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ABSTRACT

The purpose of the study was to further investigate the validity of the instrument used for col-

generalized linear modeling (HGLM) model. To serve the purpose, the study used data collect-
 Teachers' 

. 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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Using Hierarchical Generalized Linear Modeling to Examine Contextual 
Differential Item Functioning: A Validity Study of Teachers' Sense of 

Jing Zhao1*   Xiaojing Zou2   Wenpeng Shang3
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2. Chinese and Culture College, Beijing Normal University, Beijing, China
3. College of Foreign Studies, Jinan University, Guangzhou, China

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 

-
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
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After the exploration of different kind of thinking skills oriented to dis-
cerning complex issues and phenomena, this article argues about the need 
to use a new modality of thinking, defined as integral thinking. Based 
on the holonic theory and on the proprieties of the holons and their part-
whole relationships, the paper proposes and characterizes integral think-
ing, a kind of thinking that is holistic but also has span and profundity, 
going beyond conventional Aristotelian epistemic-inspired ways. Integral 
thinking joins in a single model the assets of premodern, modern and 
postmodern thinking systems; and helps in going beyond the nowadays 
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appropriated to the contemporary need to think integrally in science, cul-
ture, professions, and arts or about the evolution of personal conscious-
ness. It’s useful also to be applied in the diverse professional fields, espe-
cially when comprehensive approaches are needed. Integral thinking can 
be used in holistic education and pedagogies. The use of integral thinking 
in the educational actuality can help to characterize the integral education 
practice and agenda.
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1. Introduction

In the information age in which we live is especially per-
tinent understanding thinking skills and their relevance 
in the systems of thought. Thinking skills are required 
in all the applied fields like education, psychotherapy, 
leadership, and organizations, among many other ones, 
as well as in the acquisition of personal consciousness. 
Today there is an increasing need for thinking well, an 
authentic art. We use the word ‘art’, from the Latin ars, 
because thinking can be understood also as a tekhne, the 
Aristotelian Greek word for art. Effectively Aristotle[1] 
proposed three kinds of episteme: episteme theoretike, 
poietike, and praktike. Each one has intellectual charac-
ter[2] and represents, therefore, a kind of thinking. The first 

one allows thinkers to create theories, which conduct nec-
essary outcomes, as is the case of theoretical predictive 
sciences. The second one allows the poiesis of different 
possibilities, which are separated from the thinker too. 
The episteme praktike, instead, is oriented to the phrone-
sis and centered in the agent, in order to guide the praxis, 
the ways of acting. Aristotle introduced also the nous, “that 
grasps die self-identical essences which are objects of first 
philosophy”[3], involving “the complete identity of knower 
and known, which represents the ideal to which human 
noetic activity aspires”[4]. All those modalities together 
form, in his system, the Sophia. “On Aristotle’s view, 
Sophia is a combination of nous and episteme”[5], which 
requires, therefore, the contribution of different modalities 
of thinking. The combination of these modalities can be 
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described as wisdom[6]. A challenge for contemporary Psy-
chology is how to define a system able to include all the 
Aristotelian thinking modalities: the more conventional 
epistemes, but especially the less treated nous and Sophia. 
This is the first purpose of this study.

It’s a very relevant issue because Modernity, common-
ly considered, promoted rationality in the generalized 
episteme theoretike style of thinking. Modern schools 
and universities trained students in this kind of thinking, 
the one that De Bono[7] summarized in the sentence: “I’m 
right, you are wrong”. Other concomitant characteristics 
of the modern worldview (like specialization, the pre-
dominance of analysis, fragmentation in disciplines, etc.), 
maybe helped to promote real progress, but couldn’t en-
compass the total complexity of the human experience. To 
approach more complex views, disciplines like phenome-
nology, for instance, have to include in their methodolog-
ical process the phenomenological reduction[8], in order to 
allow the possibility of thinking about subjective matters 
without being influenced too much by the established con-
ventional theoretical ways. 

Additionally, problems today are multifaceted, 
cross-disciplinary, human-centered, and rarely solved 
through simple or linear solutions[9] and for that reason, 
we need in our time many different kinds of thinking to 
deal with different kind of problems and phenomena. For 
instance, de Bono, aware of the western predominance of 
logic-formal thinking, presented six flexible modalities 
in his well-known model of the six thinking hats[10]: logic 
(black), emotional (red), creative (green), factual (white), 
positive (yellow), procedural (blue). Thus, another ques-
tion may arise: Are there, in this perspective, all the 
thinking modalities represented? Our point of view is that, 
although this approach is useful in the kind of thinking 
needed in the creative arena of problem-solving, it doesn’t 
exhaust all the possible options of thinking. 

In order to complete the map of thinking modalities, 
and on the other hand, there is a new intellectual need in 
our postmodern societies: thinking about complexity[11]. 
That means to keep in mind at the same time diverse fea-
tures: subjective-objective, biological-cultural, scientif-
ic-professional, and so on. New ways of thinking, going 
beyond unidirectional modalities, have to be proposed to 
create comprehensive systems of thought about complex 
situations. In that sense, Wilber[12] proposed the integral 
theory as a map for the different dimensions of human 
consciousness. We can inquire if there are corresponding 
modalities of thinking to the integral approach. Especially 
interesting would be to find out what are the modalities 
available in the advanced stages of consciousness. And 
because the integral theory has experimented a very gen-

eralized application in different fields[13], understanding 
the new thinking skills associated with it arises as a very 
relevant issue. 

Wilber[14] additionally advocated for the need that a 
significant number of people arrive at the second tier of 
conscience. If this number would reach the 10% of the hu-
man population, Wilber explains that there would be a no 
return point and the humanity, as a collective, would make 
a big change in the collective consciousness and values[15]. 
If the styles of thinking taught at schools are based in the 
modern and in the Aristotelian thinking modalities is not 
strange that nowadays only maximum the 5% of humanity 
arrives at these advanced stages of consciousness[16]. And 
with only positive, wishful and creative thinking, the pre-
ferred postmodern modalities, there will be no significant 
advance. It’s thus necessary to characterize a new modal-
ity of thinking to be used in advanced stages.  Another 
purpose of this study is how to characterize this advanced 
modality of thinking independently of any religious or 
philosophical tradition, nevertheless with the potential to 
be recognizable for the different traditions, as a meeting 
point, where diverse people could meet and share ad-
vanced systems and models about the human conscious-
ness and experience[17].

2. Descriptive Characterization of Integral 
Thinking

2.1 Advanced Modalities of Thinking

A list of advanced modalities of thinking, ordered by 
correspondences in the spectrum of consciousness[18], in-
cludes:

Logic-formal thinking. Piaget[19] studied and described 
operational-formal thinking, and documented its develop-
ment. This kind of thinking makes use of mental opera-
tions, which are interiorized actions, and is applicable to 
solve mathematical and scientific problems. 

Mythic-religious-cultural thinking. Religious and 
philosophical premodern traditions developed systems of 
thought around the relationship of the individual with the 
cosmos. Worldviews (cosmo-visions) are implicit in all 
human cultures. Each culture has its own belief systems, 
which often include the mythological sphere[20]. The col-
lective cultural representation allowed massive coopera-
tion and was necessary for the development of larger so-
cieties, developed from the original survival clans. These 
representations use imaginative human capabilities[21]. 

 Rational, dialectic, rhetoric thinking. Aristotle, as has 
been explained, systematized different kinds of thinking. 
On one side the rational-dialectic thinking. Formal forums 
were developed, and western thought grew in different 
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fields by exercising rationality: science, law, medicine, or-
ganizations, ethics, aesthetics, and so on[22]. The new psy-
chological paradigm for the study of reasoning integrates 
psychology of reasoning with the study of judgment and 
decision-making, including degrees of uncertainty. Sub-
jective psychological value or utility and social pragmat-
ics are playing a central role[23]. On the other hand, Aristo-
tle[24] systematized as well the tekhne retorike, the rhetoric 
thinking: An art of persuasion, will-mobilizing, employed 
to produce eloquent discourses. The purpose of this art is 
different from dialectics but utilizes also reasoning abili-
ties. 

Design-oriented, creative, positive thinking. Gardner[25] 
established creative lines of development parallel to the 
Piagetian logic-mathematical one (spatial, musical, lin-
guistic, kinesthetic). In turn, De Bono[26] presented the 
creative and positive modalities of thinking skills, as an 
alternative to logic-argumentative kind of thinking. On the 
other hand, Bereiter & Scardamalia[27] systematized design 
thinking, which is proposal oriented, prototype developer, 
and socio-critical based. There is a dynamic relationship 
between thinking modalities and mental states. For exam-
ple, creative thinking can be influenced by mindfulness 
meditation[28]. 

Symbolic-spiritual thinking. Jung[29] introduced the 
concept of symbol distinct from the concept of sign. While 
a sign is like an instrumental tool of the mind in order to 
communicate well-known realities, a symbol canalizes 
psychical energy from the Jungian collective unconscious. 
The brain, in the Jungian view, not only processes signs 
but also has symbolic capabilities. The symbolic thinking 
is necessary for evolution, from literal-mythic-cultural 
systems to a more personal, experiential kind of religios-
ity-mysticism. Gardner[30] documented inter and intraper-
sonal developmental lines, that use symbolic competenc-
es, especially the intrapersonal one. 

Post-formal, vision-logic thinking. Sinnot and Com-
mons & Richards[31] proposed postformal thinking, as sub-
sequent stages after the Piagetian. Botella and Gallifa[32] 
described this postformal thinking as contextual, relativist, 
organicist and studied their contextual dependence. Wil-
ber[33] named this kind of thinking as vision-logic because 
unites logical with symbolic capabilities. This thinking 
depends on experience and has his own development: 
Systemic, metasystemic, paradigmatic, meta-paradigmat-
ic[34]. Intuition, in advanced modalities of thinking, has an 
impact at the moment of taking complex decisions[35]. 

Thinking of the “branches”, spiritual advanced, meta-
physical thinking. Ashlag[36], a Jewish Kabbalah rabbi, 
proposed the language of the “branches” to talk about 
metaphysical concepts. As it where a tree, some complex 

metaphysical concepts belong to the “roots” but, in order to 
talk about them, is necessary to develop a special language 
of the “branches” in order to share knowledge. This kind 
of thinking is necessary to understand some metaphysical 
concepts and is difficult to be separated from metaphysical 
content. It is the kind of thinking used in the relationship 
between a spiritual teacher and his/her disciple.

Integral thinking. Sharing traits with symbolic, postfor-
mal, and metaphysical modalities of thinking, there is the 
option of a kind of thinking aimed to amplify and concrete 
the possibility to think about complex matters, in the sci-
entific, professional, cultural or personal arenas, without 
metaphysical reference. We’ll describe and characterize it 
with the name of integral thinking. 

2.2 The Need for Integral Thinking

The last years have seen “leading thinkers in many fields 
of scholarly endeavor (including complexity science, ecol-
ogy, education, futures studies, integral studies, philoso-
phy, psychology, spirituality studies, and systems theory) 
claim that the fragmented, mechanistic and materialistic 
ways of thinking of the last century are no longer sus-
tainable. As Einstein put it a century ago, the significant 
problems we have cannot be solved at the same level of 
thinking with which we created them”. [37]

The aforementioned need for having a kind of think-
ing aimed at thinking about complex issues is another 
argument to justify the demand for new ways of thinking. 
There is a need to develop “attempts to open futures think-
ing out in all possible dimensions to embrace the new 
thinking and knowledge patterns that are emerging across 
the breadth and depth of the global knowledge terrain”.[38]

In that sense, Wilber[39] formulated the already men-
tioned integral theory of human consciousness and evo-
lution. This theory joins in a single model the premodern, 
modern and postmodern legacies. The theory defines four 
quadrants covering subjective, objective, inter-subjective, 
and inter-objective fields of human experience. In order to 
interact intellectually with those fields, which are operat-
ing at the same time, and especially for the elevated levels 
of consciousness, we need to characterize a new modality 
of thinking: the integral thinking. Although the integral 
theory has been fully studied as a map for thinking[40], 
there has not been developed yet a system of thinking 
according to the need to think in the framework of this 
knowledge. 

In order to think globally, there is the designated as 
‘holistic thinking’[41] (for example in holistic medicine), 
which promotes thinking about the whole human being 
instead of thinking about isolated parts. “The whole is 
greater than the sum of its parts”, affirmed Aristotle[42]. 
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But the relation between the ‘parts’ and the ‘whole’ will 
need more detailed exploration. Which are the parts? 
What is the relation between a single part and the whole? 
In which conditions one part can be at the same time part 
and whole? Is there any relationship between a part of a 
part and the corresponding part of the whole? All these 
questions are unresolved in generic ‘holistic thinking’. 
Holistic thinking can be another way to name the firsts 
stages of vision-logic or post-formal thinking, inside the 
Aristotelian epistemic framework. To approach all these 
questions and to surpass the Aristotelian convention-
al-episteme-related views there is a need for integral ways 
of thinking.

2.3 What Does ‘Integral’ Mean?

‘Integral’, coming from the Latin ‘integralis’, signifies 
“composed of parts that together constitute a whole”[43], 
and/or that all the parts are necessary for making the 
whole entire and complete[44]. There is another trait when 
a part is denominated as integral: It means that it’s a nec-
essary, essential or fundamental part[45]. A general trait of 
an integral approach can be found by joining the diverse 
meanings: Because the whole has to be complete, it re-
quires an equilibrated, balanced, and irreplaceable pres-
ence of the constituent and essential parts. 

As a verb “to integrate” could mean “to make whole 
or to make complete; to make part of a larger unit; to join 
with something else; to unite”[46], especially from simi-
larities. The word “integrated” means composed of parts. 
“Integer”, with reference to a person or a system, means 
entire (comprehensive), literally or figuratively, complete 
in itself.[47] In this last case could mean with a “character” 
or adhesion to a set of principles. When we use “integral” 
as an adjective the meaning is wider than “integrated” or 
“integer”. The essential parts have to be balanced to create 
a united entire whole. 

“An integral approach is inclusive and does not priv-
ilege particular parts over others; rather, people judi-
ciously and with careful deliberation fuse relevant parts 
into new entities so as to address the complexity of the 
situation”[48]. The combination of the parts will be able “to 
get a new whole that provides the complexity required to 
address the unique situation”[49]. The resultant whole will 
be an emerging outcome. “By using the term integral, we 
foreground concepts of inclusivity, holism, pluralism, and 
reverence”[50]. 

It’s the case of integral thinking as a modality of think-
ing about complete, comprehensive and balanced relations 
in part-whole issues. We need this kind of thinking be-
cause it is necessary to distinguish between an integrated 
approach (syncretism of different perspectives) from an 

integral one, as we will explain.
Integral thinking is useful to think about complexity.

[51]Complexity is composed of two independent dimensions:
differentiation  and  integration.  Wilber[52] considered 
complexity as a continuing process of differentiating and 
integrating. Although these capabilities are necessary for 
complex thinking they are not sufficient to characterize 
the thinking about comprehensive complex realities. For
that reason too, we are introducing integral thinking.

2.4 Definition of Integral Thinking

Holonic theory

  Wilber introduced the concept of the holon. According 
to the holonic conception, the reality is not composed by 
wholes nor have parts, but is composed by unities whole/ 
part or holons[53]. Any entity or unity of consciousness can 
be understood simultaneously as a whole or a part, any 
unity of consciousness, simple or complex, is a holon.

  Holons  create  hierarchies,  organizing  reality  by  in- 
creasing profundity and transcendence. On the other hand, 
holons establish heterarchies of similar holons, defined 
by holonic equivalence[54]. Profundity and span are two 
complementary aspects of holons. Holons are forming a 
holarchy[55]. There  are  holons  (whole/part)  in  the  phys- 
iosphere, in the biosphere, and in the noosphere. Wilber 
proposed 20 tenets that the holons accomplish[56]. Among 
them, there are the dimensions of the holons. Each holon 
has four dimensions[57].

Agency. The tendency to be a whole. Aristotelian entel-
echy, morphic field (Sheldrake), canon (Koestler), relative
autonomy and completeness, yang. It manifests the ten- 
dency towards self-preservation, autonomy, self-respon-
sibility, self-esteem. It assumes in this sense fixed forms
or patterns, among which there are the 20 tenets. Wilber 
named this dimension as ‘deep structure’. In pathological 
forms,  it’s  manifested  as  alienation  and  repression.  It’s 
the part of the holon that gives structure or is structuring. 
Oriented towards improvement and optimization, has an 
agent character.

  Communion. The tendency to the relationship, to create 
bonds, participatory, to express their partnership, the abil- 
ity to be part of a whole, attract other parties, relationship 
with something broader, yin, self-adaptation. This dimen- 
sion can be called agape (evolutionary), in the sense of 
attracting  other  holons.  Pathological  forms:  fusion  and 
indissociation. Focused on the relationship with other ho- 
lons, creating relationships of participation and inclusion.

  Self-transcendence. Autotransformation, creative nov- 
elty, creativity[58], each holon is a new whole/part that has
its own new forms of agency and communion. This is the
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impulse to experience freedom, to find cohesion and unity 
through a greater, deeper, and broader totality. Articulation 
by breaks of symmetry (Prigogine) not by a regrouping 
of the same. Evolution is the result of self-transcendence, 
also called by Wilber as Eros, that is, Spirit manifested in 
something else: matter, body, mind, soul, etc. In this di-
mension, the "telos" or purpose is originated. If self-tran-
scendence is not achieved, "Phobos" (fear, regression, 
panic, contraction, and repression) is experienced. It is 
the part of the holon that goes beyond himself, his inte-
rior, source of novelty, ability to change. Transcendence 
assumes that any holon is under an evolutionary drive and 
presents novelty. 

Self-dissolution/self-immanence. The morphogenetic 
gradient in the manifest field. This means not only a man-
ifest reality with some kind of support in the manifested 
reality but also the potential to evolve. Preservation of the 
current level or regression to previous levels. Wilber con-
ceptualized it as the instinct of death or Thanatos, a force 
opposed to Eros. Part of the holon that is focused on the 
preservation of itself, in the maintenance, preservation of 
the current state. 

A representational schema with the four dimensions is:

Figure 1. Holonic Dimensions

The holons are organized in a holarchy (hierarchies and 
heterarchies). Wilber characterized the global holarchy in 
the following holon: Immanence: objective world; tran-
scendence: subjective states and stages of consciousness; 
agency: interobjective relationships and systems; commu-
nion: intersubjective shared cultural representations. By 
presenting the holonic theory we don’t assume any kind 
of unnoticed dualism[59]. 

Conceptualization of Integral Thinking

Using the human understanding potential, integral 
thinking is the kind of thinking, which proceeds by fol-
lowing two steps:

Holistic consciousness 

Identification, perception or recognition of an elevated 

holon addressed to understand the human consciousness 
or experience. The system can be: intellectual, philosophi-
cal, mystic-religious, psychological, related to self-knowl-
edge or spiritual. Perceiving and understanding the tran-
scendent dimension is a necessary step, otherwise, the 
holon wouldn’t have the depth required and the system 
would collapse into a predictive system. Some relation-
ship with a ‘lived experience’ is also necessary. It can be 
a perception, a dream, an intuition, a feeling, a sensation, 
a subjective thought, in short: a subjective holon. That 
experience has to be interpreted in the framework of the 
holonic system. In Jungian psychology, this recognition 
is explained as the operation of the transcendent function 
that unites consciousness and unconscious. Duality/po-
larity is a core element of integral theory[60].  That means 
some presence of collective unconscious materials in the 
consciousness, which can be denominated as the presence 
of the soul, the inner self, the presence of being or spirit, 
although there would be, of course, distinctions and clari-
fications to be made, because these aspects are not exactly 
the same. That union of opposites gives a sensation of 
security in the system, of internal truth, equivalent to the 
Aristotelian nous. This consciousness transcends all the 
previous levels, and there is a sensation of understanding 
them from the new position. Because transcendence is 
operating, there is, as a result, advance in profundity and 
consciousness. An elevation of consciousness is taking 
place. When this happens, because any holon is a whole, 
consciousness can be designated as holistic, or holonistic. 

This level has been described as the change toward the 
second tier or the systemic level[61], the flexible flow lev-
el[62], and there is a correspondence with self-realization 
(Maslow), integral level (Gebser), fifth order of conscious-
ness[63] and autonomous level (Loevinger, Cook-Greuter). 
It corresponds with vision logic inferior[64] and with the 
paradigmatic post-formal thinking stage. Commons and 
Richards[65] explained that at this stage a paradigm is cre-
ated and their principles are applied to fields of different 
systems. Botella and Gallifa[66] studied the contextual 
character of postformal thinking and the difficulties to 
transfer schemas from one paradigm to another. That re-
quires an additional effort. 

Integral Thinking 

Once the previous consciousness is developed for an 
elevated holonic structure, directed to explain human 
experience or consciousness, the next step is to advance 
understanding in depth the holonic traits and proprieties, 
the dimensions of the holon:  immanence, transcendence, 
agency, communion. The thinking involved can be denom-
inated as integral thinking. It’s addressed to the recogni-
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tion of the holonic structure dynamics. An important trait 
of integral thinking is to understand the whole-part rela-
tionships in the holarchy, going throughout the different 
holonic dimensions. Effectively, this second level requires 
going in depth to the relationship of the particular holon 
with other similar holons and with the entire holarchy, to 
understand in depth each dimension and the dynamics of 
that particular holon in space, time and movement. A con-
sciousness act has the following dimensions: preservation, 
profundity, projective action and span[67]. The increase in 
these dimensions, especially span and profundity, results 
in an elevation of the consciousness. This elevation results 
in an emerging way to approach the experience. 

This stage is equivalent to the global vision[68], the 
consciousness of constructs (Loevinger, Cook-Greuter), 
vision-logic superior o global mind interparadigmatic 
(Wilber), interparadigmatic (Commons and Richards). It’s 
characterized by the integration of paradigms and to un-
derstand from here diverse complex systems.  Gallifa and 
Botella[69] studied complexity as a contribution of differ-
entiation and integration as independent dimensions. This 
level requires this double effort.

How Integral Thinking Works

An example of a holistic system in psychotherapy is 
bio-psycho-social-technical, being: bio (immanence), psy-
cho (transcendence), social (communion) and technical 
(agency). Thinking integrally about that structure is relat-
ing each dimension with other holons and with the whole 
holarchy, finding the span of the model and profundity in 
different directions. For instance in what extent the Psy-
chology (transcendence) under consideration is related to 
the transcendent dimension (the subjective quadrant) in 
the general holarchy. And the same can be done with the 
other dimensions. The internal actions implicated in these 
processes are what we defined as integral thinking. Tran-
scendence is necessary. 

The name of integral thinking means to find out the 
span and profundity of each dimension, making it com-
municable by reasoning. The first holistic level is more 
individual and contemplative oriented (consciousness), 
the second level requires the possibility of sharing it in a 
community using language (thinking).  Integral thinking 
makes explicit what is implicit, by using the human ca-
pacity of understanding.  

Although integral thinking is phenomenological in 
spirit, it’s not enough to apply the phenomenological 
reduction[70], nor the eidetic. An implicit trait of integral 
thinking is that the eidetic process follows a general 
configuration. It utilizes as a guide the holonic structure, 
filling it with content, and using concurrently all the rest 

 

of  modalities  of  thinking. The  general  holonic  schema 
corresponds to a natural phenomenology of the conscious-

[71]ness .
The relevance of integral thinking is that allows think-

ing outside the schema “I’m right, you are wrong” char- 
acteristic of Modernity, and at the same time avoids the 
necessary  reference  to  the  authoritative  sources  of  the 
premodern perspectives. Another asset is that goes beyond 
the relativistic thinking so characteristic of postmodern 
thought. Integral thinking doesn’t substitute all of these 
modalities,  but  amplifies  possibilities  by  thinking  in  a 
fourth way: the way of developing a thinking art (tekhne), 
complementary and integrating (excuse the repetition).

  Integral thinking is an art, a tekhne. As an art, the pro- 
duction can be understood as an object outside the agent, 
and there is more than one possibility because it’s oriented 
to poiesis, being a product of an episteme poietike, instead 
of an episteme theoretike, as is the case of the logical-ar- 
gumentative thinking. Integral thinking, because achieves 
profundity  in  diverse  dimensions  and  span,  causes  ele- 
vation of consciousness to a next level. Additionally by 
actualizing the telos contributes to the advance of human 
evolution.

  The structure of integral thinking can be represented 
as a cross, circumscribed in a circle. This representation 
unites completeness (circle), meaning span, with four di- 
rections  (cross), representing deepness in each direction. 
Is the simplest representation of a universal figure: The 
mandala. Integral thinking has a mandala-like structure. 
It’s the thinking version of this universal internal-external 
form.

Finding the Holarchy in the Holon, Understand- 
ing the Holarchy from the Holon.

  To understand and describe how the level of integral 
thinking (span and profundity in the four dimensions) can 
operate is particularly relevant. As it was proposed, the
starting point is a particular identification of an elevated
holonic  system.  Once  identified,  integral  thinking  pro- 
ceeds to discover and describe the different holonic parts. 
Integral thinking involves going in depth in the different 
dimensions:

  Transcendence. Is the necessary part that allows change 
and novelty. Is important to detect in any approach the
telos, the actualization of new possibilities. That means 
to have a dynamics open to the new, to the future, that is 
not only a mechanical repetition of the past. For exam- 
ple, the presence of the subjective dimension can, at any 
moment, make evolve a complete system (consciousness,
cultural, technical or scientific of any kind). Without tran-
scendence, there is no possibility of an integral approach.
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When transcendence is reduced, the approach collapses 
into a predictive system.

  Communion. This is the relationship with other holons. 
Is the sharing dimension, the presence of agape. Some- 
times  these  relationships  are  not  totally  conscious  and 
are  manifested  as  worldviews,  ways  of  understanding, 
language constructs. Is the world of implicit meanings, 
cultural rules, superego rules, limitation of human space 
or relationship with others.

  Agency. Structure and unity of the holon and the poten- 
tial to be projecting the internal structure to the exterior 
objective world. It can have the form of knowledge of the 
group. It can be a projection, transforming environment 
according  to  an  objective,  application  of  skills  of  any 
kind, competences, talent, knowledge of a group. It can be 
also an interpretative tradition shared by a group.

  Immanence.  Stability,  persistence,  habits,  biologic 
conditionings, repetition of past schemas and patterns, the 
trend to preservation, that can include the possibility to 
preserve the good as in resilience.

  Integral thinking allows finding the holarchy in a con- 
crete holon and the other way round: to understand the 
whole holarchy from a particular holon. The holon more 
inclusive provides telos to the less inclusive. An example 
can be the Kabbalistic thinking that promotes the study of 
nested worlds, like Russian dolls, ones inside the others, 
all with the same characteristics. The same form can be 
found going from inside to outside, and vice versa.

The relations that integral thinking focuses on are:

Table 1. Relationship Holon-holarchy

To find: A: Holon-holarchy B: Holarchy-holon

1.In the part the part The part of the holon 
has the same traits 
than the part of the 
holarchy

The part of the holar-
chy has the same traits 
than the part of the 
holon

2. In the part the whole In the part of the ho-
lon there is the pres-
ence of the whole 
holarchy

I n  t h e  p a r t  o f  t h e 
holarchy there is the 
presence of the whole 
holon 

3. In the whole the part The whole holon is a 
part of the holarchy

The whole holarchy is 
a part of the holon

4. In the whole the whole The whole holon has 
the same qualities 
that the whole holar-
chy

The whole holarchy 
has the same qualities 
that the whole holon

Let’s provide examples from different contexts in some 
of the cells. We could provide similar examples in the rest 
of the dimensions of the table:

1A. For example, the holistic psychotherapy presented. 
Saying bio (immanence) we have to apply the correspon-
dent part of the whole holarchy (Wilber holarchy): Ob-
jective (immanence). That means objectivity of scientific 

findings. Integrating the findings of neuroscience to psy-
chotherapy can be an example of this point.

3B. In the same example of the holon of holistic psy-
chotherapy: Transcendence is psychology. In the psycho-
logical approach considered we have to find the whole 
holarchy. If a representation of the holarchy is the Wilber 
model, that would mean the characteristics of the psychol-
ogy required, which needs to have the four dimensions: 
Object (I), Subject (T), Interobjective relationships (A), 
Intersubjective ones (C). The question for integral think-
ing can be: Does the approach consider scientific, subjec-
tive, cultural, and technical consciousness and evolution?

4A. Considering a medical specialty as a whole, and 
a specialist who knows in depth a system in the human 
body the thinker.  Integral here means to apply the whole 
holarchy traits to the specialty. Knowing for example how 
the subjective, cultural, technical, scientific evolution 
traits can influence the whole particular biological system 
studied.

4B. An example can be found in the sentence: “A 
catcher of the rye” written as a title of the best seller 
of Salinger[72]. In this sentence, there is the presence of 
the whole message that the author wanted to communi-
cate. The role of the book as a “catcher” of children by 
avoiding their fall in a precipice, a symbol for helping to 
maintain the infantile spirit in the described adult society 
characterized by the hypocrisy of customs and darkness in 
the real motives of the behaviors described in the book.  A 
single sentence can contain all the condensed thinking of 
the author.

The purpose of integral thinking is to reflect on these 
relationships in order to have a more complete and bal-
anced perspective, to evolve to a more elevated level of 
consciousness, and to develop an emergent way to deal 
with the particular experience. 

This approach doesn’t contradict the Aristotelian sen-
tence: “the whole is greater than the sum of its parts”. 
That principle is true in realities with minimal transcen-
dence, but integral thinking, by considering transcen-
dence, goes beyond this sentence without invalidating it. 
Integral thinking contemplates the relation part-whole and 
holon-holarchy in a broadened, more complex and com-
plete way. 

This approach explains well why syncretism is neither 
holistic nor integral. It can be, for instance, more truly 
‘integral’ to belong to a tradition and going in depth to the 
holonic dimensions of the system, that merely adding per-
spectives without concern in transcendence and without 
span and profundity. The integral thinking goes beyond 
syncretic postmodern thought. 
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3. How Integral Thinking Works in A 
Thought System

Integral thinking can be applied to any problem, situation, 
art, science, or level of conscience, whether individual 
or collective, that involves human experience.  As far as 
the application of integral thinking to a system of thought 
is concerned, first of all, the holonic schema has to be 
identified. Integral thinking results in an all-inclusive, 
transcendent, organizing, resilient art. That means that 
span and profundity should be considered. As any art (in 
the Aristotelian sense) more than one outcome is possible. 
The object (product of integral thinking) is an artifact 
(art-factum), the product of an art, which can be described 
as made by an integral art. Integral education produced 
integral educated individuals, integral medicine integral 
care and cure of patients, and so on.

How an integral system of thought can be identified? 
There are according to the development made four criteria 
for the system of thought considered:

1. Does the system have a holonic structure? All the 
dimensions have to be represented.

2. Is there in the system transcendence related to expe-
rience? There is the transcendent function. The system is 
holistic and not merely syncretic.

3. Are there relationships with other holonic systems? 
Is a proof of the character interparadigmatic. The system 
has ‘span’.

4. Are there relationships with the whole holarchy 
through relationships whole-part? It’s the specific trait of 
profundity in the different dimensions, a characteristic and 
necessary trait of integral thinking.

4. Integral Thinking and Educational Actual-
ity

4.1 Holistic Education as A Potentiality 

Gallifa[73] characterized holistic education from the traits 
of a holistic consciousness act. In this study, holistic 
education was characterized by the presence of an evi-
dence-based program, technical-metacognitive projective 
action, the promotion of evolved cultural values, and an 
orientation to personal consciousness evolution. Holistic 
Education in this way defined is a potentiality, in Aristote-
lian terms, a field of pedagogical possibilities. 

Nevertheless, the actuality of Education in the educa-
tional practice needs an adaptive kind of interaction to 
manage these cited dimensions of holistic education, us-
ing thinking skills in the practical arena. This actuality of 
the educational practice needs the special thinking skills 
that we characterized as integral thinking.  Integral think-

ing  is  used  to  ponder  these  dimensions,  balance  them, 
sometimes deciding in seconds what decision to make in
the practical context in order to integrate the four logics.

4.2 Integral Thinking in Educational Practice

Education is an actuality in space, time and movement.
Holistic educational practice will benefit from the applica- 
tion of integral thinking because integral thinking is based 
in part-whole relationships  that  can  be projected in the 
particular educational situation, composed by singular stu- 
dents, particular educational environment, and a holistic 
approach based in holistic consciousness. Using integral 
thinking between each one of the mentioned four dimen- 
sions of holistic education and the corresponding part of 
the whole holarchy (1A case of table 1), we’ll obtain four 
logics:

  Orientation  to  personal  consciousness  acquisition:
Each human being has subjectivity and the possibility to 
develop diverse developmental lines as well as making 
evolve their self-system of consciousness. As has been ex- 
plained, a particular system to understand the evolution of 
consciousness is necessary but, to a certain point, all sys-
tems share general principles. The levels of desire define
the personal evolutional level[74]. The logic of sharing is 
more evolved and elevated that the logic of receiving for 
oneself alone. This dimension allows diversity in meta- 
physical,  spiritual,  religious,  or  philosophical  options. 
Nevertheless, all of them share a wide common ground, 
around the common humanity of teachers and students. In 
addition, from the point of view of the student, the teacher 
is situated in the place of genuine sharing regardless of 
the system for understanding the evolution of conscious- 
ness  is  considered. Without  this  subjective  dimension, 
education wouldn’t have transcendence and therefore the 
approach wouldn’t be holistic.

  Evolution in values/culture: Each school or classroom 
is a human group and, as such, shares collective values. 
Diverse institutional logics are at work, institutional pro- 
cedures, norms, and regulations. And all of them reflect 
implicit values. The evolutional logic here is that dialogic 
values and styles of social interaction are more evolved 
than  authoritarian  values.  Sometimes  these  values  are 
unconscious because they are expressed implicitly in rou- 
tines and in unquestioned procedures. O the other hand 
the relationship of the school with the environment is also 
part of this logic. Schools can be part of networks, where 
there is also an exchange of giving and receiving. Demo- 
cratic and dialogical systems of values are more evolved. 
Although democratic learning may be slower, this extra 
time is usually necessary to make possible the evolution
in the group values.
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  Evolution  in  learning  of  the  knowledge  shared  by  a 
group: This logic is about the acquisition of competences 
and techniques to develop a profession or to acquire more 
general  competences  useful  for  the  practical  life. This 
dimension  manifests  the  presence  of  the  societal  needs 
and the logic of evolution of human life through produc- 
tive  capabilities[75].  Competence-oriented  education  is 
important and necessary. It’s the ‘learning by doing’. A 
wide range of abilities can be learned in this dimension. 
Even spiritual techniques can be understood as compe- 
tence-based, like for example the case of meditation tech- 
niques.

  Content acquisition: The purpose of any educational 
system is to guarantee content acquisition of sciences and
humanities through specific curriculums. The evolution of
knowledge is the evolutional logic of this point. Therefore 
the possibility of creating knowledge collaboratively is 
part of that dimension. Cooperative knowledge building 
is a more evolved way to acquire knowledge than knowl- 
edge transmission. Evidence-based programs have to be 
part of this educational systems logic.

  For having an integral education practical approach, 
these logics have to be combined with the integral think- 
ing modalities presented. Combining and balancing these 
logics  in  the  educational actuality will  cause  that  the 
holistic  education  approach  considered,  could  have  the 
potential to evolve, raise-above and situate the conscious- 
ness implicated in an emergent and elevated place. The 
consciousness implicated in modern schools and univer- 
sities,  as  well  as  the  consciousness  of  the  postmodern 
ones, will be surpassed with that emergent model based 
in the use of integral thinking, which allows the elevation 
of consciousness in the educational actuality of a holistic
education approach.

5. Integral Education

Education  can  be  formal  or  informal,  more  planned  or 
less. Each teacher or each student is at the same time a 
whole and a part (both can be recognized as holons). In- 
tegral thinking applied to education can be understood as 
a combination of all the parties (comprehensive educa- 
tion) and uniting them in a harmonic and balanced way
(well-rounded).

  To be an integral teacher is necessary to apply integral 
thinking  to  the  educational  practice. That  means  to  be 
transforming  these  thinking  processes  into  educational
actuality. This means to be aware of all the dimensions 
taking part in a holistic education approach and to decide 
in the educational moments how to combine these dimen- 
sions. Especially important is not forgetting that education
is about educating whole human beings. An integral teach-

er uses integral thinking to find the opportunity to amplify
and elevate consciousness.

  Integral education, in their more general meaning, can 
be understood as the emerging process of combining, by 
using  integral  thinking,  the  following  future  emergent 
trends in a comprehensive and well-rounded way. These 
trends  are  the  previous  four  logics,  now  evaluated  and 
projected towards the future, in inverted order:

  Establishing a new relationship with knowledge. Ed- 
ucational systems, in Modernity and Enlightenment, fo- 
cused on the transmission of knowledge from the empir-
ical sciences. All the disciplines aspired to their scientific
status and the model of specialization prevailed. The uni- 
versity also assumed the function to advance knowledge
through scientific research. These roles, together with the
extension of industrial societies, led to the teacher-student 
relationship  becoming  more  vertical  and  transmissive. 
Today, however, technology facilitates access to knowl- 
edge as well as horizontality and the possibility of col- 
laboration in the construction of knowledge. Educational 
systems will need to assimilate this potential. At the same 
time, for the acquisition of knowledge, it will be neces- 
sary to work on the basis of the evidence from educational 
research. With  this  evidence,  the  objective  of  reaching 
the diversity of all students and optimizing equity can be
better approached. In this sense, the evolution of artificial
intelligence, from which we are already beginning to see 
applications, will probably contribute to individualize and 
universalize learning and contribute to evaluating it more 
effectively.

  Creating a closer relationship between education and 
life. The dynamism of society and the world outside of the 
schools and universities will have to cross even more the 
walls of the classroom. One of the essential dimensions 
must be a greater approach to the diverse and changing 
professions. This is the dimension of the master-appren- 
tice  relationship  and  must  be  fully  incorporated. This 
implies taking into account and privileging the field of 
human will, which pushes the motivation to improve and 
contribute to the human environment. For that reason di- 
verse approaches will have to be incorporated: the logic 
of the Arts, the perspective of the human action and work, 
the ability to propose solutions to real problems and im- 
prove them; all in order to better be directing the creativity 
and talent of students and to develop their skills and abili- 
ties. To facilitate this, guidance, coaching or personalized 
tutoring should be relevant, as well as better knowledge 
of the potential and singularity of the students to help to 
promote their vocations.

Paying more attention to the values ??of culture and
organizations. The  organizations  where  students  learn
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(schools or universities) are a model of society and cul- 
ture, where students are learning collective values ??and 
acquire world-views. The culture of the school or the uni- 
versity prepares the culture for the societies of the future. 
Education is also training of future leaders and citizens. It 
will be necessary to promote schools or universities with 
more dialogical values, cooperative styles, and less verti- 
cal structures, which will be more evolved than the institu- 
tions we have inherited, too hierarchical and bureaucratic. 
This is the logic of the evolution of human consciousness 
for groups and organizations. Here the education of the 
future will also be able to incorporate the legacy of post- 
modern sensibility. There will be a need for an education 
with a truly more advanced consciousness to respond to 
the urgency and seriousness of the world's problems.

  Giving a greater centrality to personal consciousness. 
It  will  be  important  also  to  recover  the  legacy  of  the 
pre-modern  traditions  that  favored  the  Master-disciple
relationship. This is the field of the evolution of subjective
consciousness and the development of the inner dimen- 
sions. At this point the uniqueness of each person takes
centrality. Personal happiness and fulfillment are at stake.
The relationship or accompaniment is essential to achieve 
it. It is the awareness of the centrality of genuine authen- 
ticity, love, and esteem as a fundamental element of edu- 
cation. Without this dimension, education would remain 
as an excessive recreation of the past, without opening up 
the transcendence of each educational actuality. For that 
reason,  we  can  talk  about  education  and  not  just  about 
teaching or strict instruction. To make possible this dimen- 
sion we will have to use the common language of integral 
education to share the contribution to the development of 
consciousness coming from different traditions.

  As  has  been  argued,  each  educational  event  is  com- 
posed,  more  or  less  consciously,  for  each  one  of  these 
logics,  which  are  also  dimensions  of  human  evolution. 
We propose for the future the integral education, which 
means a holistic educational approach where the previous 
dimensions have been taken into account in a conscious,
balanced and coherent way.

6. Conclusive Thoughts

We described and defined integral thinking as a modality
of thinking to deal with complexity and the different kind 
of relationships whole/part. Integral thinking is a struc- 
tured form of thinking, based on the holonic structure and 
dynamics, which goes beyond the Aristotelian principle 
that  ‘the  whole  is  greater  than  the  sum  of  its  parts’.  It 
transcends it without negating their application in systems 
created by epistemes. Integral thinking operates defining
the parts and the relation between them and the whole.

Grounded in the holonic theory, is not merely holistic. It 
requires the consideration of the holonic structure but also 
to understand qualitatively the parts, and especially the 
relationship between other systems and parts/whole rela-
tions, including the relationships with the whole holarchy. 

The adequate characterization of all the holonic dimen-
sions is a distinctive trait of integral thinking. By going in 
depth in the different dimensions, transcendence included, 
integral thinking helps in increasing the profundity and 
to the elevation of consciousness. Pushes and pulls the 
advance of human evolution in different fields: Individual 
consciousness, culture, science or arts. Because it requires 
a high level of consciousness integral thinking is placed 
in an advanced location among the different modalities of 
thinking.

Postmodern thinking encourages integrated-syncretic 
approaches. Integral thinking, on the other hand, impli-
cates span, but also conscious profundity. Integral think-
ing allows postmodern though to escape from syncretic 
relativism and helps Wilberian integral approaches to 
integrate the assets of premodernity, modernity, and post-
modernity in one system of thought. The integral thinking 
core aim is to facilitate the evolution of human conscious-
ness throughout the whole holarchy. In addition, integral 
thinking is useful to identify and/or to create integral per-
spectives in different fields, a contemporary true need.

Integral thinking can be applied to holistic education 
projecting part-whole relationships into the actuality 
of practical educational contexts. The result will be the 
evolution of the educational system considered to a more 
elevated level of consciousness. The emergent educative 
practice can be denominated as integral education. 

In addition, integral thinking can help to the purpose of 
defining the dimensions to be considered in integral edu-
cation practice and its agenda for the future. 
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1. Introduction

The tensions between fast fashion and the con-
flicting desires for sustainability have been under 
scrutiny since the early 1990s. Despite many wor-

thy initiatives, slow fashion and sustainable consumption 
have often been viewed as mere fanciful hopes. Cursory 
adoption policies and a limited commitment by the main-
stream fashion world appear to have been the cause[1]. 
Equally problematic is the growing evidence in attempts 
to engage consumers in changing their buying habits. 
Amongst such a complex array of interrelated issues and 
priorities, people are left believing that the individual’s 

impact is small and therefore pointless. This demonstrates 
how conflicting views on the subject matter can create 
confusion and hence counter-productivity. The objective 
of this work is to explore education and the development 
of traditional sewing skills as a means to offer school age 
consumers options as to how they choose to engage with 
the challenges of fast fashion consumerism. 

Rather than attempting to challenge mind-sets already 
rooted in cycles of mass-consumption and fast fashion, 
this work looks to build on research exploring the poten-
tial to instigate a stronger personal attachment to garments 
by educating younger consumers. Ideally finding new 
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ways to encourage a sense of irreplaceability, seldom 
identified within typical fast fashion purchases. One of 
the challenges circumnavigated in this research was an 
underlying need for dressmaking skills. In an earlier study 
Hirscher and Niinimäki[2] worked with ‘pre-made’ tunics 
offered to participants under the concept of ‘half-made’ to 
be customised by the individual. More recently Martin[3] 
addressed the same skills gap via the use of simplistic 
geometric shapes to create garments. The idea driving this 
new study, is that the use of a simple dressmaking tech-
nique, in conjunction with a participatory design culture, 
can help create a positive emotional attachment to the 
resultant garment; an experience that could potentially 
result in a longer life span of the garment, hence ideally 
reducing the desire to discard clothing and consume more.

2. Literature Review 
2.1 Sustainable Fashion 

Ideologies fostering sustainability were initiated during 
the 60s and continued to evolve through the 70s and 80s. 
The ideas then gained greater recognition in the 90s, post 
the perceived excesses of the 80s[4]. Regardless of any 
perceived negativity towards mass-consumption fashion 
brands, retailers continued to instigate and actively en-
courage consumerism by capitalising on the lower man-
ufacturing cost afforded through globalisation strategies. 
Significantly for this study, Fletcher[5] identifies a distinct 
change in consumer attitudes during the economic growth 
of the 80s, leaving behind the values of the previous dec-
ade, quality, longevity and individuality. Throughout the 
last decade, consumer expectations are seen to have shift-
ed to an ever-growing desire for cheap and convenient 
fashion, which is arguably becoming the ultimate obstacle 
to sustainability. 

Nevertheless, the extent to which these shifts in con-
sumer desire are the drivers for fast-fashion is difficult 
to know. The goal of manufacturing efficiency in itself is 
not new; 20th century economic theories such as ‘Ford-
ism’ and ‘Taylorism’ are well recognised as catalysts of 
mass-production methodologies. Although these examples 
are born from the automotive and armaments sectors, the 
methods have been adopted across many industries. More 
prevalent in the fast fashion industry however, is that low 
costs are seemingly accepted as being synonymous with 
lower quality and the idea of ‘functional obsolescence’ 
is well established i.e. products with a deliberately short 
lifespan[6]. Perhaps, these are accepted characteristics of 
trend-driven clothing consumption, and a further highlight 
of the self-fulfilling ‘fastness’ of fast fashion, and the cre-
ation of desirable easy-to-consume, easy-to-replace prod-
ucts.

2.2 Slow Culture and Wellbeing 
Counter to the values offered by the temporal satisfac-

tion of consumerism and the culture of convenience, is 
the emerging idea of ‘Slow’, a culture that favours quality 
over quantity. Here a useful channel for parallel consider-
ation is the food industry. When fast-food chain McDon-
ald’s opened a franchise in Rome, culinary writer Carlo 
Petrini began ‘Slow Food’ in protest against the rise of 
fast food culture. The ethos of the movement maintains: “A 
firm defence of quiet material pleasure is the only way to 
oppose the universal folly of Fast Life”[7]. The movement 
has gained a significant following across the globe and de-
spite originating in the food industry, ‘Slow’ has since be-
come a widespread concept defined by greater importance 
being placed on quality focused manufacturing processes, 
and investing in commodities that will withstand the test 
of time[5]. Minney[8] extends the ideals for slow fashion 
manufacturing by placing ‘design, and therefore the de-
signer, at the heart of the sustainable agenda, encouraging 
a ‘mindfulness’ approach across the whole supply chain. 

A shift in the prioritisation of ‘wellbeing’ for consumers 
also offers some interesting parallels to consider. Again, 
linked to the food industry, the value of the comparison 
is the success achieved in changing purchasing habits 
from the pursuit of convenience to a positive change in 
lifestyle. An aim for change that is more about deliver-
ing a clear and direct value to the individual concerned, 
as opposed to a broader agenda more located in a sense 
of greater good. Statistics show that between 2012 and 
2017 the ‘Market Value of Health and Wellness’ increased 
from just over 22 billion to nearly 25 billion Euros[9]. This 
indicates a shift from consuming convenient/fast and usu-
ally processed foods, to increased time spent exercising. 
The individual can directly feel the benefits of increased 
exercise and consumption of healthy food. For example, 
research suggests that time spent on personal health and 
wellbeing, results in higher self-value[10].  Further evi-
dence that education can support a positive social impact 
can be seen in changing attitudes to tobacco and alcohol 
consumption[11][12]. Research shows significant reduction 
in younger age groups taking up smoking and alcohol par-
ticularly noted amongst sub-groups characterised by those 
with high physical activity, good mental health and in 
fulltime education or employment. A question driving this 
research is how to redirect the level of ‘self-value’ away 
from shopping for homogenised and expendable clothing, 
and to channel it towards a desire for individual expres-
sion realised through the experience of participatory de-
sign. 

2.3 Fashion Consumption 
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The shopping experience, from one perspective is ex-
citing and engulfed by feelings of personal satisfaction, 
deeming ethics and the environment a lesser issue when 
buying fashion[1]. Equally, clothing functions for indi-
viduals in that it ‘protects’ the human body from the ele-
ments[13]. The latter is a simple material need, however, the 
arguably more reflective, driven and non-material needs 
include more sophisticated concepts; for example identity, 
participation, recreation and freedom, are often materi-
alised in a fashion form[5] In other words, the complex 
needs/motivation of individuals often depend on external 
factors (the consumption of products) to be satisfied[14]. 

While the constant proliferation of new fashion trends 
facilitates a seemingly endless progression of consumer 
aspiration, the positive feeling associated with such be-
haviours is evidenced to often be a short-lived experience. 
The work of Van Bowen[15] exposed the acquisition of 
material goods as leaving consumers feeling ultimately 
dissatisfied; any initial positivity is short lived generat-
ing a need for the feeling to be replaced with yet newer 
purchases. A self-perpetuating cycle, which has been 
described as one that oscillates between desire and disap-
pointment, the initial love of a garment quickly transforms 
into discontent as its original appeal deteriorates[6]. A 
change to be addressed within this cycle is the anonymity 
of the consumer and their distance from the garments’ 
manufacture that leaves an unbridgeable gap. Any poten-
tial receptiveness to the benefits of wearing a well made, 
and ethically sourced garment are not sufficiently tangible 
or real enough to encourage a genuine feeling of responsi-
bility[16].

One of the reasons the external value of fashion items 
hold such personal appeal is social standing; the idea of 
being sufficiently skilled to make your own clothing, has 
some potential to be seen as aspirational. In the education-
al setting, the uptake of a skill is presented as an oppor-
tunity for further knowledge and offers a potential career 
pathway. Further, in an environment where such a skill 
is practised from the beginning of a school career, by the 
time a pupil leaves school they could be proficient enough 
to continue developing this skill. Therefore, the process 
of making, if practised regularly, has the potential staying 
power to create behavioural change[17]. Such thinking sug-
gests that developing the skills of the consumer, to engage 
with the process of making/fashioning their own gar-
ments, has arguably some potential to challenge the cycle 
of consumerism[18].

2.4 Participatory Design 
In this study, a participatory workshop is designed to 

encourage making skills specifically for an age group 
typically at an early stage of their fashion consumerism. 

The idea is to initiate the use of their skillset to fulfil their 
needs, as opposed to being entrenched in the habit of rely-
ing on a bought product. In such an environment, skillset 
development is presented as a longer lasting personal gain 
than the temporary gain felt after purchasing a product. 
Once an individual becomes proficient, the skillset can 
continuously be of benefit, and time spent engaging with 
the process can be recognised as worthwhile[17].  

Beyond the skills value, there are other perceived ben-
efits to be gained from engaging in participatory design; 
such experiences are understood to be a key component in 
unifying consumers with products. User participation cre-
ates a story that maintains a place in an individual’s mem-
ory. The active participation in making a garment can es-
tablish a person-product relationship, therefore extending 
the life of the product[19]. Enjoyment and an accumulation 
of memories create a positive attachment to a product, 
increase the potential longevity, and indirectly promote 
more sustainable buying behaviour[20][21]. 

There are many arguments for the need to move the 
fashion industry towards a more sustainable future, as 
well as a necessity for our apparel buying choices to 
change. However, there is also a growing recognition 
that the aim must shift from trying to recondition current 
consumer habits. This approach is making little headway 
in the current retail environment, so there is consequently 
good reason to explore new approaches. Specifically, with 
an aim to refocus any satisfaction gained from the shop-
ping experience, and instigate new methods of sustaining 
inherent human needs for creative interaction[22][1]. The 
process of active learning in dressmaking skills that Mar-
tin[3] proposes, echoes the ‘Life of Action’ expressed by 
Illich[23]. Individuals have the capacity to choose whether 
they buy items, or the freedom to make and use them. 
Here, active participation and interaction with personal 
power is perceived. The idea that developing dressmaking 
skills provides a more long-standing personal gain com-
pared with the gain felt through the passive consumption 
of goods is also supported. Chapman[6] offers conclusions 
on how better design can produce product that people 
desire to keep for longer. Uncertainty still exists about the 
relationships between participation, increased emotional 
attachment and reduced consumption. However, there 
is no apparent evidence of previous studies employing a 
basic dressmaking method, in a paradigm that explores 
potential benefits for young teenagers. This work seeks to 
gain further insight into participatory design in a fashion 
context. Through the use of basic dress pattern shapes, it 
will explore self-sufficiency, self-worth, adventure and 
sustainability, using Martin’s method as a vehicle to make 
clothing for all unique body types. 
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2.5 Nudge Theory
Actively learning how to make our own clothing gives 

individuals more options and opportunity to better explore 
self-expression[3]. In defining the role of the designer, we 
establish that to design is to provide solutions in order to 
take us from a current situation onto the next one[24]. Ar-
guably, knowledge of this aspect of design is fundamental 
for a sustainable future. “The Design Council reported that 
80 per cent of a product’s environmental impact is decid-
ed at the design stage”[25]. Waste can be argued as essen-
tially a design flaw, making the education of the designer, 
maker, and user, regarding this challenge, a crucial step in 
encouraging change. In the context of this study, the im-
portant objective is to create positive reinforcement, and a 
sense of achievement in the acquisition of new skills. The 
aim is to present individuals with the means to make their 
own clothing, and in line with Nudge Theory[26], not radi-
cally change their habit by prohibiting them from buying 
garments. Instead the aim is to present an alternative way 
to create incremental changes in the drive towards a more 
sustainable future in fashion. Furthermore, consumption 
habits are known to relate to how individuals present their 
values, and how they want them to come to fruition[8]. The 
values of a commitment to developing dressmaking skills 
could instil dedication, patience, criticality and independ-
ence. Essentially, this study sets out to assess if knowl-
edge of dressmaking skills has potential to encourage 
individuals to prioritise sustainable consumption.

3. Methodology 
3.1 Study Design 

The following research employs a multi-method ap-
proach, Methodological Triangulation (originally also 
referred to as ‘mixed methodology’) to obtain both quan-
titative and qualitative data through questionnaires and 
observation[27][28]. The design of the empirical dressmaking 
workshop based on the application of simple geometric 
pattern shapes combined Participatory Design methods to 
actively encourage an inclusive co-design environment, 
with Nudge Theory[26] being the driver for a change in 
the participants’ thinking. The collaborative approach[29] 
allowed the collection of a new set of data on the poten-
tial value of inclusive design and positive enforcement 
through ethnographic observation. The objective of this 
research is to explore education, and the development of 
traditional sewing skills, as a means to offer school age 
consumers alternative options to engage with the chal-
lenges of fast fashion consumerism. The practice element 
of the methodology was delivered through a collaborative 
fashion skill workshop that took place over the course of 
two days. 

The data collected, provides a platform to address the 
question of whether awareness of how to make one’s 
own garments, can positively impact change in the way 
garments are used and cared for. Furthermore, the data 
assesses the ability of the participatory process to elon-
gate the life of the clothing, reducing the necessity to buy 
more. An assessment of the dressmaking methodology 
presented by Martin [3] further aims to influence the field 
of creative education and move fashion towards a more 
sustainable future. 

Questionnaires were strategically placed throughout 
the workshop experience, pre, post and six weeks follow-
ing the workshop, allowing for a holistic evaluation of the 
results. The three questionnaires were designed to create 
a data set based on both qualitative and quantitative mea-
sure, by combining closed and open-ended questions to 
provide opportunity for a greater insight into participants’ 
experience. Each set of questions was presented to partic-
ipants at different stages of the workshop to evaluate their 
experiences in a managed way. Different types of closed 
questions were used including, dichotomy (yes/no), multi-
ple choice, quantity and frequency of occurrence. Ranking 
questions were used to establish participants’ attitudes to-
wards the experience of the workshop and the likelihood 
of behavioural change. These included Likert scales, nu-
meric scales, and behavioural scales[29]. The workshop and 
its strategic evaluation aim to disseminate knowledge of 
fashion practice.

3.2 Participants
The workshop, ‘DRESS CODE: DIY’ was located in 

the Art Department of UK based Secondary School for 
Girls, and comprised of 14 female participants between 
the ages of 13 and 15 (school years 9 and 10). In order 
to generate the desired immersive environment for the 
workshop an application process was used to select partic-
ipants. Application letters where potential candidates ex-
pressing a high level of enthusiasm and evidence of some 
aptitude for active engagement in fashion practice were 
selected to take part. 

3.3 Instruments 
The participants employed a simple garment making 

process originated by Martin[3], making the evaluation 
suitably design process focused. Each participant was pro-
vided with the same set of instructions and necessary tools 
(a part-circle paper template, fabric, scissors, sewing ma-
chine, needles, tape measure   and paper). All participants 
then used part circle-shaped pieces of fabric to construct 
their individual ‘Segment Dresses’. To encourage indi-
vidual engagement with creative choices, fabric colour 
selections were offered prior to the workshop. The ‘shape’ 
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method encourages basic understanding, through active 
participation. This simultaneously develops the practice 
skills required to make the garment. 

 

Figure 1: Colour Selection and Guide Garment Example

Figure 2: Set of instructions given to each participant reproduced from 
Martin 2016

The Workshop Domain
The researcher divided the participants into two groups 

of seven based on their initial progress in the task. For 
example, those who had created their patterns, and drawn 
them out onto the fabric, with the correct measurements, 
remained in Group One. Group Two spent the day work-
ing on their machine skills (setting up, seams, and zig zag 

finishes). On the second day Group One swapped with 
Group Two and in the afternoon, individuals continued 
working independently. Anecdotal observations and infor-
mal discussions were recorded throughout. This provided 
qualitative data, which served as a means to assess levels 
of engagement and the general behaviour of participants 
in the workshop environment.

The first written questionnaire was completed after an 
introductory presentation given by the researcher. The 
objective of the presentation was to give an overview of 
the problems facing the fashion industry. This included 
infographics on the negative impact of the current fash-
ion industry and an overview of the researcher’s industry 
experience. Current solutions, including upcycling and 
recycling were explained, along with the instructions for 
making the garment. Giving participants an overview of 
the expectations of the participatory workshop was essen-
tial to aid engagement from the outset. 

The questions required respondents to provide informa-
tion about their knowledge of fashion, their consumption 
habits, and their sewing skills. It was important to mea-
sure participants’ interest in fashion prior to taking part in 
the workshop to provide a valid platform for comparing 
the data gathered at the conclusion of the workshop. At 
the end of the second day, participants completed ques-
tionnaire two, designed to evaluate engagement levels and 
collect participants’ views on the workshop. The questions 
also aimed to explore whether participant involvement in 
the making of the garment would likely increase the par-
ticipants’ typical use of such a garment.

Figure 3: Collection of photographs showing the workshop in progress

The final questionnaire was delivered six weeks after 
the workshop, enquiring if the experience had positively 
impacted the relationship between participants and their 
‘Segment Dresses’. The impact of the workshop experi-
ence on buying behaviour was also measured in terms of 
whether participants had favoured new sewing projects 
over purchasing new garments.
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4. Results and Analysis 
4.1 Observations 

In addition to the three questionnaires, further data was 
collected through informal discussions and behavioral ob-
servations over the two-day workshop. It is interesting to 
consider at the outset of this discussion an element of con-
tradiction that reflects the broader paradox. Despite their 
relatively young age, each of the participants expressed 
strong ethical credentials in their application letter, one 
defining herself as being an Eco-Prefect: “I am an Eco 
Prefect so am passionate about saving our environment 
and controlling the amount of waste that is produced”. 
Consistently the selected group identified a strong interest 
in fashion design and the fashion industry, however they 
also evidenced knowledge of pertinent environmental 
concerns and issues surrounding waste: “As much as 
I love clothes, I feel that I do share the concern for the 
amount of fabric and materials that are wasted during the 
production of clothing”. Another participant expressed 
concern writing that “waste is the last thing we want to 
hear when it comes to fashion as it is such a major part of 
our everyday lives, and because of that we need to find a 
way to use it sustainably”. What is particularly interesting 
to this study is the participants’ desire to improve on, or 
develop, the skills necessary to make their own clothes: 
“I would love the chance to work on my sewing skills as 
I do not get the chance outside of school”. Further com-
ments included: “I have been sewing since a very young 
age, but I know I could still learn a lot to make my work 
better” and, “I haven’t ever had the chance to try sewing 
or working with fabrics, yet it is something that I would 
love to learn”. Another participant wrote: “My ambition is 
to go to art school, I love to make new clothes out of my 
old favourites. I love a challenge because I think it is great 
to learn new things”.

4.2 Questionnaire One
The initial questionnaire pre-workshop helps illustrate 

the nature of the broader challenge. When asked what 
they spent their money on, the majority selected clothes/
fashion over other commodities and activities. These in-
cluded, accessories, the cinema, eating out, books, iTunes 
and Apps. Although there was a general claim that gar-
ments were worn at least 10 or more times, and kept for a 
year and longer, the majority still claimed to purchase new 
clothing at least once a month. Despite any commitment 
to be an ‘Eco-Prefect’, the desire to be ‘fashionable’, and 
the drive to engage with the anticipated trends, prolifer-
ated via social media (36% of participants claimed social 
media had the strongest influence when buying a new out-
fit), is arguably a stronger lure, than any counter concern 

for the environment[30].
 
 

Figure 4: Pie Chart of participant responses to question 4 on the 
Pre-Workshop Questionnaire

As highlighted, the participants all identified a pri-
or interest in dressmaking, and were keen to begin the 
workshop. However, it was apparent that they wanted to 
achieve the end result straight away. This became obvious 
through a reluctance to fully read and understand the in-
structions. Rather than rely on problem solving skills, par-
ticipants requested to be directly told or shown what to do. 
This desire to be immediately satisfied was reminiscent of 
literature exploring factors that have contributed to indi-
viduals expecting such immediate solutions[31]. However, 
once participants began to take ownership, the distractions 
disappeared, as seeing their work evolve encouraged them 
to continue, indicating positive reinforcement. One indi-
vidual who had made significant progress by the end of 
the workshop exclaimed: ‘’I just want to stay all night and 
finish it”. Informal questions and empirical observations 
during the class further enforced the importance of fashion 
to the individual and the connotation relating to perceived 
social identity. At the same time, awareness of sustainabil-
ity issues and the underlying concerns were commonplace 
amongst the participants. Their knowledge of these issues 
was mostly conveyed through education and exposure to 
conventional media.

Figure 5: Participants one word summaries of the workshop (responses 
to question one on the Post-Workshop Questionnaire)

DOI: https://doi.org/10.30564/jiep.v2i1.403



34 Distributed under creative commons license 4.0

Journal of International Education and Practice | Volume 02 | Issue 01 | March 2019

4.3 Questionnaire Two
Questionnaire Two gathered information regarding the 

dressmaking experience of each participant. Overall the 
responses suggested that there was a general feeling of 
pride in what had been achieved, with 93% responding 
yes to the question of whether they were proud of what 
they had achieved. Participants selected their two most 
enjoyable things about the workshop from a list of six. 
The options were based on the structure and aim of the ex-
perience. The two most selected were gaining new sewing 
skills and being involved in a different creative activity. 
The four remaining options included, working with your 
peers, having two days out of timetable, making some-
thing for yourself, and building on previous experience. 
Out of all 14 participants, all except one felt excited by the 
option to make, alter and personalise garments after the 
workshop, and over half said they would consider making 
their next garment before purchasing it. A negative aspect 
of the workshop was expressed in relation to the expecta-
tion for more help and more time to complete the work. 
This may suggest a lack of independence, but perhaps 
measured against the desire to improve the quality of the 
resultant garments.

4.4 Questionnaire Three
In summary the final questionnaire distributed and 

collected six weeks post-workshop revealed that for the 
majority, an emotional attachment remained for their 
dresses. Of the participants, 21% had worn their dresses 
since taking part in the workshop and 64% of participants 
felt the experience of the workshop created an attachment 
to their dress. One participant wrote the reason being: “so 
much work went into it and it was the first time I made a 
garment with a sewing machine”. Perhaps more interest-
ingly, just over half of the participants had kept up their 
sewing skills and indeed gone on to independently start 
new sewing projects. For example, one individual wrote: 
“I am making a short / top combo to take to Greece”, an-
other explained: “I made a dress for my party”. Further 
examples included, trousers, and a scarf.  The remaining 
participants returned to their default purchasing habits, 
citing limited time and/or lack of confidence in their 
sewing skills.  The majority of participants were unsure 
if the workshop experience had created fond memories 
in relation to their garment, and they were 50/50 on the 
workshop experience creating an emotional attachment to 
the dress. Overall, with 9 of the 14 participants agreeing it 
is unlikely they will discard the dress; involvement in the 
making process decreased the likelihood of discarding the 
garment. 

Figure 6: Photograph of participants wearing their ‘Segment Dresses’ 
during the workshop

Figure 7: Bar Chart of participant responses to question two of the 
Post-Workshop Questionnaire

5.  Discussion 
The broader aim of the workshop was to offer young 

women an opportunity to develop a designer/maker skill-
set. A further aim was to moderate their fashion consump-
tion, and ideally generate a greater emotional attachment 
to otherwise disposable garments. It is recognised that 
statistically the results are not significant, however, argua-
bly they offer value in the potential to instigate change by 
empowering people to behave differently. To return to the 
analogy of attitudes to food and health discussed in the lit-
erature review; where people can identify a direct personal 
benefit clearly, they can be motivated to invest in change. 
The participants consistently recognised the negative 
impacts of fashion consumption on the environment, and 
equally how current shopping habits are questionable in 
terms of waste, verses sustainable impact. The underlying 
issues are widely taught and integrated into the standard 
curriculum, at the same time a current topic widely debat-
ed on standard media. Despite knowledge and understand-
ing of the interrelated problems gained through education, 
without an alternative, they can be seen to simply respond 
in the same way as their older contemporaries. 

The ideals surrounding slow fashion are deemed as 
fanciful without commitment from the mainstream fash-
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ion industry[1]. Arguably, consumers and their collective 
response are a key influence here. If there was a viable 
option, a participatory design methodology that better 
engaged consumers, and offered a level of personalisation 
through sewing skills, for example, there could be numer-
ous mutual benefits. A key ingredient is the proliferation 
of sewing skills through mainstream education. However, 
there is the need for a creative response from the Retail 
sector to imagine new consumer experiences exploring 
co-design. Here digital technologies have potential to sup-
port mass-customisation from many platforms. Advance-
ments in digital fabric printing, weaving, knitting and im-
portantly pattern-cutting technologies, offer the means to 
evolve the desirable circular economies often discussed as 
an antidote to the global supply chain and the associated 
environmental issues. Engaging consumers in design and 
making, logically offers prospective empowerment with 
the means to be proactively involved in a solution. 

A difficult to measure problem characteristic is the pos-
sibility of increasing the lifecycle of garments. Although 
the research presented offers no tangible evidence that the 
dresses will endure, Fletcher[5] identifies quality, individu-
ality, and longevity as important values missing from the 
purchase decisions amongst current consumers. The pride 
and sense of achievement the participants collectively ex-
pressed at the close of the workshop are arguably triggers 
for an extended garment lifespan. In addition, it is not 
unreasonable to suggest that skills gained by the individu-
al are equally triggers for the recognition of both making 
and design qualities in the garments they might buy. A 
greater first-hand appreciation of making skills could also 
underpin a greater sense of purchasing satisfaction, po-
tentially countering the negative feelings and short-lived 
value identified by Van Bowen[15] and Chapman[6]. It is 
also reasonable to surmise that more discernible fashion 
choices, underpinned by new knowledge can perhaps sup-
port a changing in attitude, and help to counter the lack of 
responsibility consumers feel regarding the consequences 
of fast fashion as reported by the Business of Fashion[16].  

6. Conclusion
This study was designed to determine the effect of 

teaching dressmaking skills as a means to instigate change 
in the buying habits of young women. Holistically, the 
findings suggest that the participatory design experience 
has the potential to nurture stronger relationships between 
young people and their clothing. Furthermore, the new 
knowledge and skills of dressmaking, gained through 
education, show a broader potential to encourage more 
considered fashion purchases. It is recognised that the aim 
to change consumer fashion buying habits is a complex 
problem, and attempts to recondition established patterns 

of consumption are making little headway. The tangible 
outcome for this study is that new behaviour can be fos-
tered through an education experience helping to empow-
er up and coming generations of consumers. An earlier 
and more widespread introduction of clothing design and 
making education is shown to have clear potential to con-
tribute as a springboard towards a ‘leaner economy’[32]. 
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1. Introduction

Research on students’ understanding of scientific 
concepts in the past few decades has indicated 
that students hold many ideas that are different 

from those generally accepted by scientists. In the last two 
decades, there has been a number of studies that  investi-
gated students’ misconceptions  about photosynthesis and 
respiration in plants  at middle and secondary schools[1–7]. 

For example, Haslam & Treagust[7] diagnosed under-
standing of photosynthesis and respiration in plants. The 
sample of the study consisted of 441 Australian students 
(grades 8-12). The results highlighted the consistency 

of the students’ misconceptions across secondary year 
levels and indicated  that a high percentage of secondary 
school students do not comprehend the nature and func-
tion of plant respiration and have little understanding of 
the relationship between photosynthesis and respiration 
in plants. Ozay & Oztas[6] studied the misconceptions 
held by 88 grade 9 students’ (14-15 years old) in Turkey 
about photosynthesis  and plant nutrition. Results revealed 
that students have conflicting, and often incorrect, ideas 
about photosynthesis, respiration and energy flowing. 
Svandova[3] investigated the common misconceptions of 
108 lowest secondary school students (age 11-16 years) 
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in Czech Republic. The research showed that the stu-
dents have many misconceptions about photosynthesis 
and respiration. Ameyaw[2] investigated 150 Senior High 
School (SHS) students’ conception of photosynthesis and 
respiration in Ghana. The results gathered from the study 
showed that 31.5% of students did not know that glucose 
is the raw material for cellular respiration, and that water 
is produced as a by-product in aerobic respiration. Like-
wise, 23.6% and 29.9% of the respondents said Adenosine 
Tri- phosphates (ATPs) are not released at the end of aer-
obic respiration, and that anaerobic respiration does not 
occur in both plants and animals respectively. It also came 
to light that 36.7% of the respondent did not know that 
anaerobic respiration does not require oxygen for the reac-
tion to proceed. Susanti[1] investigated the misconceptions 
of Biology education of Sriwijaya University in Indone-
sia about photosynthesis and respiration . The sample of 
the study consisted of 58 students’. The results indicated 
that: photosynthesis occurs continuously (37.9%), energy 
used for photosynthesis are light and heat energy (34.5%), 
plants take CO2 to respiration (47%), plants carry on res-
piration in the absence of light for photosynthesis (22.4%), 
respiration in plants occurs only in leaf cells (76.4%), and 
only animals that take O2 of photosynthesis to respiration 
(68.9%).

Alternative strategies have been offered by researchers 
to enhance meaningful learning in science.  According to 
Novak[8], Conceptual change is necessity for meaningful 
learning to occur. The four conditions that are necessary 
for conceptual change to occur: (a) there must be dissat-
isfaction with existing conceptions, (b) the new concep-
tion must be intelligible, (c) the new conception must 
appear initially plausible, (d) the new conception must be 
fruitful[9]. One of the  most successful techniques based 
on conceptual change approach is the use of conceptual 
change text[10][11]. In these texts, the students are asked ex-
plicitly to predict what would happen in a situation before 
being presented with information that demonstrates the 
inconsistency between misconception and the scientific 
conception.  Several studies have reported the effective-
ness of conceptual texts on creating conceptual change 
and promoting meaningful learning  in students regarding 
many science[5][12-17].

Inquiry –based learning model has been also used 
extensively in science education to promote meaningful 
learning, beside the use of conceptual change, text pre-
pared according to a conceptual change approach. The 
inquiry-based teaching approach is one of most success-
ful approaches, and supported on knowledge about the 
learning process that has emerged from research[18][19]. In 
inquiry-based science teaching, students engaged in many 

of the activities and thinking processes that scientists use 
to produce new knowledge. Teachers encourages by sci-
ence educators to replace traditional method instructional 
practices, such as emphasis on textbooks, lectures, and 
scientific facts, with inquiry based  approaches that (a) 
engage student interest in science, (b) provide opportuni-
ties for students to use appropriate laboratory techniques 
to collect evidence, (c) require students to solve problems 
using logic and evidence, (d) encourage students to con-
duct further study to develop more elaborate explanations, 
and (e) emphasize the importance of writing scientific 
explanations on the basis of evidence[20]. Sandoval & Rei-
ser[21] indicated that in order to build the inquiry-based 
classroom environment must construct a community of 
practice like the scientists work. The students take actions 
as scientists did, experiencing the process of knowing and 
the justification of knowledge, in authentic inquiry-based 
activities.

Currently, although studies in science education re-
vealed the value of inquiry-based learning, teaching 
models of inquiry-based learning are diverse[22][23][24]. For 
instance, the inquiry cycle developed by Bruce and col-
leagues[25][26][27]  consists of five stages: asking, investi-
gating, creating, discussing, and reflecting (see Figure 1).  
Each stage in  this  inquiry cycle –  seen  as  a process  that  
provides learners with  context-situated  and  content-speci-
fied learning experiences that help them explore the world 
in a connected fashion – can be embedded, interrelated 
or independent, depending on the  situated learning needs. 
So, this cycle embraces an exploratory approach that mo-
tivates learners who have problems to be solved; engages 
learners through investigation, hands-on practice, collabo-
ration, and  dialogues; and stimulates learners’ construction 
of meaning  through the process of solving  problems and 
then posing  emergent questions.

Figure 1. The inquiry cycle

The five stages in the process - ask, investigate, create, 
discuss, reflect-overlap, and not every category or step is 
present in any given inquiry. Each stage can be embedded 
in any of the others, and so on. In fact, the very nature 
of inquiry is that these phases are mutually reinforcing 
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and interrelated. Together, they comprise a cycle that can 
be used to inform and guide educational experiences for 
learners.

 Ask    
This stage, and the entire inquiry cycle begins with the 

desire to discover. Meaningful questions are inspired by 
genuine curiosity about real-world experiences and chal-
lenges[25]. The students  raise and ask  questions about the 
topics or issues, and then the teacher prepared a list of all 
questions related to the topics  raised  by students,  and 
presents these questions to students to answer.

Investigate  
Curiosity turns into action. Students  gather informa-

tion, study, design an experiment, observe, or interview. 
The student may recast the question, refine a series of que-
ry, or plunge down a new path that the original question 
did not, or could not, anticipate. The information gather-
ing stage becomes a self-motivated process that is owned 
by the engaged student[28]. Investigating encourages 
students by to examine their topics using various sources 
of information and then plan out their creation and offers 
them an opportunity to navigate their inquiry[25].

Create 
The student begins to make connections, as the in-

formation gathered in the investigation stage begins to 
coalesce. The ability to synthesize meaning at this stage 
is the creative spark that forms all new knowledge. The 
student now undertakes the creative task of shaping signif-
icant new thoughts, ideas, and theories outside of his/her 
prior experience[29]. On this step each group of students 
Writes a report includes all the knowledge , ideas, and in-
formation that have been discovered, and new conclusions 
reached  that  might be contribute to answering the main 
questions[30].

Discuss
Through discussion (or dialogue), construction of 

knowledge becomes a social enterprise; Students share 
their ideas  and ask others about their own experience and 
inquires[28]. the discussion involves listening to the others 
and articulating their own understanding , helps them to 
achieve meaningful  knowledge[25].

Reflect 
Reflection is taking the time to look back at the ques-

tion, the research path, and the conclusions made. The 
student steps back, takes inventory, makes observations, 
and possibly makes new decisions[29]. Has a solution been 
found? Do new questions come into light? What might 
those questions be? 

Research has documented the effectiveness of cyclic 
inquiry model on enhancing meaningful learning in stu-
dents regarding many science concepts[30-33]. For example 

Pansan & Nuangchalerm[32], compared learning achieve-
ment, science process skills and analytical thinking of 
fifth grade students who learned by using organization 
of project-based and inquiry-based learning activities. 
The  sample used in the study consisted of 88 fifth grade 
students.  Results revealed  that the plans for organization 
of project-based and inquiry-based learning activities 
were appropriately efficient and effective. The students in 
both groups did not show different learning achievement, 
science process skills and analytical thinking. Albaaly[30] 
explored the effect of using the cyclic inquiry model in 
developing some of science processes and achievement 
in science among a sample consisted of 93 fifth grade 
students in Saudi Arabia. The results indicated that the 
cyclic inquiry model significantly outperformed the tradi-
tional treatment on the tests of science processes and the 
achievement in science. Abu al-Rukab[31] investigated the 
effect of cyclic inquiry model on the acquisition of scien-
tific concepts and scientific thinking skills among  a sam-
ple consisted of 147 fifth grade students in Jordan. Results 
indicated that there were statistical significant differences 
in acquisition of scientific concepts and scientific thinking 
skills attributed to the instructional model in favor of the 
cyclic inquiry model . 

No research encountered in the literature that explores 
and compares the cyclic inquiry model instruction on 
conceptual understanding. Although the use of conceptual 
changes texts in science instructions are popular[12-17].

In an effort to promote conceptual understanding in sci-
ence classroom, this research was conducted to examine 
the effects of the cyclic inquiry model (CIM), conceptual 
change texts (CCT), and traditional instruction (TI) on 
promoting understanding of photosynthesis and respira-
tion in plants. It can be said that the main difference of the 
present study when compared to other studies is due to the 
cyclic inquiry model instruction factor on the conceptual 
understanding of photosynthesis and respiration in plants.

Statement of problem
This study was conducted to explore the effects of 

the cyclic inquiry model (CIM), conceptual change texts 
(CCT), and traditional instruction (TI) on promoting stu-
dents’ understanding of photosynthesis and respiration in 
plants. This topic is a fundamental part of biology curric-
ulum and is considered abstract and difficult for students 
and teachers. Many researchers discussed the difficulties 
of teaching and learning  photosynthesis and respiration 
in plant, others  focused on students’ conception related 
to photosynthesis and respiration. Less attention has been 
given to developing strategies or methods to eliminate 
these difficulties and remediate misconceptions, and im-
proving  photosynthesis and respiration in plants instruc-
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tion in basic biology classes. To improve understanding 
in basic biology classes, it is worthwhile to explore the 
effect of mode of instruction and cognitive variables on 
understanding of photosynthesis and respiration in plants. 
The main question is whether there are significant dif-
ferences among the effects of CIM instruction, and CCT 
instruction, and TI instruction on students’ understanding 
of photosynthesis and respiration in plants concept when 
photosynthesis and respiration in plants concept pre-test 
and TOLT scores are controlled as covariates. 

2. Methodology
2.1 Sample

A total of  101 ninth- grade students, aged between 14 
and 15 years (M=14.24, SD 0.42), enrolled in three class-
es in a basic-school in an urban area in Jordan.  Each of 
the three classes instructed by the same Biology teacher (8 
years of teaching experience) were randomly assigned as 
a CIM class (n=33), a CCT class (n=34), and a traditional 
class (n=34). Students in this study can be characterized 
as having middle-to high socioeconomic status (SES). 
Each class received identical syllabus-prescribed learning 
content. All the students fully participated in the study 
by attending classes, and completing the pretest and the 
posttest.

2.2 Instruments
The Photosynthesis and Respiration in Plants Con-

cept Test
In this study the test developed by Haslam & Treagust[7] 

was used to determine students’ conceptual understanding 
of photosynthesis and respiration in plants. It included a 
13-item two- tier multiple choice test. The first tier of each 
item examined the content knowledge with two, three and 
four alternatives.  The second tier consisted of reasons for 
the first tier, including a scientifically correct answer and 
three misconceptions[7]. A student’s answer  to an item 
was considered correct if the student answered both the 
content part and the reason part correctly. The test items 
were translated and adapted into Arabic. Content validi-
ty of each item was determined by a group of experts in 
science, science education, measurement and evaluation. 
The classroom teacher also analyzed the relatedness of the 
test items to the instructional objectives. The reliability 
coefficient computed by Cronbach’s alpha estimates of in-
ternal consistency of this test was found to be 0.78, when 
both parts were analyzed. The test was  administered to 
students in the three groups as a pretest, and post-test, to 
assess the students’ conceptual understanding of photo-
synthesis and respiration in plant concepts over time. 

The Test of Logical Thinking (TOLT)
In this study the test of logical thinking (TOLT), orig-

inally developed by Tobin & Capie[34], was used to deter-
mine the formal operational reasoning modes. The test 
was translated and adapted into Arabic by Abu Ruman[35]. 
It consists of 8 items designed to measure controlling 
variables, proportional, probabilistic, co relational, and 
combinational reasoning. The 8 items include two parts: 
an answer and a justification for the selected answer. The 
correct answer is the correct choice plus the correct justifi-
cation. The internal consistency of the test was determined 
to be 0.82 using Conbach’s alpha.

2.3 Treatment
This study was conducted over 3-week period in the 

first semester of the academic year 2017-2018. A total of 
101 ninth -grade students were enrolled in three biology 
classes in a basic-school. Three classes, taught by the 
same biology teacher (8 years of teaching experience), 
were randomly assigned as a CIM class, a CCT class, 
and a traditional class. The classroom instruction for each 
group had two 45-minute periods per week. Students in 
all groups were exposed to same content for the same du-
ration, and topic related to target concepts was covered as 
a part of the regular curriculum. Equal opportunities were 
considered to perform the activities in each group.

Students in the first experimental group were instruct-
ed with CIM instruction. Two separate CIM lessons, one 
for photosynthesis, one for respiration in plants, were 
designed by focusing on students’ misconceptions and 
the objectives of the lesson. Lesson plans, including the 
objectives and detailed explanations of each phase of the 
CIM, were prepared as a guide. In the first phase (Ask)  
students’ curiosity was prompted by asking questions 
about photosynthesis and respiration It is important that 
students formulate their own questions because they then 
explicitly express concepts related to photosynthesis and 
respiration. The second phase (Investigate) was designed 
to lead students to seek and create. Students or groups of 
students collect information, study, collect and exploit 
resources, experiment, look, and interview, draw….The 
third phase (Create) permitted students to merge collected 
information, they start making links. The ability to synthe-
size meaning is the spark which creates new knowledge. 
Students may generate new thoughts, ideas and theories 
that are not directly inspired. The fourth phase (Discuss) 
gave students the opportunity to share their ideas with 
each other, and ask others about their own experiences and 
investigations, they begin to understand the meaning of 
their investigations, comparing notes, discussing conclu-
sions and sharing experiences.  The final phase  (Reflect) 
which requires taking time to look back, think again about 
initial question, the path taken, and the actual conclusion. 
Students look back and may take some new decisions. 
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Students in the second experimental group worked 
with CCT instruction method. Two conceptual change 
texts were prepared by the researcher considering four 
conditions proposed by Posner et al.,[9], dissatisfaction, 
intelligibility, plausibility, and fruitfulness. In each of the 
texts, students were introduced to questions and possible 
answers that may include misconception held by the stu-
dent. Because of this technique, students were expected to 
be dissatisfied with their current conceptions. Then, scien-
tifically accepted explanations that are more plausible and 
intelligible were described. Also, examples and figures 
were inserted into the texts for further help for students to 
comprehend the scientific concepts and realize the limita-
tions of their own ideas. 

Students in the control group were taught the topics 
of  photosynthesis and respiration in plants by the teach-
er upon the basis of a lecture /discussion methods. The 
teaching strategy mainly relied on explanation by the 
teacher. Students read the topic from their textbooks in the 
classroom. Then,  the teacher explained the concepts relat-
ed  to photosynthesis and respiration in plants by drawing 
examples on the board and illustrating important facts in 
the order as it appeared in the textbook. Specifically, the 
teacher used the chalkboard to write notes about the defi-
nitions of concepts, such as metabolism, enzyme,  chloro-
plast, chlorophyll, mitochondria, ATP, cellular respiration, 
fermentation. After the teacher’s explanation, concepts 
were discussed by the teacher via asking direct ques-
tions. The remaining time was taken up with the solving 
of various problems. The lesson ended with the students 
answering the questions orally. The main idea behind this 
teacher-centered instruction was to provide students with 
clear and detailed information. Students appeared to play 
a fairly passive role. Such instruction did not take stu-
dents’ misconceptions into account (see Appendix A). 

3. Results 
Descriptive statistics concerning the variables of the 

study were presented in Table 1. The table shows the 
means and standard deviations of the study variables. 
The mean scores on the TOLT, and the pretest reflected 
that students in each group had a medium level of 
formal-reasoning ability, and inadequate relevant prior 
knowledge, respectively.

Table 1 Means and Standard Deviations of the Variables

                                  CIM                                 CCT                                 TI

                                  n=33                               n=34

Variable               M             SD                  M            SD                    M         SD

Pre-test              2. 54          0.94               3.06         1.41                   3.65      1.07

TOLT                3.48           1.17               3.85         1.08                   3.82      1.38

Post-test            7.03           2.35               6.76         2.61                   5.85      1.52 

Pre-test= pre photosynthesis and respiration concept 

test, TOLT= test of logical thinking, Post-test= post pho-
tosynthesis and respiration concept test.

To establish if there were significant differences in stu-
dents’ posttest means attributable to treatment,  analysis 
of covariance (ANCOVA) was used to assess the effect of 
each treatment on students’ understanding of Photosyn-
thesis and respiration in plant concept test. ANCOVA was 
used in this study as it primarily served to adjust  initial 
differences between groups attributed to the covariates. 
Table 2 summarizes the ANCOVA comparing the mean 
posttest scores of the performance of students in all 
groups.

Table 2 Summary of ANCOVA Comparing the Mean Posttest Scores of Stu-
dents in the Three Groups

Source                           SS                     df                    F            p           η2

Pre-test                         66.83                1             66.83           0.000       0.184

TOLT                           45.519               1            45.519         0.000       0.133    

Treatment                     73.429               2            36.714         0.000       0.196     

Error                             297.3               96     

The analysis indicated significant effects for the co-
variates pretest score, F(1, 96)=66.83, p=0.000, and TOLT 
score, F(1, 96)=45.519, p=0.000. The results also revealed 
a significant treatment effect, F(2, 96) = 36.714, p=0.000  
in favor of the experimental groups. Students in the exper-
imental group who were engaged in the CIM instruction 
demonstrated better performance over the control group 
TI students (p< 0.05). Similarly, students who received 
CCT instruction scored significantly higher than students 
taught by traditional instruction TI with respect to under-
standing of photosynthesis and respiration in plant con-
cepts (p<0.05), and students who received CIM instruction 
scored significantly higher than students taught by CCT 
instruction (p<0.05). Strength of the relationship between 
the treatment and posttest scores was strong η2=0.196). 

In order to determine which groups accounted for the 
difference found in the analysis of variance, a posterior 
comparison was made. The Bonferroni multiple com-
parisons was used to analyze paired contrast (Table 3). 
The photosynthesis and respiration in plants concept test 
adjusted mean scores of the two experimental groups en-
gaged in cyclic inquiry model and conceptual change text 
instruction were significantly higher than the mean of the 
control group (p<0.05). The CIM group produced signifi-
cantly higher adjusted mean score on the  photosynthesis 
and respiration  in plants concept test than did  the CCT 
group. 
Table 3 LSD Comparisons between Instruction Methods with Respect to Ad-
justed Mean Scores on the Photosynthesis and Respiration in Plants Concept 

Test
       Comparisons*                           Computed value                                        p

        1 vs 2                                              0.88*                                                0.005

        1 vs 3                                              2.23*                                                0.000 

        2 vs 3                                              1.35*                                                0.000
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*p < 0.05.  CIM 1: cyclic inquiry model. CCT 2: conceptual 
change text. TI 3: Traditional instruction. 

When the proportion of correct responses and miscon-
ceptions determined by item analysis for the experimental 
and control groups was evaluated for both pre-posttests. 
Remarkable differences between the groups in favor of the  
experimental groups were found. The average percentage 
of students in cyclic inquiry model group holding the sci-
entifically correct view had risen from 18.85% to 54.08%, 
a gain of 35.23%, the percentage of correct response of 
the students in conceptual change text group had increased 
from 23.54% to 52%, a gain of 23.46% after treatment. 
The percentage of correct responses of the students of the 
control group, however, increased from 28.08% to 45%, a 
gain of 16.92%.  However, these results indicate low level 
of conceptual understanding even after the treatment.

Analysis of results indicated that students in exper-
imental and control groups have many misconceptions 
about photosynthesis and respiration in plants. For in-
stance, most students’ conceptions were different from 
scientific meaning. Many students still had misconcep-
tion” that oxygen gas is given out in largest amount by 
green plants  in the presence of sunlight, because green 
plants only photosynthesize and do not respire in the 
presence of light energy”. Research also, indicated  that 
students believed  that “green plants respire only at night, 
when there is no light energy because cells of green plants 
can photosynthesize during the day when there is light 
energy”. In addition,  several students  had the misconcep-
tion that “ carbon dioxide is given off green plants in large 
amounts when there is no light energy at all because green 
plants respire only when there is no sunlight energy”. An-
other misconception  held by students was that “ the most  
important benefit to green plants when they photosynthe-
size is the removal of the carbon dioxide from the air” . 
Moreover,  several students thought that photosynthesis 
takes place in green plants in the presence of light and 
respiration takes place in green plants only when there is 
no light because green plants photosynthesize during the 
day and respire at night. A list of common misconceptions 
identified in the study were mentioned in Appendix B. 
Many of these misconceptions are typical misconceptions 
identified by other studies e.g. [7, 15, 16, 36].

4.Discussion 
The purpose of this study is to investigate the effects of 

three types of instruction, the cyclic inquiry model (CIM), 
the conceptual change text instruction (CCT), and tradi-
tional instruction (TI), on 9th grade students’ understand-
ing of photosynthesis and respiration in plants. The photo-
synthesis and respiration in plants concept test developed 
by Haslam & Treagust[7] was administered to determine 

students’ understanding of photosynthesis and respiration 
in plants. The test of Logical Thinking (TOLT) was used 
to determine the formal reasoning ability of students. The 
TOLT and pretest scores used as covariates in this study 
served mainly to reduce error variance. Results revealed 
that both covariates had significant effects on understand-
ing of the target concept. This result is in agreement with 
previous studies results in the literature indicating that 
reasoning ability and prior knowledge have great influ-
ence on students’ understanding of science concepts[37-40]. 
For example, Dogru-Atay & Tekkaya[37] reported that stu-
dents’ logical thinking ability accounted for a significant 
portion of variation in genetics achievement. BouJaude et 
al.,[38] pointed out that the main predictor of performance 
on conceptual understanding of chemistry was formal op-
erational reasoning.

The results showed that the students in both cyclic 
inquiry model (CIM) and conceptual change texts (CCT) 
groups performed significantly better than students in the 
traditional instruction group with respect to photosynthe-
sis and respiration concepts. The emphasis was given to 
students’ misconceptions in both experimental groups. 
Students were engaged in activities that are intended to 
capture their attention, get them thinking about the subject 
matter, raise question in their minds, stimulate thinking 
and activate their prior knowledge. By these activities the 
evidence that students initial conceptions are insufficient 
and supported only partial understanding of the concepts 
were also provided. 

What inquiry based learning (CIM) has in common is 
the active role of the students. Students are actively en-
gaged in constructing knowledge. During each phase of 
the cyclic inquiry model, students are actively question-
ing and formulating problems, manipulating  materials, 
observing and recording  data, or analyzing data.  By 
reflecting science processes or inquiry skills the cyclic in-
quiry model, allowed students to become active members 
in the process as they construct and understand scientific 
concepts. Because of the strength of cyclic inquiry model, 
students can see links among concepts and make connec-
tions between new learned concepts and existing concepts 
in their cognitive structures. Many interrelated facts and 
ideas are  included in photosynthesis and respiration in 
plant concepts. Learners must relate the ideas and facts 
that form the concept to achieve meaningful conception of 
topics. In inquiry based learning the strategies used sup-
ported a change in students from passive to active learn-
ers. The activities  involved in the cyclic inquiry model 
helped students recognize their prior conception, and  
helped them meaningfully learn through the connections 
among concepts and through developing reasoning skills. 
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This result is consistent with previous studies[30][31][2Sim-
ilarly, results regarding the effectiveness of conceptual 
change text instruction (CCT) can be explained as fol-
lows:  students activate and revise their prior knowledge 
and struggle with their misconceptions by involvement in 
activities. For example, students in the conceptual change 
text instruction became dissatisfied with their existing 
conceptions, which enabled them to accept better expla-
nations to the problem that was introduced. In this way, 
students think about their prior knowledge and reflect on 
it. The conceptual change text definitely dealt with stu-
dents misconceptions. It required students to construct an 
alternative schema to replace the misconception schema. 
The essential part of conceptual change text instruction 
was the social interaction provided by the teacher guid-
ed discussions. The students discussed the conceptual 
change texts with the teacher. The instruction encouraged 
intensive teacher-student interaction and student-student 
interaction, such a discussion environment allowed stu-
dents to focus on learning,  conceptual understanding, and 
mastering the task. However, students focused on con-
cepts related to the subject that requires less conceptual 
restructuring students in the traditional Instruction  group. 
This result is consistent with numerous previous studies 
investigating the effectiveness of the conceptual change 
text instruction[12-17]. 

The present study, However, has limitations to be con-
sidered. The study was conducted at a public school in an 
urban area by using whole classes. Data from other school 
districts and from different school types might give differ-
ent findings. This study was limited to cell activities unit 
and 101 ninth graders. The results, therefore, may not be 
reliable if generalized beyond students  enrolled in a simi-
lar situation.

5. Conclusion
The cyclic inquiry model instruction (CIM) and 

conceptual change text-oriented instruction (CCT) 
caused a significantly better acquisition of photosynthesis 
and respiration concepts and elimination of alternative 
conception than the traditional instruction (TI). This result 
supports previous research reporting that instructional 
strategies , which take into consideration the active role 
of the learner,  and pre-existing concepts in the learners’ 
cognitive structure, can promote better conceptual 
understanding. Additionally, this result supports the 
thought that it is not easy to eliminate misconceptions just 
by employing a teacher-centered and textbook-oriented 
instruction. It is necessary to eliminate misconceptions 
with the help of different methodologies that promote 
the active role of the learner rather than the traditional 
instruction, to create conceptual understanding and 

promote meaningful learning. 
The findings of this study indicated that sound 

understanding could be reached with suitable instructional 
method. This study suggested the use of cyclic inquiry 
model and conceptual change oriented instruction as an 
alternative approach to traditional methods to remediate 
misconceptions.
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Negative worded (NW) items used in psychological instruments 
have been studied with the bifactor model to investigate whether the NW 
items form a secondary factor due to negative wording orthogonal to the 
measured latent construct, a validation procedure which checks whether 
NW items form a source of construct irrelevant variance (CIV) and 
hence constitute a validity threat. In the context of educational testing, 
however, no such validation attempts have been made. In this study, we 
studied the psychometric impact of NW items in an English proficiency 
reading comprehension test using a modeling approach similar to the 
bifactor model, namely the three-parameter logistic cross-classified testlet 
response theory (3PL CCTRT) model, to account for both guessing and 
possible local item dependence due to passage effect in the data set. 
The findings indicate that modeling the NW items with a separate factor 
leads to noticeable improvement in model fit, and the factor variance is 
marginal but nonzero. However, item and ability parameter estimates are 
highly similar between the 3PL CCTRT model and other models that do 
not model the NW items. It is concluded that the NW items introduce 
CIV into the data, but its magnitude is too small to change item and 
person ability parameter estimates to an extent of practical significance.   
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1. Introduction

Negatively  worded (NW) i tems are  of ten 
recommended to be included along with 
positively worded (PW) ones in psychological 

inventories to address acquiescence (e.g., Kieruj & 
Moors, 2013).[34] A common practice is to reversely code 
NW items and treat them the same as PW ones. Such a 
practice, however, depends heavily upon the assumption 

that there is no wording effect associated with the NW 
format used in NW items, which is usually not the case. 
Studies (e.g., Chessa & Holleman, 2007)[12] have shown 
that the cognitive process involved in answering NW 
items is different than that in dealing with PW items, and 
consequently NW items display different psychometric 
properties such as lower item-total score correlation (e.g., 
Roszkowski & Soven, 2010).[49] Consequently, some 
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researchers (e.g., van Sonderen, Sanderman, & Coyne, 
2013; [56] Zhang, Noor, & Savalei, 2016) [62] caution against 
the use of NW items, arguing that such items introduce 
extraneous variance and hence pose a threat to construct 
validity.

Factor analysis techniques have been routinely applied 
to psychological inventories containing NW items to 
investigate the wording effect. A two-correlated-factor 
model is often used (Deemer & Minke, 1999;[14] Gitchel, 
Roessler, &Tuner, 2011;[21] Magazine, Williams, & 
Williams, 1996;[42] Roszkowski & Soven, 2010)[49] to 
model the PW and the NW items, assuming that one factor 
representing the negative wording effect and the other 
the positive wording effect. The bifactor model has also 
been used (e.g., Lindwall, Barkoukis, Grano, Lucidi, & 
Raudsepp, 2012),[37] with the general factor hypothesized 
to measure the latent construct of interest, and the two 
secondary factors represented the positive and negative 
wording effects. Wang, Chen, and Jin (2015)[58] decisively 
pointed out the logical flaw of treating the positive 
wording effect as a separate secondary factor in the 
previous bifactor modeling approach and used a different 
bifactor model in which only the negative wording effect 
is modeled as a separate secondary factor.

In contrast to the psychological measurement literature 
where a consensus regarding the use of NW items is 
lacking, in educational testing community use of the NW 
format is usually cautioned against (Haladyna, 2004;[22] 
Haladyna & Downing, 1989a;[23] 1989b;[24] Haladyna, 
Downing, & Rodriguez, 2002).[26] Note that the NW items 
in educational testing often involve adding at the stem 
or option level a negative word such as not or except, 
while in psychological measurement they can either add 
negative words or use vocabulary that is opposite to the 
measured construct (e.g., use of the word sad in a scale 
measuring happiness). It is further recommended that in 
cases where it is necessary to use in an educational test 
the NW format (adding a negative word), the negative 
word “…should be stressed or emphasized by placing 
it in bold type, capitalizing it, or underlining it, or all of 
these” (Haladyna, 2004, p. 111).[22] One of the reasons 
for such recommendations against the NW items is that 
educational tests are usually high-stakes and students are 
too motivated to allow acquiescence bias to materialize. 
Another reason, as will be discussed later, is that the 
addition of a negative word in educational test items tends 
to change item psychometric properties.

Despite the suggestion that NW items should be 
avoided in high-stakes testing, they are still occasionally 
used in some educational tests, although per Haladyna’s 
advice (e.g., 2002;[26] 2004),[22] negative words in those 

items are often emphasized. Research on NW items in 
educational measurement often utilizes experimental 
studies to investigate how NW items perform in contrast 
to their PW counterparts, and to date, there have been no 
studies applying a factor analysis approach to model the 
effect of the NW format in educational tests. 

In this study we investigate the wording effect of 
NW items in a high-stakes English proficiency reading 
comprehension test using a model similar to the bifactor 
model used by Wang, Chen, and Jin (2015).[58] Our model 
is similar to that of Wang et al. (2015)[58] in that we also 
model the negative wording effect as a secondary factor 
independent of the primary factor, which is English 
proficiency in this case. The similarity notwithstanding, 
there are several major differences between the two 
models. First, guessing is expected to exist in our data 
due to the use of MC format and as a result, we include 
a pseudo-guessing parameter in our model to account for 
guessing. Since the mathematical equivalence between 
the item response theory (IRT) and factor analysis (e.g., 
Takane & de Leeuw, 1987;[52] Kamata & Bauer, 2008)
[33] does not extend to models with pseudo-guessing 
parameters, our model is not a factor analysis model per 
se. Second, instead of using a general testlet model (Li, 
Bolt, & Fu, 2006)[35] that is the IRT analog of a bifactor 
model, we use a testlet model (Wainer, Bradlow, & Wang, 
2007)[57] that is a constrained version of the general testlet 
model (e.g., DeMars, 2006;[15] Rijmen, 2010)[47] to model 
the negative wording effect. We believe the testlet model is 
more appropriate in the current study due to its estimation 
of testlet variance, which allows for a straightforward 
interpretation of the magnitude of variance caused by the 
wording effect. As will be discussed later, this variance is 
irrelevant of the primary latent construct of interest and its 
magnitude indicates how much of a threat it is to the test 
validity. Last, since our data were drawn from a reading 
comprehension test, the passage effect may cause items 
within the same passage to be locally dependent. For NW 
items within passages, we hypothesize they exhibit dual 
local dependence due to the passage and wording effects 
and in order to simultaneously model both effects, a cross-
classified testlet model is warranted. Consequently, we 
use a three-parameter logistic (3PL) cross-classified testlet 
response theory (CCTRT) model to answer the following 
research questions: 

Does the NW format introduce construct irrelevant 
variance (CIV) into the test? 

If yes, what is its magnitude?
How does failure to model such CIV affect item and 

ability parameter estimates? 
The remainder of this paper is organized into four 
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sections. We start with a review of relevant studies in the 
educational measurement literature that investigate the 
wording effect of NW items. In the second section, we 
introduce the 3PL CCTRT model, followed by analysis of 
the current data in the third section. In the last section we 
end our paper with discussions and conclusions.

2. Studies Regarding NW Items in Education-
al Testing

Most studies focusing on the psychometric effect of 
NW items in the context of educational measurement 
adopt experimental designs in which the performances 
of two versions of a small number of items, one with 
NW format and the other PW format, were compared. 
For example, Terranova (1969)[55] found that the NW 
items were more difficult than their PW counterparts, and 
test reliability in his experiment was not affected by the 
NW format. Similarly, Dudycha and Carpenter (1973)
[18] found that NW stems increased the item difficulty, 
whereas the item discrimination was not affected. In 
another study, Cassels and Johnstone (1984)[10] found that 
simply changing item stems from the NW format to the 
PW format with the options remaining constant lowered 
the item difficulty considerably, and they attributed such 
changes of item difficulty to the additional thinking 
stage required by NW format. Similar findings were 
also presented by Caldwell and Pate (2013)[8] that stem 
negation increased item difficulty. Johnstone (1983, 
p. 115)[31] indicated that the reason for increased item 
difficulty due to the NW format is that “…ideas in a 
negative form occupy twice as much space in the working 
memory as positive forms”. Similarly, Abedi (2006)[1] 
listed the NW format as one of the linguistic features that 
might affect comprehension.

While the aforementioned studies consistently find 
that the NW format is associated with increased item 
difficulty, there are other studies that say otherwise. For 
example, Tamir (1991; 1993)[53][54] found that for items 
requiring low cognitive reasoning, the NW format did 
not affect the item difficulty; it was only when combined 
with requirements for high cognitive reasoning that the 
NW format increased item difficulty. Downing, Dawson-
Saunders, Case, and Powell (1991),[17] and Rachor and 
Gray (1996)[44] found that the NW format had no effects 
upon item difficulty. In another study (Harasym, Price, 
Brant, Violato, & Lorscheider, 1992),[27] it was found 
that the NW format lowered both item difficulty and test 
reliability, and the researchers attributed the decrease 
of item difficulty to that the NW format inadvertently 
provided cues to the correct answer. 

Other than focusing on how NW items behave in 
contrast to their PW counterparts, Casler (1983)[9] took a 

different approach by investigating whether emphasizing 
the negative words in the NW items alleviated the 
psychometric effect caused by the NW format. He found 
that with the negative words underlined, the NW items 
became easier to the high ability students and harder to 
the low ability ones, and the item discrimination power 
increased; if the negative words were capitalized, the 
item difficulty decreased while the item discrimination 
remained unchanged.

Apparently, the majority of abovementioned studies 
find that the NW format changes the psychometric 
properties of an item. Consequently, it has become a 
widely-accepted notion that the NW format is undesirable 
and should be avoided in the context of educational 
measurement. As stated by Haladyna (2004, p. 117):[22]

Avoid Negative Words Such as Not or Except. We 
should phrase stems positively, and the same advice 
applies to options. The use of negatives such as not and 
except should also be avoided in options as well as the 
stem. Occasionally, the use of these words in an item 
stem is unavoidable. In these circumstances, we should 
boldface, capitalize, italicize, or underline these words so 
that the test taker will not mistake the intent of the item.

To date, most studies regarding the psychometric effect 
of the NW format in educational testing literature utilized 
experimental designs to investigate how item properties 
such as item difficulty and discrimination change, and 
only one (Casler, 1983)[9] compared the psychometric 
effects caused by NW items with and without emphasizing 
the negative words within. There are no studies that use a 
bifactor model approach similar to that adopted by Wang, 
Chen, and Jin (2015)[58] to explore whether the NW items 
form a separate factor due to their NW format. We argue 
that such a NW factor, if existent, constitutes a source 
of CIV that can be a major threat to test validity (e.g., 
Hahadyna & Downing, 2004).[25] Messick described the 
role that CIV plays in educational testing as the following:

The major point here is that educational achievement 
tests, at best,  reflect not only the psychological 
constructs of knowledge and skills that are intended to 
be measured, but invariably a number of contaminants. 
These adulterating influences include a variety of other 
psychological and situational factors that technically 
constitute either construct-irrelevant test difficulty or 
construct-irrelevant contamination in score interpretation. 
(Messick, 1989, p. 216)[43]

Despite the lack of consensus on how the NW 
format changes item difficulty, the majority of studies, 
as discussed previously, indicate that the NW format 
changes item difficulty due to the introduction of CIV. 
Similarly, Downing (2005, pp. 141-142)[16] stated that 
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same cluster by introducing a random effect parameter 
denoting the person specific testlet effect. The probability 
of answering item j correctly by person i in a 3PL TRT 
model is given as 

                                                                     (2)

where θi is person i’s latent ability, γ id(j) is person 
i’s latent ability on testlet d, and aj, bj, and cj are the 
discrimination, difficulty, and pseudo-guessing parameters 
of item j. For γ id(j), its variance 2

)( ijdγσ  indicates the 
magnitude of LID among items within the same testlet. 
As can be seen from equation 2, TRT only allows the 
modeling of one source of LID. When it is suspected that 
dual LID may exist, TRTM seems inadequate due to their 
incapability of handling more than one source of LID 
simultaneously.

It is not uncommon for test data to display dual LID 
due to the existence of two item clustering factors. For 
example, in PISA assessment items based on the same 
scenario may fall into different content categories: here 
scenario and content are two item clustering factors that 
may cause dual LID. Another example is that in language 
testing, items within the same listening comprehension 
passage may have different item formats, thus making 
format and passage two possible sources of LID. In the 
current study, dual LID is also suspected to exist due to 
two item clustering effects, namely the passage effect 
and the wording effect due to the NW format. To address 
the issue of dual LID, Jiao, Wang, Wan, and Lu (2009)
[29] proposed a 3PL CCTRT model, which is an extension 
of the 3PL TRT model, to address dual LID in scenario-
based science assessment items. Its equation is given as

                                                                    (3)

where         is person i’s latent ability on testlet d1 
caused by the first source of LID,         on testlet d2 
caused by the second source of LID, and the other terms 
remain the same as in equation 2. As can be seen, if either 
source of LID has a variance of zero, equation 3 reduces 
to equation 2 and the 3PL CCTRT model becomes the 
familiar 3PL TRT model.

The difference between a TRT model and a CCTRT 
model can be visualized with diagrams. Assuming that 
we have a reading comprehension test with two passages 
(each has three items) and two of the six items (Items 2 
and 4) have the NW format, Figure 1 provides a visual 
presentation of the TRT and CCTRT models that can be 
used to model difference sources of LID. As can be seen, 
the TRT model in the left panel only models LID due to 
the passage effect, and its CCTRT counterpart models 
dual LID due to both the passage and NW effects. One 
commonality between these two models is that there are 

“the additional test difficulty introduced into the measure 
by poorly crafted and flawed item formats is an example 
of construct-irrelevant variance.” Following his line of 
reasoning, we hypothesize that the NW format in items 
is a source of construct-irrelevant variance (CIV) and 
therefore, it is important to find out what its magnitude 
is and whether it affects model parameter estimates to an 
extent of practical significance. 

It should be noted that since the data used in this study 
were drawn from a reading comprehension test, passage 
effect may constitute another source of CIV. In the next 
section we will discuss that although our interest is not 
in the passage effect per se, failure to model the passage 
effect might result in inaccurate estimation of the wording 
effect and consequently, we model both sources of CIV 
simultaneously with a CCTRT model.

3. The Testlet Model and Its Cross-Classified 
Extension

One pivotal assumption of item response theory (IRT) 
is local item independence, which can be expressed using 
the following equation (Reckase, 2009)[45]

P(U=u│θ)=P(u1│θ)P(u2│θ)…P(uI│θ),                                 (1)
where u is a response vector to a test with I items, 

P(U=u│θ) is the probability of obtaining the response 
vector u for an examinee whose latent ability is θ, and 
P(ui│θ) is the probability of obtaining a score ui. Equation 
1 states that after conditioning on the latent ability, the 
response to any item in the test is statistically independent 
of that to another item. In other words, an examinee’s 
latent ability should be the only force that drives his or 
her item responses and, if there is another factor that 
affects the item response, this independence assumption 
is violated and local item dependence (LID) occurs. As 
listed by Yen (1993),[60] in real testing situations LID can 
occur due to various factors such as speededness, item 
or response format, and passage dependence. Numerous 
studies (e.g., Ackerman, 1987;[2] Chen & Thissen, 1997;[11] 
Zhang, 2010)[61]  have shown that LID can result in biased 
estimation of item parameters, overestimation of test 
reliability, premature termination of computer adaptive 
testing, errors in equating, and erroneous classifications of 
examinees.

Due to the serious psychometric consequences that can 
be caused by LID, various methods (e.g., Bradlow, Wang, 
& Wainer, 1999[6]; Braeken, Tuerlinckx, & De Boeck, 
2007[7]; Hoskens & De Boeck, 1997;[28] Rosenbaum, 
1988[48]) have been proposed to address the issue of LID. 
Among them, a popular approach that has been applied 
extensively to address LID is the testlet response theory 
(TRT; Bradow, et al., 1999;[6] Wainer, Bradlow, & Wang, 
2007),[57] which models LID among items within the 
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no arrows or curves linking the factors, which indicates 
that the factors are orthogonal to each other.

Figure 1. The traditional testlet model and the cross-clas-
sified testlet model

In addition to the 3PL CCTRT model, the Rasch 
version of CCTRT models has also received some 
attention in literature. Xie (2014)[59] proposed a cross-
classified Rasch testlet model in the hierarchical 
generalized linear model (HGLM; Kamata 2001)[32] and 
investigated the consequences of failing to model the 
dual LID properly. She found that ignoring either source 
of LID leads to inaccurate estimation for item difficulty, 
ability parameter, and testlet effect parameters. Similar to 
the relation between the Rasch model and the 3PL model, 
Xie’s model is a special case of the 3PL CCTRT model 
in equation 3 with the guessing parameter cj constrained 
to zero and the discrimination parameter aj to one across 
items. Jiao, Kamata, and Xie (2015)[30] extended Xie’s 
model to its multilevel case and showed that the multilevel 
cross-classified Rasch testlet model can be accurately 
estimated using Markov Chain Monte Carlo (MCMC) 
methods implemented in OpenBUGS. 

4. Methods
4.1 Data

The data were drawn from item responses of 1,839 
students who took a high-stakes English proficiency 
test used for admission and placement purposes in the 
Middle East. For the purpose of this study, we focused on 
the reading comprehension section which consists of 40 
items. 

Table 1 lists descriptive statistics (p value and item 
total correlation) and other relevant information of these 
40 items. The column named p provides the classical 
test theory (CTT) based item difficulty index, based 
on which we observe that the test is slightly difficult to 
the examinees since most p values are below 0.50. The 
column named rpb provides the item total correlation 
values, most of which are between 0.3 and 0.5 with some 
lower than 0.2 (e.g., RC17).

The column named Item Type tells whether an item is 
a discrete one or belongs to a particular passage, and the 
column named NW tells whether an item is a NW one. 

As can be seen, 37 out of the 40 items are nested within 
reading comprehension passages and among them, seven 
items use NW format. Among these seven items, two 
use a negative word at the stem level and the other five 
at the option level, and all the negative words are bolded 
and capitalized for highlight purposes. Per our previous 
discussion, we hypothesize that these seven items display 
dual LID due to the passage effect and the negative 
wording effect.

Table 1 Item Statistics and Relevant Information

Item p rpb Item Type NW Item p rpb Item Type NW

RC1 0.39 0.25 Passage 1 RC21 0.35 0.24 Passage 5

RC2 0.50 0.44 Passage 1 Yes RC22 0.46 0.42 Passage 5

RC3 0.30 0.20 Passage 1 RC23 0.41 0.37 Passage 5 Yes

RC4 0.43 0.43 Passage 1 RC24 0.46 0.46 Passage 5

RC5 0.43 0.49 Passage 1 RC25 0.43 0.45 Passage 5

RC6 0.36 0.27 Passage 2 RC26 0.32 0.44 Passage 5

RC7 0.33 0.33 Passage 2 RC27 0.36 0.29 Passage 5

RC8 0.33 0.17 Passage 2 Yes RC28 0.42 0.54 Passage 5 Yes

RC9 0.35 0.30 Passage 2 RC29 0.26 0.18 Passage 5 Yes

RC10 0.32 0.35 Passage 2 RC30 0.45 0.50 Discrete

RC11 0.36 0.44 Passage 3 RC31 0.34 0.31 Passage 6

RC12 0.46 0.46 Passage 3 RC32 0.35 0.37 Passage 6

RC13 0.48 0.46 Passage 3 RC33 0.37 0.45 Passage 6

RC14 0.45 0.43 Passage 3 RC34 0.23 0.30 Passage 6 Yes

RC15 0.27 0.32 Passage 4 RC35 0.31 0.36 Passage 6

RC16 0.24 0.06 Passage 4 RC36 0.29 0.17 Passage 7

RC17 0.17 0.09 Passage 4 RC37 0.32 0.19 Passage 7

RC18 0.35 0.21 Passage 4 RC38 0.27 0.20 Passage 7

RC19 0.35 0.39 Passage 4 Yes RC39 0.47 0.48 Discrete

RC20 0.36 0.39 Discrete RC40 0.36 0.25 Discrete

4.2 Analytic Procedure
Before we model such dual LID with a CCTRT model, 

it is necessary to determine which dichotomous IRT model 
should serve as the base model. Correspondingly, we 
estimate the 1PL, 2PL, and 3PL models with OpenBUGS 
and use Akaike’s information criterion (AIC; Akaike, 
1973),[3] Bayesian information criterion (BIC; Schwarz, 
1978),[50] and the deviance information criterion (DIC; 
Spiegelhalter, Best, Carlin, & van der Linde, 2002)[51] to 
determine the best fitting model, which is used as the base 
model in the subsequent analyses. It should be noted that 
AIC and BIC were originally developed in the maximum 
likelihood estimation (MLE) framework, and here we 
use their Bayesian analogues that are computed with the 
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posterior mean of deviance as described by Congdon 
(2003).[13]

After the base model is determined, we build a 
corresponding TRT model in which the item clustering 
effect due to passage dependence is modeled, and a 
CCTRT model in which the two item clustering effects 
due to both the passage dependence and the NW format 
are modeled simultaneously. This particular CCTRT 
model is treated as the true model in the current study. 
Similarly, we estimate the TRT and CCTRT models with 
OpenBUGS and compare model fit using AIC, BIC, and 
DIC. We also compare the item and ability parameters 
between different models to investigate whether failure to 
model any item clustering effect translates into practical 
significance in terms of parameter estimate differences. 

4.3 Estimation
All three models were estimated via MCMC algorithm 

implemented in OpenBUGS. It should be noted that 
Stan, an emerging Bayesian software program, may be 
a better choice for estimating complex IRT models due 
to its sampling efficiency (e.g., Luo & Jiao, 2018;[40] 
Luo & Liang, 2019).[41] OpenBUGS was chosen in this 
study due to its convenient feature of computing DIC by 
default, while in Stan no such features exist and the users 
have to write their own functions to compute DIC (e.g, 
Luo, 2019).[38] Estimation of IRT models with MCMC 
methods requires the specification of prior distributions 
for all model parameters, and we choose priors that are 
commonly seen in the Bayesian IRT literature. For the 
3PLM model, we assign a standard normal distribution 
N(0, 1) as the prior for the ability parameters for model 
identification, and a normal distribution with unknown 
mean and variance as the prior for the item difficulty 
parameter; the unknown mean is assigned a standard 
normal distribution N(0, 1) as the hyperprior, and we 
assign the distribution γ(1, 1) as the hyperprior for 
the precision parameter, which is the reciprocal of the 
variance. We assign a truncated normal distribution 
N+(0, 4) as the prior for item discrimination parameter, 
and a beta distribution β(5, 23) for the pseudo-guessing 
parameter. For the testlet variance parameters in the 3PL 
TRT and 3PL CCTRT models, we assign as the prior 
normal distributions with a mean of zero and unknown 
precisions, for which γ(1, 1) is assigned as the hyperprior.

4.4 Model Convergence Check
Since MCMC methods are used for model estimation, 

it is necessary to check whether model convergence 
has been reached before we draw inferences from the 
posterior distribution. In this study we apply the Gelman 
and Rubin’s convergence diagnostic (Gelman & Rubin, 

1992),[19] which computes the potential scale reduction 
factor (PSRF). PSRF values close to 1 indicate model 
convergence and as suggested by Gelman, Carlin, Stern, 
and Rubin (2014),[20] PSRF value of 1.1 can be used as the 
cutoff value to gauge model convergence in practice. For 
the 1PL and 2PL models, all PSRF values converge to 1 
within 2,000 iterations, and we run three parallel chains 
with 4,000 iterations each to be conservative. For the 3PL, 
3PL TRT and 3PL CCTRT models, we run three parallel 
chains with 5,000 iterations each and request every 10th 
iteration to be used for inference (thinning = 10) to reduce 
autocorrelation in the posterior distribution for testlet 
variance parameters.  

5. Results
5.1 Model Comparison

As can be seen from Table 2, the 3PL model has the 
smallest AIC, BIC, and DIC values among the three 
common dichotomous IRT models, indicating that it is 
the best fitting model. With the 3PL model as the base 
model, we estimated the corresponding 3PL TRT and 
the 3PL CCTRT models. Regarding the comparison 
among the three models, AIC, BIC, and DIC values 
consistently indicate that the 3PL CCTRT model has the 
best model fit, followed by the 3PL TRT model, and the 
3PL model has the worst model fit. Using Anderson’s 
suggestion (2008)[4] that a difference of nine or greater in 
those information criteria constitutes strong evidence for 
model choice, we find that the 3PL TRT model provides 
a model fit considerably better than the 3PL model with 
the differences in AIC, BIC, and DIC being 1226, 1187, 
and 670 respectively; the 3PL CCTRT model fits the 
data noticeably better than the 3PL TRT model with the 
differences in AIC, BIC, and DIC being 154, 149, and 
50 respectively. In other words, when we model the item 
clustering effect due to passage effect in the 3PL TRT 
model, we find strong evidence that it should be chosen 
over the 3PL model, which assumes that no item clustering 
effect exists; when we model the dual item clustering 
effects due to passage effect and wording effect in the 
3PL CCTRT model, model fit improves considerably over 
that of the 3PL TRT model, which assumes that no item 
clustering effect exists due to the NW format.

Table 2 Model Comparison Results

Model AIC BIC DIC

1PL 86200 86431 87790

2PL 84877 85329 86430

3PL 84462 85135 85700

3PL TRT 83236 83948 85030

3PL CCTRT 83082 83799 84980
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5.2 Magnitude of CIV
Table 3 lists the testlet variance estimates for the 3PL 

TRT and 3PL CCTRT models, which are indicative of 
the magnitude of CIV caused by the passage effects 
and negative wording effects. Xie (2014)[59] found in 
her simulation study that failure to model one source 
of item clustering effect in a cross-classified model 
results in biased testlet variance estimates, and with the 
increase of the magnitude of that item clustering effect, 
the bias increases. One natural question here is whether 
failure to model the wording effect leads to an incorrect 
interpretation of the magnitude of the item clustering 
effect due to passage effect. The comparison of the testlet 
variance estimates between these two models indicates 
that despite the better model fit that the 3PL CCTRT 
model has over the 3PL TRT model, such a model fit 
advantage does not translate into practical significances 
regarding the testlet variance estimates. The correlation 
between two sets of testlet variance estimates are greater 
than 0.99, and the values are nearly identical. As can be 
seen, none of the seven passages exhibits strong item 
clustering effect due to passage dependence, with the 
largest value being approximately 0.19. For the negative 
wording effect, the testlet variance estimate is 0.09 with 
a 95% credible interval not covering zero, indicating that 
only a small amount of CIV has been introduced into the 
test due to the NW format.

Table 3 Testlet Variance Estimates

Model T1 1 T1 2 T1 3 T1 4 T1 5 T1 6 T1 7 T2 1

3PL TRT 0.13* 0.13* 0.15* 0.19* 0.11* 0.14* 0.18*

3PL CCTRT 0.14* 0.13* 0.15* 0.18* 0.11* 0.14* 0.18* 0.09*

Note. * indicates that the 95% credible interval of the 
variance estimate does not cover zero.

5.3 Item and Ability Parameter Estimate Com-
parison

Table 4 Item Parameter Estimates Comparison

Item

Discrimination Difficulty Pseudo-Guessing

M1 M2 M3 M1 M2 M3 M1 M2 M3

RC1 1.27 1.13 1.10 1.55 1.59 1.59 0.25 0.23 0.23

RC2 1.87 1.80 1.77 0.51 0.47 0.46 0.22 0.20 0.20

RC3 2.78 2.84 2.84 1.87 1.97 1.99 0.25 0.25 0.25

RC4 2.11 2.00 1.99 0.85 0.85 0.85 0.23 0.22 0.22

RC5 2.44 2.58 2.55 0.64 0.68 0.67 0.19 0.19 0.19

RC6 2.61 2.31 2.24 1.62 1.72 1.73 0.28 0.28 0.28

RC7 2.69 2.59 2.51 1.49 1.56 1.58 0.24 0.24 0.23

RC8 2.28 2.18 2.27 2.15 2.30 2.37 0.28 0.28 0.28

RC9 2.83 2.34 2.37 1.52 1.61 1.62 0.27 0.26 0.26

RC10 2.73 2.53 2.51 1.46 1.55 1.56 0.23 0.23 0.23

RC11 2.19 2.17 2.15 0.99 1.04 1.05 0.17 0.17 0.17

RC12 1.66 1.64 1.64 0.46 0.47 0.48 0.14 0.14 0.14

RC13 2.98 3.32 3.26 0.68 0.69 0.69 0.28 0.28 0.28

RC14 2.19 2.20 2.17 0.78 0.79 0.79 0.24 0.23 0.23

RC15 1.67 1.51 1.51 1.62 1.70 1.72 0.15 0.14 0.14

RC16 3.42 3.13 3.13 2.42 2.76 2.77 0.23 0.23 0.23

RC17 3.83 3.55 3.51 2.36 2.64 2.67 0.15 0.15 0.15

RC18 1.70 1.29 1.30 1.87 2.00 2.01 0.27 0.23 0.24

RC19 2.24 2.22 2.41 1.26 1.29 1.34 0.21 0.20 0.21

RC20 2.21 2.07 2.05 1.22 1.24 1.25 0.22 0.22 0.22

RC21 1.38 1.15 1.13 1.77 1.90 1.92 0.24 0.22 0.22

RC22 1.49 1.37 1.38 0.52 0.53 0.53 0.14 0.13 0.13

RC23 2.16 2.07 2.04 1.10 1.15 1.19 0.26 0.26 0.26

RC24 2.18 2.22 2.19 0.61 0.64 0.63 0.21 0.21 0.21

RC25 2.08 2.10 2.08 0.77 0.79 0.80 0.20 0.20 0.20

RC26 3.89 4.08 4.11 1.21 1.28 1.29 0.21 0.21 0.21

RC27 2.32 2.55 2.53 1.59 1.69 1.70 0.28 0.28 0.28

RC28 3.03 2.94 3.08 0.62 0.61 0.62 0.17 0.16 0.16

RC29 1.77 1.76 1.83 2.30 2.44 2.51 0.20 0.21 0.21

RC30 2.40 2.31 2.30 0.57 0.54 0.55 0.19 0.18 0.18

RC31 2.03 1.78 1.76 1.52 1.63 1.64 0.24 0.23 0.23

RC32 1.72 1.59 1.59 1.28 1.30 1.31 0.20 0.19 0.19

RC33 3.83 3.93 3.96 1.08 1.11 1.11 0.24 0.23 0.23

RC34 3.30 3.29 3.39 1.64 1.76 1.81 0.17 0.16 0.16

RC35 1.87 1.75 1.71 1.40 1.48 1.50 0.18 0.17 0.17

RC36 4.24 3.71 3.64 1.91 2.14 2.16 0.25 0.25 0.25

RC37 4.70 4.52 4.47 1.82 1.99 2.01 0.28 0.28 0.28

RC38 4.51 4.77 4.76 1.81 1.96 1.98 0.23 0.22 0.22

RC39 1.77 1.75 1.73 0.34 0.34 0.34 0.11 0.11 0.11

RC40 1.11 1.02 1.00 1.76 1.82 1.82 0.22 0.21 0.21

Note. M1 refers to the 3PL model, M2 the 3PL TRT 
model, and M3 the 3PL CCTRT model.

Table 4 lists the item parameter estimates from the 
three models. We observe that the three sets of item 
parameters are highly similar, although not identical. 
To further investigate whether there are any systematic 
patterns, we plot pairwise comparison of item and ability 
parameters and their corresponding standard errors in 
Figures 2-5. Note that the dotted line in these figures 
represents the regression line y = x, and how much a 
point deviates from this line indicates the magnitude of 
difference between two parameter estimates. Specifically, 
Figure 2 compares the differences in item parameter 
estimates and their standard errors between the 3PL 
and the 3PL TRT models. Such a comparison tells us 
the magnitude of differences regarding item parameter 
estimates as a result of not modeling the item clustering 
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effect due to passage dependency. As can be seen, the 
two sets of item parameter estimates and their standard 
errors are similar with correlation values all greater than 
0.96. Item discrimination parameter seems to be slightly 
overestimated in the 3PL model where the passage effect 
is not modeled, while its standard error appears to be 
slightly underestimated. Item difficulty parameter is 
virtually unaffected, while its standard error is somewhat 
underestimated. Item pseudo-guessing parameter is 
slightly overestimated, and its standard error is slightly 
underestimated.

Figure 2. Item Parameter Comparison between the 3PL 
and 3PL TRT Models

Figure 3 compares the differences in item parameter 
estimates and their standard errors between the 3PL TRT 
and the 3PL CCTRT models. Such a comparison tells us 
the magnitude of differences regarding item parameter 
estimation as a result of modeling the item clustering 
effect due to passage dependency but not the item 
clustering effect due to the NW format. As can be seen, 
the two sets of item parameter estimates and their standard 
errors are nearly identical with the lowest correlation 
value being 0.991. In other words, item discrimination, 
difficulty, and pseudo-guessing parameters and their 
standard errors remain virtually the same when the item 
clustering effect due to the NW format is not modeled. 

Figure 3. Item Parameter Comparison between the 3PL 
TRT and 3PL CCTRT Models

Figure 4 compares the differences in item parameter 
estimates and their standard errors between the 3PL and 
the 3PL CCTRT models. Such a comparison tells us 
the magnitude of differences regarding item parameter 
estimation as a result of not modeling the dual item 
clustering effects due to both passage dependency and 
the NW format. Similar to what is observed in Figure 2, 
item discrimination parameter is slightly overestimated 
and its standard error somewhat underestimated; item 
difficulty parameter is virtually unaffected and its standard 
error slightly underestimated; item pseudo-guessing 
parameter is slightly overestimated and its standard error 
virtually unaffected. However, it should be noted that 
the correlation values between two sets of parameter 
estimates and their standard errors are all extremely high 
with the lowest value being 0.968, which is the correlation 
value for standard errors of item discrimination parameter 
estimates. 

Figure 4. Item Parameter Comparison between the 3PL 
and 3PL CCTRT Models
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As mentioned previously, the current data set was 
drawn from a high-stakes test that is used for admission 
and placement purposes. Consequently, it is critical to 
check whether the ability estimates and their standard 
errors are affected to an extent that would result in 
inaccurate estimation and erroneous classifications 
when different sources of CIV are not modeled or 
only partially modeled. Figure 5 provides such visual 
examinations. The top panel compares the differences 
in ability parameter estimates and their standard errors 
between the 3PL and the 3PL TRT models. As can be 
seen, the ability estimates are virtually unaffected with a 
correlation value of 0.998. The standard errors also seem 
to have a very high correlation value of 0.995, although 
it appears that standard errors of ability estimates from 
some examinees are slightly underestimated. The middle 
panel in Figure 5 compares the differences in estimated 
ability parameters and their standard errors between 
the 3PL TRT and the 3PL CCTRT models. Similar to 
what has been found in Figure 3 that item parameters 
are virtually the same between these two models, ability 
estimates and their standard errors are almost the same. 
The bottom panel in Figure 4 compares the differences 
in estimated ability parameters and their standard errors 
between the 3PL and the 3PL CCTRT models. Similar 
to the comparison between the 3PL and the 3PL TRT 
models, the ability estimates are virtually unaffected while 
some of their standard errors are slightly underestimated 
if item clustering effects due to the passage effect and the 
wording effect are not modeled.

Figure 5. Ability Parameter Comparison between the 
Three Models

6. Discussion and Conclusions

The NW items have been extensively studied in the 
context of psychological instrument, especially through 
the lens of factor analysis to investigate whether they 
form a separate factor due to negative wording effect. In 
the educational testing literature, however, most studies 
focus on how the NW format affects item difficulty, and 
endeavors from the factor analysis perspective are scant, 
if not nonexistent. This study was intended to fill the gap 
in literature by investigating whether the NW items in 
a high-stakes English reading comprehension test form 
a separate factor and if yes, whether failure to model 
this particular factor leads to different item and ability 
parameter estimates.  

Results indicate that similar to the findings in 
psychological instruments, the NW items in the current 
test does form a separate factor, of which the variance 
estimate is 0.09 with a 95% credible interval not covering 
zero. Note that the latent construct (English proficiency) 
that the current test is designed to measure is constrained 
to have a variance of one (for model identification 
purposes), which means that variance of the factor formed 
by NW items is less than one tenth of that of English 
proficiency. In simulation studies using the testlet model 
as a generating model, the variance of the testlet factor 
was usually generated to be 0.25 to represent small testlet 
effect (e.g., Li & Lissitz, 2012).[36] In this regard, it is 
reasonable to conclude that the NW factor has a small 
testlet effect. 

We also investigated whether not modeling the NW 
factor leads to different parameter estimates. When the 
passage factor is modeled, not modeling the NW factor 
virtually makes no difference for the item and ability 
parameter estimates: the item and ability parameter 
estimates and their corresponding standard errors from the 
3PL TRT and the 3PL CCTRT models have correlation 
values all greater than 0.99. If neither the passage 
factor nor the NW factor is modeled, the differences 
between the item and ability parameter estimates and 
their corresponding standard errors from the 3PL and 
the 3PL CCTRT models seem to be slightly bigger with 
all correlation values greater than 0.97, although we 
doubt that such differences would lead to any practical 
significance. The comparison of the parameter estimates 
between the 3PL and the 3PL TRT models also indicate 
that such differences between the 3PL and the 3PL 
CCTRT models are mainly due to the fact the passage 
factor is not modeled in the 3PL model.

The variance of the NW factor is small enough to be 
negligible. Consequently, the ability parameter and item 
parameter estimates are not noticeably affected. This 
finding is inconsistent with Wang, Chen, and Jin’s finding 
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(2015)[58] that for some of the NW items, the wording 
effect is large. Such a difference, we believe, should 
be attributed to the fact that the negative words used 
in the seven NW items in our data are both capitalized 
and bolded, while in their study they used a subscale of 
reading attitude assessment in Program for International 
Student Assessment (PISA) 2009 and two scales of math 
and science attitude assessment in Trends in International 
Mathematics and Science Study (TIMSS) 2011, in 
which the negative words within in NW items are not 
emphasized. Another possible cause is that among the 
seven NW items in our study, only two have negative 
words at the stem level and the other five at the option 
level (only one of the five items has the NW option as the 
correct answer). We believe that the negative words at 
the stem level has a more pronounced effect than at the 
option level, since misreading the negation at the stem 
level is more likely to result in an incorrect answer than 
at the option level. The results corroborate Haladyna’s 
suggestion (2004)[22] that the negative words in a NW 
item need to be emphasized in that although the NW 
items with highlighted negative words introduce CIV 
into the current test, the magnitude of CIV is too small 
to cause differences of practical significance. We suspect 
that if the negative words in those NW items were not 
highlighted, the magnitude of the NW factor would be 
greater. However, to test such a hypothesis would require 
a real data set with such NW items, which are difficult, if 
not impossible, to find due to the popularity of Haladyna’s 
advice.

We believe the CCTRT model can be a valuable 
validation tool in scenarios where more than one item 
clustering effect is expected to exist. Such scenarios may 
be common with educational testing data. For example, 
Baghaei and Aryadoust (2015)[5] analyzed a dataset drawn 
from responses to an English listening comprehension 
test consisting of 40 items with multiple item formats 
that fall under four listening passages. Suspecting that 
item format may constitute a source of CIV, they used a 
Rasch TRT model to account for such an item clustering 
effect and found that the testlet variance estimate for 
some format was large. Since their modeling approach 
does not account for the possibility that passage effect 
may form another source of CIV, the Rasch CCTRT 
model, we argue, is a more suitable model for their 
data that can simultaneous model both sources of CIV 
and hence produce more accurate parameter estimates. 
We recommend that in scenarios like this, a sensitivity 
analysis should be conducted to see whether the potential 
model improvement in the CCTRT model translates 
into differences in parameter estimates of practical 

significance. If not, we should proceed with the more 
parsimonious model despite its inferior model fit. 

As shown previously, despite the fact that the 3PL TRT 
and 3PL CCTRT models have better model fit than the 3PL 
model, the three models lead to item and ability estimates 
that are highly similar and the most parsimonious one, the 
3PL model, should be chosen as the ideal IRT model that 
combines model parsimony and practical utility.  In this 
regard, this study can be regarded as a validation attempt 
to ascertain the underlying dimensionality for the data set 
used in the current analysis. Such an approach is similar 
to the bifactor approach to determining dimensionality 
advocated by Reise, Morizot, and Hays (2007),[46] who 
argue that the bifactor model always fits better than a 
one-factor model and hence, it is more informative to 
compare parameter estimates from the two models to see 
whether there is any difference of practical significance 
(if there is no noticeable difference between the two 
sets of parameters, then practical unidimensionality 
is established). Similarly, Luo and Al-Harbi (2016)[39] 
showed that when traditional dimensionality detection 
methods disagree, the bifactor approach can inform 
whether it makes any practical difference to proceed with 
the unidimensionality assumption. 

To conclude, in this study we used a 3PL CCTRT 
model to investigate whether the NW items within in 
reading comprehension passages warrant modeling, and 
found that with the negative words highlighted, those 
NW items introduced CIV of negligible magnitude, a 
finding which supports the recommendation that if NW 
items have to be used, the negative words within should 
be accentuated. However, it should be emphasized that 
despite its small magnitude, the NW items do introduce 
into the current test CIV, which, regardless of its practical 
significance, still constitutes a threat to test validity. 
In addition, the current study used one single data set 
drawn from an English proficient reading comprehension 
test, and it is unknown whether the current findings are 
generalizable to the NW items used in other data sets 
or other tests that may or may not measure language 
proficiency. Consequently, we would like to recommend 
the judicious use of NW items in educational tests and 
reiterate the necessity for highlighting the negative words 
in cases where NW items have to be used. 
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