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AbstrAct

the purpose of the study was to further investigate the validity of the instrument used for col-
lecting preservice teachers' perceptions of self-efficacy adapting the three-level hierarchical 
generalized linear modeling (HGLM) model. to serve the purpose, the study used data collect-
ed by the research team which elicited preservice teachers' self-efficacy beliefs using Teachers' 
Sense of Efficacy Scale (TSES). HGLM were used to analyze the data. results of the HGLM 
analyses (at level-two) showed that one item in the scale displayed gender DIF. Another item 
became DIF item when the context variable was added to the level-two model. However, the 
effect of the context on the DIF item was not big. 
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1. introduction

Differential item Functioning (DiF)

Differential Item Functioning (DIF) analysis has 
been and will continue to be a popular topic 
in the field of measurement.  DIF refers to dif-

ferences in the statistical properties of an item between 
groups of equal ability. the presence of DIF items on a 
measurement instrument threatens validity of the inter-
pretation of scores (Angoff, 1993).[2] A similar view was 

shared by Maller (2001)[15] in claiming that DIF items may 
pose a threat to validity of test scores and may have seri-
ous consequences for groups as well as individuals.  the 
probabilities of getting an item correct are determined not 
only by the trait that the test claims to measure but also by 
factors specific to groups, such as differential opportuni-
ties to learn or differences in socialization.

there are many different ways to look for DIF, which 
include but are not limited to Mantel-Haenszel, logistic re-
gression, standardization, and item response theory (Irt).  
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In recent years, the nested nature of measurement data, 
such as items within students, students within schools, has 
also necessitated the need to utilize multi-level hierarchi-
cal linear modeling models to detect DIF.  the multilevel 
model has a lot of advantages, as it could provide more 
accurate estimates of the standard errors of the parameters 
in the model. As a result, this kind of approach allows the 
researchers to investigate the impact of different predic-
tors in the higher level units (e.g., schools, curriculum, 
and classrooms) and on the lower level units (e.g., stu-
dents) (Kamata, 2001).[11] because of these advantages of 
multilevel models, many studies have been done on de-
tecting DIF using multilevel models (e.g., Kamata, 2001; 
Lin et al., 2016; Williams & beretvas, 2006).[11][13][23]these 
studies used two-level models to investigate DIF items. 

As an extension to the two-level models, cheong 
(2006)[5]used a three-level model to investigate eth-
nic-racial DIF for 13 dichotomously-scored items which 
assessed civic-related language skills.  Participants in 
the study included 2,076 U.s. ninth-grade students in 92 
schools. In this model, multiple responses to items on 
rating civic-related language skills (level 1) were nested 
within students (level 2) and students were nested within 
schools (level 3). the analysis for the three-level model 
consisted of four steps: 1) set up the unconditional model, 
2) estimate a conditional model with group membership 
as predictors, 3) investigate and assess which items exhib-
it DIF and the patterns, directions, and magnitude of the 
detected DIF, and 4) include the school-level variable in 
the DIF screening procedure and repeat steps 2 and 3.

According to cheong (2006),[5] it was important to 
include the contextual sources of DIF into an analysis 
and the use of a multilevel structure has several advan-
tages. For example, the three-level model could provide 
a framework which integrates measurement properties 
and structural relationships; therefore, the framework 
could be used by researchers to evaluate the psycho-
metric properties of the surveys.  It also enables the 
researchers to model the performance of the items and 
students with student-, classroom-, and school-level 
variables.  As most large-scale assessment programs 
have the data with nested structure, the approach is very 
useful in reality. 

because of its advantages, the three-level model was 
used to investigate whether items in tsEs displayed DIF. 
cheong's study applied the three-level model to analyze 
dichotomously-scored items and the present study applied 
the model to polytomously-scored items.

Teacher Self-Efficacy Beliefs
In his seminal work, self-efficacy: the exercise of con-

trol, bandura (1997)[3] first termed self-efficacy as "beliefs 
in one's capabilities to organize and execute the courses 
of action required to produce given attainments" (p. 3). 
Teachers' efficacy beliefs were defined by Tschannen-Mo-
ran et al. (1998)[22] as "teacher's belief in his or her own 
capability to organize and execute courses of action re-
quired to successfully accomplish a specific teaching task 
in a particular context" (p. 233). Tschannen-Moran and 
Wolfolk-Hoy (2001)[21] reported that teacher self-efficacy 
beliefs were related to student outcomes, such as achieve-
ment motivation, and the students' own sense of efficacy.
Many studies have focused on the gender differences 
on preservice teachers' self-efficacy beliefs.  Liu's study 
(2008)[14] showed that female preservice teachers at the 
early childhood, middle childhood, and secondary licen-
sure levels reported higher self-efficacy beliefs than their 
male counterparts. However, it was found in Gülten's 
study (2013)[7] that preservice primary mathematics teach-
ers' math literacy self-efficacy beliefs showed no differ-
ence in terms of gender.

The majority of studies on preservice teachers' self-effi-
cacy beliefs have simply compared mean scale differences 
between female and male preservice teachers, without 
knowing whether items in a teacher self-efficacy mea-
sure function equally across gender. Gender is one of the 
most important grouping variable for DIF detection for 
measurement in the domains of self-concept (Yin & Fan, 
2003),[24] emotion regulation (Anderson et al., 2016),[1] 
and learning disabilities (Murray et al., 2015).[17] Only 
when a measure is invariant across groups, the inference 
of group differences based on the mean difference is valid 
(Drasgow, 1987).[6] therefore, it is necessary to investi-
gate whether items in the preservice teachers' self-efficacy 
survey display differential item functioning (DIF) across 
gender. 

the purpose of the study was to further investigate 
the validity of instruments used for collecting preser-
vice teachers' perceptions of self-efficacy adapting the 
three-level HGLM model described in cheong's study 
(2006).[5] the focus of the present study was to investigate 
whether the polytomously-scored items on the preservice 
teachers' self-efficacy survey function the same across 
gender and within different school contexts. Hence, the 
present study also explored contextual DIF. the research 
questions were:

What are the psychometric properties (e.g., reliability, 
construct validity) of the tsEs?

Do items on the tsEs display DIF by gender?
What is the effect of the third level variable, school 

context (public universities versus private universities) on 
gender DIF?
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2. Methodology

2.1 instruments
tsEs was constructed by tschannen-Moran and Woolfolk 
Hoy (2001)[21] and it has been widely used in measuring 
teachers' efficacy beliefs. the short form of tsEs (see 
Appendix A) was adopted in the study. the short form 
of the tsEs consists of 12 items which are divided into 
three factors: efficacy for classroom management (cM), 
efficacy for student engagement (sE), and efficacy for 
instructional strategies (Is). the 12 items are rated on a 
9-point Likert-type scale ranging from 1 = "nothing" to 9 
= "a great deal".

Data in the study were collected by the Ohio state 
University teacher Quality Program (tQP) research team 
in 2007 and 2008. the tQP program was a research initia-
tive that included 50 colleges and universities that provid-
ed teacher preparation programs in the state of Ohio. the 
short form of tsEs was used by tQP to assess preservice 
teachers' self-efficacy beliefs. Preservice teachers included 
in the study were in the final year of their teacher prepara-
tion program and about to graduate.

2.2 Participants
Participants in the study were 1,485 preservice teachers 
in 45 colleges/universities in the state of Ohio who were 
pursuing licensure to teach high school in the years of 
2006-2007 and 2007-2008. the present study focused on 
the two cohorts and it was a cross-sectional study. the 
present study focused on secondary preservice teachers 
as the number of the female and male was more balanced 
than elementary preservice teachers in the dataset with 
eight hundred seven secondary preservice teachers being 
female (54%) and six hundred seventy eight being male 
(46%). In addition, 887 were attending the program in 
public universities (60%) and 598 were in private univer-
sities (40%). 

2.3 Data analysis

Confirmatory Factor Analysis (CFA)

Cronbach's alpha and confirmatory factor analysis were 
conducted to answer the first research question, what 
are the psychometric properties of the tsEs. structur-
al equation modeling takes many factors into account 
such as: interactions of variables, measurement error, 
and multiple latent independent variables which could 
be measured by multiple indicators; therefore, it is more 
powerful than other statistical approaches such as linear 
multiple regression (Kline, 1998).[12] LIsrEL 8.7 (Jöre-
skog  & sörbom, 2004)[10] was used to conduct the cFA 
analysis.

Hierarchical Generalized linear Modeling (HGlM)

A three-level HGLM model (at level two) was applied 
to answer research question 2, whether the items in the 
instrument display DIF across gender. to answer research 
question 3, a third level variable, institution (public vs 
private universities) was added to the two-level model to 
see whether the results change. the three-level model was 
estimated adopting the procedures described in cheong 
(2006)[5] which consisted of item responses as Level-1 
units, secondary preservice teachers as Level-2 units, and 
institutions (public vs private universities) as Level-3 
units. 

Step 1: estimate the Unconditional Model. 

At level 1, for response i for teacher j in school k to item p, 
the model is:

1

0
22

MP

mijk jk pjk pijk mij m
mp

X Dη π π δ
−

= =

= + +∑ ∑  (1)

where mijkη  is the log-odds of the probability for the 
i-th response in category m or lower for teacher j in school 
k. 0 jkπ are adjusted log-odds of a response on a typical 
item for teacher j in school k, pijkX are predictor variable 
representing response i for teacher j in school k to item p, 
and pjkπ are the coefficients for predictors pijkX .the first 
item in each subscale of the two instruments was used as 
the reference item. mδ is a threshold that separates catego-
ries m-1 and m. Dmij is an indicator for category m. 
At level 2, 

0 00 0 ,jk k jkπ β µ= + 0 jkµ ~N(0, τ) (2)
0 0jk p kπ β=  for p = 2, …P

Where 00kβ is the intercept for school k on the perfor-
mance of self-efficacy beliefs; 0 jkµ

is assumed to be normally distributed with mean zero 
and teacher-level variance τ; 0 jkπ

are assumed to be invariant over teachers.
At level 3,

00 000 00 , 00 0~ (0, )k k kv v Nβ γ ω= +  (3)
0 00p k pβ γ=  for p = 2 …P

Where 000γ  is the mean level of performance on 
self-efficacy beliefs; the

random effect, 0p kβ  is assumed to be invariant across 
universities; and 00kv  is assumed to be normally distribut-
ed with a mean of zero and university-level variance ω .

Step 2: estimate a conditional Model and Assess indi-
vidual items.

the conditional model at level 1 was the same as the 
level 1 unconditional model in equation 2. At level 2, the 
grouping variable is gender (female=0 and male=1). the 
level-2 model is:
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0 00 0 0 ,jk k k jk jkGroupπ β β µ= + +  0 jkµ ~N(0, τ ) (4)
0pjk p k pk jkGroupπ β β= +  for p = 2…P

Where Groupjk is a predictor of membership of group 
(female=0 and male=1) for teacher j in school k, 00kβ is 
the intercept for school k on the performance of self-effi-
cacy beliefs, 0kβ is the group difference in self-efficacy 
beliefs between the reference group and group g for 
school k, 0p kβ is the item effect for school k, and pkβ is 
the difference in the item effect between the reference 
group and group k. 

In the level-2 model, if an item p does not display DIF, 
the difference between two groups in their expected log-
odds of correct responses to the item should depend solely 
on the differences in their levels of self-efficacy beliefs 
and be equal to zero. If the estimate for an item p is not 
equal to zero, then the item can be judged to display DIF. 
At level 3, 

00 000 00 , 00 0~ (0, )k k kv v Nβ γ ω= +  (5)
0 00 0 , 0 ~ (0, )k k k gv v Nβ γ ω= +

0 00p k pβ γ=
0pk pβ γ=  

Where 000γ  the mean level of performance on self-ef-
ficacy beliefs and 00γ  is the difference in self-efficacy 
beliefs between the reference group and group g. 

Step 3: enter a School-level correlate.

In the level-3 model, institution (public universities vs pri-
vate universities) was added to the level-two model to see 
whether the school context has any effect on gender DIF. 
the level-three model is:

00 000 001 00 , 00 0~ (0, )k j k kZ v v Nβ γ γ ω= + +  (6)
0 00 0 , 0 ~ (0, )k k k gv v Nβ γ ω= +

0 00 01p k p p jZβ γ γ= +
0pk pβ γ=  for p = 2,…P

where 00kβ  is the intercept for school k, 0kβ  is the 
group difference in self-efficacy beliefs for school k, 0p kβ  
is the item effect for school k, pkβ is the difference in the 
item effect between group g and the reference group. 000γ  
is the grand mean level of performance on self-efficacy 
beliefs and 00γ  is the difference in self-efficacy beliefs be-
tween the reference group and group g. Zj is the school 
context (public = 0 and private = 1) of teacher j. 

For the level-3 model, the logic of detecting DIF for 
the level-2 model also applies. but for the level-3 model, 
the group difference in the item difficulties will be adjust-
ed for various levels of the context variables. the multi-
level models were run using HLM 6.04 (raudenbush et 
al., 2004)[18] with the full penalized quasi likelihood (PQL). 
Missing data were handled while running the multilevel 
analyses.

3. results

3.1 Descriptive Statistics
Descriptive statistics for tsEs items were calculated us-
ing SPSS 19.0 and are displayed in Table 1. As reflected 
in the table, the average responses to these items ranged 
from 6.73 to 7.97 on a 9-point scale. In general, the pre-
service teachers were pretty sure about their abilities in 
managing classroom, engaging students, and using in-
structional strategies. For the preservice teachers, question 
5 got the most agreement (M=7.97, sD=1.17) and ques-
tion 2 got the least agreement (M=6.73, sD=1.53). that 
is to say, the secondary preservice teachers were most 
confident about their ability to craft good questions for 
their students and they were less but still confident about 
their skills in motivating students who show low interests 
in school work.(see table 1.)

3.2 Confirmatory Factor Analysis for TSES 
to answer research question 1, cronbach's alpha and 
a three-factor cFA model were run for the instrument. 
Usually normal theory weighted least square chi-square 
χ2, root mean square error of approximation (RMSEA), 
standardized root mean square residual (srMr), and 
goodness of fit index (GFI) are used to assess whether a 
model is a good fit to the data.  Since the χ2 test is sensi-
tive to the sample size, shumacker and Lomax (2004)[20] 
suggest using rMsEA, srMr, and GFI as indices to test 
the model fit.  browne and cudeck (1993)[4]- suggest a 
rMsEA value between .05 and .08 for a good cFA model 
fit. According to Hu and Bentler (1999),[9] an srMr val-
ue less than .08 and a GFI value greater than .95 mean a 
good fit. 

the path diagram for the three-factor model is pre-
sented in Figure 1. As can be seen in Figure 1, for the 
latent variable, one estimated factor loading for each of 
the three–factors (i.e., CM, SE, IS) was fixed to 1.  All of 
the 12 observed variables had significant factor loadings 
(ranging from .65 to .83), ps < .05, on the three factors.  
Hence, between 42% and 69% of the variance in teacher 
self-efficacy beliefs can be attributed to the three subscales 
and the overall rating.  Teacher self-efficacy beliefs were 
appropriately and adequately assessed by the 12 observed 
variables in the tsEs instrument.  For the three-factor 
model, χ2 = 444.27, df= 51, p < .001, RMSEA = .072, 
SRMR = .038, and GFI =.95.  Although χ2 is significant, 
it is due to the large sample size (schumacker & Lomax, 
2004).[20] the acceptable rMsEA, srMr, and GFI values 
showed that the three-factor model was a good fit to the 
data. the cFA results also showed that conducting DIF 
analysis within each subscale of tsEs would ensure that 
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the assumption of unidimensionality is met.
the reliability index for the overall scale, as well as 

reliability indices for the three subscales, as measured by 
cronbach's alpha, was calculated using sPss 19.0.  the 
results showed that the reliability index for the overall 
scale is .905.  The reliability index for the first factor, CM 
(items 1, 6, 7, and 8) is .880.  the reliability index for the 
second factor, sE (items 2, 3, 4, and 11) is .817.  the re-
liability index for the third factor, Is (items 5, 9, 10, and 
12) is .802.

Figure 1. Path Diagram for tsEs three-Factor Model

A three-level HGLM model was used to answer research 
question 2, whether items in the instrument display gender 
DIF. to answer research question 3, what is the effect of 
the school context on gender DIF, institution was entered 
to the three-level models as a third-level correlate to see 
whether the results changed.

3.3 Multilevel analyses for tSeS subscale 1
the results of the multilevel analyses for tsEs subscale 1, 
cM, are presented in the following tables. For all the four 
items in this subscale, no teachers chose category 1 as re-
sponses. For the analysis, the maximum number of items 
was 5864, the maximum number of preservice teachers 
was 1466, and the maximum number of universities was 
45.

Step 1: estimate the Unconditional Model

the results of the unconditional model for subscale 1 are 
presented in Table 2. The first Thurstone threshold of the 
reference item, item 1 (How much can you do to control 
disruptive behavior in the classroom?) was -10.27. In ad-
dition, there was significant variance at both the teacher 
and university levels (6.02 and 0.25 respectively, p<.001). 
therefore, predictors could be added to the model to ac-
count for the variance. Furthermore, distinguishing among 
teachers across university in self-efficacy beliefs can be 

n M sD Min. Max.

Self-efficacy belief items

cM

control behavior (1) 1475 7.55 1.28 2 9

Get students to follow rules (6) 1469 7.62 1.21 2 9

calm students (7) 1475 7.35 1.28 2 9

Establish system (8) 1475 7.67 1.25 2 9

Motivate students (2) 1476 6.73 1.53 1 9

sE

Get students to believe they can do well (3) 1473 7.53 1.21 3 9

Help students value learning (4) 1472 7.15 1.37 2 9

Assist families in helping students (11) 1469 6.76 1.56 1 9

craft questions (5) 1475 7.97 1.17 3 9

Is

Use assessment strategies (9) 1471 7.82 1.28 1 9

Alternative explanation (10) 1470 7.90 1.16 2 9

Alternative strategies (12) 1472 7.48 1.29 1 9

Preservice teachers gender

Male 1485 46% 50% 0 1

Institution

Private 45 40% 49% 0 1

table 1. Descriptive statistics for tsEs
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done with a pretty good reliability (0.85). 
table 2. Fixed Effects (top) and Variance-covariance  
Estimates (bottom) for the Unconditional Model for 

tsEs subscale 1

Parameter
Fixed 
effects

Coefficient sE t ratio

Intercept γ000 -10.27 0.65 -15.79**

Item 6 γ100 -0.18 0.09 -2.14*

Item 7 γ200 0.48 0.11 4.49**

Item 8 γ300 -0.33 0.06 -5.58**

threshold 3 δ3  2.42 0.56 4.36**

threshold 4 δ4  3.56 0.60 5.94**

threshold 5 δ5  5.65 0.63 9.00**

threshold 6 δ6  7.23 0.65 11.17**

threshold 7 δ7  9.93 0.65 15.36**

threshold 8 δ8 12.04 0.65 18.62**

random 
effects

Variance 
components

teacher-level 
variance

u0 6.02**

University-level 
variance

v00 0.25**

Note. df=44 for Intercept. df=5854 for items and thresholds. 
se=robust standard error. *p<.05. **p<.001.

Step 2: estimate the conditional Model and investi-
gate DiF items

the results of the conditional model with preservice 
teachers' gender as the grouping variable are shown in 
Table 3. The coefficients for all the items in the subscale 
were not significantly different from zero with p>.05, 
therefore, all of the teacher self-efficacy belief items 
did not display significant gender DIF. Furthermore, the 
teacher-level variance for the model is significant (6.01, 
p<.001), which means that there is still a lot of variance in 
preservice teachers' self-belief efficacy beliefs, therefore, 
other predictors other than gender could be added to the 
model to account for the variance. the university-level 
variance is also significant (0.48 with p<.001), indicating 
that there is still a lot of variance to be explained and uni-
versity level predictors such as institution could be added 
to the model to account for the variance.

table 3. Fixed Effects (top) and Variance-covariance  
Estimates (bottom) for the conditional Model for Detect-

ing DIF for tsEs subscale 1

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -10.26 0.65 -15.82**

teachGender γ010 -0.07 0.15 -0.44

Item 6 γ100 -0.27 0.12 -2.18*
Item 6 

x teachGender
γ110 0.18 0.16 1.15

Item 7 γ200 0.57 0.12 4.91**
Item 7 

x teachGender
γ210 -0.19 0.12 -1.55

Item 8 γ300 -0.43 0.09 -5.03**
Item 8 

x teachGender
γ310 0.23 0.14 1.60

threshold 3 δ3 2.43 0.55 4.42**

threshold 4 δ4 3.57 0.59 6.03**

threshold 5 δ5 5.67 0.62 9.14**

threshold 6 δ6 7.25 0.64 11.35**

threshold 7 δ7 9.96 0.64 15.62**

threshold 8 δ8 12.07 0.64 18.95**
random
 effects

Variance 
component

teacher-level 
variance

u0 6.01**

University-level 
variance

v00 0.48**

University-level 
gender variance

v01 0.13

Note. teacherGender=teacher gender (0 = female and 1=male). df 
= 44 for Intercept and teachGender. df = 5850 for items and the 
interaction of items and teachGender, and thresholds.*p < .05. 
**p<.001. 

Step 3: enter a University-level correlate

the results for the conditional model with institution 
entered into the model are presented in table 4. the co-
efficients for the interactions of institution and item 6 
(How much can you do to get children to follow class-
room rules? p<.05), of institution and item 7 (How much 
can you do to calm a student who is disruptive or noisy? 
p<.05), and institution and item 8 (How well can you es-
tablish a classroom management system with each group 
of students? p<.05) were significantly different from 0, 
therefore, statistically significant interactions were ob-
served to exist between institution and these items. the 
positive coefficients for the three items indicated
that preservice teachers at public universities had more 
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confidence in getting children to follow classroom rules, 
in calming a student who is disruptive or noisy, and in 
establishing a classroom management system with each 
group of students. In addition, item 8 was found to be-
come an item with gender DIF as the coefficient for this 
item was significantly different from zero (p<.05), which 
indicated that the context had some effects on gender DIF. 
the large p value (.04) also showed that the magnitude of 
DIF for this item was not big and the effect of the context 

on the DIF item was not big. The positive coefficient for 
item 8 indicated that female preservice teachers felt more 
confident in establishing a classroom management system 
than male preservice teachers. Furthermore, no signifi-
cant interactions were observed by teacher gender and 
institution interactions. There were statistically significant 
between-university variations in self-efficacy beliefs, indi-
cating that more predictors other than institution could be 
added to the model to account for the variance.

table 4. Fixed Effects (top) and Variance-covariance Estimates (bottom) for the conditional Model for  
Detecting contextual DIF for tsEs subscale 1

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -10.20 0.63 -16.12**

Insti γ001 -0.19 0.33 -0.59

teachGender γ010 0.10 0.20 0.51

Insti x teachGender γ011 -0.45 0.32 -1.41

Item 6 γ100 -0.50 0.15 -3.32*

Item 6 x Insti γ101 0.54 0.21 2.60*

Item 6 xteachGender γ110 0.27 0.21 1.24

Item 6 x InstixteachGender γ111 -0.14 0.31 -0.46

Item 7 γ200 0.36 0.15 2.44*

Item 7 x Insti γ201 0.49 0.23 2.14*

Item 7 xteachGender γ210 -0.10 0.13 -0.82

Item 7 x Insti xteachGender γ211 -0.17 0.29 -0.57

Item 8 γ300 -0.58 0.08 -7.33**

Item 8 x Insti γ301 0.35 0.17 2.08*

Item 8 xteachGender γ310 0.34 0.17 2.01*

Item 8 x Insti xteachGender γ311 -0.25 0.29 -0.86

threshold 3 δ3 2 .44 0.54 4.49**

threshold 4 δ4 3.58 0.59 6.12**

threshold 5 δ5 5.68 0.61 9.27**

threshold 6 δ6 7.27 0.63 11.52**

threshold 7 δ7 9.98 0.63 15.86**

threshold 8 δ8 12.10 0.63 19.25**

random effects Variance component

teacher-level variance u0 6.01**

University-level variance v00 0.48**

University-level gender variance v01 0.13

Note. Insti=Institution (0=public university and 1=private university). df=43 for Intercept, teachGender, and interaction of teach-
Gender and Institution. df=5842 for items and the interaction of items and teachGender and Institution, and thresholds.
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3.4 Multilevel analyses for tSeS subscale 2
For the analyses of tsEs subscale 2, sE, the maximum 
number of items was 5844, the maximum number of pre-
service teachers was 1461, and the maximum number of 
universities was 45.

Step 1: estimate the Unconditional Model

the results of the unconditional model for teS sub-
scale 2, SE, are presented in Table 5. The first Thur-
stone threshold of the reference item, item 2 (How 
much can you do to motivate students who show low 
interest in school work?) was -8.53. in addition, there 
was significant variance at both the teacher (3.69, 
p<.001) and university level (.24, p<.001). Further-
more, distinguishing among teachers across university 
in self-efficacy beliefs can be done with high reliability 
(0.80). 

table 5. Fixed Effects (top) and Variance-covariance  
Estimates (bottom) for the Unconditional Model for 

tsEs subscale 2

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -8.53 0.57 -14.84**

Item 3 γ100 -1.45 0.07 -22.29**

Item 4 γ200 -0.76 0.06 -12.64**

Item 11 γ300 -0.10 0.06 -1.66

threshold 2 δ2 1.68 0.61 2.76*

threshold 3 δ3 3.54 0.55 6.46**

threshold 4 δ4 4.47 0.57 7.90**

threshold 5 δ5 6.29 0.59 10.64**

threshold 6 δ6 7.70 0.59 13.14**

threshold 7 δ7 9.67 0.59 16.27**

threshold 8 δ8 11.30 0.60 18.84**
random 
effects

Variance 
component

teacher-level 
variance

u0 3.69**

University-lev-
el variance

v00 0.24**

Note. df=44 for Intercept. df=5833 for items and thresholds. 
se=robust standard error. *p<.05. **p<.001.

Step 2: estimate the conditional Model and investi-
gate DiF items

the results for the conditional model with teachers' gen-
der as the grouping variable are shown in table 6. the 
coefficients for all the items in the subscale were not sig-
nificantly different from zero with p>.05, therefore, all 

of the teacher self-efficacy belief items did not display 
significant gender DIF. Furthermore, the teacher-level 
variance for the model is significant (3.67, p<.001). the 
university-level variance is also significant (0.35, p<.001).

Table 6. Fixed Effects (top) and Variance-covariance  
Estimates (bottom) for the conditional Model for Detect-

ing DIF for tsEs subscale 2

Parameter
Fixed 
effects

Coefficient sE t ratio

Intercept γ000 -8.65 0.57 -15.13**

teachGender γ010 0.25 0.14 1.76

Item 3 γ100 -1.50 0.08 -18.16**
Item 3 

xteachGender
γ110 0.10 0.12 0.83

Item 4 γ200 -0.74 0.07 -11.33**
Item 4 

xteachGender
γ210 -0.03 0.10 -0.28

Item 11 γ300 -0.09 0.10 -0.92
Item 11 x 

teachGender
γ310 -0.01 0.16 -0.03

threshold 2 δ2 1.68 0.61 2.76*

threshold 3 δ3 3.54 0.55 6.47**

threshold 4 δ4 4.47 0.57 7.91**

threshold 5 δ5 6.29 0.59 10.65**

threshold 6 δ6 7.70 0.59 13.15**

threshold 7 δ7 9.68 0.59 16.29**

threshold 8 δ8 11.30 0.60 18.88**
random
effects

Variance 
component

teacher-level 
variance

u0 3.67**

University-level 
variance

v00 0.35**

University-level 
gender variance

v01 0.06

Note. teachGender=teacher gender (0=female and 1=male). 
df=44 for Intercept and teachGender. df=5829 for items, the 
interaction of items and teachGender, and thresholds. *p<0.05. 
**p<0.001.

Step 3: enter a University-level correlate

the results of the conditional model with university type 
entered into the model are presented in Table 7. Signifi-
cant interactions were observed between university type 
and item 11 (How much can you assist families in help-
ing their children do well in school? p<.05). Negative 
coefficient for this item showed that preservice teachers 
at private universities were more confident about assist-
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ing families in helping their children do well in school. 
In addition, no significant interactions were observed 
by teacher gender and university type interactions with 
p>.05. Furthermore, there were statistically significant 

between-university variations in self-efficacy beliefs (3.68, 
p<.001), indicating that more predictors other than uni-
versity type could be added to the model to account for 
the variance. 

table 7. Fixed Effects (top) and Variance-covariance  
Estimates (bottom) for the conditional Model for Detecting contextual DIF for tsEs subscale 2

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -8.56 0.61 -13.97**

Unitype γ001 -0.07 0.31 -0.24

teachGender γ010 0.36 0.19 1.89

Unitype x teachGender γ011 -0.29 0.23 -0.91

Item 3 γ100 -1.49 0.07 -21.09**

Item 3 x Unitype γ101 -0.01 0.18 -0.06

Item 3 xteachGender γ110 0.07 0.10 0.73

Item 3 x UnitypexteachGender γ111 0.07 0.28 0.24

Item 4 γ200 -0.71 0.09 -8.18**

Item 4 x Unitype γ201 -0.08 0.14 -0.63

Item 4 xteachGender γ210 -0.11 0.07 -1.68

Item 4 x UnitypexteachGender γ211 0.21 0.24 0.87

Item 11 x Unitype γ301 -0.39 0.20 -1.99*

Item 11 xteachGender γ310 -0.09 0.18 -0.52

Item 11 x UnitypexteachGender γ311 0.18 0.34 0.53

threshold 2 δ2 1.68 0.61 2.76*

threshold 3 δ3 3.54 0.55 6.47**

threshold 4 δ4 4.47 0.57 7.91**

threshold 5 δ5 6.30 0.59 10.66**

threshold 6 δ6 7.71 0.59 13.17**

threshold 7 δ7 9.69 0.59 16.32**

threshold 8 δ8 11.31 0.60 18.91**

random effects Variance component

teacher-level variance u0 3.68**

University-level variance v00 0.33**

University-level gender variance v01 0.07

Note. Unitype = university type (0 = public university and 1 = private university). df = 43 for Intercept, teachGender, and interac-
tion of teachGender and Unitype. df = 5821 for items and the interaction of items and teachGender and Unitype, and thresholds. 
*p<.05. **p<.001.
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3.5 Multilevel Analyses for tSeS Subscale 3
For tsEs subscale 3, Is, the maximum number of items 
was 5864, the maximum number of preservice teachers 
was 1466, and the maximum number of universities was 
45.

Step 1: estimate the Unconditional Model

the results for the unconditional model for tEsE sub-
scale 3, IS, are presented in Table 8. The first Thurstone 
threshold of the reference item (to what extent can you 
craft good questions for your students?) was -10.14. In 
addition, there was significant variance at both the teacher 
and university levels (3.21 and 0.11 respectively, p<.001). 
Furthermore, distinguishing among teachers across uni-
versity in self-efficacy beliefs can be done with decent 
reliability (0.77). 
table 8. Fixed Effects (top) and Variance-covariance Es-
timates (bottom) for the Unconditional Model for tsEs 

subscale 3

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -10.14 1.22 -8.30**

Item 9 γ100 0.29 0.07 4.15**

Item 10 γ200 0.20 0.07 2.66*

Item 12 γ300 1.05 0.12 9.05**

threshold 2 δ2 0.70 0.76 0.93

threshold 3 δ3 2.75 1.15 2.40*

threshold 4 δ4 3.75 1.20 3.12*

threshold 5 δ5 5.76 1.17 4.94**

threshold 6 δ6 6.96 1.20 5.81**

threshold 7 δ7 8.92 1.19 7.51**

threshold 8 δ8 10.60 1.19 8.90**
random 
effects

Variance 
component

teacher-level 
variance

u0 3.21**

University-lev-
el variance

v00 0.11**

Note. df=44 for Intercept. df=5853 for items and thresholds. 
se=robust standard error. *p<.05. **p<.001.

Step 2: estimate the conditional Model and investi-
gate DiF items

the results of the conditional model with preservice 
teachers' gender as the grouping variable are shown in ta-
ble 9. As shown in the table, item 9 displayed significant 
gender DIF with p<.001 and the coefficient for males and 
females was significantly different from zero. For item 

9, the positive coefficient indicated that male preservice 
teachers found the item harder to endorse and felt less 
confidence about using different strategies in classroom 
given the same level of ability as female preservice teach-
ers. Furthermore, the teacher-level variance for the model 
is significant (3.21, p<.001). the university-level variance 
in the model is also significant (0.13, p<.05).
Table 9. Fixed Effects (top) and Variance-covariance Es-
timates (bottom) for the conditional Model for Detecting 

DIF for tsEs subscale 3

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -10.24 1.23 -8.32**

teachGender γ010 0.18 0.10 1.81

Item 9 γ100 0.00 0.10 0.02
Item 9 

xteachGender
γ110 0.62 0.12 5.13**

Item 10 γ200 0.15 0.11 1.35
Item 10 

xteachGender
γ210 0.10 0.16 0.63

Item 12 γ300 1.00 0.16 6.31**
Item 12 

x teachGender
γ310 0.10 0.13 0.75

threshold 2 δ2 0.70 0.76 0.93

threshold 3 δ3 2.75 1.15 2.40*

threshold 4 δ4 3.75 1.20 3.13*

threshold 5 δ5 5.77 1.16 4.96**

threshold 6 δ6 6.98 1.20 5.83**

threshold 7 δ7 8.94 1.18 7.55**

threshold 8 δ8 10.62 1.19 8.94**

random 
effects

Variance 
component

teacher-level 
variance

u0 3.21**

University-level 
variance

v00 0.13*

University-level 
gender variance

v01 0.01

Note. teachGender = teacher gender (0 = female and 1 = male). 
df=44 for Intercept and teachGender. df = 5849 for items , the 
interaction of items and teachGender, and thresholds. *p<.05. 
**p<.001.

Step 3: enter a University-level correlate

the results of the conditional model with university type 
entered into the model are presented in table 10. Item 
9 was still found to display gender DIF (p<.001) after 
institution was entered into the model. the context did 
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not have any effect on the DIF item. No statistically sig-
nificant interactions were observed between institution 
and preservice teachers' self-efficacy belief items with the 
coefficients being not significantly different from zero. 

In addition, no significant interactions were observed by 
teacher gender and institution interactions. Furthermore, 
there were statistically significant between-university 
variations in self-efficacy beliefs.

table 10. Fixed Effects (top) and Variance-covariance Estimates (bottom) for the conditional Model for  
Detecting contextual DIF for tsEs subscale 3

Parameter Fixed effects Coefficient sE t ratio

Intercept γ000 -10.21 1.29 -7.93**

Unitype γ001 -0.05 0.21 -0.23

teachGender γ010 0.20 0.11 1.74

Unitype x teachGender γ011 -0.04 0.22 -0.20

Item 9 γ100 0.01 0.13 0.11

Item 9 x Unitype γ101 -0.03 0.20 -0.14

Item 9 xteachGender γ110 0.57 0.14 4.04**

Item 9 x UnitypexteachGender γ111 0.15 0.26 0.56

Item 10 γ200 0.15 0.16 0.91

Item 10 x Unitype γ201 0.01 0.22 0.04

Item 10 xteachGender γ210 0.07 0.23 0.32

Item 10 x UnitypexteachGender γ211 0.08 0.30 0.26

Item 12 γ300 1.06 0.25 4.27**

Item 12 x Unitype γ301 -0.13 0.30 -0.42

Item 12 xteachGender γ310 0.14 0.19 0.72

Item 12 x UnitypexteachGender γ311 -0.11 0.26 -0.42

threshold 2 δ2 0.70 0.75 0.93

threshold 3 δ3 2.75 1.14 2.41*

threshold 4 δ4 3.75 1.20 3.13*

threshold 5 δ5 5.77 1.16 4.97**

threshold 6 δ6 6.98 1.19 5.85**

threshold 7 δ7 8.94 1.18 7.57**

threshold 8 δ8 10.62 1.18 8.97**

random effects Variance component

teacher-level variance u0 3.22**

University-level variance v00 0.12*

University-level gender variance v01 0.01

Note. Unitype = university type (0 = public university and 1 = private university). df = 43 for Intercept, teachGender, and interaction 
of teachGender and Unitype. df = 5841 for items and the interaction of items and teachGender and Unitype. *p<.05. **p<.001.
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4. Discussion
several findings emerged from the present study.  As 
indicated by the descriptive statistics, the secondary pre-
service teachers in the present study were confident about 
their abilities in managing classroom, engaging students, 
and using instructional strategies. the preservice teachers 
were very confident about their ability inside the class-
room, such as crafting good questions for their students 
and redirecting a student who was disruptive and noisy in 
the classroom. In addition, they were confident about their 
ability to motivate students who showed low interests in 
school work although a student's motivation and perfor-
mance also depended on his or her home environment. 
there is some support for the claim that home environ-
ment was important for students' motivation. For example, 
Muola's study (2010)[16] showed that student's motivation 
to do well in their academic work is to a certain extent de-
pendent on the nature of their home environment.  

results of the cFA analyses provided evidence that 
tsEs had good construct validity. results showed that the 
three-factor model for tsEs worked well for the present 
sample in the study. In addition, reliabilities for the over-
all scales and each subscale are high, which shows that 
the instrument is a reliable measure of preservice teachers' 
self-efficacy beliefs. 

In terms of DIF items, the results of multilevel HGLM 
analyses at level-two showed that for tsEs subscales 1 
(cM) and 2 (sE),  no DIF items were detected. For sub-
scale 3 (instructional strategy), item 9 (How much can you 
use a variety of assessment strategies?) was found to dis-
play significant gender DIF. Female secondary preservice 
teachers reported to be more confident about implement-
ing alternative strategies in the classroom compared to 
male preservice teachers with the same ability. the reason 
might be that female preservice teachers practiced using 
more alternative strategies than male preservice teachers. 
Further follow-up such as content analysis should be con-
ducted to see whether this item is a biased item. If it is a 
biased item, then it should be modified or deleted from the 
instrument. 

Item 6 (How much can you do to get children to follow 
classroom rules?), item 7 (How much can you do to calm 
a student who is disruptive or noisy?) and item 8 (How 
well can you establish a classroom management system 
with each group of students?) in tsEs 1were found to 
have significant interactions with institution. The positive 
coefficients for the three items showed that secondary pre-
service teachers who studied to get their licensures at pub-
lic universities tended to be more confident about "getting 
children to follow classroom rules", "calming a disruptive 
or noisy student", and "establishing a classroom man-

agement system with each group of students" than their 
counterparts at private universities. the possible reason is 
that the teacher education programs at public universities 
in the state of Ohio were more reputable, therefore, pre-
service teachers at these universities were more confident 
about their teaching abilities. 

the results of the multilevel analysis also showed that 
context had effect on DIF items, however, the effect was 
not big. some studies have discussed the difference in 
teacher preparation programs at public versus private uni-
versities. For example, Henry et al. (2011)[8] investigated 
whether teachers got their licensures at public or private 
universities influenced the achievement of their students. 
rosas and West (2011)[19] examined the perceptions of 
preservice teachers at both public and private universities 
in the state of Ohio regarding their readiness to teach. 
However, no research was found on why getting licen-
sures at public or private universities (context) could have 
influence on preservice teachers' self-efficacy beliefs.  

the present study, in the methodological sense, tests 
the applicability of the three-level model of cheong (2006)
[5] to polytomous data which are more often used in the 
field of education and psychology. In addition, the present 
study takes the contextual sources of DIF into account 
to see whether the context exerts any impact on gender 
DIF as the context might be one of the sources for DIF 
items (cheong, 2006).[5]  this multilevel approach has the 
advantages as evidenced in cheong's study (2006)[5] as 
described earlier. the present study also contributes to the 
self-efficacy literature in that it further explores validity 
evidence for the widely used self-efficacy survey (TSES) 
from a new perspective, item bias, which has not been 
considered before in self-efficacy studies.

One limitation for the study is that due to the unique 
demographic characteristics of the participants, caution 
should be exercised when generalizing the results to the 
preservice teachers at large. the participants in the study 
were from the colleges and universities which provided 
licensure programs to preservice teachers in the state of 
Ohio. All of the participants in the present study were 
in bachelor's degree program. Around half of them were 
female and half were male. In addition, half of the preser-
vice teachers were studying at public universities and half 
at private universities to pursue their licensures. The find-
ings of the study can only be generalized to the population 
with similar characteristics. 

5. conclusion
to sum up, the present study aimed to investigate valid-
ity related issues of the tsEs, which measured teachers' 
self-efficacy beliefs. 1485 preservice teachers who were 
pursuing their licensures in the colleges and universities 
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in the state of Ohio in the years of 2006-2007 and 2007-
2008 participated in the present study. 

the results of the descriptive statistics showed that 
the preservice teachers were pretty confident about their 
teaching ability in classrooms, but not so confident about 
how to motivate students. the results of the cFA analyses 
showed that the tsEs has good construct validity and is 
a reliable measure for the present sample. the instrument 
could measure what it is supposed to measure.  

In terms of DIF items, one item (item 9) was detected 
by multilevel model to be DIF items in tsEs subscale 
3, Is. In addition, item 8 in tsEs subscale 1became DIF 
items when the context variable, institution, was added 
to the level-two model. Further follow up analysis can be 
done to investigate whether these items are biased item. 
Modification could be made to the item or the item could 
be deleted from the instrument. In general, the four-step 
procedure (modified to a three-step procedure in the pres-
ent study) in cheong's study (2006)[5] worked well for 
the present sample with high estimate reliability. Howev-
er, due to some limitations of the present study, caution 
should be used in generalizing the results.

5.1 implications for Future research
the present study is a study using several quantitative 
techniques, cFA and HGLM analyses to further validate 
the TSES. The present study has its own significance as 
it contributes to the sparse literature investigating the 
validity issues related to measuring preservice teachers' 
self-efficacy beliefs. The present study also tests the ap-
plicability of the three-level model of cheong (2006)[5] to 
polymotous data which are more often used in the field of 
education. However, it also has its limitations as discussed 
earlier. therefore, further studies should be done in light 
of the limitations. 

Due to the unique characteristics of the participants in 
the present study, additional studies using a randomly se-
lected sample from diversified regions are needed to gen-
eralize the results. In addition, effect size was not reported 
in the present study. As effect size is a measure of prac-
tical significance and indicates the magnitude of the dif-
ference, therefore, in future studies, effect size should be 
included as part of the results of multi-level model. Also 
because this is only an empirical study which produced 
preliminary results with the present sample size, addition-
al simulation studies which simulate different sample size 
and compare different procedures of DIF estimates should 
be conducted to have a more holistic result.

In the multilevel analyses, after teacher gender and 
institution were added to the model, there was still signifi-
cant variance at the teacher and university level that need-
ed to be explained, which suggested that more predictors 

 

 

 

 

 

 
 

 

 

could be added to the model. therefore, further studies 
could add teacher-level predictors such as teachers' race 
and university level predictors such as mean sEs to the 
analyses to see whether these variables could help account 
for the variance in the model. In addition, the results of 
the studies also showed that the school context had some 
effect on gender DIF. After the third-level variable (insti- 
tutions) was added to the second level model, one item 
became DIF items from DIF-free items. Further studies 
could be done to show how the context (public universities 
and private universities) where preservice teachers attend
teaching programs influences their self-efficacy beliefs.
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Appendix A: Teachers' Sense of Efficacy Scale (TSES)
Directions: This questionnaire is designed to help us gain a better understanding of the kinds of things that create diffi-
culties for teachers in their school activities. On a 9 point scale where 1 is "nothing" and 9 is "a great deal," please mark 
the option corresponding to your opinion about each of the statements below.

Nothing 2
Very 
Little 

4
some 

Influence 
6

Quite a 
bit 

8
A Great 

Deal
1. How much can you do to control disruptive behavior in the 
classroom? m m m m m m m m m

2. How much can you do to motivate students who show low 
interest in school work? m m m m m m m m m

3. How much can you do to get students to believe they can do 
well in school work? m m m m m m m m m

4. How much can you do to help your students value learning? m m m m m m m m m

5. to what extent can you craft good questions for your students? m m m m m m m m m
6. How much can you do to get children to follow classroom 
rules? m m m m m m m m m

7. How much can you do to calm a student who is disruptive or 
noisy? m m m m m m m m m

8. How well can you establish a classroom management system 
with each group of students? m m m m m m m m m

9. How much can you use a variety of assessment strategies? m m m m m m m m m
10. to what extent can you provide an alternative explanation 
or example when students are confused? m m m m m m m m m

11. How much can you assist families in helping their children 
do well in school? m m m m m m m m m

12. How well can you implement alternative strategies in your 
classroom? m m m m m m m m m




