teachers’ evaluation of their abilities to bring about 

positive student change (p. 570) 

 

Based on this theoretical foundation, Gibson and Dembo (1984) developed the Teacher Efficacy 

Scale (TES). Since then, the TES has been widely used in teacher efficacy research, adding new 

information and better understanding on teacher efficacy. Because self-efficacy is situational 

context-specific (Bandura, 1986), determining the level of specificity is one of the issues in the 

measurement of efficacy beliefs. Tschannen-Moran et al. (1998) reported that teacher candidates 

within a teacher education program seem to support the theory that teacher efficacy is context 

specific, as well as subject-matter specific. Addressing this issue earlier, Riggs and Enochs 

(1990) developed the Science Teaching Efficacy Beliefs Instrument that contains two subscales, 

personal science teaching efficacy and science teaching outcome expectancy. Adapting this 

instrument, Huinker and Enochs (1995) developed the Mathematics Teaching Efficacy Beliefs 

Instrument. Later, Enochs, Smith, and Huinker (2000) established factorial validity of the 

Mathematics Teaching Efficacy Beliefs Instrument (MTEBI), which is the most popular and 

widely used instrument measuring mathematics teaching efficacy.  

Since teacher efficacy beliefs reflect their own perspectives from their social and cultural 

background, it is necessary to re-test the use of the MTEBI for other cultures. In one study, for 

example, Alkhateeb (2004) reported that the Arabic translated MTEBI can be used in Jordan 
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without making changes to the instrument. In another study, Ryang (2007) translated the MTEBI 

into Korean to test the reliability and validity of the MTEBI for Korean elementary preservice 

teachers. The results indicated that the original MTEBI did not have two-factor structure, 

positing a need for a more valid and reliable instrument for Korean preservice teachers.     

 As Ryang (2007) indicated, a new instrument of teacher efficacy is hypothesized to 

address cultural aspects including language characteristics and educational philosophy of the 

region where the instrument is used. In a preliminary study (Article One) for the current study, 

Korean professors provided informative feedback and suggestions. They, in particular, 

considered the differences—in vision, purpose, curriculum, and student qualification—between 

the elementary and the secondary teacher education program in Korea, hypothesizing that 

mathematics teaching efficacy between the two groups is different. From this hypothesis, the 

instrument required two different forms, one for elementary and the other for secondary 

preservice teachers.  

In the previous study (Article Two), the newly developed instrument, the Mathematics 

Teaching Self Efficacy Scale was only for elementary preservice teachers. The MTEBI also is 

only for elementary preservice teachers. This article expands the discussion from the MTSES for 

elementary preservice teachers to the development of an instrument to measure mathematics 

teaching efficacy beliefs of secondary preservice teachers.    

Methods 

Theoretical Construct and Variables 

 The theoretical construct that the instrument will measure is mathematics teaching self-

efficacy. According to the framework of Bandura’s self-efficacy theory, personal self-efficacy 

with regard to mathematics teaching and general expectancy with regard to student outcome will 
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serve as variables for the construct. These two variables are referred to as the scales of 

Mathematics Teaching Self Efficacy (MTSE) and Mathematics Teaching Outcome Expectancy 

(MTOE). The MTSE items are stated in the point of view of the first person, using the future 

tense since subjects will teach mathematics in the future, while the MTOE items are stated in the 

third person point of view, and with the present tense since these items describe general beliefs 

of educational community on student outcome for mathematics teaching.  

Instrumentation 

The original item pool consisted of 58 items including the 21 items revised from the 

MTEBI (Article One), interviews with Korean mathematics teacher education professors, and 

literature review. The items were written in English and then were translated into Korean, the 

language of all the participants of this study. First, the author, a native Korean speaker, translated 

the English survey into the Korean language. Second, the English version was also translated 

into Korean by two Korean education professors. Third, the Korean version was then translated 

back into English by another professor of teacher education in the United States. Lastly, all 

versions in the Korean and English languages were compared to each other; editions and 

modifications were made so the surveys in the two languages were regarded as being equivalent. 

Before piloting the items, they were screened by Korean and U.S. mathematics teacher 

educators. Each item is a five-point Likert scale from 1 (Strongly Disagree) to 5 (Strongly 

Agree). About one third of the items were stated with negative wording, but the data from those 

items was re-coded as (1 = 5), (2 = 4), (4 = 2), and (5 = 1).  

Data Collection 

The data was collected from 10 universities that house secondary mathematics teacher 

education programs. Participants were preservice teachers enrolling at these programs. The 
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survey was distributed to the participants in a regular class. The survey consists of a 

questionnaire about the participant’s demographic and the efficacy scale. The informed consent 

form was provided to each participant as well as the program coordinators or the department 

heads before the survey. The total number of cases was nine hundred and eighty one, in which 

there were 441 (45.0%) women, 583 (54.8%) men and 2 unreported cases; there were 224 

(22.8%) freshmen, 212 (21.6%) sophomores, 266 (27.1%) juniors, and 279 (28.4%) seniors. The 

average age was 21.6 years; nine subjects did not report their age. Of the 981 cases, 84 cases 

included missing responses for one item or more. The missing data was listwise deleted so the 

valid data set has 897 cases.  

Analysis Procedure 

The item normality was first tested on the whole data set (N = 897). Then, the data were 

separated into two subsets on each of which different statistical methods were used. On the first 

data set (N = 387), Exploratory Factor Analysis (EFA) and Reliability Analysis were conducted; 

on the second data set (N = 500), Confirmatory Factor Analysis (CFA) and Item Response 

Theory (IRT) analysis were performed. Testing the instrument twice on the different data set 

increases the possibility that the instrument is valid and reliable for other participants in other 

times and/or places, so called cross-validity.  

Exploratory Factor Analysis 

Normality of Items 

 A statistical analysis assumes that the observed variables are normally distributed. In 

particular, CFA uses Structural Equation Modeling where parameters are estimated by the 

Maximum Likelihood method which produces a best-fit solution when normality was tested. 

Skewness and kurtosis are violations of normality, and the significance of the combination of 
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these two is used to determine if an item is violated from the normal distribution. All of the 58 

items were tested to determine if the 897 cases were regarded as being normally distributed. 

Table 1 showed skewness, kurtosis, and their combination with their p-values in each item of the 

pool of the 58 items. If the p-value of the skewness kurtosis combination is less than .05, then the 

items cannot be concluded as being normally distributed.  Items passing the normality test were 

32 items.   

Principal Component Analysis  

The main applications of factor analytic techniques are to reduce the number of variables, 

and to detect structure in the relationships between variables, that is to classify variables (Hill & 

Lewicki, 2007). Factor analysis thus provides evidence for the construct validity of scores 

(Shultz & Whitney, 2005; Thompson & Daniel, 1996). As a method of EFA, Principal 

Component Analysis (PCA) was first used in order to check the theoretical claim of the existence 

of a two-factor structure in the 32 items that passed the normality test. Since the instrument was 

developed under the theoretical framework of Bandura’s efficacy theory, each MTSE and MTOE 

scale of the instrument are hypothesized to have a one-factor structure. So, the one-factor 

structure is discussed on each MTSE and MTOE scale, and then a two-factor structure is 

discussed on the global scale. Factor analysis, however, has the assumptions of sampling 

adequacy and multivariate normality (George & Mallery, 2005). These two assumptions are 

tested first on each scale.  

When factors are extracted, a method of rotating factors is often used, which more 

efficiently reveals a factorial structures on an instrument. Varimax and promax are most widely 

used rotation methods. Varimax, an orthogonal rotation method, is used when the variables are 

assumed linearly independent while promax, an oblique rotation method, is used when the 
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variables are not assumed independent each other. In this study, since the two variables are 

assumed as intertwined each other, promax method was used to run EFA. When exploring 

potential factors, Kaiser’s eigenvalue criterion and Cattell’s scree test are used to determine the 

factors. Kaiser (1960; cited in Hill & Lewicki, 2007) suggested that a factor should have an 

eigenvalue greater than 1. Scree plot is a graph of eigenvalues along the potential factors. Cattell 

(1966; cited Hill & Lewicki, 2007) suggested finding where the smooth decrease of eigenvalues 

appears to level off to the right of the plot.  

MTSE scale. The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy index 

evaluated for the 20 S-initial terms was .904 which indicates a good sampling adequacy. 

Bartlett’s test of sphericity was significant (χ
2
 = 2488.242, df = 190, p < .001). So, the 

assumptions for conducting factor analysis were met. PCA with promax rotation on the 20 

MTSE items initially extracted 4 components with eigenvalues greater than 1. Ratios between 

the consecutive eigenvalues were indicating the slopes between the factors in the scree plot; see 

the first plot of Figure 1. The first component had a distinctively higher than the others and the 

second component is a bit higher than the others to the right that made a smooth decrease of 

eigenvalues appearing to level off of the plot, which suggested a two-factor structure in MTSE. 

A two-factor solution extracted by PCA with promax rotation on the 20 S-initial items indicated 

that the 6 items (S22, S23, S26, S16, S11, S29) constituted the minor factor. The scree plot, after 

deleting these 6 items, suggested that the remaining 14 S-initial items have a one-factor 

structure; see the second plot of Figure 2.  

MTOE scale. The KMO measure of sampling adequacy index was .801, an acceptable 

score. Bartlett’s test of sphericity was significant (χ
2
 = 791.000, df = 66, p < .001). So, the 

assumptions for conducting factor analysis were met. PCA with promax rotation on the 12 
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MTOE items initially extracted three components with eigenvalues greater than 1. The scree plot 

suggested that the scale might have a two-factor structure rather than a one-factor structure; see 

the first plot of Figure 2. The two-factor solution extracted by PCA with promax rotation on the 

12 O-initial items indicated that the 3 items (O35, O36, O45) constituted the minor factor. The 

scree plot after deleting these three items, suggested that the remaining nine O-initial items have 

a one-factor structure; see the second plot of Figure 2.  

Entire instrument. The 14 S-initial items and the nine O-initial items were combined 

into a single scale of the 23 items. The KMO index was .895, and Bartlett’s sphericity test 

significant (χ
2
 = 2223. 558, df = 253, p < .001). PCA with promax rotation on the 23 items 

initially extracted five components of eigenvalues greater than 1. However, the scree plot 

indicated that the first two components had distinctively higher eigenvalues than the others of 

which eigenvalues made a smooth decrease appearing a flat tail to the right; so a two-factor 

structure was suggested on the 23 items; see Figure 3. PCA with promax rotation extracted two-

factor solution on the 23 items. All S-initial items were loaded to Component 1 and all O-initial 

items were loaded to Component 2, except S40, O44, and O57 which were loaded to both 

components—factor loading indices greater than .30 to both factors. After deleting those thee 

items, the 20 items consisting of 13 S-initial items and seven O-initial items would have 

increased factorial validity; see Table 2. From the factor loading structure, Component 1 is 

MTOE and Component 2 is MTOE.  

Reliability Analysis 

 In the classical test model, the observed score is the composite of a true score and an 

error. Reliability is the concept of how close the observed score is to the true score. So, the 

proportion of the true scores to the observed scores provides what degree the test is reliable. The 
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20 items may include an item which reduces the subscale reliability and/or the entire instrument 

reliability. By removing such weak items, scale reliability would be strengthened. As internal 

consistency index, Cronbach α in relation to α-if-item-deleted was inspected; see Table 3. In the 

20-item scale, the 13-item MTSE subscale reliability was α = .745, the seven-item MTOE 

subscale reliability was α = .679, and the global reliability α = .787. The removal of item S56 

increased both subscale and global α, and the removal of item O54 also made subscale reliability 

weakened. After deleting those two items, the 12-item MTSE reliability is α = .823; the six-item 

MTOE α = .680; the 18-item global α = .828.  

Summary  

All the 58 items were tested for normal distribution. Only 32 items passed the normality 

test. EFA suggested deleting 12 items to use the remaining 20 items. Reliability analysis 

suggested deleting two items. Then the 18-item instrument have reliabilities; MTSE α = .823, 

MTOE α = .680, and the global α = .828.  

Confirmatory Factor Analysis 

 The two-factor model of the 18-item scale was not confirmed but explored. Structural 

Equation Modeling (SEM) is a statistical method to provide a confirmatory way to test a factor 

structure in a scale. SEM is often called Covariance Structure Analysis in that SEM does not use 

the row data but reads covariance between two items as a matrix form.SEM does not focus on an 

individual case, but it is a statistical method that minimizes the fitted residual matrix, that is, the 

difference between the sample covariance matrix and reproduced matrix. In this study, LISREL 

8.50 program (Jöreskog &Sörbom, 2001 June) was used to conduct SEM. The covariance matrix 

of the final version of the instrument was reported in Appendix A. Parameters such as loadings 

between variables and measurement errors of the observed variables were estimated by the 

Maximum Likelihood method. 
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Assumptions 

 Maximum Likelihood (ML) estimation assumes that variables are normally distributed. 

All the items of the 18-item scale passed the normality test on the whole data (N = 919). These 

items also passed the normality test on the subset data (N = 500). Another assumption for use of 

SEM is unidimensionality that each item should explain a construct in one latent variable. 

Unidimensionality can be evaluated by the existence of a dominating factor in each scale 

(Nandakumar & Stout, 1993). The scree plots for the MTSE and MTOE scales of the 18-item 

model on the new data (N = 500) showed the existence of one dominating factor in the scale; see 

Figure 4.  

Goodness-of-Fit Indices  

The theoretical two-factor model is confirmed if the data fits the model well. CFA 

compares the empirical data with a conceptual model to determine if the data may have 

reasonably resulted from the conceptual model.  There are many indices indicating how well the 

data fit the model. When evaluating a model, use of a couple fit indices is suggested rather than 

use of a single index. Chi-square statistic is used for measuring the model fitness. Alternatively, 

the ratio of χ
2
 to its degree of freedom is served as a fit index. In this study, in addition to χ

2
 and 

df, various fit indices were investigated: Root Mean Square Error of Approximation (RMSEA), 

Standardized Root Mean Square Residual (SRMR), Comparative Fit Index (CFI), and Adjusted 

Goodness-of-Fit Index (AGFI) are investigated. Criterion for the goodness in each index follows: 

χ
2
/df  less than 2 or 3 is acceptable (Abell, Springer, & Kamata, 2009); RMSEA has an upper 

bound .08 but below .05 is desirable (Hu & Bentler, 1999), SRMR less than .10 is acceptable 

(Kline, 2005) but more strictly less than .05 is preferred (Bae, 2006); an acceptable CFI is .90 but 
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.95 or above is an excellent fit (Hu & Bentler, 1999); AGFI of .90 is good if the sample size is 

200 or larger (Bae, 2006).  

Model Modification 

In this study, the one-factor CFA model in each subscale was tested. By doing so, 

unidimensionality was rigorously established. The two-factor structure, then, on the entire 

instrument was investigated. CFA calculates the factor loading, λ, for each item. An item with 

low λ, whose t value is less than 2.0, is to be modified (Anderson & Gerbing, 1988). Such an 

item, first, would be deleted. There possibly exists high covariance error between items and/or 

variables that should not be ignored. LISREL detects such items and reports the decrease in χ
2
 if 

a path is allowed between them. An item with the most decrease in χ
2
 is selected to be deleted 

one at a time. 

Subscales. The 12 MTSE-items’ fit indices were investigated; see Table 4 (a). Some fit 

indices were not satisfactory: χ
2
/df = 238.36/54 = 4.441 > 3, RMSEA = .073 > .05 even less than 

an upper limit .08, SRMR = .052 > .05. After deleting 2 items (S15, S53) one at a time which was 

of most decrease in χ
2
, the 10-item model for MTSE had excellent fit indices (χ

2
/df = 2.79, 

RMSEA = .053, CFI = .96, SRMR = .038, AGFI = .95). The factor loadings of the 10 items were 

at least .27; see Table 4 (b). On the other hand, the six MTOE items had very good fit indices 

(χ
2
/df = 2.06, RMSEA = 0042, CFI = .98, SRMR = .027, AGFI = .98), and acceptable factor 

loadings; see Table 5. No modification was needed at this time.  

Entire instrument. The 10-item MTSE and the six-item MTOE were combined, and 

then the two-factor CFA model was tested on the entire instrument. Though each subscale was 

tested on the one-factor model, in the combined instrument some items may load to the other 

variable, for example O7 → MTSE, or have covariance error with an item in the other variable, 
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for example O13 ↔ S32. These items were deleted to produce better fit indices; see Table 6. 

Items O7, O25, and O13 were deleted since LISREL suggested putting a path to the other 

variable (O7 → MTSE, O25 → MTSE), or allowing covariance error to an item within other 

variable (O7 ↔ S21, O13 ↔ S32). Especially, O13 and S32 had covariate exclusively each other. 

Deletion of O13, rather than S32, produced better fit indices. Then, a low level of covariance 

error between a few S-initial items remained within the same variable, which could be allowed. 

After deleting those three items (O7, O25, O13), the 13-item model had good fit indices (χ
2
/df = 

2.02, RMSEA = .040, CFI = .96, SRMR = .034, AGFI = .96). 

Construct Validity 

Construct validity is described by the two ways, convergence within a group of items and 

discrimination between the groups of items. Convergent construct validity is the degree to which 

variables that should correlate with the scale score do so, and discriminant construct validity is 

the degree to which variables that should not correlate with the scale score do not so. Convergent 

validity is evidenced by each factor loading which are statistically significant if the t-value is 

greater than 2.0 (Anderson & Gerbing, 1988; cited in Bae, 2006). Every item in the 13-item 

model had a λ coefficient with t > 2.0; see Table 7. 

A way to decide the discriminant validity is to see if the null hypothesis that the two 

variables covariate completely (φ = 1.0) is rejected (Anderson & Gerbing, 1988; cited in Bae, 

2006). In the 12-item model, the φ coefficient between the MTSE variable and the MTOE 

variable is .70 with standard error .04. The confidence interval with significance level 95% is 

.70 ± 1.96 * .04 = (.6216, .7784), 

and the confidence interval with significance level even 99% is  

.45 ± 2.58 * .04 = (.5968, .8032). 
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Since these intervals do not include 1, the null hypothesis is rejected and thus the 12-item model 

has discriminant validity.  

Summary  

 Using the LISREL 8.80 software program, CFA investigated the one-factor structure for 

each 12-item MTSE and six-item MTOE subscale, and then the two-factor structure for the 

entire instrument on a new data set (N = 500). An item of high covariance error with the other 

variable or with an item in the other variable was removed. The one-factor CFA model for each 

MTSE and MTOE subscale suggested deleting two S-initial items. The two-factor CFA model, 

then, for the entire instrument suggested deleting three O-initial items. After deleting those five 

items, the fit indices indicated the 13-item model had a good fit to the theoretical two-factor 

model. In addition, structural coefficients λ and φ were used to show that the 13-item model had 

convergent validity and discriminant validity. 

Item Response Theory Analysis 

Overview 

A standard way to develop a test considers errors that definitely occur when an examinee 

takes the test; an observed score is the sum of the true value and the error. If the error variance is 

controlled, then the test is reliable. This classical idea, however, has many shortcomings: (a) the 

values of item statistics such as item difficulty and item discrimination depend on the particular 

samples; (b) the comparisons of examinees on ability are limited to situations where the 

examinees are administered the same (or parallel) tests; (c) the reliability depends on the parallel 

tests, which is hard to achieve; (d) the classical test model provides no basis for determining how 

an examinee might perform; (e) the classical test model premises that the variance of 

measurement errors is the same for all examinees (Hambleton & Swaminathan, 1985). Briefly, 
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Henard (2004) indicated that the classical test model is not item-oriented but test-oriented; 

therefore, item information is not the emphasis, but the whole test is.  

In order to overcome the weakness of the classical test theory, a new theoretical approach 

has been suggested. Item Response Theory (IRT), while classical test theory appeals raw scores 

on data, relies on a mathematical model which can correct error variance from biases on the raw 

score reflecting cultural aspects. Based on this, Mpofu and Ortiz (2009) suggested the use of IRT, 

rather than the classical test theory, in developing an instrument. By doing so, the instrument 

would be more equitable and be used in a cross-cultural study. 

IRT traces the probability on a person’s ability continuation. The probability for an 

examinee to obtain a correct or incorrect response is calibrated based on the relationship between 

person ability and item parameters such as item difficulty, item discrimination, and item pseudo-

chance-level or guessing. Instead of a raw score, participants receive an ability estimate. An IRT 

model relies on the item response function, whose graph is called Item Characteristic Curve 

(ICC), which depicts the relationship between a person’s ability level and the probability of 

obtaining the correct answer (Baker & Kim, 2004; Nunnally & Bernstein, 1994; Thorndike & 

Thorndike-Christ, 2009). Distinctively different from classical test theory, item parameters and 

person ability parameters in an IRT model are invariant. Through the IRT analysis, the reliability 

of a scale can be tested and improved.  

Graded Response Model  

An IRT model is a mathematical equation where probability of responding a correct 

answer is a function with respect to a person’s ability level, θ, in terms of item parameters—

difficulty, b; discrimination, a; and guessing, c. The one-parameter logistic (1-PL) model is in 

terms of difficulty, b; the two-parameter logistic (2-PL) model is in terms of difficulty, b,  and 



 

 

102 

 

discrimination, a; and the three-parameter logistic (3-PL) model is in terms of difficulty, b, 

discrimination, a, and guessing, c. These models follow in turn: 

     
    

        
       

        

          

 

              
        

          
    

where D is a scaling factor. In the model, difficulty level is determined by the slope of the line 

tangent to the item characteristic curve at θ = 0; discrimination level is determined by the θ value 

satisfying P(θ) = 0.5; and the item guessing  is determined by the y-intercept. These logistic 

models are applicable for dichotomous (true-false) data. 

In addition to the models for dichotomous data, Samejima (1969) developed, based on 

the 2-PL model, the Graded Response Model (GRM) that can be applicable to all options in a 

multiple-choice item. This model assumes that the responses of an item are not nominal but 

ordered. The probability of an examinee responding to an item in a particular category or higher 

can be given by an extension of the 2-PL model: 
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where bj is the difficulty level for category j in an item. With all categories, say m, (m-1) 

difficulty values need to be estimated for each item, plus one item discrimination. The actual 

probability of an examinee receiving a score of the category, say x, is given by  

        
         

      

This model has been widely used for psychological and educational measurements where 

the Likert scale with multiple rating categories is used. This study also uses this model to test the 

18-item model. Samejima’s GRM has been widely used for instruments of psychological and 

educational measurement where a Likert scale with multiple rating categories is used. The 
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current study also used the GRM to test the 13-item model for a mathematics teaching efficacy 

instrument.  

Assumptions 

GRM requires assumptions of unidimensionality and local independence. The theoretical 

model for the instrument is a two-factor unidimensional model. In the previous CFA, the 10-item 

MTSE and the three-item MTOE fitted well a one-factor model, and they, together each other, 

fitted well the conceptual two-factor model. The model, thus, met the unidimensionality 

assumption. The assumption of local independence means that the examinees’ responses on the 

test items are statistically independent (Hambleton & Swaminathan, 1985; Hambleton, 

Swaminathan, & Rogers, 1991; Henard, 2004). All items in the scale were developed 

independently. 

Conceptual Indices 

Each response in a multiple-choice item has a curve in the ICC of the item. If there are 

five choices in an item, then there are five curves in the ICC. For example, the ICC of the item 

S11 is shown in Figure 5. The horizontal axis indicates the person ability estimate θ, while the 

vertical axis is the probability level from 0 to 1. Each curve was labeled by a number from 1 

through 5 indicating the category. In the figure, if a person has ability level of 1, then the 

probabilities of endorsing option 1 and option 2 were very close to zero, while the probability of 

endorsing option 3 were about 25%, option 4 about 65%, and option 5 about 10%.  

Item parameters. In polytomous model, item difficulty parameter of a response is the 

ability level at which half of participants answer the item with the response. Item difficulty 

parameters, bj, of an item are a function of thresholds, τj, which are θ values on which two 

consecutive category curves intersect; four thresholds of item S48 were about τ1 = -4.5, τ2 = -2, 
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τ3 = 0.2, and τ4 = 2.4 (See Figure 5). The more equivalent the distances between the two 

juxtaposed difficulties (so the distances between the thresholds) are, the better an item is 

regarded (Baker & Kim, 2004). Item discrimination parameter, a, describes how well an item 

differentiates participants at the middle response’s difficult level. The higher discrimination an 

item has, the better the item is. The MULTILOG software program reports item discrimination 

and item difficulty values of each item.   

Item information curve. As well as item response function or ICC is, item information 

function is critical in IRT. The more information there is at a given θ level, the more precise the 

measurement will be at the θ level (Weiss & Yoes, 1990). In general, the amount of information 

of an item at a given level of θ can be represented by a function; 

      
      

            
   

The graph of the function, called item information curve, is useful when we see the trait of the 

curve along the θ continuum. An item information curve displays the item’s discriminating 

power at points along the ability continuum. An item with low discriminating power is nearly 

useless statistically (Hambleton, Swaminathan, & Rogers, 1991).  

Test information curve and standard error curve. Test information curve is the sum of 

item information curves which describes how much information the instrument provides along 

the ability continuum of the participants. Ideal items have a constantly high value at each ability 

levels of the interval (-2, 2). The standard error curve is the ―standard deviation of the 

asymptotically normal distribution of the maximum likelihood estimate of ability for a given true 

value of ability (Hambleton, 1991, p.95).‖ These two curves are related; those two curves look 

symmetric about a virtual horizontal line. Mathematically, the test information curve is the 

reciprocal of the squared standard error function.  



 

 

105 

 

Marginal reliability. Even though item parameters, item information curve, test 

information curve, and standard error curve are all help to measure the reliability of an 

instrument, IRT provides a single index of reliability for a scale. A marginal measurement error 

was defined as 

  
  

             

       
 

where      is the standard error function derived from the test information function and      is 

the ability distribution of the sample population. Then the marginal reliability of an instrument is 

defined as the ratio of the variance of no marginal measurement error to the total variance, that is,  

  
            

 

        
   

Results 

The 10-item MTSE and the 3-item MTOE subscales were investigated separately on the 

new data set (N = 500) by GRM using the MULTILOG 7 software program (Thissen, Chen, & 

Bock, 2003). Since unidimensionality is assumed in the use of MULTILOG, and the combined 

instrument is of two-dimensional, the MULTILOG software program cannot be run for the 

combined instrument. The MULTILOG command file of, for instance, the 10-item MTSE 

subscale was seen in Appendix B.  

Item discrimination and difficulties in each item was reported in Table 6. The a-column 

showed item discrimination level in a subscale; next four bi-columns showed item difficulty 

levels in a subscale. Each item had high levels of discrimination and difficulty. The 10-item 

MTSE scale had marginal reliability ρ = 0.8591 and the three-item MTOE marginal reliability ρ 

= 0.5878. The test information and the standard error curve of each subscale were investigate; 

see Figure 6. The 10-item MTSE subscale had information greater than 6 and standard error less 
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than .35 in the interval (-2, 2) of the ability continuum. The three-item MTOE subscale had 

information about 2.3 and standard error about .5 or greater on the interval (-2, 2) of the ability 

continuum. The higher level of standard error hurt a scale’s reliability in the sense of classical 

test theory. The MTOE subscale’s higher level of standard error resulted in its low marginal 

reliability less than ρ = 0.6. The result indicates that the use of an MTOE item or the whole 

subscale in measuring mathematics teaching efficacy may produce unreliable information. Only 

the MTSE Scale (MTSES) can be used for measure mathematics teaching efficacy in a research 

study. The whole item pool of the 58 item was seen Appendix C where the 10 MTSES were 

flagged.  

Summary 

 GRM was used to investigate the accuracy of the 13-item model for the instrument. Item 

parameters (discrimination, difficulties), item characteristic curve, item and test information 

curve, standard error curve, and marginal reliabilities suggested not using the MTOE items in a 

research study due to its low reliability. 

Conclusion 

Efficacy beliefs are a powerful indicator for preservice teachers’ instructional 

effectiveness. Though the MTEBI is considered valid and reliable for assessing elementary 

preservice teachers’ mathematics teaching efficacy beliefs in the United States, it was 

inappropriate for Korean elementary preservice teachers. So, a new instrument, the Mathematics 

Teaching Self Efficacy Scale (MTSES) was developed. Because these instruments do not 

provide appropriate information for secondary preservice teachers, another instrument for 

secondary preservice teachers is required. This article discussed the extension of the MTSES for 
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the elementary preservice teachers (Form-E) and the development of the MTSES for Korean 

secondary preservice teachers (Form-S).  

The study focused on establishing the instrument’s validity and reliability of the MTSES 

Form-S. Normality test was given to delete items with skewness and kurtosis. For validity, using 

EFA, the two-factor structure of the instrument was explored, and further, using CFA, the two-

factor structure was confirmed.  For reliability, internal consistency was tested on the row scores 

as well as using a theoretical IRT model. Statistical analyses confirmed Form-S being 

appropriate and useful to predict preservice teachers’ efficacy beliefs in mathematics teaching. 

Even though the validity and reliability of the MTSES Form-S was thoroughly investigated in 

this study, since these properties are not invariant, more research is needed to investigate the two 

properties of the instrument.  

Results from this study indicate the MTSES Form-S is regarded as a trustworthy 

predictor for secondary preservice teachers’ mathematics instructional effectiveness. The 

information from the MTSES Form-S is useful for Korean mathematics teacher education 

professors to identify strengths and weaknesses of their secondary preservice teachers’ 

mathematics teaching efficacy beliefs, as well as, reflecting over the findings to reforming the 

current mathematics teacher education program in Korea.  

Since teacher efficacy is based on cultural beliefs of teachers, an equitable instrument 

should be used for a cross-cultural study (Mpofu & Ortiz, 2009). The use of IRT in the 

development of the MTSES Form-S, where a mathematical model rather than the row scores was 

analyzed, increased the chance to reduce cultural bias. The MTSES Form-S thus can be used for 

cross-cultural studies with confidence.  
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Figure 1. The scree plot of the 20 S-initial items. The first component has a distinctively higher 

eigenvalue than the others, which indicates that the MTSE scale has a one-factor structure. 
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Figure 2. The scree plots of the MTOE scale. The first graph is the on the 12 items where two 

eigenvalues are greater than 1 and distinctively higher than other eigenvalues, indicating that the 

12 items may have a two-factor structure. The second graph is the on the nine items after 

deleting three items where the first eigenvalue dominates the other ones, indicating that the eight 

items may have a one-factor structure. 
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Figure 3. The scree plot of the 18 items. The first two components have distinctively higher 

eigenvalues than the others. The components from the third made a smooth decrease of 

eigenvalues appearing to level off to the right of the plot.  
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Figure 4. Scree plots of the two subscales on a new data (N = 500). There exists only one 

dominating component in each scale. Especially, the second highest eigenvalue is less than or 

very closed to 1, indicating such a component is useless as a factor. Unidimensionality 

assumption is met for the use of CFA.    

(a) MTSE scale 

 
 

(b) MTOE scale 
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Figure 5.  Item characteristic curve and item information curve of the eighth item in the MTSE 

subscale: S48. The first threshold is considered around -4.5. The other thresholds are around -2, 

0.2, 2.4. In the second graph, the amount of information on the ability continuum is about 0.5.  
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Figure 6. Test information curve and standard error curve. The first is the graph of the two 

curves of the 9-item MTSE subscale. The test information curve is waved from 5 to 6.4, and 

standard error curve is up-side-down to the information curve and no more than 0.45 along the 

ability continuum. The second graph is of the five-item MTOE subscale. The test information is 

no more than 2.4 and the standard error is at least .60. 
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Table 1 

Test of Normality for the 58 Items 

 
              Skewness         Kurtosis      Skewness & Kurtosis 

 Variable    Z      p  Z      p      Z       p 

       O1  -1.306   .191     0.237   .813        1.762   .414 

       S2  -4.924   .000    -4.432   .000       43.892   .000 

       S3  -4.048   .000    -3.010   .003       25.444   .000 

       O4  -2.059   .039     2.611   .009       11.059   .004 

       S5  -3.530   .000    -0.605   .545       12.825   .002 

       S6  -2.014   .044     0.364   .716        4.188   .123 

       O7   0.684   .494    -0.662   .508        0.905   .636 

       S8  -2.955   .003     0.212   .832        8.777   .012 

       O9  -2.419   .016     1.336   .181        7.639   .022 

      O10  -2.703   .007     0.219   .827        7.355   .025 

      S11  -0.706   .480    -0.826   .409        1.180   .554 

      O12  -2.207   .027     1.560   .119        7.305   .026 

      O13  -1.678   .093     0.159   .874        2.842   .241 

      O14  -2.827   .005     0.595   .552        8.346   .015 

      S15  -1.801   .072    -0.005   .996        3.244   .198 

      S16  -1.839   .066     0.192   .848        3.419   .181 

      S17  -3.494   .000    -1.619   .105       14.828   .001 

      S18  -1.496   .135    -2.101   .036        6.653   .036 

      S19  -2.645   .008     1.766   .077       10.115   .006 

      S20  -2.132   .033    -2.214   .027        9.446   .009 

      S21  -1.880   .060    -0.416   .677        3.708   .157 

      S22   0.612   .540     0.625   .532        0.765   .682 

      S23  -1.227   .220    -0.758   .449        2.081   .353 

      S24  -2.191   .028    -2.031   .042        8.925   .012 

      O25  -2.181   .029     0.946   .344        5.652   .059 

      S26   0.359   .720     0.355   .723        0.255   .880 

      O27  -2.080   .038     2.483   .013       10.490   .005 

      O28  -2.271   .023     3.056   .002       14.496   .001  
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Table 1 Continued 

 
              Skewness         Kurtosis      Skewness & Kurtosis 

 Variable    Z      p  Z      p       Z      p 

      S29  -1.461   .144     0.561   .575        2.449   .294 

      S30  -2.272   .023     0.992   .321        6.149   .046 

      S31  -0.975   .329    -0.545   .586        1.248   .536 

      S32  -1.175   .240    -0.596   .551        1.737   .420 

      O33   0.506   .613    -3.783   .000       14.566   .001 

      O34  -0.649   .516    -2.843   .004        8.505   .014 

      O35   0.118   .906    -1.905   .057        3.642   .162 

      O36   2.137   .033    -1.062   .288        5.693   .058 

      O37  -2.303   .021     0.908   .364        6.130   .047 

      S38  -2.059   .040     1.327   .184        6.001   .050 

      O39  -2.375   .018     1.557   .119        8.065   .018 

      S40  -1.480   .139    -0.877   .380        2.960   .228 

      O41  -3.464   .001    -1.323   .186       13.748   .001 

      O42  -0.932   .351    -1.378   .168        2.768   .251 

      S43  -0.093   .926     0.479   .632        0.238   .888 

      O44  -1.872   .061     0.722   .470        4.026   .134 

      O45   1.979   .048    -0.517   .605        4.185   .123 

      S46  -1.922   .055     1.941   .052        7.463   .024 

      S47  -2.039   .041     1.023   .306        5.205   .074 

      S48  -0.121   .904    -0.157   .875        0.039   .980 

      O49  -2.198   .028     1.753   .080        7.905   .019 

      S50  -0.582   .561    -1.332   .183        2.112   .348 

      S51  -1.772   .076     2.768   .006       10.804   .005 

      O52  -1.521   .128    -0.758   .449        2.887   .236 

      S53   0.138   .891    -0.703   .482        0.513   .774 

      O54  -1.538   .124    -0.178   .859        2.397   .302 

      S55  -0.511   .609    -0.056   .955        0.265   .876 

      S56  -1.565   .118    -0.465   .642        2.666   .264 

      O57  -2.005   .045     0.478   .633        4.248   .120 

      S58  -1.749   .080    -1.751   .080        6.125   .047 
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Table 2   

Principal Component Analysis on the 20-Item Model 

 

Item 

Component 

1 2 

S31 .698  

S32 .679  

S56 .679  

S21 .677  

S55 .651  

S38 .567  

S43 .554  

S15 .544  

S47 .535  

S50 .523  

S48 .522  

S53 .418  

S6 .391  

O13  .784 

O42  .680 

O7  .673 

O1  .590 

O25  .438 

O52  .414 

O54  .301 

 

Note. Factor loading value less than .3 were erased in the table. All S-initial items are loaded to 

Component 1 and all O-initial items are loaded to Component 2.  From this loading structure, 

Component 1 is MTSE and Component 2 is MTOE. The MTSE factor has the extraction sum of 

squared loading 5.210 which explains 26.048% of the variance. The MTOE factor has the 

extraction sum of squared loading 1.951 which explains 9.755% of the variance. The two factors 

together account for 35.801% of the total variance.  
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Table 3  

 

Reliability Analysis on the 20-Item Model 

Item α-if-item-deleted 

in a scale 

α-if-item-deleted 

in the global scale 

MTSE scale   

S31 .709 .769 

S32 .701 .765 

S56 .823 .826 

S21 .721 .777 

S55 .708 .766 

S38 .720 .773 

S43 .715 .770 

S15 .734 .782 

S47 .717 .769 

S50 .725 .777 

S48 .720 .774 

S53 .719 .768 

S6 .739 .782 

   

α .745  

   

MTOE scale   

O13 .641 .776 

O42 .675 .772 

O7 .639 .786 

O1 .617 .780 

O25 .647 .773 

O52 .654 .775 

O54 .680 .786 

   

α .679  

   

Global α  .787 

   

 

Note. The removal of S56 increases both subscale and entire instrument Cronbach α. The 

removal of O54 does not increase the entire instrument α but does increase the subscale α. These 

two items are suggested to be deleted. After deleting those items, the 12-item MTSE α = .823; 

the MTOE α = 0680; the global α = .828. 
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Table 4 

 

MTSE one-factor Model Modification 

 

(c) Model Fit Indices 

 

Modification 
No. 

Items 
χ

2
 df RMSEA CFI SRMR AGFI 

 12 238.36 54 .073 .90 .052 .91 

Delete S15 11 154.54 44 .063 .93 .044 .94 

Delete S53 10   97.81 35 .053 .96 .038 .95 

 

 

(d) The 10-Item Model LISREL Estimates (Maximum Likelihood)                            

                

 MTSE 

Item λ SEM t 

S6 0.27 0.035   7.81 

S21 0.40 0.036 11.11 

S31 0.52 0.027 18.95 

S32 0.54 0.031 17.18 

S38 0.40 0.029 13.51 

S43 0.40 0.027 14.70 

S47 0.49 0.028 17.73 

S48 0.41 0.031 13.40 

S50 0.34 0.040   8.65 

S55 0.51 0.030 17.10 

Note. SEM = Standard error of measurement  
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Table 5 

 

MTOE one-factor Model LISREL Estimates (Maximum Likelihood)                            

 

 MTOE 

Item λ SEM t 

O1 .35 .035   10.28 

O7 .38 .040     9.57 

O13 .50 .037   13.50 

O25 .37 .036   10.16 

O42 .60 .042   14.45 

O52 .37 .043     8.58 

          

Note. N = 500; χ
2 

= 18.59, df = 9, RMSEA = .042, CFI = .98, SRMR = .027, AGFI = .98.  
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Table 6 

 

Modification of the two-factor Model to the Entire Instrument 

 

Modification 
No. of 

Items 
χ

2 
df RMSEA CFI SRMR AGFI 

 16 265.98 103 .050 .93 .049 .93 

Delete O7 15 202.69  89 .045 .95 .040 .94 

Delete O25 14 162.23  76 .042 .96 .037 .95 

Delete O13 13 129.45  64 .040 .96 .034 .96 

 

Note. These three items are all MTOE items, and have covariates with the other variable and/or 

items within the other variables. O7 has covariate with MTSE, S21, and O13; O25 has covariate 

with MTSE; O13 has covariate with S32.  
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Table 7 

LISREL Estimates (Maximum Likelihood) of the13-Item Model 

 MTSE  MTOE 

Item λ SEM t  λ SEM t 

S6 .27 .035   7.90     

S21 .40 .036 11.14     

S31 .51 .027 18.90     

S32 .54 .031 17.13     

S38 .40 .029 13.64     

S43 .40 .027 14.97     

S47 .50 .028 17.89     

S48 .42 .031 13.55     

S50 .35 .039   8.82     

S55 .51 .030 17.19     

O1     .34 .036   9.41 

O42     .60 .045 13.18 

O52     .46 .044 10.41 

 

Note. Covariance between MTSE and MTOE is indexed by φ = .70 with SEM = 0.04 and t = 

15.89. 

 

 

  



 

 

125 

 

Table 8 

Item Parameters on the 13-Item Model (N = 500) 

Item a b1 b2 b3 b4 

MTSE      

S6 0.79 -6.23 -3.41 -0.80 2.67 

S21 1.18 -4.58 -2.30 -0.66 2.03 

S31 2.31 -5.13 -1.92 -0.36 1.63 

S32 1.88 -3.39 -1.64 -0.19 1.85 

S38 1.48 -4.48 -2.42 -0.62 1.95 

S43 1.58 -6.26 -2.40 -0.13 2.35 

S47 2.13 -3.87 -2.07 -0.74 1.37 

S48 1.40 -4.35 -1.93 0.25 2.47 

S50 0.87 -3.88 -1.42 0.56 3.79 

S55 1.89 -3.54 -1.79 -0.07 1.93 

MTOE      

O1 1.10 -5.41 -2.48 -0.19 2.84 

O42 1.69 -2.88 -1.29  0.18 1.94 

O52 1.12 -3.90 -1.72 -0.14 2.37 

 

Note. a: item discrimination in the subscale, bj: item difficulties. MTSE marginal reliability is ρ 

= 0.8591, MTOE reliability is ρ = 0.5878.  
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Appendix A  

 
Covariance Matrix of the 13-Item Model (N = 500) 

 

 

                 O1       O42       O52        S6       S21       S31    
            -------   -------   -------   -------   -------   ------- 
       O1       .58 
      O42       .21       .86 
      O52       .15       .27       .87 
       S6       .04       .12       .12       .68 
      S21       .06       .17       .14       .20       .78 
      S31       .14       .19       .15       .14       .22       .54 
      S32       .13       .22       .13       .13       .23       .30 
      S38       .10       .15       .17       .15       .13       .22 
      S43       .10       .21       .12       .11       .16       .20 
      S47       .12       .21       .17       .10       .17       .26 
      S48       .09       .18       .16       .10       .14       .20 
      S50       .09       .15       .17       .15       .18       .17 
      S55       .11       .20       .18       .11       .20       .25 
 

             
 

                S32       S38       S43       S47       S48       S50    
            -------   -------   -------   -------   -------   ------- 
      S32       .67 
      S38       .16       .54 
      S43       .20       .16       .48 
      S47       .28       .23       .18       .54 
      S48       .21       .15       .19       .23       .60 
      S50       .19       .11       .16       .10       .18       .90 
      S55       .28       .21       .22       .26       .21       .19 
 

               
 

                S55    
            ------- 
      S55       .61 
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Appendix B 

 

MULTLOG Command File for the MTSE scale 

 
MULTILOG for Windows 7.00.2327.2 

Secondary Efficacy: Graded Response Model 

 

>PROBLEM RANDOM,  

         INDIVIDUAL,  

         DATA = 'C:\Data\Secon_GRM_SE.prn',  

         NITEMS = 10,  

         NGROUPS = 1,  

         NEXAMINEES = 500; 

>TEST ALL,  

      GRADED,  

      NC = (5(0)10); 

>END ; 

5 

12345 

1111111111 

2222222222 

3333333333 

4444444444 

5555555555 

(10A1) 
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Appendix C 

 

The Item Pool for the Instrument  

 
1 When a student does better than usual in mathematics, it is because the mathematics teacher 

exerted extra effort. 

2 I am continually finding better ways to teach mathematics. 

3 Even if I try very hard, I will not teach mathematics as well as other mathematics teachers will 

teach. 

4 When the students’ mathematics grades improve, it is often due to their mathematics teacher 

having found a more effective teaching approach. 

5 Since I know already how to teach mathematics concepts effectively, I will not need to learn 

more about it in the future. 

6* I will not be very effective in monitoring students’ mathematics learning activities in the 

classroom. 

7 If students are underachieving in mathematics, it is most likely due to the mathematics teacher’s 

ineffective teaching. 

8 I will not be able to teach mathematics effectively. 

9 The inadequacy of a students’ mathematical performance can be overcome by the mathematics 

teacher’s good teaching. 

10 When a mathematics teacher gives extra attention to a low-achieving student, the student shows 

progress in mathematics learning.   

11 Since I understand mathematics concepts well, I will teach mathematics effectively in the future. 

12 The mathematics teacher is generally responsible for the students’ mathematics achievement. 

13 Students’ mathematical achievement is directly related to their mathematics teacher’s 

effectiveness in mathematics teaching. 

14 When a mathematics teacher’s performance is good in a mathematics class, the students show 

more interest in mathematics at school. 

15 I will have difficulty in using manipulatives to explain to students why mathematics works. 

16 I will be able to answer students’ questions related a topic in the mathematics lesson. 

17 I wonder if I have the necessary skills to teach mathematics in the future. 

18 I will willingly agree to open my mathematics class to others to observe my mathematics 

teaching 

19 When a student has difficulty understanding mathematical concepts, I usually will not be able to 

help the student. 

20 When teaching mathematics, I will like to answer students’ questions. 

21* I do not know what to do to engage students to mathematics in the future. 

22 I am sure that I will get a high rating on the mathematics teaching evaluation.  

23 I will be able to give an answer for any mathematical questions from students. 

24 I will have fear to open my mathematics class to peer teacher, staff, the principal, and parents. 

25 A student’ lack of mathematical knowledge and attitudes can be overcome by his or her 

mathematics teacher’s good mathematics teaching.  

26 I certainly will teach mathematics well in a class to the public. 

27 When a mathematics teacher exerts extra effort in a student’s mathematics learning, the student 

does better than usual in mathematics. 

28 If a mathematics teacher teaches effectively, students produce good achievement in a 

mathematics assessment. 

29 I will be able to teach students to easily understand mathematics. 
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30 I will not be able to explain a complex mathematical concept in a brief and easy manner. 

31* I will be able to explain mathematics easily to get students who think of mathematics as being 

difficult to understand it. 

32* I will be able to get a student of any achievement level to have a successful experience in 

mathematics learning. 

33 A mathematics teacher’s effectiveness in mathematics teaching has little influence on the 

mathematics achievement of students with low motivation. 

34 A mathematics teacher’s increased effort in mathematics teaching produces little change in some 

students’ mathematics achievement.  

35 The low mathematics achievement of some students cannot generally be blamed on their 

mathematics teachers. 

36 Even a mathematics teacher with good teaching abilities cannot help all students learn 

mathematics well.  

37 If a mathematics teacher has adequate skills and motivation in mathematics teaching, the teacher 

can get through to the lowest-achieving students in mathematics. 

38* When a student has difficulty with a mathematics problem, I will be usually able to adjust it to 

the student’s level. 

39 Individual differences among mathematics teachers account for the wide variations in student 

mathematics achievement.  

40 When I really try hard, I can get through to most unmotivated students of mathematics.  

41 A mathematics teacher is very limited in what a student can achieve because the student’s home 

environment is a large influence to students’ mathematics achievement. 

42 Mathematics teachers are the most powerful factor to student mathematics achievement than 

others. 

43* I will be able to implement an innovative mathematics teaching strategies. 

44 If a student masters a new mathematics concept quickly, this usually is because the mathematics 

teacher knew the necessary steps in teaching that concept.  

45 Even a mathematics teacher with good mathematics teaching abilities may not reach all students. 

46 I will be able to help my students think mathematically. 

47* I will get students to believe they can do well in mathematics. 

48* I will gauge students’ comprehension of mathematics immediately.  

49 A mathematics teacher’s use of good questions critically helps students’ mathematics learning. 

50* I will have a difficulty in adjusting mathematics lessons to the proper level for individual 

students. 

51 I will be able to provide an alternative explanation/example when students are confused with 

some mathematical concepts. 

52 If a mathematics teacher gets students to work mathematical tasks together, then their 

mathematical achievement increases. 

53 I will usually give differentiated teaching in a mathematical lesson.  

54 A mathematics teachers’ use of non-mathematical knowledge in mathematics teaching helps 

students understand the mathematical concept.  

55* I will succeed to motivate students low-achieving in mathematics. 

56 I will be usually hard to make students enjoy and learn mathematics. 

57 A mathematics teacher’s encouragement can lead students’ enhancement in mathematical 

performances. 

58 I will not explain some mathematical concepts very well. 

 

Note. The flagged items: MTSES  
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OVERALL CONCLUSION 

The Mathematics Teaching Efficacy Beliefs Instrument (MTEBI), developed and used in 

the United States, is an instrument to measure preservice teachers’ mathematics teaching efficacy 

beliefs. The MTEBI was translated into Korean and modified, in some items, for using for both 

elementary and secondary preservice teachers. The validity and reliability of the translated and 

modified instrument was tested for Korean elementary and secondary preservice teachers 

(Ryang, 2007). The result from that study indicated the MTEBI was inappropriate for identifying 

Korean elementary and secondary preservice teachers’ mathematics teaching efficacy beliefs. 

This finding implied that a modification of the MTEBI may not work for both elementary and 

secondary preservice teachers. 

 Article One described the revision of the MTEBI for Korean preservice teachers. Four 

Korean mathematics teacher education professors, three in elementary programs and one in a 

secondary program, reviewed the MTEBI, responding to the question: Do you believe that each 

item is appropriate for measuring a preservice teacher’s efficacy, mathematical knowledge, 

skills, and behavior? Why or why not? The professors provided feedback on the language usage 

in the context of mathematics teacher education. They, indicating the difference between the 

elementary and secondary education program, suggested to use the MTEBI separately for 

elementary and for secondary preservice teachers. The revised MTEBI was not tested in this 

study.  

 The next articles addressed the development of instruments to measure mathematics 

teaching efficacy. Article Two discussed the development of the Mathematics Teaching Self 
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Efficacy Scale (MTSES) for elementary preservice teachers (Form-E), and Article Three 

discussed the development of the MTSES for secondary preservice teachers (Form-S). The item 

pool for the MTSES had 58 items including the 21 items of the revised MTEBI. Statistical 

analyses such as normality test, EFA, RA, CFA, and IRT resulted that Form-E and Form-S were 

valid and reliable. Only two (respectively three) items in the revised MTEBI were adapted into 

Form-E (respectively Form-S). Many other items were generated from the Korean professors’ 

review. This supported the necessity for new instruments assessing Korean elementary and 

secondary preservice teachers’ mathematics teaching efficacy. 

Even though both Form-E and Form-S were developed from the same item pool, during 

the same time span, and in the same region, these two forms are different. Form-E (nine items) 

and Form-S (10 items) have only three items in common; see Table 2. This implies that Korean 

elementary and secondary preservice teachers view differently mathematics teaching efficacy. 

Nonetheless, from these three items, information can be obtained for comparing mathematics 

teaching efficacy levels. An interesting question is whether there is any influence between the 

two preservice teacher groups. For example, if a common item could be removed from Form-E, 

would that item influence Form-S? Further research is needed to address this question. 

 

Table 2 

Common Items in the MTSES Form-E and Form-S 

Code Item 

S6 I will not be very effective in monitoring students’ mathematics learning activities in 

the classroom. 

S31 I will be able to explain mathematics easily to get students who think of mathematics 

as being difficult to understand it. 

S38 When a student has difficulty with a mathematics problem, I will be usually able to 

adjust it to the student’s level. 



 

 

132 

 

The present study thoroughly established the validity and reliability of the instrument. 

Cross-validity of the instruments was verified by testing various statistical analyses over the two 

different data sets so the instruments would be valid for other people. Convergent and 

discriminant construct validity of both Form-S and Form-E was tested by EFA and CFA. 

Reliability of both forms was also examined by Cronbach’s internal consistency, and standard 

error curve and marginal reliability run by IRT GRM. On both forms, the MTSE subscales had 

marginal reliability greater than .80, indicating that this subscale is reliable, while the MTOE 

subscales had low marginal reliabilities less than .60, indicating that the MTOE subscales on 

both forms are not reliable as a single variable describing mathematics teaching efficacy. Thus, 

only the MTSE subscale can provide trustworthy information in a research study. The 

instruments of both forms then consist of one scale MTSE, and are named the Mathematics Self 

Efficacy Self Efficacy Scale (MTSES) for elementary and for secondary preservice teachers.  

Use of IRT in the development of the MTSES both forms gives another benefit. As the 

world becomes more globalized, people are exposed to other cultures more so than in the past. 

For comparing teacher efficacy of a culture with that of another culture, an equitable instrument 

is strongly desirable. IRT produces a model fit to a theoretical model, rather than computation 

from raw cores, by which reducing cultural biases (Mpofu & Ortiz, 2009). The MTSES both 

forms will produce useful information to the researchers conducting international studies on 

mathematics teaching efficacy beliefs.  

One critical finding from this study is that efficacy beliefs in a specific level and/or 

context may not follow Bandura’s efficacy theory. The MTSES was developed with Bandura’s 

framework that efficacy beliefs is explained through the two dimensions, Self-Efficacy (SE) and 

Outcome Expectancy (OE). The two dimensional system, however, is suspect in this study. As 
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described in the previous paragraph, the low reliability, ρ < .60, of the MTOE subscale, 

corresponding to Bandura’s OE, on both forms, indicated that MTOE cannot be independently 

used as a single scale, implying that Bandura’s theory is inappropriate for a specificity level of a 

subject matter, mathematics, and of a context, Korean preservice teachers. 
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Appendix A. Program Coordinator Consent Letter 

 
Dear the Program Coordinator, 

 

I, Dohyoung Ryang, PhD, am seeking your permission to conduct a research study in the teacher education program 

that you charge through the University of Alabama, College of Education. The title of the study is ―Mathematics 

Teaching Efficacy Beliefs among Korean Preservice Teachers.‖  The purpose of this research is to better understand 

preservice teachers’ perception of self-efficacy in mathematics teaching.  The study will last for the spring and fall 

semester of 2009, and the spring semester of 2010.   

 

Preservice teachers in your program are possible participants for this research, and their participation is voluntary.  

They also are free to withdraw their consent and discontinue participation at any time.  All preservice teachers are 

eligible to take the survey, which should only take 30 minutes to complete.  If they decide to participate in this 

research, they will be asked to complete the following surveys: 

 

Session 1: Participant Information Questionnaire  

It pertains to preservice teachers’ demographic information such as gender, age, level (elementary vs. secondary) of 

the program, and year (freshman, sophomore, junior, and senior) in the program, GPA, military service, and 

professional practice.  

 

Session 2: Mathematics Teaching Efficacy Scale 

Preservice teachers are asked the degree in which they agree in items about personal mathematics teaching efficacy 

and mathematics teaching outcome expectancy.  This scale consists of 58 items in which 5 options is given from 

strongly disagree to strongly agree.  

 

All surveys and any related data collected in this study will be kept in a locked filed cabinet in researcher’s office, 

and will be destroyed at the end of the research project (May, 2010).  Participants’ information will also be kept 

confidentially, and will be disclosed only with participants’ permission or as required by law. 

 

This study will provide teacher educators with valuable information on what preservice teachers perceive self-

efficacy in mathematics teaching.  I would greatly appreciate that you help to pilot the surveys to the preservice 

teachers in your program and to encourage them to complete the survey.   

 

For your further questions, please feel free to contact Dr. Dohyoung Ryang (phone: 1-228-865-4507, email: 

dohyoung.ryang@usm.edu).  For more questions regarding the rights of a research participant, please contact 

Carpantato T. Myles, University of Alabama Research Compliance Officer (phone: 1-205-348-5746, email: 

cmyles@fa.ua.edu).at 205-348-5152.   

 

By signing your name below, you agree that you have read the information in this letter and you approve this study.  

Please return the singed letter to me with the student survey.  Thank you for your time. 

 

 

Sincerely, 

 

Dohyoung Ryang, PhD 

 

 

Program Coordinator: _____________________________________ 

 

Institution of the program: __________________________________ 
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Appendix B. Preservice Teacher Consent Letter 

 

 
Dear a teacher candidate: 

 

You are invited to participate in a research study conducted by Dr. Dohyoung Ryang.  The title of the study is 

―Mathematics Teaching Efficacy Beliefs among Korean Preservice Teachers,‖ and the purpose of this research is 

to better understand Korean teacher candidates’ perception of self-efficacy in mathematics teaching.  I am 

interested in learning about your point of view regarding this issue.  This survey consists of two sections.  The first 

section addresses your demographic information, and the second section is to ask the degree of your perception on 

self-efficacy in mathematics teaching.  A precise description follows: 

 

Section 1: Demographic Information Questionnaire 

It pertains to your demographic information such as name, gender, age, program (elementary or secondary), and 

year (freshman, sophomore, junior, and senior) in the program, the overall GPA, and military service, and the level 

of teacher practice.  

 

Section 2: Mathematics Teaching Efficacy Scale 

You are asked the degree in which you agree in items about personal mathematics teaching efficacy and 

mathematics teaching outcome expectancy.  This scale consists of 58 items, and each item has five options to 

choose from strongly disagree to strongly agree with the item.  In an item, you may choose one option that best 

describes your degree of feelings and thoughts.   

 

The task of completing this survey will take approximately 30 minutes.  Your participation is voluntary.  Your 

decision whether or not to participate will not affect your relationship with the university or the department (or the 

program).  You may withdraw from this study at any time during the fulfilling the questionnaire with no prejudice.  

You may also refuse any item or statements that make you feel uncomfortable.  Please contact Dr. Dohyoung 

Ryang (email: dohyoung.ryang@usm.edu, phone: 1-228-214-3329) to feel free to ask any questions that you may 

have concerning the procedures of this research project.  For any question about your rights as a research 

participants, contact Carpantato T. Myles, University of Alabama Research Compliance Officer (phone: 1-205-

348-5746, email: cmyles@fa.ua.edu). 

 

Although there are no foreseeable discomforts or risks for participating in this study, you may be uncomfortable 

completing the activities described above.  Although you might not receive direct benefit from your participation, 

your contribution to researcher’s knowledge on mathematics teaching self-efficacy will make others obtain 

ultimate benefit from the knowledge obtained in this research study.   

 

Reasonable steps will be taken to protect your privacy and the confidentiality of your data.  Only the researcher, 

UA IRB, and a person required by law will access your records.  Information regarding your identity and any other 

demographic information may be published but your personal information will be kept strictly confidential.  When 

the project ends in May, 2010, all data about you will be destroyed. 

 

Detach and keep this page for your record and, return the other pages after completing the survey.  By returning the 

survey, you are consenting to participate in the study and waive any legal claims.  Thank you for your time. 

 

 

Sincerely, 

 

 

 

Dohyoung Ryang, PhD 
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Appendix C. Student Demographic Information Questionnaire 

 

Section 1: Demographic Information Questionnaire 

Name: _________________________________  

            In order to keep your full name under a veil, please show your last name and initials of the first  

            name only.  For example, Ryang DH or RDH for Ryang, Do Hyoung.  

 

Answer the following demographic items by circling at the appropriate response or by writing appropriate words. 

A. Indicate your gender. 

a. Male           b.   Female  

B. State your age as of today:  ______  

Age Calculation:  

Your age = 2008 – The year you were born, OR 

Your age = 2008 – the year you were born – 1, if your birthday is not passed as of today. 

 

C. Indicate one of which program you enroll in: 

a. Elementary teacher education program 

b. Secondary teacher education Program 

c. Other:______________________________ 

 

D. Indicate one of which: 

a. Mathematics major (or intensive) including double-majors 

b. Mathematics minor. Then, what is your major? _____________________ 

c. No major/minor in Mathematics. Specify your major and minor:______________________ 

 

E. Indicate one of which:  

a. Freshman          b.    Sophomore             c.   Junior            d.    Senior 

Other: Please specify: ____________________________________ 

 

F. Choose one that you reflect your overall college grade point average. 

a. None yet, entering freshman 

b. Over 4.0             

c.     3.5 – 3.99         d.   3.0 – 3.49                 e.   2.5 – 2.99         

f.   Below 2.5 

 

G. Did you finish the duty of military service?  

a. Yes. Specify: Between ________ and _________. Ex) Between freshman  and  sophomore 

b. No, not yet. 

c. No, I do not have the duty. 

 

H. Indicate all of which you already complete in a local school: 

a. Observational practice 

b. Participation practice 

c. Both a. and b. above at the same time 

d. Professional teaching practice 
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Appendix D. Mathematics Efficacy Survey for Elementary Preservice Teachers 

 
 

Section 2: Mathematics Teaching Efficacy Scale (Elementary) 

 

Indicate how much you agree or disagree with each statement below by circling the appropriate letters to the right of 

each statement. 

 

SA = Strongly Agree; A = Agree; N = Neutral; D = Disagree; SD = Strongly Disagree 

 

1 When a student does better than usual in mathematics, it is because the teacher 

exerted extra effort. 

SA   A  N  D  SD 

2 I am continually finding better ways to teach mathematics. SA   A  N  D  SD 

3 Even if I try very hard, I will not teach mathematics as well as I will teach other 

subjects. 

SA   A  N  D  SD 

4 When the mathematics grades of students improve, it is often due to their teacher 

having found a more effective teaching approach. 

SA   A  N  D  SD 

5 Since I know already how to teach mathematics concepts effectively, I will not need 

to learn more about it in the future. 

SA   A  N  D  SD 

6 I will not be very effective in monitoring students’ mathematics learning activities in 

the classroom. 

SA   A  N  D  SD 

7 If students are underachieving in mathematics, it is most likely due to ineffective 

mathematics teaching. 

SA   A  N  D  SD 

8 I will not be able to teach mathematics effectively. SA   A  N  D  SD 

9 The inadequacy of a students’ mathematical performance can be overcome by good 

teaching. 

SA   A  N  D  SD 

10 When a teacher gives extra attention to a student with low achievement in 

mathematics, the student shows progress in mathematics learning.   

SA   A  N  D  SD 

11 Since I understand mathematics concepts well, I will teach elementary mathematics 

effectively in the future. 

SA   A  N  D  SD 

12 The teacher is generally responsible for the achievement of students in mathematics. SA   A  N  D  SD 

13 Students’ achievement in mathematics is directly related to their teacher’s 

effectiveness in mathematics teaching. 

SA   A  N  D  SD 

14 When a teacher’s mathematical performance is good in a mathematics class, the 

students show more interest in mathematics at school. 

SA   A  N  D  SD 

15 I will have difficulty in using manipulatives to explain to students why mathematics 

works. 

SA   A  N  D  SD 

16 I will be able to answer students’ questions about mathematics. SA   A  N  D  SD 

17 I wonder if I have the necessary skills to teach mathematics in the future. SA   A  N  D  SD 

18 I will willingly agree to open my class to others to observe my mathematics teaching. SA   A  N  D  SD 

19 When a student has difficulty understanding mathematical concepts, I usually will not 

be able to help the student. 

SA   A  N  D  SD 

20 When teaching mathematics, I will like to answer students’ questions. SA   A  N  D  SD 

21 I do not know what to do to engage students to mathematics in the future. SA   A  N  D  SD 

22 I am sure that I will get a high rating on the mathematics teaching evaluation.  SA   A  N  D  SD 

23 I will be able to give an answer for any mathematical questions from students. SA   A  N  D  SD 

24 I will have fear to open my mathematics class to peer teachers, staff, the principal, 

and parents. 

SA   A  N  D  SD 

25 A student’ lack of mathematical knowledge and attitudes can be overcome by good 

teaching.  

SA   A  N  D  SD 

26 I certainly will teach mathematics well in a class to the public. SA   A  N  D  SD 

27 When a teacher exerts extra effort in a student’s mathematics learning, a student does 

better than usual in mathematics. 

SA   A  N  D  SD 
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28 If a teacher teaches mathematics effectively, students produce good achievement in a 

mathematics assessment. 

SA   A  N  D  SD 

29 I will be able to teach students to easily understand mathematics  SA   A  N  D  SD 

30 I will not be able to explain a complex mathematical concept in a brief and easy 

manner. 

SA   A  N  D  SD 

31 I will be able to explain mathematics easily to get students who think of mathematics 

as being difficult to understand it. 

SA   A  N  D  SD 

32 I will be able to get a student of any achievement level to have a successful 

experience in mathematics learning. 

SA   A  N  D  SD 

33 A teacher’s effectiveness in mathematics teaching has little influence on the 

mathematics achievement of students with low motivation. 

SA   A  N  D  SD 

34 A teachers’ increased effort in mathematics teaching produces little change in some 

students’ mathematics achievement.  

SA   A  N  D  SD 

35 The low mathematics achievement of some students cannot generally be blamed on 

their teachers. 

SA   A  N  D  SD 

36 Even a teacher with good mathematics teaching abilities cannot help some students 

learn mathematics well.  

SA   A  N  D  SD 

37 If a teacher has adequate skills and motivation in mathematics teaching, the teacher 

can get through to the lowest-achieving students in mathematics. 

SA   A  N  D  SD 

38 When a student has difficulty with a mathematics problem, I will be usually able to 

adjust it to the student’s level. 

SA   A  N  D  SD 

39 Individual differences among teachers account for the wide variations in student 

mathematics achievement.  

SA   A  N  D  SD 

40 When I really try hard, I can get through to most unmotivated students of 

mathematics.  

SA   A  N  D  SD 

41 A teacher is very limited in what a student can achieve because the student’s home 

environment is a large influence to their mathematics achievement. 

SA   A  N  D  SD 

42 Teachers are the most powerful factor to student mathematics achievement. SA   A  N  D  SD 

43 I will be able to implement an innovative mathematics teaching strategies. SA   A  N  D  SD 

44 If a student masters a new mathematics concept quickly, this usually is because a 

teacher knew the necessary steps in teaching that concept.  

SA   A  N  D  SD 

45 Even a teacher with good mathematics teaching abilities may not reach all students. SA   A  N  D  SD 

46 I will be able to help my students think mathematically. SA   A  N  D  SD 

47 I will get students to believe they can do well in mathematics. SA   A  N  D  SD 

48 I will gauge students’ comprehension of mathematics immediately.   SA   A  N  D  SD 

49 A teacher’s use of good questions critically helps students’ mathematics learning. SA   A  N  D  SD 

50 I will have a difficulty in adjusting mathematics lessons to the proper level for 

individual students. 

SA   A  N  D  SD 

51 I will be able to provide an alternative explanation/example when students are 

confused with some mathematical concepts. 

SA   A  N  D  SD 

52 If a teacher gets students to work mathematical tasks together, then their 

mathematical achievement increases. 

SA   A  N  D  SD 

53 I will usually give differentiated teaching in a mathematical lesson.  SA   A  N  D  SD 

54 A teachers’ use of non-mathematical knowledge in mathematics teaching helps 

students understand the mathematical concept.  

SA   A  N  D  SD 

55 I will succeed to motivate students low-achieving in mathematics. SA   A  N  D  SD 

56 I will be usually hard to make students enjoy and learn mathematics. SA   A  N  D  SD 

57 A teacher’s encouragement can lead students’ enhancement in mathematical 

performances. 

SA   A  N  D  SD 

58 I will not explain some mathematical concepts very well. SA   A  N  D  SD 
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Appendix E. Mathematics Efficacy Survey for Secondary Preservice Teachers 

 
 

Section 2: Mathematics Teaching Efficacy Scale (Secondary) 

 

Indicate how much you agree or disagree with each statement below by circling the appropriate letters to the right of 

each statement. 

 

SA = Strongly Agree; A = Agree; N = Neutral; D = Disagree; SD = Strongly Disagree 

1 When a student does better than usual in mathematics, it is because the mathematics 

teacher exerted extra effort. 

SA   A  N  D  SD 

2 I am continually finding better ways to teach mathematics. SA   A  N  D  SD 

3 Even if I try very hard, I will not teach mathematics as well as other mathematics 

teachers will teach. 

SA   A  N  D  SD 

4 When the students’ mathematics grades improve, it is often due to their mathematics 

teacher having found a more effective teaching approach. 

SA   A  N  D  SD 

5 Since I know already how to teach mathematics concepts effectively, I will not need 

to learn more about it in the future. 

SA   A  N  D  SD 

6 I will not be very effective in monitoring students’ mathematics learning activities in 

the classroom. 

SA   A  N  D  SD 

7 If students are underachieving in mathematics, it is most likely due to the 

mathematics teacher’s ineffective teaching. 

SA   A  N  D  SD 

8 I will not be able to teach mathematics effectively. SA   A  N  D  SD 

9 The inadequacy of a students’ mathematical performance can be overcome by the 

mathematics teacher’s good teaching. 

SA   A  N  D  SD 

10 When a mathematics teacher gives extra attention to a low-achieving student, the 

student shows progress in mathematics learning.   

SA   A  N  D  SD 

11 Since I understand mathematics concepts well, I will teach mathematics effectively in 

the future. 

SA   A  N  D  SD 

12 The mathematics teacher is generally responsible for the students’ mathematics 

achievement. 

SA   A  N  D  SD 

13 Students’ mathematical achievement is directly related to their mathematics teacher’s 

effectiveness in mathematics teaching. 

SA   A  N  D  SD 

14 When a mathematics teacher’s performance is good in a mathematics class, the 

students show more interest in mathematics at school. 

SA   A  N  D  SD 

15 I will have difficulty in using manipulatives to explain to students why mathematics 

works. 

SA   A  N  D  SD 

16 I will be able to answer students’ questions about mathematics. SA   A  N  D  SD 

17 I wonder if I have the necessary skills to teach mathematics in the future. SA   A  N  D  SD 

18 I will willingly agree to open my mathematics class to others to observe my 

mathematics teaching 

SA   A  N  D  SD 

19 When a student has difficulty understanding mathematical concepts, I usually will not 

be able to help the student. 

SA   A  N  D  SD 

20 When teaching mathematics, I will like to answer students’ questions. SA   A  N  D  SD 

21 I do not know what to do to engage students to mathematics in the future. SA   A  N  D  SD 

22 I am sure that I will get a high rating on the mathematics teaching evaluation.  SA   A  N  D  SD 

23 I will be able to give an answer for any mathematical questions from students. SA   A  N  D  SD 

24 I will have fear to open my mathematics class to peer teacher, staff, the principal, and 

parents. 

SA   A  N  D  SD 

25 A student’ lack of mathematical knowledge and attitudes can be overcome by his or 

her mathematics teacher’s good mathematics teaching.  

SA   A  N  D  SD 

26 I certainly will teach mathematics well in a class to the public. SA   A  N  D  SD 

27 When a mathematics teacher exerts extra effort in a student’s mathematics learning, 

the student does better than usual in mathematics. 

SA   A  N  D  SD 
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28 If a mathematics teacher teaches effectively, students produce good achievement in a 

mathematics assessment. 

SA   A  N  D  SD 

29 I will be able to teach students to easily understand mathematics. SA   A  N  D  SD 

30 I will not be able to explain a complex mathematical concept in a brief and easy 

manner. 

SA   A  N  D  SD 

31 I will be able to explain mathematics easily to get students who think of mathematics 

as being difficult to understand it. 

SA   A  N  D  SD 

32 I will be able to get a student of any achievement level to have a successful 

experience in mathematics learning. 

SA   A  N  D  SD 

33 A mathematics teacher’s effectiveness in mathematics teaching has little influence on 

the mathematics achievement of students with low motivation. 

SA   A  N  D  SD 

34 A mathematics teacher’s increased effort in mathematics teaching produces little 

change in some students’ mathematics achievement.  

SA   A  N  D  SD 

35 The low mathematics achievement of some students cannot generally be blamed on 

their mathematics teachers. 

SA   A  N  D  SD 

36 Even a mathematics teacher with good teaching abilities cannot help all students learn 

mathematics well.  

SA   A  N  D  SD 

37 If a mathematics teacher has adequate skills and motivation in mathematics teaching, 

the teacher can get through to the lowest-achieving students in mathematics. 

SA   A  N  D  SD 

38 When a student has difficulty with a mathematics problem, I will be usually able to 

adjust it to the student’s level. 

SA   A  N  D  SD 

39 Individual differences among mathematics teachers account for the wide variations in 

student mathematics achievement.  

SA   A  N  D  SD 

40 When I really try hard, I can get through to most unmotivated students of 

mathematics.  

SA   A  N  D  SD 

41 A mathematics teacher is very limited in what a student can achieve because the 

student’s home environment is a large influence to students’ mathematics 

achievement. 

SA   A  N  D  SD 

42 Mathematics teachers are the most powerful factor to student mathematics 

achievement than others. 

SA   A  N  D  SD 

43 I will be able to implement an innovative mathematics teaching strategies. SA   A  N  D  SD 

44 If a student masters a new mathematics concept quickly, this usually is because the 

mathematics teacher knew the necessary steps in teaching that concept.  

SA   A  N  D  SD 

45 Even a mathematics teacher with good mathematics teaching abilities may not reach 

all students. 

SA   A  N  D  SD 

46 I will be able to help my students think mathematically. SA   A  N  D  SD 

47 I will get students to believe they can do well in mathematics. SA   A  N  D  SD 

48 I will gauge students’ comprehension of mathematics immediately.  SA   A  N  D  SD 

49 A mathematics teacher’s use of good questions critically helps students’ mathematics 

learning. 

SA   A  N  D  SD 

50 I will have a difficulty in adjusting mathematics lessons to the proper level for 

individual students. 

SA   A  N  D  SD 

51 I will be able to provide an alternative explanation/example when students are 

confused with some mathematical concepts. 

SA   A  N  D  SD 

52 If a mathematics teacher gets students to work mathematical tasks together, then their 

mathematical achievement increases. 

SA   A  N  D  SD 

53 I will usually give differentiated teaching in a mathematical lesson.  SA   A  N  D  SD 

54 A mathematics teachers’ use of non-mathematical knowledge in mathematics 

teaching helps students understand the mathematical concept.  

SA   A  N  D  SD 

55 I will succeed to motivate students low-achieving in mathematics. SA   A  N  D  SD 

56 I will be usually hard to make students enjoy and learn mathematics. SA   A  N  D  SD 

57 A mathematics teacher’s encouragement can lead students’ enhancement in 

mathematical performances. 

SA   A  N  D  SD 

58 I will not explain some mathematical concepts very well. SA   A  N  D  SD 

 


