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ABSTRACT

Background: Teacher engagement plays a crucial role in determining the
success of online learning, particularly as digital education becomes
increasingly prevalent. However, instruments to accurately assess
teachers’ engagement in online learning contexts remain limited.

Purpose: This study aimed to develop and validate a measurement scale KEYWORDS

to assess teacher engagement in online learning. Online learning;

Method: The study involved 411 teachers from elementary to middle psychometric study; Rasch
schools across various regions in Indonesia. The initial version of the model; teacher engagement;
Online Teacher Engagement Scale (OTES) consisted of 40 items measured validation

using a five-point Likert scale. Data were analyzed using the Rasch model.
Findings: The analysis demonstrated that the OTES possessed strong ARTICLE HISTORY

psychometric properties, with a person reliability index of .89 and an item Received 24 January 2026
reliability index of .99. The 32 items were valid after passed some item Revised 14 August 2026
tests criteria in the Rasch analysis. The explained raw variance of 38% Accepted 10 September 2026

suggested that the OTES measured the intended construct adequately,
although five items displayed gender-based DIF, leading to their exclusion.
Implication: OTES has broad potential as an evaluation instrument for
schools, universities, and teacher training institutions in monitoring the
level of teacher involvement during online learning.

Introduction

In recent years, the learning process in schools has experienced rapid changes, along with
developments in innovation and technology (Agasisti et al, 2023). To optimize the learning
process in schools, this technology generally uses Information and Communication Technology
(ICT) in the form of student learning instruments (Lin et al, 2023). An example of ICT usage in
the school learning process is the learning management system (LMS), which is a server-based
or web-based software program that consists of several databases containing information about
users (students and instructors), courses, educational content, and learner outcomes that
facilitate the learning process for students without being limited by time and place (Turnbull et
al., 2020). The online learning situation, initially only in certain schools, later became common in
most schools worldwide due to the COVID-19 pandemic (Sarosa, 2022). The successful
implementation of online learning in schools depends on several factors, including students’ and
teachers’ perspectives (Das, 2023). Teachers themselves play an essential role in the success of
students’ online learning (Leite et al., 2022; Sidi et al., 2023). A good teacher in an online learning
situation has certain characteristics, including being able to design learning tasks that are
appropriate for students (Archambault et al., 2022); becoming a facilitator and motivating
student (Richardson et al,, 2016); and understanding the technical matters required, such as how
to use video conferencing and learning software, and operating learning technology tools (Corry
& Stella, 2018; Grammens et al., 2022).

ICT integration offers numerous benefits to education, including fostering innovative
teaching methodologies, enhancing student engagement, and promoting educational equity
(Anastasopoulou et al., 2024). The adoption of digital tools enables educators to create dynamic
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learning environments that accommodate a variety of learning preferences, increasing student
engagement and motivation (Cueva & Inga, 2022). In exploring the specific context of rural
environmental education, the integration of ICTs can be significantly effective when aligned with
well-designed pedagogical strategies that focus on active pedagogy and critical digital
competencies. These strategies can substantially improve sustainability learning and student
engagement, highlighting the necessity for community collaboration and inclusivity (Baena-
Navarro et al., 2024). However, the integration of ICT in education does not come without
challenges. Issues such as the digital divide and insufficient ICT training for teachers present
significant hurdles. Overcoming these requires focused efforts on capacity building, improving
infrastructure, and tailoring educational interventions to the specific needs of communities
(Ngodu et al.,, 2024). Preparing future educators involves developing their professional digital
competence, as well as their ability to use ICT responsibly, ensuring that privacy, copyright, and
ethical considerations are observed (Gudmundsdottir & Hatlevik, 2020). In summary, rethinking
teacher engagement strategies in light of ICT advancements involves more than simply
incorporating new technologies into the classroom. It requires a comprehensive approach that
includes revising pedagogical frameworks, addressing infrastructural challenges, and ensuring
that teachers are well-equipped to utilize ICT effectively and responsibly. By focusing on these
elements, educators can enhance their engagement strategies and improve educational outcomes
in the digital age (Anita, 2024).

Several studies have shown that teachers who are engaged in their duties demonstrate
behaviors that support students’ learning process in class (Bakker & Bal, 2010; Hakanen et al,,
2019; Penttinen et al,, 2020; Soininen et al., 2023). Examples of such engaged behaviors include
exhibiting energy and enthusiasm while working and finding solutions to existing difficulties
(Greenier et al., 2021). Teacher engagement is the concept of teachers’ engagement in carrying
out their tasks. This is related to the concept of work engagement proposed by Schaufeli et al.
(2002), which refers to the engagement a person has in their work. Teachers who are engaged in
their work direct all of their available abilities and resources to complete their duties (Bakker &
Bal, 2010; Wal et al.,, 2014). Teacher engagement has frequently been measured using the Utrecht
Work Engagement Scale (UWES) in previous studies (Bakker et al., 2014; Li et al., 2015). Schaufeli
et al. (2002) developed the UWES as an instrument for measuring work engagement, comprising
17 items that span three dimensions: vigor, dedication, and absorption. Cronbach’s a values on
the UWES scale range between .80 and .90 for each dimension. The UWES Short Version consists
of nine items with fairly good Cronbach’s « values, between .85 and .92. Accordingly, this scale is
known as the UWES-9 (Schaufeli et al., 2006). The UWES-9 instrument has been used to measure
teacher engagement among Finnish teachers (N = 2038), and indicated a relationship between
teacher burnout and teacher engagement (Hakanen et al., 2006).

In addition to the UWES-9, teacher engagement is also frequently measured using the
Engaged Teachers Scale (ETS), an instrument developed by Klassen et al. (2013), which more
specifically measures work engagement in the teaching profession. This scale comprises 16 items
organized into four factors—cognitive engagement (CE), emotional engagement (EE), social
engagement with students (SES), and social engagement with colleagues (SEC), with Cronbach’s
a values: CE = .85, EE = .89, SES = .84, and SEC = .85 (Klassen et al., 2013). ETS has been adapted
and used to measure teacher engagement in several countries, including Australia (Perera et al,,
2018), Turkey (Yerdelen et al., 2018), Brazil (da Silva Janior et al,, 2020), and Hong Kong (Ho et
al,, 2021). The results of these adaptation studies in several countries show that the ETS has
internal consistency values for its 16 items in the medium to high range. In terms of construct
validity, the fourth factor indicated a good model fit (fit: y2, CFI, GFI, NFI, SRMR, RMSEA).
Furthermore, findings from Perera et al. (2018) indicated a significant relationship between
teacher engagement and job satisfaction. However, an engagement scale for teachers in an online
learning context needs to be developed, especially in an era of widespread use of technology in
education (Liang & Chen, 2012).

More than 90% of the measurements developed in psychology studies are based on the
Classical Test Theory (CTT) approach. Nevertheless, this approach carries three fundamental
theoretical limitations: (1) it presupposes a linear relationship between latent variables and
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observed scores, a condition that seldom reflects the actual nature of behavioral constructs; (2)
true scores cannot be directly estimated, or can only be approximated by relying on assumptions
that are difficult to satisfy; and (3) parameters such as reliability, discrimination, location, or
factor loadings are contingent upon the specific sample employed. To overcome this problem,
Item Response Theory (IRT) offers a robust alternative for measuring continuous latent variables
via categorical indicators (i.e.,, measurement variables), offering several benefits: it (1) does not
require a linear relationship, (2) enables more accurate score estimation, (3) permits item
parameters to be estimated independently of the sample, (4) allows researchers to choose items
that best fit the intended model, and (5) extends and generalizes notions such as reliability and
internal consistency (Chen et al,, 2018; Fischer & Rose, 2016; Hambleton & Jones, 1993).

Based on IRT, Rasch analysis offers a particularly effective alternative for examining the
psychometric properties of measurement instruments while accounting for response bias
(Bradley et al, 2015). The original Rasch model was developed for use with items rated
dichotomously (i.e., items marked as either true or false) and was based on Thurstone and
Guttman'’s early work (Osterlind, 2009; Tennant & Kiiglikdeveci, 2023). In contrast to the CTT,
which assumes that the standard error of measurement is uniform across test takers and
dependent on the sample used, this approach assumes that measurement error differs from one
individual to another and is independent of any particular respondent sample. Estimation of the
latent traits under investigation relies on both person and item characteristics, with a person's
ability and an item's difficulty placed on the same scale (logit), derived from response
probabilities and nonlinear logarithmic functions. Accordingly, IRT-based analysis can be applied
to assess whether item difficulty aligns with an individual's ability level on the latent trait in
question. By matching item difficulty to a person’s ability, the IRT allows the development of
measures using more accurate score reliability with fewer test items. Further details regarding
the theoretical foundations and computational procedures of Rasch analysis are provided by
Embretson and Reise (2013), whereas a practical guide to its implementation using Winsteps
software can be found in Bond and Fox (2012). The stages of developing the online teacher
engagement scale (OTES) measurement tool follow the four-building-blocks approach based on
the IRT (Wilson, 2023), which is as follows in Figure 1.

Construct

> Items
Map

Figure 1. The Instrument Development Cycle Through the Four Building Blocks

Method
Participants

A total of 411 teachers originally participated in this study, consisting of 104 teachers in
Phase 1 (pilot test) and 307 teachers in Phase 2. Following data-cleaning procedures in Phase 1,
9 non-fitting responses were removed, yielding a final analyzed sample of 402 teachers (95 in
Phase 1 and 307 in Phase 2). The final sample comprised 88 males (21.9%) and 314 females
(78.1%) from 18 elementary, middle, and high schools in Indonesia. The first language of the
participants was Indonesian. All respondents provided consent to participate voluntarily after
receiving an explanation of the research objectives on the scale form provided by the researcher.
This research received ethical clearance from the Health Research Ethics Committee of the
Faculty of Public Health, Universitas Diponegoro, under approval number 262/EA/KEPK-
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FKM/2021. Data were collected online using Google Forms owing to its wider access and higher
efficiency in distribution.

Data Collection and Analysis
The scale

At the construct map stage, the researcher determined the conceptual definition,
measurement limits, and aspects of teacher engagement in online learning based on a literature
review of the constructs of teacher engagement and the learning management system, and also
synthesized the results of focus group discussions with teachers, students, and parents (see
(Klassen et al., 2013; Gronlund et al,, 2023; Wasson & Hansen, 2014). During the FGD phase, 20
teachers (with at least 6 months of online teaching experience, aged 30-45), 10 parents (with
experience supporting their children’s online learning), and 20 students (in grades 1-2 of junior
high school, aged 11-13) were involved. The FGD data was analyzed thematically to gain an
understanding of teachers’ behaviors or efforts in online learning. Based on thematic analysis of
the qualitative data, teacher engagement in online learning (Online Teacher Engagement) is
defined as a teacher’s work attitude, which is demonstrated by their dedication to devoting
energy (vigor), thoughts (initiative), emotional closeness, collaboration, and adaptiveness to
designing online learning, applying learning technology, and interacting with students.

Hence, there are five components of teacher engagement in online learning: vigor, initiative,
emotional closeness, collaboration, and adaptiveness. These components emerged from a
rigorous thematic analysis of FGDs within the construct mapping phase of scale development
(Wilson’s procedure). This methodological step ensures the new scale is grounded not only in
theoretical traditions but also in lived experiences and contextual specifics, providing conceptual
and empirical legitimacy. The process reaffirms that engagement, particularly in evolving
contexts such as online learning, is multifaceted, dynamic, and relational. The measuring
boundaries set in the online learning framework included pedagogical planning, application of
learning technology, and student interaction. In the next step, the researcher created a blueprint
and developed 40 items, where each component was represented by eight items, which were
tested using a Likert-scale model with five response options (strongly disagree = 1, disagree = 2,
somewhat disagree = 3, agree = 4, and strongly agree = 5). Scoring followed both favorable and
unfavorable items (reverse scoring).

Table 1.
Instrument Reliability and Validity Analysis
The 15t pilot study

Item . INFIT MNSQ OUTFIT MNSQ

No Component reliability Separation Max Min Max Min

1  Vigor .98 7.63 2.24 0.2 2.34 0.2
2 Initiative .97 5.51 1.61 0.57 1.63 0.67
3 Emotional .99 8.82 1.57 0.5 1.60 0.46

Closeness
4  Collaboration 94 3.99 1.25 0.6 1.40 0.61
5  Adaptiveness .98 7.36 1.63 0.48 1.59 0.48
The 2nd pilot study
Item . INFIT MNSQ OUTFIT MNSQ
No Component reliability Separation Max Min Max Min
1  Vigor .95 4.40 2.52 0.55 2.20 0.59
2 Initiative .99 9.88 1.83 0.57 2.11 0.55
3 Emotional 1.00 15.64 1.28 0.70 1.37 0.69
Closeness

4 Collaboration .99 8.98 1.65 0.70 1.61 0.69
5  Adaptiveness .99 8.33 1.87 0.48 2.09 0.49

*Note: N = 95 for the 1st pilot study (after cleaning 9 invalid responses from N = 104); N = 307 for the 2nd
pilot study.
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In the first stage of testing, after the data-cleaning procedure was carried out, 95 of 104
data points were analyzed further, and the reliability test results are presented in Table 1. The
item reliability measurement indicated the degree to which items fit the Rasch measurement
model. This means that the items used were reliable, and the number of items was sufficient to
measure each construct. The accepted reliability index is > .8 (Bond & Fox, 2007). This indicates
that the developed measuring instrument has good reliability. However, several items in the same
construct had almost the same logit value. If these items were retained, they would have low
discriminative power; therefore, the researcher decided to carry out reconstruction by revising
(adding/reducing/changing) the words. After expert revision and inspection, the second testing
stage, involving 307 teachers as participants, had a Pearson reliability value of .89. The reliability
analysis results in the Phase 2 trial generally showed that the item reliability values for all
constructs were very satisfactory (> .95).

Analysis of the Rasch model

The Rasch model concurrently depicts the interactions between respondents and items.
Rather than relying on raw scores, this model is based on logit values, which represent the
probability of a given group of respondents selecting a particular item. This approach is employed
to project the raw score derived from Likert ratings, which are ordinal in nature (San Martin &
Rolin, 2013). The psychometric measures used in this research included reliability at the
instrument level (Table 1), item validity and item fit, instrument unidimensionality, item bias
detection, and differential item functioning (DIF). Item validity in the initial stage refers to the
polarity of test items. The point-measure correlation coefficient (PTMEA CORR) was used to
determine the polarity of an item. According to the criteria recommended by Linacre (2009) and
Ariffin et al. (2010), PTMEA CORR values should be positive, with values above .20 indicating that
an item contributes meaningfully to measuring the intended construct. A value that is negative or
equal to zero suggests that the response given to an item or by a respondent is inconsistent with
the variable or construct being measured (Linacre, 2009). To identify invalid items, the mean-
square (MNSQ) value was used in the next stage (Linacre, 2009). Linacre (2009) stated that items’
MNSQ values should be between 0.5 to 1.5 (mean Infit MNSQ) (Sumintono & Widhiarso, 2013).
Sumintono and Widhiarso (2013) described the MNSQ value as reflecting item accuracy, and
should be between 0.4 to 1.4 for instruments with a Likert scale. According to Boone et al. (2014),
the guidelines for assessing suitability criteria for test items are as follows:

(1) Accepted Mean-Square (MNSQ) values: 0.5 < MNSQ < 1.5
(2) Accepted Z-standard outfit (ZSTD): -2.0 <ZSTD < +2.0
*If an item does not meet the criteria, it should be repaired or replaced (Boone et al., 2014).

It is important to consider the difficulty level of each question during the test. A useful
tool for this involves generating a map that shows the distribution of subject abilities and
difficulty levels of test items on the same scale. This map is called the Wright Map (Wright, 1977).
The values on this map were arranged based on size values ranging from -3 to +3. However, in
this case, a logit value above +2 or below -2 is considered an extreme value. Sumintono and
Widhiarso (2015) offered an assessment guide consisting of four item categories based on their
measurement values: 1) Very Easy (< -1), 2) Easy (-1 to 0), 3) Difficult (0 to 1), and 4) Very Difficult
(> 1). Unidimensionality analysis uses Principal Component Analysis (PCA) of residuals, allowing
measurement models (Baghaei, 2017). Nevertheless, Rasch recognized one factor that could pose
a threat to unidimensionality. According to Baghaei and Aryadoust (2015), a value of unexplained
variance in the first PCA construct residual of < 3% is considered special; 3-5% is very strong; 5-
10% is firm; 10-15% is sufficient; and > 15% is weak.
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Result
Findings

The Online Teacher Engagement Scale (OTES) was divided into five measured constructs:
vigor, initiative, emotional closeness, collaboration, and adaptiveness, each consisting of eight
items. The following are the results of the psychometric analysis of the OTES:
Item validity and item fit

Table 2 presents the outcomes of the validity and fit tests conducted on the items. Originally,
the output generated by Winsteps was ordered according to the degree of difficulty, but the
researcher edited and rearranged the questions in order. The measurement score served as an
indicator of how difficult the test items were. The MNSQ fit values indicated whether the items fit
the Rasch model. PTMEA CORR refers to the Point Measure Correlation, which is considered
similar to the Point-Biserial Correlation in CTT. This parameter indicates the strength of the
differentiating power.

Table 2.
Item Validity and Item Fit

Construct tem Mi;"s:lere Model Infit Outfit PTMEA
(logit) S.E. MNSQ MNSQ CORR

Vigor S1 0.45 0.09 0.92 1.11 .54

S2 -0.65 0.11 2.52 2.20 A48

S3 -0.09 0.10 0.90 0.97 .54

S4 -0.17 0.11 0.57 0.59 .64

S5 -0.39 0.11 0.93 0.99 .54

S6 -0.41 0.11 0.76 0.74 .62

S7 0.23 0.10 0.55 0.62 .62

S8 1.03 0.07 1.16 1.60 .56

Initiative I1 0.12 0.10 0.81 0.82 .56

12 -1.33 0.11 0.73 0.68 .63

I3 0.41 0.10 0.92 0.99 .60

14 -0.77 0.11 0.74 0.70 .64

I5 -1.07 0.11 0.57 0.55 .66

16 -0.54 0.11 0.61 0.59 .69

17 1.47 0.08 1.83 2.11 32

I8 1.70 0.08 1.34 1.71 46

Emotional KE1 -1.72 0.12 0.76 0.72 .52

Closeness KE2 -1.86 0.12 1.28 1.31 43

KE3 -1.11 0.11 0.70 0.72 .53

KE4 -0.66 0.10 0.74 0.88 A48

KE5 1.74 0.08 1.27 1.34 .61

KE6 2.11 0.07 0.99 1.09 .59

KE7 -0.70 0.11 0.71 0.69 .53

KES8 1.90 0.08 1.22 1.37 .56

Collaboration Kol -1.53 0.12 0.88 0.83 .57

Ko2 -0.86 0.12 1.65 1.61 A48

Ko3 1.86 0.09 0.99 1.12 .62

Ko4 -0.30 0.11 1.01 1.02 .54

Ko5 1.01 0.10 0.95 1.00 .64

Ko6 0.19 0.11 0.70 0.69 .69

Ko7 0.42 0.11 0.83 0.78 .69

Ko8 -0.80 0.12 1.03 1.08 A5

Adaptiveness Al -0.54 0.09 0.87 0.86 51

A2 0.59 0.08 1.35 1.45 .53
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Table 2.
Item Validity and Item Fit
Construct tem Mii‘:fre Model Infit Outfit PTMEA
logit) S.E. MNSQ  MNSQ CORR
A3 20.75 0.10 0.59 0.59 51
A4 -0.44 0.09 0.61 0.62 55
A5 1.28 0.07 0.92 1.03 55
A6 0.69 0.08 1.87 2.09 01
A7 117 0.10 0.48 0.49 60
A8 0.34 0.08 0.92 0.98 53
Mean 0.00 0.09 0.98 1.07
SD 0.96 0.01 0.46 0.56

The validity of the test items refers to their polarity, as shown in Table 2. The polarity of
each item was determined using the PTMEA CORR point-measure correlation coefficient.
Findings indicate that item polarity within the vigor construct was between .48 to .64; the
initiative construct was .50 to .60; the emotional closeness construct was .43 to .61; the
collaboration construct was .45 to .69; and the adaptiveness construct was .01 to .60. Following
the criteria proposed by Linacre (2009), the PTMEA CORR value should exceed .20, only one item
in the adaptiveness construct, namely item A6, which had a PTMEA CORR index < .20, was
removed from the OTES.

To determine how suitable and accurate the items were, item fit was assessed using the
MNSQ value. In accordance with the criteria set out by Bond and Fox (2007) and Linacre (2009),
the results showed that all the items fit the Rasch model. However, the unfeasible items must be
removed. To calculate the maximum value, the average mean-square value (mean Infit MNSQ)
(Sumintono & Widhiarso, 2013), which was 0.98, was added to the standard deviation (SD Infit
MNSQ), which was 0.46, resulting in a value of 1.44. This meant that any items with Infit MNSQ
values greater than 1.44 were considered not feasible. From Table 2, items S2, 17, Ko2, and A6 had
Infit MNSQ values of more than 1.44, and were, therefore, removed.

As shown in Table 2, the mean item logit value was 0.0 logit, suggesting that the
instrument overall could function as an effective measure. The average item logit value of 0.0 was
a random value set to represent an equal 50:50 probability balance between the ability level of
respondents and the difficulty level of the items (Bond & Fox, 2007). Overall, if the average logit
of the items is not 0.0, the instrument is not effective. Upon further examination, no item within
the same construct had the same logit value. This indicates that no item measures the same thing
(Sumintono & Widhiarso, 2013). The distribution of respondents' ability levels and item
difficulty can be observed in the Wright Map.
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Figure 2. Person-Item Map

Figure 2 shows a person-item map of the data. The right-hand numbers refer to the items,
and the left-hand numbers refer to the persons. Items at the top of the scale (above zero) were
more difficult (to agree with). However, items at the bottom of the scale (below zero) were easier
(to agree with). The lowest threshold was 1.86 logits (item KE2), and the highest was 2.11 logits
(item KE6), meaning that, for most subjects, item KE2 was the most easily agreed upon, while
item KE6 was the most difficult. These two items were ultimately able to differentiate between
subjects who had the highest and lowest engagement in online learning. Four items (S2, 17, KoZ2,
and A6) were discarded because they had validity and item-fit values that did not meet the
criteria.

Unidimensionality test

The concept of unidimensionality holds that every item in an instrument is intended to
assess one common ability (Baghaei, 2017; Tabatabaee-Yazdi et al., 2018). This model provides a
a concise procedure for checking the instrument's dimensionality based on PCA (Baghaei &
Aryadoust, 2015). Table 3 shows that the measuring tool was suitable for assessing vigor,
initiative, emotional closeness, collaboration, and adaptiveness, which measures one dimension,
namely, teacher engagement in online learning.

Table 3.
Unidimensionality Test

Variance explained Unexplained variance in 1st

No. Construct by measure (%) contrast (%)
1.  Vigor 32.6 12.7
2.  Initiative 42.4 10.7
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Table 3.
Unidimensionality Test
No. Construct Variance explained Unexplained variance in 1st
by measure (%) contrast (%)
3. Emotional Closeness 60.1 11.0
4.  Collaboration 60.1 11.0
5.  Adaptiveness 34.0 16.6
Whole Instrument 38.0 7.3

Table 3 indicates that the minimum requirement of 20% for unidimensionality was
satisfied even though the vigor and adaptiveness constructs did not meet Rasch
unidimensionality (> 40%) in the explained variance. suggesting that the instrument's level of
item independence could be classified as good. In this sense, a dimension categorized as weak by
a threshold such as > 15% is not necessarily invalid or worthless. Instead, it may reflect a more
complex, partial contribution to the overall assessment of rationality or model performance
(Siscoe, 2024). The unexplained variance of 16.6%, categorized as weak, warrants a more
thorough discussion to clarify its implications for the construct of adaptiveness, especially in the
context of teachers' digital skills and related competencies. Adaptiveness is inherently a complex,
multifaceted construct influenced by numerous factors, including individual differences in digital
literacy, teaching experience, and psychological attributes. Studies have repeatedly shown that
digital literacy among teachers is uneven, with many educators reporting low self-perception of
their digital skills and highlighting the urgent need for targeted professional development
programs to address these gaps (Sdnchez-Cruzado et al., 2021; Anggraini et al., 2024).

Differential item functioning (DIF) based on gender
Differential item functioning (DIF) tests whether the items are biased according to
respondents’ gender. A good item should be balanced. According to Sumintono and Widhiarso
(2013), an item is categorized as gender-biased if the values for:
(1) DIF contrast: -0.5 <X < 0.5
(2) Rasch-Welch t: -2.0 <X < 2.0
(3) Mantel-Haenszel Probability: X <.05
*Some authors have also used the chi-squared test to detect DIF (Lee et al., 2009).

Table 4.
Differential Item Functioning by Gender

Mantel-Haenszel

Item Number DIF Contrast Rasch-Welcht ers Construct
Probability
S1 -0.68* -3.05% .0026* Vigor
S2 0.61* 2.62* .0086*
S8 0.61* 3.42% .0051*
12 -0.51* -2.05% .0442%* Initiative
A8 -0.65* -3.31* .0043* Adaptiveness

Note: DIF contrast = the difference in the difficulty of the item between males and females. A negative
DIF contrast indicates that the item is more difficult for females. *p <.05

Table 4 shows five items with DIF values outside the range specified in the three criteria.
These items were: S1, S2, S8, 12, and A8. The five items that showed gender bias were removed
from the OTES. These items indicate that there exists bias with gender as a differentiator in
assessing teachers’ level of engagement with online learning. The results in Table 4 were
reinforced by Figure 3 below. For example, with item S1 of the vigor construct, men had a lower
tendency to agree with it than women.
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Figure 3. DIF Plot by Gender
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After passing a series of item tests in the Rasch model, from the initial 40 compiled items,
eight items were eliminated because they did not satisfy the requirements of the respective test
conducted. The items that were discarded were S1, S2, S8, 12,17, Ko2, A6, and A8. Thus, 32 items
were valid for OTES.

Discussion

Item quality, consistency across items, and degree of differentiation, among other factors,
can be assessed using Item Response Theory (IRT) analysis. This information is invaluable for
improving the existing psychological tools. The five OTES constructs have good validity and
reliability. Therefore, this scale can measure teacher engagement in online learning in terms of
vigor, initiative, emotional closeness, collaboration, and adaptiveness. The vigor construct had an
item reliability index of .95; for initiative, it was .99; emotional closeness was 1.00; collaboration
was .99; and adaptiveness was .99. This means that the questionnaire was reliable (Linacre,
2009). The findings indicate that item polarity across all constructs ranged from .01 from .69. In
line with the criteria proposed by Ariffin et al. (2010) and Linacre (2009), whereby the PTMEA
CORR value should be greater than .20, only one item in the adaptiveness construct, namely item
A6, which had a PTMEA CORR index < .20, was removed from the OTES. Only one item (A6) had
a PTMEA CORR value of .01, which means that it was not as effective in measuring teacher
engagement in online learning. Item quality, consistency, and differentiation within the five
constructs of the Online Teacher Engagement Scale (OTES) were rigorously evaluated using Item
Response Theory (IRT) analysis, which is a robust psychometric approach for assessing
measurement properties of questionnaire items. The high item reliability indices reported .95 for
vigor, .99 for initiative, 1.00 for emotional closeness, .99 for collaboration, and .99 for
adaptiveness indicate that the scale items consistently measure their respective constructs with
minimal measurement error. This strong reliability supports the scale’s capacity to accurately
capture various dimensions of teacher engagement in online learning environments, specifically
reflecting teachers’ energy, proactive behaviors, emotional connections, teamwork, and flexibility.

Beyond reliability, IRT enables the evaluation of both item discrimination, the extent to
which an item distinguishes between respondents at different levels of the latent trait and item
difficulty, indicating the trait level required for a higher likelihood of endorsing an item. This
information is instrumental in refining scales by selecting items that are optimally informative
across the engagement spectrum, ensuring precise measurement for all respondents (Reeve,
2003; Betz and Turner, 2011). Moreover, IRT allows for the detection of differential item
functioning (DIF), whereby items performing inconsistently across subgroups can be identified,
thereby enhancing fairness and validity (Zheng, 2021). These strengths in measurement
precision and item-level diagnostics make IRT especially suitable for multidimensional
constructs such as teacher engagement, which encompasses vigor, initiative, emotional closeness,
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collaboration, and adaptiveness. The ability of IRT to anchor trait estimates to item content
ensures that each construct is validly and reliably measured independently (Chen et al.,, 2018;
Hays et al., 2000).

Additionally, the item polarity values ranging from .01 to .69, along with the PTMEA CORR
(point-measure correlation) criteria suggest by Ariffin et al. (2010) and (Linacre (2009), further
validate the scale’s construct integrity. The PTMEA CORR values, which must be above .20,
demonstrate that nearly all items contribute meaningfully to measuring teacher engagement. The
exception of item A6, with a PTMEA CORR of .01, suggests it may not align well with the overall
construct and could benefit from revision or removal to enhance the scale’s precision. Overall,
these psychometric findings affirm that the OTES is a reliable and valid instrument for assessing
multifaceted teacher engagement in online learning contexts. The OTES specifically measures
facets of teacher engagement that are critical in online teaching contexts, aligning with
frameworks that highlight presence, expertise, engagement, and facilitation as key factors of
online teaching effectiveness (Reyes-Fournier et al., 2020). The need for a teacher engagement
scale in the online learning context remains critical due to several interconnected reasons
grounded in the distinct challenges and dynamics of virtual education environments. First,
teacher engagement significantly influences student achievement and motivation in online
classrooms (Wang et al,, 2022). Thus, measuring teacher engagement offers insight into a key
driver of student success in online courses. Second, online learning environments inherently limit
face-to-face teacher-student interactions, which can negatively affect the quality of instruction
and student engagement. Research highlights the necessity to enhance teacher-student
interactions in digital classrooms as limited engagement contributes to ineffective learning and
increased dropout risk (Ong & Quek, 2023; Rabby et al.,, 2025). An accurate teacher engagement
scale helps diagnose where engagement may be lacking and guides the improvement of teaching
strategies suited for online platforms. Third, online learning comprises diverse modes
synchronous and asynchronous that affect engagement differently. Studies identify multiple
dimensions of engagement, including social, cognitive, behavioral, collaborative, and emotional
components, which vary with instructional format (Yuyun, 2023). A teacher engagement scale
tailored to online settings can capture these nuanced facets, helping evaluate how teachers foster
engagement across various online instructional designs.

This study's major strength is its application of the Rasch model, which permits a level of
critical psychometric analysis beyond what CTT alone can achieve. This study used an extensive
dataset with strict data quality control mechanisms to develop a psychometrically sound
instrument. With the implementation of online learning in Indonesia, the OTES scale could be an
alternative instrument for measuring teacher engagement in online learning, analyzing problems
in teacher training, and exploring teachers’ enthusiasm, initiative, emotional closeness efforts,
collaborative steps, and adaptiveness in carrying out online learning. The Online Teacher
Engagement Scale (OTES), developed and validated using the Rasch model, demonstrates robust
psychometric properties that underscore its effectiveness in measuring multifaceted teacher
engagement within online learning contexts. The scale’s five constructs vigor, initiative, emotional
closeness, collaboration, and adaptiveness each exhibited high item reliability indices, ranging
from 0.95 to 1.00, indicating strong internal consistency and precise measurement of these
dimensions. The rigorous application of Item Response Theory (IRT) through Rasch analysis
allowed for a nuanced examination of item quality, including differentiation and fit, which is
critical for ensuring that each item meaningfully contributes to assessing teacher engagement.
The removal of items that did not meet strict validity, fit, and differential item functioning (DIF)
criteria further refined the scale, enhancing its accuracy and fairness across gender groups (Paek
& Wilson, 2011; Misajon et al., 2016). This precision in measurement supports the OTES as a
reliable instrument capable of capturing the complex behaviors and attitudes that characterize
engaged teachers in digital learning environments.

Moreover, the study’s methodological strengths lie in its use of the Rasch model, which
overcomes limitations inherent in Classical Test Theory (CTT) by providing sample-independent
item parameter estimates and accounting for varying measurement errors across respondents
(Aving & Dogan, 2024; Raykov & Marcoulides, 2011). This approach enables more accurate
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assessment of latent traits such as engagement, which are often difficult to quantify. The OTES’s
validation process included comprehensive analyses such as unidimensionality testing and
Wright mapping, confirming that the scale effectively measures a single underlying construct of
teachers’ engagement while differentiating among varying levels of respondent ability.
Furthermore, the study highlights the necessity for additional validation using Classical Test
Theory (CTT) methods to establish criterion-related validity. While preliminary analyses may
support the instrument’s reliability and construct validity, criterion-related validity assessment
through CTT would provide a more robust evaluation of how well the test scores correlate with
external criteria or outcomes. This step is crucial to confirm that the instrument accurately
measures the intended construct and performs consistently across different populations and
contexts. Future research should therefore focus on these validation processes to strengthen the
instrument’s psychometric properties and practical applicability (Bornstein, 2011).

Implication
The findings of this study provide theoretical, methodological, and practical implications

for the development of instruments for measuring teacher involvement in online learning.
Theoretically, the results of the study reinforce the conceptualization that teacher involvement is
a multidimensional construct consisting of vigor, initiative, emotional closeness, collaboration,
and adaptiveness, all of which have important contributions in explaining the effectiveness of
online learning. The high reliability index in each dimension shows that the five constructs are
able to consistently represent the main aspects of teacher engagement. These findings are in line
with the concept of teacher work engagement which emphasizes that work energy, dedication,
and adaptability are important determinants of teaching quality and student learning outcomes
(Klassen et al, 2013; Schaufeli et al, 2002). Thus, OTES expands the literature on teacher
engagement by providing instruments specifically designed for the context of online learning,
which has different characteristics than face-to-face learning.

From a methodological perspective, this study shows that the use of the Rasch Model as
part of Item Response Theory (IRT) provides advantages over the Classical Test Theory (CTT)
approach in the development of psychometric instruments. Rasch's analysis not only evaluates
reliability, but also identifies item quality through item fit, difficulty level, differentiating power,
and Differential Item Functioning (DIF), resulting in a more objective instrument that is free from
sample characteristic dependencies (Bond et al., 2021; Boone et al., 2014). The identification of
A6 items that have low PTMEA CORR values indicates the importance of continuous evaluation of
items so that the instrument remains constructively valid and has high measurement precision.
Therefore, this study provides empirical evidence that the application of the Rasch approach is
worthy of being a standard in the development of educational instruments, especially for
measuring multidimensional psychological constructs.

Practically, OTES has broad potential as an evaluation instrument for schools, universities,
and teacher training institutions in monitoring the level of teacher involvement during online
learning. The information generated from the measurement of each dimension allows
policymakers to identify areas that need intervention, such as increasing teachers' initiative in
utilizing technology, strengthening emotional closeness with students, increasing professional
collaboration, and developing adaptability to digital learning changes. The use of valid and
reliable instruments also allows the evaluation of teacher training programs to be carried out
more accurately so that professional development policies can be designed based on empirical
evidence (Darling-Hammond et al.,, 2017).

In addition, this study's results have practical implications for improving the quality of
online learning. Various studies show that teacher involvement is closely related to learning
motivation, student engagement, learning satisfaction, and academic achievement in a digital
learning environment (Wang et al.,, 2022; Ong & Quek, 2023). Therefore, OTES can be used as a
diagnostic instrument to identify factors that inhibit teacher involvement before impacting the
quality of the learning process and increasing the risk of student disengagement and dropout.
Thus, the results of OTES measurements can be the basis for developing strategies to improve the
quality of online learning that are more effective and oriented to the needs of teachers.
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Nonetheless, the implications of this research also lead to the need for further
development. Instrument validation through the CTT approach, criterion-related validity testing,
and the application of OTES at various levels of education and different cultural contexts will
further strengthen the generalization of the instrument. Cross-country and cross-platform testing
of digital learning is also needed to ensure that the psychometric characteristics of OTES remain
stable in various online learning environments. This step will increase the practical and academic
value of OTES as a standard instrument in research and evaluation of teacher involvement in the
digital education era (Bornstein, 2011; Raykov & Marcoulides, 2011).

Limitation

Overall, the OTES offers a psychometrically sound tool that can inform teacher training,
support online learning implementation, and guide further cross-national research on teacher
engagement in the evolving educational landscape. Despite the good psychometric values, this
study had several limitations. First, as a self-report instrument, OTES is susceptible to social
desirability bias, given that respondents may prefer to present a positive rather than negative
depiction of their work. Second, although IRT provides indices of validity and reliability at the
item and person levels, construct validity and criterion-related validity (McCreary et al., 2013;
Stump et al,, 2012) using CTT are also needed, especially regarding the effectiveness of OTES in
predicting teacher engagement in online learning.

Conclusion

This study successfully developed and validated the Online Teacher Engagement Scale
(OTES) using the Rasch measurement model, resulting in a psychometrically sound instrument
for assessing teacher engagement in online learning environments. The final OTES demonstrated
strong measurement properties, including high reliability, satisfactory item fit, appropriate
construct validity, and the absence of gender bias, indicating that the instrument provides stable,
fair, and accurate measurement across respondents. These findings confirm that the five
dimensions of teacher engagement including vigor, initiative, emotional closeness, collaboration,
and adaptiveness are represented by well-functioning items capable of capturing the
multidimensional nature of teacher engagement in digital learning contexts.

The validated OTES with 32 items contributes to the growing need for context-specific
instruments that can accurately evaluate teachers' engagement in online education. Beyond its
psychometric strengths, the instrument offers practical value for educational institutions,
policymakers, and researchers. It can be used to identify strengths and areas for improvement in
teachers' engagement, evaluate professional development programs, support evidence-based
decision-making, and inform interventions aimed at enhancing the quality of online teaching and
learning. Consequently, OTES provides a valuable tool for both educational evaluation and future
research on teacher engagement in technology-mediated learning environments.

Although the Rasch model provided robust evidence of the instrument's validity and
reliability, further studies are recommended to strengthen its generalizability by examining the
OTES across more diverse educational settings, larger and more heterogeneous samples, and
different cultural contexts. Future research should also complement Rasch analysis with Classical
Test Theory approaches, including criterion-related validity and confirmatory factor analysis, to
provide additional evidence of the instrument's psychometric quality and broaden its
applicability in international educational research.
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