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The dimensionality of the epistemic orientation survey (EOS) was examined across 
four occasions with item factor analysis (IFA). Because of an emphasis on the 
knowledge generation of epistemic orientation (EO), four factors were selected 
and built into a short form of EOS (EOS-SF) including knowledge generation, 
knowledge replication, epistemic nature of knowledge, and student ability. To 
track the stability of the factor structure for each factor of EOS-SF, longitudinal 
invariance models were conducted. Partial measurement invariance was obtained 
for each of the four factors of EOS-SF. This study provides an example of ongoing 
instrument development in the field of applied assessment research.
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1. Introduction

Substantial work in the learning sciences and especially in science education emphasizes 
teachers eliciting students’ prior knowledge and using this as a basis to support generative classrooms 
in which students’ knowledge can grow and develop (Chin, 2007; National Research Council, 2012; 
NGSS Lead States, 2013; Chen and Techawitthayachinda, 2021). Shifts in classroom practice that 
adopt this approach represent a change in the role of the teacher from a fount of established 
knowledge to a resource for accessing and validating knowledge (Duschl and Bybee, 2014; Ash and 
Hand, 2022; Seung et al., 2023), which necessarily require support for teachers’ changing practices, 
understandings, and beliefs (Hashweh, 1996; Fulmer, 2008; Maggioni and Parkinson, 2008; 
Desimone, 2009). One foundational element in this change is a teacher’s epistemic orientations, 
which are beliefs about the epistemic nature of knowledge (Suh et al., 2022) that influence their 
planning and practice (Windschitl, 2002; Buehl and Fives, 2009). The epistemic nature of knowledge 
addresses the extent to which a teacher believes that knowledge is evolving, and that students’ own 
thinking and abilities are malleable through learning experiences (Muis, 2007; Suh et al., 2022).

Recent work has shown that teachers’ epistemic orientation plays a critical role in 
implementing reform-oriented classroom environments (Bae et al., 2022) by helping teachers 
move beyond the status quo to think more deeply about their instructional practice and their 
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classroom environment (Morandi et al., 2022; Lammert et al., 2022b) 
to embrace adaptiveness rather than routines (Suh et  al., 2023). 
Attention to epistemic orientation has also explored how it can 
be developed over time through teacher professional development and 
ongoing support (Lammert et al., 2022a, 2023).

The substantial work in defining epistemic orientation and 
studying its role in classroom practice shows a successful and 
impactful line of study around the import of epistemic orientation. 
However, one area of concern is whether the measurement of 
epistemic orientation is itself stable across time and can be used to 
study teacher change over the medium to long terms. This is one 
example of the need for ongoing validation and interpretation of 
measurement instruments (Liu and Fulmer, 2008; Ding et al., 
2023). To address this issue, the present study examines the factor 
structure of an existing epistemic orientation survey (EOS; Suh 
et al., 2022). The EOS includes four dimensions measuring teachers’ 
orientation towards knowing, knowledge, teachers’ instruction, and 
students’ learning ability. Based on the focus of this study, we will 
select certain domains of epistemic orientation developed by Suh 
et al. (2022) and build a short form of the questionnaire of EOS.

2. Literature review

2.1. Defining epistemic orientation

Suh et al. (2022) defined epistemic orientation among teachers as 
beliefs about knowing and teaching. A focus on teachers’ epistemic 
orientation towards constructivism is argued to help researchers explore 
how their classrooms allow students to engage in knowledge construction 
(Weiss et al., 2022). Epistemic orientation toward teaching for knowledge 
generation is defined as “a particular direction of thinking concerning 
how to deal with knowledge and knowledge generation processes when 
a teacher aims to create generative learning environments” (Suh et al., 
2022, p.  1653) that is informed by beliefs while also drawing on 
preferences and tendencies that influence one’s thinking and actions.

With the definition of epistemic orientation for teachers, Suh et al. 
(2022) developed an instrument to measure teachers’ epistemic 
orientation, which has four domains: epistemic alignment, classroom 
authority, epistemic nature of knowledge, and student ability. Two 
domains, classroom authority and epistemic nature of knowledge, had 
similar beliefs of knowledge defined by Hofer and Pintrich (1997). 
Specifically, the epistemic nature of knowledge means that knowledge 
is continuously changing. Suh et  al. (2022) defined the nature of 
knowledge as a set of beliefs about what knowledge is, which 
emphasizes that scientific knowledge is open to revision with new 
evidence. Moreover, the classroom authority domain was more aligned 
with the idea that knowledge could be challenged and created through 
critical thinking. Classroom authority is a set of beliefs about power 
relations between teachers and students, which emphasizes that 
students are active learners and have ownership of knowledge. 
Classroom authority also emphasizes that teachers should give students 
opportunities to develop ideas and construct their own knowledge.

In addition to the epistemic nature of knowledge and classroom 
authority, two key elements in epistemic orientation (Palma et al., 
2018), Suh et al. (2022) also created another two domains for epistemic 
orientation: epistemic alignment and study ability. Suh et al. (2022) 
defined epistemic alignment as a set of beliefs about knowing, learning, 

and teaching, which emphasizes scientific investigation and knowledge 
justification by argumentation with evidence. Student ability is a set of 
beliefs about students’ competence to learn, emphasizing that students 
can overcome learning challenges. Those two domains connect 
teaching and learning and go beyond the theories of knowledge.

2.2. Measuring epistemic orientation

Epistemic orientation is conjectured to comprise a continuum 
from replication to constructivism (Weiss et al., 2022). Teachers with 
an epistemic orientation towards constructivism tend to provide 
students with more opportunities to construct their knowledge and 
engage students in epistemic science practice (Bae et al., 2022). Also, 
such teachers will be  aware that students are active agents in 
knowledge construction and have the power to shape knowledge 
production (Stroupe, 2014; Miller et  al., 2018). Finally, they will 
facilitate a learning environment for students to construct new 
knowledge in science for meaningful learning. Teachers’ epistemic 
orientation guides their decisions to create a learning environment for 
students and employ teaching approaches.

The original questionnaire by Suh et al. (2022), the Epistemic 
Orientation Survey (EOS), has four subscales to address the 
dimensions of epistemic orientation. The instrument consists of 44 
Likert-type items in four subscales representing the four domains—
epistemic alignment, authority relations, nature of knowledge, and 
student ability—with five response anchors: strongly disagree, 
disagree, unsure, agree, and strongly agree. The initial study provided 
evidence about the instrument’s domain analysis and functionality.

Epistemic orientation is a trait that may change. Howard et al. 
(2000) developed constructivist approaches in a teacher training 
course. They found that three aspects of teachers’ epistemology 
changed, and teachers tended to accept that students can: (1) examine 
complex knowledge and draw conclusions; (2) learn by discovering or 
doing rather than from textbooks and well-designed curricular 
material; and (3) develop their concepts through construction and 
clarifying misconceptions. Thus, they concluded that epistemology was 
a less stable trait than was previously supposed. More recently, Morandi 
et al. (2022) found that 2 years of teacher professional development 
showed changes in teachers’ epistemic orientation toward knowledge 
generation, although not necessarily on all subscales with the greatest 
change in the area of epistemic alignment and student ability. They did 
not find significant differences after only 1 year of professional 
development. So, they argued that change in epistemic orientation may 
be slow and could be uneven. Taken together, these disparate findings 
emphasize the need for studies that can examine epistemic orientation 
over time while controlling for potential changes in the factor structure 
that could affect measures and interpretations. Our science education 
program conducted a two-year professional development and collected 
data with the survey developed by Suh et al. (2022), so it is possible to 
track the change in teachers’ epistemic orientation.

2.3. Factor analysis and measurement 
invariance of instrument development

One way to study and manage potential changes in a factor 
structure is repeated analysis of the factor structure in different 
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samples or at different times, which is an ongoing process that 
provides further evidence for an instrument (Betts et al., 2010; Byrne 
and van de Vijver, 2010; Kaufman et  al., 2016). Suh et  al. (2022) 
developed the EOS and examined the factor structure of the 
instrument with the sample of pre-and in-service teachers at a single 
occasion. Examining the factor structure over time would provide a 
stronger basis for understanding the stability and validity of the 
construct. In this study, the factor structure analysis was repeatedly 
examined with in-service teachers on four occasions. This not only 
expands the investigation of the construct validity evidence of the 
EOS but also provides a broader perspective on the topic.

First, the present study examined whether the hypothesized 
structure of EOS was consistent across time. If the factor structure of 
epistemic orientation changes over time, then a new structure may 
be needed to track the changing nature of the construct. However, if 
the factor structure stays stable, this indicates that the instrument 
measures the same construct over time. Second, the study examined 
the invariance of the EOS over time, aiming to determine the extent 
to which the relationship between indicators and underlying factors 
for each subscale of EOS remains consistent across occasions (Millsap 
and Yun-Tein, 2004; Liu et al., 2017). For instance, if the indicator 
measurement properties were not invariant across time, then 
inferences drawn from scores on EOS may not relate to just factor-
level change as intended. Failure to adequately comprehend temporal 
variation in the measurement model parameters could result in 
inaccurate interpretations of teachers’ teaching orientation (Liu et al., 
2017). Additionally, the variation in measurement also offers valuable 
insights for researchers about teachers’ epistemic orientation. 
Moreover, if the instrument demonstrates a comparable factor 
structure across time via evidence for measurement invariance, it will 
be better suited to offering valuable insights for future studies. For 
example, that makes it more likely that an observed change could 
be due to intervention rather than shifts in the construct definition.

3. Research questions

The purpose of this paper is to investigate the factor structure of 
an instrument of epistemic orientation and investigate the 
measurement invariance of the instrument. There are three questions:

 1. What is the dimensionality of the EOS at each occasion?
 2. Based on the factor structure of the EOS, what would be an 

appropriate short form of the EOS (EOS-SF) for potential 
future use?

 3. To what extent does the EOS-SF provide for measurement 
invariance across time for elementary science teachers? This 
means that each dimension of EOS-SF measures the same 
construct over time.

4. Method

This research investigated the EOS (Suh et  al., 2022) with 
epistemic orientation as an overall latent variable with four 
hypothesized subfactors, using data from four waves of teacher data 
gathered during a longitudinal professional development project. All 

analyses were completed in Mplus Version 8.3 (Muthén and 
Muthén, 2021).

4.1. Data collection and participants

Respondents in the study were teacher participants in a 
two-year professional development (PD) workshop on the Science 
Writing Heuristic that focused on elementary teachers’ orientation 
to generative learning in the teaching of science. In the workshops, 
teachers explored theories of learning and how to apply teaching 
approaches in science classrooms (Lammert et  al., 2022a) by 
focusing on certain epistemic tools (Fulmer et al., 2021, 2023). All 
elementary teachers were from midwestern or southeastern 
U.S. districts, and they joined the program based on their interest 
in knowing more about learning theories and new teaching 
approaches. The Epistemic Orientation Survey (EOS) was 
distributed to teachers through email during the initial workshop 
and then approximately every six months afterward. Each survey 
response was gathered through the online survey 
platform Qualtrics.

The current study sample consisted of 123 elementary science 
teachers with years of teaching experience ranging from 1 to 32 years 
(M = 14, SD = 8) with complete data at baseline (Occasion 1). On 
occasion 2, there were 111 respondents with years of teaching 
experience ranging from 1 to 32 years (M = 14, SD = 9). On occasion 
3, there were 123 respondents with years of teaching experience 
ranging from 1 to 32 years (M = 14, SD = 9). On occasion 4, there were 
104 respondents with years of teaching experience ranging from 1 to 
32 years (M = 15, SD = 9). Most teachers identified as women; three 
teachers identified as men participated in the workshop four times. 
The time interval between any two adjacent occasions is about 
6 months. The sample size is adequate to estimate the IFA for each 
dimension per occasion (Singh and Masuku, 2014).

4.2. Measures

The Epistemic Orientation Survey (EOS; Suh et al., 2022) has been 
designed to measure teachers’ orientation toward constructivist 
learning. The self-report measure consists of 44 items on a five-point 
Likert scale response format, and each scored on a scale of 0 to 4. 
Participants responded to the statement that best describes their 
understanding of learning in the workshops. Negatively-wording 
items were reverse-coded before conducting analyses, such that higher 
scores indicate higher epistemic orientation and lower scores indicate 
lower epistemic orientation. The EOS includes four subscales: 
Epistemic nature of knowledge (ENK), measured by eight items; 
Epistemic Alignment (EA), measured by 24 items; Classroom 
Authority (CA), measured by eight items; and Student Ability (SA), 
measured by four items.

4.3. Data analysis

Item factor analysis (IFA) was first conducted for the original EOS 
with 44 items. Then a short form of EOS (EOS-SF) was created based 
on this study’s definition of epistemic orientation. Measurement 
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invariance was conducted for each factor of the EOS-SF after 
examining the stability of each factor.

4.3.1. Item factor analysis (IFA)
Item factor analysis (IFA) with a limited-information diagonally 

weighted least squares (WLSMV) estimator was used to examine each 
of the four hypothesized EOS scales separately (Liang and Yang, 2014). 
For each subscale, polychoric correlations were used to investigate the 
items’ associations (Maydeu-Olivares, 2013). All measurement models 
in this study were scaled with a Z-score method, which sets factor 
means to 0 and factor variances to 1 and estimates all item loadings 
and thresholds (Ferrando and Lorenzo-Seva, 2018). We evaluated 
global model fit based on the comparative fit index (CFI), the 
standardized root mean square residual (SRMR), and the root mean 
square error of approximation (RMSEA). Good model fit is indicated 
by a CFI value ≥0.95, and SRMR and RMSEA values ≤0.06 (Brown, 
2015). For nested models, the DIFFTEST function was used to identify 
the best model (Asparouhov et al., 2006; Muthén and Muthén, 2021).

Sources of local misfit were identified by examining the correlation 
matrix of residuals, which shows how far the model-predicted 
polychoric correlations were off from the polychoric correlations in 
the data and can be used to refine the factor structure (Shi et al., 2018; 
Bandalos, 2021). For the correlation matrix of residuals, the presence 
of relatively large positive residual correlations would indicate that 
these items were more related than was predicted by the latent factors. 
Relatively large negative residual correlations indicate that these items 
were less related than was predicted by the latent factors. Also, 
modification indices suggest which pair of items should be  more 
related (Hill et al., 2007). Items’ residual correlations in which the 
standardized expected parameter change index was greater than.3 
were considered for inclusion, but decisions to add error covariance 
were made by combining local misfit information with a review of the 
item content. When three or more items have additional error 
covariance, this can be  accounted for using a new latent factor 
(McNeish, 2017), that measures a different construct than the rest of 
items. Otherwise, given only pairs of two items, error covariances can 
be  added to account for their additional relationship, as in the 
present study.

In IFA models, reliability is trait-specific and most often 
characterized by a quantity known as test information per factor. With 
the WLSMV estimator, test information was calculated for each factor. 
Reliability for the test information per factor can range from 0 to 1. 
Reliability for each factor was calculated by using the formula: 
reliability = information/ (information +1) (Milanzi et al., 2015).

4.3.2. Item selection for a short form of EOS 
(EOS-SF)

Based on the analysis of the hypothesized four-scale EOS factor 
structures, the study can identify items appropriate for a short form of 
EOS (EOS-SF). Creating an effective short form can make the survey 
focus more on the generative orientation of teaching while reducing 
the response burden of participants. Indicators that are suitable for 
inclusion in the short form must closely relate to the idea of knowledge 
generation and how teachers prepare the learning environment, and 
they must also have strong factor loadings contributing to the test 
information per factor. Factors that are not chosen include redundancy 
compared to existing factors or unrelated meaning to the defined 
epistemic orientation (Lorenzo-Seva and Ferrando, 2021).

4.3.3. Longitudinal measurement invariance
The longitudinal invariance of each subscale of EOS was examined 

within the IFA framework (Muthén and Asparouhov, 2002). Three steps 
were used for assessing measurement invariance: configural invariance, 
metric invariance, and scalar invariance (Byrne and van de Vijver, 2010). 
At each step of the analysis, the estimated model has additional 
restrictions imposed on the measurement model. Each less-restricted 
model is then compared with the comparable model with the more-
restrictive model with the DIFFTEST function. Invariance is met if the 
fit of the more restrictive model was not significantly worse than the less 
restricted model (Widaman et al., 2010). Examples of Mplus input scripts 
for measurement invariance are available in supplementary material.

First, configural invariance allows all measurement model 
parameters (loadings, thresholds) to be estimated at each of the four 
occasions. This is a baseline model for further comparison with the 
following measurement invariance models. Factor means and factor 
variances for all occasions were constrained as 0 and 1, respectively, and 
all item residual variances across occasions were initially fixed to 1. 
Factor covariances and same-item residual covariances were estimated.

Second, metric invariance, also called weak factorial invariance 
(Hirschfeld and Von Brachel, 2014), evaluates the equality of factor 
loadings across time (Milfont and Fischer, 2010). To do so, all factor 
variances at the reference occasion were fixed to 1 and were freely 
estimated at other occasions. Factor means for all occasions were fixed 
to 0. The first metric model was a full metric model with equal factor 
ladings for the same item across time. Modification indices suggested 
whose loadings tend to differ across occasions, based on which one 
loading at a time was released. The model was then re-estimated and 
compared with the configural model. The procedure was repeated 
until the metric invariance model was not worse than the configural 
invariance model. At this step, at least a partial metric invariance 
model was achieved.

Third, scalar invariance, also called strong factorial invariance 
(McGrath, 2015), evaluates the equality of thresholds across time 
(Milfont and Fischer, 2010; McGrath, 2015). For the first occasion, the 
factor mean was fixed to 0, and the factor variance was fixed to 1. 
Factor means, and factor variances at other occasions were freely 
estimated. For measurement invariance at this stage, the thresholds of 
items that failed to have equal loadings in the metric invariance model 
were freely estimated in the scalar model. Other thresholds were then 
freed based on modification indices. Models for scalar invariance were 
compared with the last model in metric invariance. At each 
re-examination, only one item’s threshold was freely estimated. The 
procedure was repeated until the scalar invariance model was not 
worse than the metric invariance. The final resulting model offers a set 
of factors that have stable structure over time and measurement 
invariance over time. The supported scalar invariance model indicates 
that the survey measures the same construct overtime and teachers’ 
epistemic orientations across time are comparable (Bollen, 1989; 
Byrne and van de Vijver, 2010).

5. Results

5.1. Item factor analysis (IFA)

To answer research question 1, the factor structure of the EOS was 
examined with item factor analysis. Although each of the four 
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dimensions was designed to be unidimensional (Suh et al., 2022), 
multiple factors were found for two dimensions of EOS on each of the 
four occasions. As we  outline below, two dimensions (epistemic 
alignment, EA; epistemic nature of knowledge, ENK) had different 
factor structures across the four occasions, and two dimensions 
(student ability, SA; classroom authority, CA) had consistent factor 
structures across the four occasions. Table 1 summarizes the results 
for the factor structures; the detailed results for EA, ENK, SA, and 
CA follow.

The EA dimension broke into three factors across four occasions: 
attitudes towards correct answers (AtCA), knowledge generation (KG), 
and knowledge replication (KR). The three-factor models had 
acceptable model fit (Table  2). The test reliability values for AtCA 
fluctuated over time. Specifically, the reliability values were more 
informative (0.70 ~ 0.90) on occasions 2 and 4 for people with traits 
from −3.0 to 2.0 SD. Meanwhile, reliabilities on occasions 1 and 3 were 
lower (0.65 ~ 0.80) than on occasions 2 and 4. The test reliabilities for 
KG were consistently informative (0.80 ~ 0.95) for people with lower 
traits from −4.4 to 1.6 SD on occasions 2, 3, and 4. The reliability of KG 
at occasion 1 was lower (0.70 ~ 0.80) for people with traits from −4.0 
to 3.6 SD compared to the other three occasions. The test reliabilities 
for KR were informative (0.80 ~ 0.92) for people with lower traits from 
−4.0 to 1.2 SD on occasions 2, 3, and 4. The reliability of KR at occasion 
1 was lower (0.75 ~ 0.85) for people with traits from −4.2 to 2.2 SD. This 
means that the hypothesized one-factor EA includes three 
unidimensional factors, and each factor measures one construct.

The ENK indicators had two-factor models on occasions 1 and 2 
and had one-factor models on occasions 3 and 4. Models for each 
occasion had good model fit (Table  2). Two factors of ENK at 
occasions 1 and 2 had test reliability (0.70 ~ 0.92) for people with lower 
medium level ability from −4.0 to 1.2 SD. On occasions 3 and 4, the 
ENK had higher test reliabilities (0.75 ~ 0.90) for people with lower 
and medium level ability from −3.8 to 1.8 SD. This means that the 
factor structure of ENK changes over time.

The SA indicators had a one-factor structure across time. The CFIs 
were good, but the RMSEAs were unacceptable (Table 2). The test 
reliabilities for SA across time were stable and high (0.70 ~ 0.93) to 
measure students with lower traits from −3.2 to 0.3 SD but lacked 
information at higher trait levels. This means that the hypothesized 
one-factor SA has a stable one-factor structure over time.

For the CA dimension, item I23, “Teachers are responsible for 
managing classroom environments,” was unclear about what kind of 
classroom environment teachers should create for students and had 
low polychoric correlations. This item was deleted for further analysis. 
The rest of the seven items had one-factor models across four 
occasions with a good model fit (Table 2). Reliabilities for CA across 
time were stable and high (0.75 ~ 0.90), measuring people with lower 
or medium traits from −4.0 to 1.8 SD. This means that the 
hypothesized one-factor CA has a stable one-factor structure 
over time.

These results indicate that the number of factors for the four 
proposed dimensions of the original EOS is not equally stable across 
measurement occasions. This is not only a matter of the number of 
items in the proposed dimensions but also of the structure. Therefore, 
attempting to create a short form of the EOS, as described in the next 
step, would require analyzing and building off the stable factor 
structure to select dimensions that are consistent with the theoretical 
definition of epistemic orientation.

5.2. Short form of EOS (EOS-SF)

To solve research question 2, a short form of EOS was created 
with the results from the factor structure of EOS. As shown, the 
hypothesized four-factor structure of EOS can be represented by six 
stable factors across time: knowledge generation (KG), knowledge 
replication (KR), attitudes towards correct answers (AtCA), 
classroom authority (CA), epistemic nature of knowledge (ENK), and 
student ability (SA). Not all of these empirical factors are fully 
consistent with the theoretical definition of epistemic orientation that 
this study focused on. In this study, we define epistemic orientation 
as a continuum from knowledge replication to construction. 
We chose the orientation towards knowing and knowledge and did 
not examine the orientation towards teaching and learning defined 
by Suh et al. (2022).

Teachers with a more informed orientation towards knowledge 
construction give students control over their learning because they 
know that scientific knowledge is constructed by scientists and 
develops with the efforts of the scientific community. Based on this 
definition of epistemic orientation, four factors were chosen to form 
a short form of EOS (EOS-SF): ENK, which relates to scientific 
knowledge’s constructive and evolving nature; KG and KR, which 
relate to the two ends of the orientation continuum; and CA, which 
relates to student and teacher control of learning in the classroom. 
Two factors were not chosen: AtCA, which shows redundancy with 
KR, but was less reliable across measurement occasions, and SA, 
which measured beliefs about students’ own competence but did not 
closely relate to the core idea of stance toward knowledge in 
the classroom.

Taking these four factors, a shortened version of the EOS was 
created that consisted of 35 items, and together named the short 
form of epistemic orientation survey (EOS-SF; Appendix A) to 
measure teachers’ epistemic orientation. The factors are classroom 
authority (CA) with seven indicators, epistemic nature of knowledge 
(ENK) with eight indicators, knowledge generation (KG) with 
twelve indicators, and knowledge replication (KR) with eight 
indicators. The four factors together focus on teachers’ beliefs in 
knowing and knowledge: more toward generative or replicative 

TABLE 1 Summary of factor structures for four dimensions across four 
occasions.

No. factors (No. Error covariances)

Domain Occasion 
1

Occasion 
2

Occasion 
3

Occasion 
4

EA 

(24 items)
3 (2) 3 (3) 3 (4) 3 (3)

ENK 

(8 items)
2 (2) 2 1 (1) 1 (1)

SA 

(4 items)
1 1 1 1

CA 

(7 items)
1 1 (2) 1 (2) 1

EA, Epistemic alignment; ENK, Epistemic nature of knowledge; SA, Student ability; CA, 
classroom authority.
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belief. Then, these four factors were analyzed for measurement 
invariance over time.

5.3. Measurement invariance of each factor 
in EOS-SF

To solve research question 3, the measurement invariance of each 
factor of EOS-SF was investigated. The factor structure over time for 
the EOS-SF can be tested for measurement invariance to examine to 
what extent the measurement is effective, even as respondents change 
in their levels of the underlying attribute over time. Two sets of 
structural models were tested for the measurement invariance of the 
four factors. The first structural model was a consistent one-factor 
model over time for three of the factors (CA, KG, and KR). The second 
structural model was for ENK, which had a two-factor structure on 
occasions 1 and 2 but a one-factor structure on occasions 3 and 4 
(Table 1).

The first type of structural model for longitudinal measurement 
invariance was a one-factor model where each factor’s latent variables 
across time were correlated, such as for CA, KG, and KR. In addition, 
the responses for each item across four occasions were also 
dependent, so each item’s residuals across four occasions were 
correlated. The reference occasion’s factor variance and factor mean 
were fixed to 1 and 0, respectively. Detailed tables of model 
comparisons are available in supplementary material, and 
summarized below.

The subdomain classroom authority (CA) was measured by seven 
ordinal indicators (items 03, 08, 27, 13, 18, 31, 35). By conducting 
configural invariance, metric invariance, and scalar invariance testing, 
it was found that a partial scalar invariance model (model 3b in 
Table 3) is the best-fitting invariance model. For model 3b, factor 
loadings of five items (08, 13, 18, 31, 35) were kept invariant across 
time. Also, thresholds of four items (13, 18, 31, 35) were kept invariant 
across time. With four out of seven items having the same structure 
with the latent factor over time, seven items measured something in 
common. The invariant items served as anchors for the relations 
between items and latent factors at each occasion to the same scale, 
which made the subdomain comparable across occasions (Byrne and 
van de Vijver, 2010).

The subdomain knowledge generation (KG) was measured by 12 
ordinal indicators (items 05, 10, 12, 17, 21, 25, 32, 36, 37, 39, 41, 43). 
By conducting configural invariance, metric invariance, and scalar 
invariance testing, it was found that the partial scalar model (model 
3b in Table 4) is the best-fitting model for invariance. For model 3b, 
factor loadings and thresholds of two items (5, 43) were kept invariant 
across time.

Knowledge replication (KR) was measured by eight ordinal 
indicators (items 02, 07, 09, 22, 26, 29, 33, 40). By conducting 
configural invariance, metric invariance, and scalar invariance testing, 
it was found that the partial scalar model (model 3b in Table 5) was 
the final model. For model 3b, factor loadings of three items (22, 26, 
40) kept invariant across time. Also, the thresholds of one item (26) 
were invariant across time.

The second type of structural model for measurement invariance 
is for ENK because this factor had different factor structures across 
occasions. On occasions 1 and 2, ENK had the same two-factor 
structure: one factor included four items (1, 6, 14, 19), and the other 
included four indicators (11, 16, 24, 28). However, the subdomain 
ENK had a one-factor structure on occasions 3 and 4. To conduct 
measurement invariance, the factor structure of ENK was kept the 
same across time. Therefore, eight items of ENK had a one-factor 
structure with four items (1, 6, 14, 19) correlated on each occasion to 
approximate the second factor as needed. In addition, the residuals for 
the same items across time were also correlated.

The subdomain epistemic nature of knowledge (ENK) was 
measured by eight ordinal indicators (items 01, 06, 14, 19, 11, 16, 24, 
28). By conducting configural invariance, metric invariance, and 
scalar invariance testing, it was found that the partial scalar model 
(model 3a in Table 6) was the last invariance model. For model 3a, 
factor loadings and thresholds of 6 items (01, 14, 19, 11, 16, 28) were 
kept invariant across time.

In sum, this study first used item factor analysis (IFA) to examine 
the four dimensions of EOS developed by Suh et al. (2022). It was 
found that epistemic alignment (EA) had three factors across time: 
knowledge generation (KG), knowledge replication (KR), and 
attitudes toward correct answers (AtCA). The dimension of student 
ability (SA) and classroom authority (CA) had a one-factor structure 
over time. The dimension epistemic nature of knowledge (ENK) had 
a two-factor structure on occasions 1 and 2 and a one-factor structure 
on occasions 3 and 4. Based on the definition of epistemic orientation, 
four factors were chosen to shape a short form of EOS (EOS-SF), 
including KG, KR, ENK, and CA. Longitudinal invariance testing was 
conducted for each of the four factors of the EOS-SF.

6. Discussion

The present study examined the dimensionality of the Epistemic 
Orientation Survey (EOS) across four occasions. We found that the 
hypothesized four dimensions included six factors, which described 
different aspects of epistemic orientation. Based on our focus on 
generative learning as the target of teachers’ epistemic orientation, 
four factors were selected to be  included in a short form version, 

TABLE 2 Model fit for each dimension of the EOS per occasion.

Occasion 1 Occasion 2 Occasion 3 Occasion 4

CFI RMSEA CFI RMSEA CFI RMSEA CFI RMSEA

EA 0.92 0.07 0.94 0.08 0.95 0.07 0.95 0.08

ENK 0.94 0.06 0.95 0.12 0.98 0.08 0.99 0.04

SA 0.98 0.25 0.95 0.25 1.00 0.00 0.98 0.19

CA 0.94 0.10 0.99 0.07 0.98 0.09 0.99 0.06

EA, Epistemic alignment; ENK, Epistemic nature of knowledge; SA, Student ability; CA, classroom authority.
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EOS-SF. We  found that there was evidence for longitudinal 
measurement invariance of each factor in EOS-SF, suggesting that the 
subscales of the short form survey could capture the change in 
epistemic orientation over time.

Researchers can choose certain subscales or the whole survey 
depending on their research purposes. The six factors of the original 
EOS could be regarded as subscales measuring different aspects of 
the epistemic orientation. Taking the present study as an example, 
the short form survey was created by choosing four of the six factors 
from the EOS originally developed by Suh et al. (2022) to match our 
focus on the learning orientation to generate knowledge and the 
evolving nature of science knowledge. Therefore, the attitude toward 
correct answers (AtCA) was not chosen because its content appeared 
redundant for the knowledge replication (KR) factor, and student 
ability (SA) was not chosen because it is more about a mindset 
toward students’ intelligence. The short form proposed in this 
current study is consistent with the stance that all students can 

generate their own knowledge of science regardless of their perceived 
intelligence level.

One finding from the study of the factor structure of time is that 
the factor structure of evolving nature of knowledge (ENK) showed 
changes over time. On the first two occasions, ENK included two 
sub-factors: revisable knowledge and absolute knowledge. On the last 
two occasions, ENK had one factor: the evolving nature of knowledge, 
which indicates there was no distinction between revisable and 
absolute knowledge. The changes of factor structure of the ENK factor 
might indicate that teachers gradually adopt a more informed 
orientation toward knowledge generation (Suh et al., 2022) after 1 year 
of participation in the PD workshops—thereby developing a closer 
connection between the aspects of ENK over time.

A second finding is that the partial measurement invariance was 
obtained for each of the four factors of EOS-SF. We found that CA 
had four out of seven items that kept strong invariance. KG had two 
out of twelve items with strong invariance, which was barely 

TABLE 3 Model fit and model comparison for longitudinal invariance of CA.

DIFFTEST

Model 
name

Freed item 
constraint

H1 
Model

χ2 (df) p χ2 (df) p CFI RMSEA SRMR

M1. Configural N/A N/A N/A 384.369 (302) 0.001 0.964 0.043 0.090

M2a. Metric M1 24.441 (18) 0.1411 397.977 (320) 0.002 0.966 0.053 0.097

M2b. Metric E27T2 M1 16.040 (17) 0.521 385.155 (319) 0.007 0.971 0.050 0.095

M2c. Metric E03T2 M1 11.849 (16) 0.754 379.425 (318) 0.010 0.973 0.049 0.094

M3a. Scalar M2c 80.468 (49) 0.0031 442.760 (367) 0.004 0.967 0.049 0.096

M3b. Scalar E08T1$2 M2c 56.026 (48) 0.199 430.808 (366) 0.011 0.972 0.047 0.096

CA, Classroom authority. M2c is the last metric invariance model. M3b is the last scalar invariance model.

TABLE 4 Model fit and model comparison for longitudinal invariance of KG.

DIFFTEST

Model 
name

Freed item 
constraint

H1 Model χ2 (df) p χ2 (df) p CFI RMSEA SRMR

M1. Configural N/A N/A N/A 1256.489 (1002) < 0.0001 0.961 0.041 0.095

M2a. Metric M1 85.745 (33) < 0.0001 1353.100 (1035) < 0.0001 0.952 0.046 0.112

M2b. Metric E10T1 M1 71.761 (32) < 0.0001 1324.231 (1034) < 0.0001 0.956 0.044 0.110

M2c. Metric E32T2 M1 64.268 (31) < 0.0001 1310.173 (1033) < 0.0001 0.958 0.043 0.108

M2d. Metric E36T1 M1 56.512 (30) 0.002 1295.884 (1032) < 0.0001 0.960 0.042 0.107

M2e. Metric E12T4 M1 49.595 (29) 0.010 1283.196 (1031) < 0.0001 0.962 0.041 0.106

M2f. Metric E39T1 M1 45.847 (28) 0.018 1277.759 (1030) < 0.0001 0.962 0.040 0.105

M2g. Metric E25T3 M1 40.013 (27) 0.051 1267.801 (1029) < 0.0001 0.964 0.040 0.103

M2h. Metric E41T1 M1 34.265 (26) 0.129 1257.965 (1028) < 0.0001 0.965 0.039 0.102

M2i. Metric E37T1 M1 30.255 (25) 0.215 1252.318 (1027) < 0.0001 0.966 0.039 0.101

M2j. Metric E21T1 M1 25.203 (24) 0.395 1244.347 (1026) < 0.0001 0.967 0.038 0.100

M2k. Metric E25T4 M1 20.163 (23) 0.632 1235.848 (1025) < 0.0001 0.968 0.037 0.098

M2l. Metric E36T3 M1 15.641 (22) 0.833 1228.082 (1024) < 0.0001 0.969 0.037 0.097

M2m. Metric E17T4 M1 12.910 (21) 0.912 1224.072 (1023) < 0.0001 0.970 0.036 0.097

M3a. Scalar M2m 71.680 (53) 0.045 1281.550 (1076) < 0.0001 0.969 0.036 0.098

M3b. Scalar E12T2$3 M2m 62.802 (52) 0.145 1278.035 (1075) < 0.0001 0.969 0.036 0.098

KG, Knowledge generation. M2m is the last metric invariance model. M3b is the last scalar invariance model.
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TABLE 5 Model fit and model comparison for longitudinal invariance of KR.

DIFFTEST

Model 
name

Freed item 
constraint

H1 
Model

χ2 (df) p χ2 (df) p CFI RMSEA SRMR

M1. Configural N/A N/A N/A 559.727 (410) < 0.0001 0.958 0.050 0.086

M2a. Metric M1 54.573 (21) < 0.0001 611.976 (431) < 0.0001 0.949 0.053 0.104

M2b. Metric E07RT2 M1 41.651 (20) 0.003 586.687 (430) < 0.0001 0.956 0.050 0.100

M2c. Metric E02RT1 M1 36.516 (19) 0.009 578.473 (429) < 0.0001 0.958 0.049 0.098

M2d. Metric E29RT1 M1 30.858 (18) 0.030 570.084 (428) < 0.0001 0.960 0.047 0.096

M2e. Metric E33RT3 M1 25.460 (17) 0.085 561.542 (427) < 0.0001 0.962 0.046 0.094

M2f. Metric E09RT1 M1 19.805 (16) 0.229 553.500 (426) < 0.0001 0.964 0.045 0.093

M2g. Metric E02RT2 M1 14.705 (15) 0.473 544.460 (425) < 0.0001 0.966 0.044 0.091

M3a. Scalar M2g 74.009 (50) 0.015 603.050 (475) < 0.0001 0.964 0.043 0.092

M3b. Scalar E40RT3$2 M2g 67.377 (49) 0.042 599.720 (474) < 0.0001 0.964 0.042 0.092

M3c. Scalar E22RT1$3 M2g 61.162 (48) 0.096 596.612 (473) < 0.0001 0.965 0.042 0.092

KR. Knowledge replication. M2g is the last metric invariance model. M3c is the last scalar invariance model.

TABLE 6 Model fit and model comparison for longitudinal invariance of ENK.

DIFFTEST

Model 
name

Freed item 
constraint

H1 
Model

χ2 (df) p χ2 (df) p CFI RMSEA SRMR

M1. Configural N/A N/A N/A 488.036 (386) < 0.0001 0.965 0.042 0.087

M2a. Metric M1 23.857 (21) 0.300 492.561 (407) < 0.0001 0.970 0.038 0.094

M2b. Metric E24RT3 M1 19.515 (20) 0.489 486.431 (406) < 0.0001 0.972 0.037 0.093

M2c. Metric E06T2 M1 14.104 (19) 0.778 477.338 (405) < 0.0001 0.975 0.035 0.092

M3a. Scalar M2c 50.200 (51) 0.505 527.243 (456) < 0.0001 0.975 0.032 0.093

ENK, Epistemic nature of knowledge. M2c is the last metric invariance model. M3a is the last scalar invariance model.

invariant. KR had three out of eight items that had strong 
invariance, and ENK had six out of eight items that kept strong 
invariance. The partial invariance is an important empirical finding 
that supports an underlying assumption of many studies that aim 
to track change in epistemic orientation over time. The finding of 
partial measurement invariance, coupled with tools for estimating 
factor scores that account for measurement non-invariance, provide 
a strong case for using the questionnaire across repeated occasions 
to study growth. This is because that the invariant items put items 
on different occasions on the same scale, so we can compare the 
change of the latent trait over time. That supports other research 
that has aimed to study changes in epistemic orientation across time 
(e.g., Bae et al., 2022), and how this may connect to experiences of 
professional learning or to enacted instructional practice (e.g., 
Lammert et  al., 2022b; Morandi et  al., 2022). We  suggest that 
subsequent work is needed to use invariant factor scores as part of 
their analyses of teacher growth of epistemic orientation as an 
essential next step.

Thirdly, the methods used in this study could be  used as an 
example for the measurement of how constructs change over time. 
Factor structure and measurement invariance were both used to 
examine the stability of the factors. Usually, researchers choose one 
method to examine the dimensionality of an instrument (Lei et al., 
2020). When we use the instrument multiple times, we can gain a 

comprehensive understanding of the dimensionality and stability of 
the instrument. In addition, the measurement invariance provides 
opportunities for researchers to compare the change of latent traits 
after several training of a specific teaching theory or 
instructional methods.

Fourthly, the EOS-SF measuring epistemic orientation may 
be applied to teachers in other grade levels, even though the EOS-SF 
was developed with data from elementary science teachers. With 
epistemic orientation, teachers tend to have a high possibility to create 
a generative learning environment for students to construct their 
understanding of science concepts (Bae et al., 2022; Weiss et al., 2022), 
which is also important for middle and high school students. 
Moreover, the EOS-SF would be a useful tool for PD developers and 
implementers to track teachers’ levels of epistemic orientation at the 
beginning of a PD experience and across time, as well as use this 
information to tailor the learning opportunities to teachers’ different 
levels of epistemic orientation. Teachers with more informed levels of 
epistemic orientation may need different types of support and 
experiences during PD than teachers with epistemic orientations less 
supportive of knowledge generation.

Lastly, this work is part of an emerging tradition in the field to 
engage in applied assessment research using measurement principles 
as an ongoing area of inquiry. This differs from work that would 
release a “finalized” instrument or questionnaire. Rather, the field 
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shows a keen interest in the persistent study of the application and 
interpretation of tools (Liu and Fulmer, 2008; Ding et al., 2023; 
Fulmer et al., 2023), whether for the improvement of that specific tool 
or to inspire new patterns of assessment development and use (Ruiz-
Primo and Shavelson, 1996; Mislevy, 2018; Harris et al., 2022). In the 
present case, this enables us to gain a richer interpretation of the 
instruments and understanding of epistemic orientation. It also 
provides a stronger basis for future work that can study changes of 
epistemic orientation over time. Thus, the field’s effort in the 
reexamination of instruments can provide additional evidence for the 
quality and effectiveness of any existing assessment.

7. Limitation

In this study, error covariances in CFA and IFA were added to the 
factor structure. Usually, the common variance among items is 
explained by the factor loadings. Theoretically, the residuals of items 
are uncorrelated (Barker and Shaw, 2015) because the latent trait is the 
only reason why they relate to each other. However, some researchers 
suggest adding error covariances when two items have something else 
in common and cannot be explained by the latent trait (Cattell and 
Tsujioka, 1964). The residual covariances among items partition the 
measurement noise covariance for a better fit of the latent trait (Deng 
et al., 2019). Researchers can choose to add a new factor for three or 
more overly-related items with reasonable choices (McNeish, 2017). 
Take this study as an example, we added error covariances for three 
factors in epistemic alignment construct (See supplementary material). 
Researchers could decide the factor structure based on the residual 
covariance and statements of items.
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