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Abstract

This study aims to validate the instrument to measure Gen-Z Pre-service Science Teacher Virtual
Lab Acceptance and Use using Rasch model. This study is quantitative survey design with 83
participants from science education major in a new public university in Sulawesi. Instrument of the
study is adopted which developed based on the Unified Theory of Acceptance and Use of Technology 2
and the Theory of Planned Behavior. Students are requested to fill up the questionnaire after
experimenting basic chemistry courses using pHET virtual laboratory. The instrument has satisfactory
reliability (person reliability 0.95, item reliability 0.78 and Cronbach alpha 0.98), separation (person
separation 4.32 and item separation 1.68). All item are accepted based on the suitability of item fit
statistics by referring to mean square, Z tolerated standard, and point measure correlation. Based on
its unidimensionality, the instrument can explained 57.7% variance from item variance 22.7% and
person variance 30%. Based on the findings that the instrument is valid and reliable to measure science
teacher virtual lab acceptance and use. The findings suggest that validated instruments for measuring
virtual lab acceptance can guide educators and policymakers in effectively integrating technology into
science teacher training programs, ultimately enhancing educational practices and outcomes
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INTRODUCTION

Laboratory practice is an integral
component of science education, forming an
essential part of its identity. Without practical
sessions, the teaching of science loses its
distinctive character (Jumriani and Prasetyo,
2022). Through hands-on experimentation,
students can deepen their understanding of
abstract concepts by directly observing
phenomena in action (Dewi, Qudratuddarsi,
Ningthias, and Cinthami, 2024). Additionally,
practical work hones essential skills, such as
critical ~ thinking,  problem-solving,  and
teamwork. These experiences not only enhance
students' knowledge but also equip them with
professional competencies relevant to the
workforce (Syskowski, Wilfinger, and Huwer,
2024). However, traditional laboratory practices
are often challenging to implement due to several
constraints: 1) Schools may lack adequate

facilities. 2) There is often no dedicated budget
for the maintenance and provision of equipment
and materials. 3) There may be no specialized
staff to assist teachers in preparing for complex
practical sessions, placing an additional burden
on educators (Jhuang, Lin, and Lin, 2024).
Virtual laboratory can be essential
solution of problem with traditional laboratory
practices. One of the most widely recognized
examples of wvirtual laboratories is PhET
Simulation, a technology-based platform
designed to provide interactive simulations for
learning science, mathematics, and other
disciplines (Sapriati, Suhandoko, Yundayani,
Karim, Kusmawan, Mohd Adnan, and
Suhandoko, 2023). Developed by the University
of Colorado Boulder, PhET is specifically created
to help students grasp complex concepts through
engaging visualizations and interactivity (Banda
and Nzabahimana, 2021). These simulations
enable users to conduct virtual experiments that
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are safe, easily accessible, and do not require
physical laboratory equipment (Diab, Daher,
Rayan, Issa and Rayan, 2024). A key strength of
PhET is its ability to bridge theory and practice
intuitively, supporting both independent and
group learning. Its simple and user-friendly
interface makes it suitable for learners at various
educational levels.

By encouraging students to actively
experiment, observe, and analyze, PhET fosters
deeper conceptual understanding (Taibu, Mataka
and Shekoyan, 2021). Moreover, its free access
and compatibility across different devices
enhance its practicality in supporting modern
education. Beyond PhET, numerous other
popular virtual laboratory platforms are available,
including physics, math and statistics, chemistry,
earth and space and biology.

The use of virtual laboratories is
particularly well-suited for Gen Z teachers, who
will likely begin their careers educating Gen
Alpha students (Rahmah, Jumriani, and
Qudratuddarsi, 2024). Generation Z (born
approximately between 1997 and 2012) is often
described as digital natives, having grown up
with technology and demonstrating high
proficiency in using digital tools. As educators,
they tend to integrate technology into teaching,
utilizing tools such as social media, e-learning
platforms, and educational apps (El Kharki,
Berrada and Burgos, 2021). Their teaching style
is typically creative and flexible, emphasizing
interactive and relevant methods that resonate
with students' real-life experiences (Fadli,
Surjono, Sari, Eliza, Hakiki, Hidayah and
Samala, 2024).

Gen Z teachers also value diversity and
inclusivity, fostering learning environments that
are welcoming and adaptable. However, one
challenge they face is the need to strengthen
direct interpersonal skills, as they are accustomed
to digital communication (Szymkowiak,
Melovi¢, Dabi¢, Jeganathan and Kundi, 2021).
Generation Alpha (born after 2012) represents the
first generation to grow up entirely in the digital
age. As students, they are highly familiar with
technology from a young age and tend to learn
more effectively through interactive media such
as videos, apps, and educational games. They
exhibit strong multitasking abilities but often
have shorter attention spans (Kaplan, 2022). Gen
Alpha also prefers personalized, technology-
based learning, such as simulations or online
modules tailored to their individual needs.
Despite their technological strengths, they require

support in developing social and emotional skills,
as much of their interaction occurs in virtual
spaces (Gupta, Kumar, Tewary and Virk, 2022).

The use of virtual laboratories holds
significant potential for educational contexts in
Indonesia, particularly in enhancing science
teaching and learning experiences (Prasetya,
Syahri, Fajri, Wulansari and Fortuna, 2023).
Virtual labs offer interactive and flexible learning
environments that can overcome common
challenges faced by traditional laboratories, such
as limited equipment, safety concerns, and space
constraints  (Radhamani, @ Kumar, Nizar,
Achuthan, Nair and Diwakar, 2021).

However, despite their potential benefits,
the acceptance and use of virtual laboratories by
Gen Z teachers in Indonesia remain uncertain.
This raises an important question: why is this the
case? Gen Z teachers, born and raised in the
digital era, are generally tech-savvy and
accustomed to utilizing digital tools in their daily
lives (Dewi, Pahriah and Purmadi, 2021).
Nonetheless, their willingness to adopt virtual
labs for teaching might be influenced by several
factors, including perceived ease of use,
usefulness, self-efficacy, and institutional support
(Kuleto, Stanescu, Rankovié, Sevi¢, Paun and
Teodorescu, 2021).

Understanding these factors is crucial for
effective integration of virtual labs into science
education. In the Indonesian context, no
standardized instrument currently exists to
measure Gen Z teachers' acceptance and
readiness to use virtual labs, particularly for
science education . Validating such an instrument
is essential to identify potential barriers and
enablers for effective implementation . It can also
provide valuable insights into teacher training
needs, ensuring that virtual laboratories are used
to their full potential to enhance student learning
outcomes in science (Ravista, Sutarno and
Harlita, 2021).

The validation of this study using the
Rasch model is highly beneficial and important
for several reasons. The Rasch model is a
powerful tool for measuring latent traits, such as
attitudes, perceptions, or abilities, which makes it
particularly suitable for validating instruments
designed to assess Gen Z teachers' acceptance
and readiness to use virtual laboratories (Aving
and Dogan, 2024). Firstly, the Rasch model
provides a robust measurement framework that
ensures the reliability and validity of the
instrument. It converts raw scores into interval-
level data, allowing for more precise and
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meaningful interpretation of results (Chan, Looi
and Sumintono, 2021).

This is crucial for accurately measuring
the complex constructs related to technology
acceptance and usage among Gen Z teachers.
Secondly, the Rasch model offers the advantage
of item and person fit analysis, enabling
researchers to evaluate how well individual items
and respondents fit the expected measurement
pattern (Muslihin, Suryana, Suherman and
Dahlan, 2022). This helps identify any
problematic items that may not be measuring the
intended construct, ensuring the instrument's
validity and enhancing its overall quality (Silvia,
Rodriguez, Frith, Kaufman, Loprinzi and Reiter-
Palmon, 2021). Moreover, the Rasch model
supports the assessment of unidimensionality,
confirming that the instrument measures a single
underlying trait. This is particularly important for
this study, as it ensures that the scale accurately
captures the intended aspects of virtual lab
acceptance without being influenced by unrelated
variables. Therefore, research questions of this
study: does the instrument to measure gen-z pre-
service teacher chemistry virtual lab acceptance
and use.

METHOD

Research Design

The study employed a quantitative
survey design, focusing on the collection and
analysis of numerical data derived from survey
responses. It qualifies as a survey design, as it
examines pre-service teachers' perceptions on the
usage of virtual labs for chemistry experiments at
a specific point in time without altering any
characteristics of the sample (Ramadhana and
Qudratuddarsi, 2024). This cross-sectional
approach allows for a focused exploration of
participants'  views, providing a clear
understanding of their attitudes toward virtual
labs in the context of chemistry experiment for
science teachers. By concentrating on a single
point in time, the study avoids the complexities
associated with longitudinal designs, such as
participant attrition or changes in external factors
that could influence perceptions.

Additionally, the use of a quantitative
approach ensures that the data collected is
objective and measurable, enabling the
researchers to draw statistically valid conclusions
about the trends and patterns in pre-service
teachers' perceptions. This methodological
choice aligns with the study's goal of generating
generalizable insights that can inform the broader

adoption of virtual labs in teacher training
programs.

Participants

Eighty-three Generation Z pre-service
science teachers participated in this study,
engaging in experimental activities through
virtual laboratories. This involvement is
particularly significant, as many of these
participants had limited prior experience
conducting science experiments in their high
school education, making their perspectives on
virtual ~ labs  especially  insightful  for
understanding the potential of this technology in
bridging gaps in practical science training.

The participants were selected through
convenience sampling, as they were students of
the researchers, ensuring accessibility and ease of
data collection. However, this sampling method
may limit the generalizability of the findings, as
the sample may not fully represent the broader
population of pre-service science teachers.

The demographic breakdown of the
sample, as shown in Table 1, reveals a
predominance of female participants (85.54%),
with males comprising only 14.46% of the group.
Additionally, the age distribution indicates that
the majority of participants were either 18 or 19
years old, reflecting the typical age range of
students in teacher training programs. This
demographic information provides context for
interpreting the results, as it highlights the
characteristics of the group whose perceptions are
being studied.

The study's focus on Generation Z
participants is particularly relevant, as this
generation is known for its familiarity with digital
technologies, which may influence their attitudes
toward virtual labs.

Table 1. Sample of the study

Sample N Percentage

Gender

Male 12 14.46%

Female 71 85.54%

Age

18 years old 37 44.58%

19 years old 46 55.42%

Total 83 100%
Instrument

The instrument used in this study was
adapted from the work of Habibi et al., which
explored the use and acceptance of ChatGPT, a
technology-based tool. Since the original
instrument was already published in high-impact
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journals and was available in Bahasa Indonesia,
translation was unnecessary, saving time and
ensuring the preservation of the original meaning
and context of the items. This instrument was
particularly suitable for the current study because
it is grounded in established theoretical
frameworks related to technology acceptance,
such as the Unified Theory of Acceptance and
Use of Technology (UTAUT), which aligns well
with the study’s objective of examining the
integration of technology, specifically virtual
labs, for conducting science experiments. To
ensure the instrument’s validity and relevance to
the current context, it was rigorously reviewed by
two experts with extensive backgrounds and
experience in science education assessment.
Their feedback helped confirm that the
instrument accurately measured the intended
constructs and was appropriate for the target
population of pre-service science teachers.

The instrument comprises several key
constructs, each designed to capture different
dimensions of technology acceptance and usage.
These include Performance Expectancy (4 items),
which measures the degree to which participants
believe wvirtual labs will enhance their
performance in conducting experiments; Effort
Expectancy (4 items), which assesses the
perceived ease of using virtual labs; Social
Influence (3 items), which evaluates the impact of
peers, mentors, or societal norms on participants’
willingness to adopt virtual labs; Hedonic
Motivation (4 items), which explores the
enjoyment or satisfaction derived from using the
technology; Habit (5 items), which examines the
extent to which using virtual labs becomes a
routine part of participants’ practice; Behavioral
Intention (4 items), which gauges participants’
willingness to use virtual labs in the future; and
ChatGPT Use (3 items), which, although
originally focused on ChatGPT, was adapted to
assess participants’ familiarity and comfort with
technology tools in general.

These constructs collectively provide a
comprehensive framework for understanding pre-
service teachers’ perceptions and acceptance of
virtual labs in science education. By leveraging
this well-established instrument, the study
ensures a robust and theoretically grounded
approach to data collection and analysis.

Data Collection

Data were collected directly using
Google Forms to minimize paper usage and
support environmentally friendly initiatives,

aligning with contemporary efforts to reduce the
environmental impact of research activities. The
use of an online platform also facilitated efficient
data collection and organization, allowing for
real-time access to responses and reducing the
likelihood of data entry errors (Hidayat, Imami,
Liu, Qudratuddarsi, and Saad, 2024). The
researcher observed the process in person to
ensure that participants understood each item and
to address any questions they had, thereby
enhancing the reliability and validity of the data
collected. This direct observation also helped
create a supportive environment, encouraging
participants to provide thoughtful and accurate
responses.

Participation in this study remained
voluntary, and participants were informed that
their involvement would not affect their grades,
ensuring that their responses were not influenced
by external pressures or concerns about academic
consequences. Additionally, participants were
assured of the confidentiality of their responses,
which helped foster an atmosphere of trust and
openness. These measures were crucial in
maintaining the integrity of the study and
ensuring that the data reflected the genuine
perceptions and experiences of the pre-service
teachers.

Data Analysis

Following  data  collection, the
information was organized and tabulated using
Microsoft Excel 2019 to facilitate data analysis
with Winsteps (Linacre, 2018), version 3.7.3.
This analysis assessed reliability, separation, item
fit statistics, unidimensionality, and rating scale
calibration. Each sub-construct of ChatGPT use
and acceptance was analyzed independently,
employing Rasch analysis as the methodological
framework. Reliability was evaluated to
determine the consistency of the measurement
instrument, while separation statistics provided
insights into the ability of the test to distinguish
between different levels of the construct being
measured. Item fit statistics were crucial in
identifying any items that did not align well with
the underlying construct, ensuring the validity of
the measurement scale.

Unidimensionality was assessed to
confirm that the scale measured a single
underlying trait, which is essential for the
integrity of the Rasch model. Finally, rating scale
calibration ensured that the response categories
were functioning as intended, providing
meaningful distinctions between levels of the
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construct. This comprehensive approach to data
analysis ensured robust and reliable findings,
which are critical for drawing valid conclusions
about ChatGPT use and acceptance.

RESULT AND DISCUSSION

To address the research question, “Is the
adopted virtual lab acceptance and use instrument
valid and reliable for the Gen Z pre-service
science teacher context using Rasch modeling?”
we evaluated the instrument’s reliability and
separation, unidimensionality, and item fit
statistics.

Reliability and Separation

Rasch analysis is widely used to validate
questionnaires, relying on a mathematical model
that establishes a linear relationship between
items and individuals based on latent traits. For
the Chemistry Virtual Laboratory Acceptance
and Use Instrument, reliability estimates
calculated using Winsteps software demonstrated
robust results: item reliability was 0.74, person
reliability was 0.95, and Cronbach’s alpha was an
impressive 0.98. In addition to reliability metrics,
separation indices, which measure the ability to
distinguish between items and individuals, also
met the satisfactory thresholds.

The instrument achieved an item
separation of 1.69 and a person separation of
3.71, both exceeding the minimum requirement
of 1.5. These findings underscore the internal
consistency and discriminative capacity of the
instrument. Furthermore, the Rasch model fit
statistics provided strong evidence supporting the
instrument's validity, with a chi-square statistic of
4853.63 (degrees of freedom = 2315, p <.0001).
These results collectively affirm  the
questionnaire's reliability and its potential for
effective application in measuring acceptance and
use in the context of a virtual chemistry
laboratory.

Table 2. Reliability and Separation fit Statistics

Indicator Indices

Item Reliability 0.74

Person Reliability 0.95

Cronbach Alpha 0.98

Item Separation 1.69

Person separation 3.71

Chi-square 4853.63 (degrees of
freedom =
2315, p <
.0001).

Based on the data in table 2 about
reliability and separation fit statistics, we can
show that the instruments are very high internal
consistency and can reliably differentiate
between people with different trait levels (high
person reliability and separation). However, the
items themselves may lack sufficient spread in
difficulty (lower item separation), and their
estimates are only moderately reliable. There is a
statistically significant misfit to the model, which
warrants further investigation.

The assessment of item fit statistics,
including mean square (MNSQ), Z-tolerated
standard (ZSTD), point-measure correlations (Pt
Mea Corr), provides evidence of construct
validity (Table 2). MNSQ evaluates the degree of
randomness or discrepancies within the data,
while Pt Mean Corr examines the partial
correlation between each item and the overall
measure score, along with separation statistics
and item reliability (Alkhadim et al., 2021).
Acceptable ranges for these metrics include an
MNSQ value between 0.5 and 1.5 and a Pt Mean
Corr value between 0.4 and 0.85 (Boone et al.,
2014).

The assessment of item fit statistics,
including mean square (MNSQ), Z-tolerated
standard (ZSTD), and point-measure correlations
(Pt Mea Corr), provides evidence of construct
validity (Table 2). MNSQ evaluates the degree of
randomness or discrepancies within the data,
indicating how well each item fits the Rasch
model. A value close to 1.0 suggests a good fit,
while values significantly higher or lower may
indicate misfit. ZSTD provides a standardized
measure of fit, with values typically expected to
fall within the range of -2.0 to +2.0 for acceptable
fit. Pt Mea Corr examines the partial correlation
between each item and the overall measure score,
reflecting how well the item contributes to the
measurement of the underlying construct.

In the provided table, most items fall
within the acceptable ranges for MNSQ (0.5 to
1.5) and Pt Mea Corr (0.4 to 0.85), indicating a
good fit to the model and strong construct
validity. For example, items like PE2 and EE4
show MNSQ values within the acceptable range
and high Pt Mea Corr values, suggesting they
effectively measure the intended construct.
However, some items, such as FC1 and FC4, have
MNSQ values slightly above the upper limit,
indicating potential misfit, which may warrant
further investigation.

Separation statistics and item reliability
are also crucial in this analysis. Separation
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statistics help determine the ability of the test to
distinguish between different levels of the
construct, while item reliability indicates the
consistency of the item measurements. Overall,
the table demonstrates that the majority of items
are performing well, contributing to a reliable and
valid measurement instrument.

This comprehensive evaluation ensures
that the data can be confidently used to draw
meaningful conclusions about the constructs
being studied.

Table 3. Result of Item Fit Statistics

Item MNSQ ZSTD Pt Mea
Infit Outfit Infit Outfit Corr

PE 1.09  0.90 0.6 -0.5 0.75

PE 0.75 0.67 -1.5 -1.9 0.79
PE 0.99 1.27 0.00 14 0.70
PE 0.80 0.76 -1.3 -13 0.77
EE 1.13 1.08 0.8 0.5 0.72
EE 1.16  1.35 0.9 1.7 0.74

EE 091 0.81 -05  -1.0 0.73
EE 0.65 0.65 23 22 0.79
SI1 1.00  0.94 0.1 -0.3 0.73

SI12 1.04 1.02 0.3 0.2 0.71
SI13 1.15  1.28 0.9 1.6 0.70
FC 1.60 1.54 3.1 2.7 0.64
FC 0.77 0.77 -1.5 -13 0.74
FC 0.89 1.00 -0.6 0.1 0.75

FC 148 1.69° 2.6 3.2° 0.65
H1 1.19 1.53° 1.1 25" 0.71

H2 .11 1.19 0.7 1.1 0.73
H3 0.89 0.79 -0.6  -1.1 0.77
H1 1.29  1.40 1.7 2.2 0.61
H2 090 0.85 -0.6  -0.8 0.73
H3 1.04 1.19 0.3 1.1 0.71
H4 0.74 0.78 -1.7  -13 0.79
H5 0.63 0.75 25 -15 0.80
BIl 0.67 1.12 22 07 0.78

BI2 094 0.86 -03  -0.7 0.78
BI3 144 1.65 24 3.2° 0.64
B4 080 1.03 -1.2 02 0.77
GP 1.19 1.34 1.2 1.9 0.66
GP 091 097 -0.5  -0.1 0.74
GP 0.80 0.90 -1.2  -0.5 0.76

Unidimensionality

The unidimensionality of an instrument
is a critical indicator of its validity in measuring
the intended constructs. In this study, the
unidimensionality of the Instrument to Measure
Gen-Z Pre-Service Teacher Chemistry Virtual
Lab Acceptance and Use was evaluated using the
Rasch model, which included Principal
Component Analysis (PCA) of standardized
residuals. The choice of the Rasch model is
appropriate because it not only assesses the

measurement properties but also examines the
structural validity of the instrument.

According to Purnami et al. (2021), an
instrument is considered to have acceptable
unidimensionality if the raw variance explained
exceeds 24%. The findings from this study
indicate that the explained variance for the
instrument is 57.7%, well above this threshold.
This high percentage suggests that the majority of
the variance in the data is attributable to the
primary construct being measured, reinforcing
the instrument's construct validity. Specifically,
the raw variance explained by persons is 35.0%,
while the raw variance explained by items is
22.7%. These values indicate a balanced
contribution from both respondents and item
characteristics, which supports the robustness of
the instrument's measurement model.

Furthermore, the unexplained variance in
the first contrast is 4.8%, significantly lower than
the recommended maximum of 15%. This
indicates minimal multidimensionality,
suggesting that the residual variance is not driven
by secondary dimensions or nuisance factors.
Consequently, the low unexplained variance
supports the unidimensionality assumption,
confirming that the instrument effectively
captures a single underlying construct.

The results underscore the instrument's
validity and reliability for assessing Gen-Z pre-
service teachers' acceptance and use of virtual
chemistry labs. By demonstrating strong
unidimensionality, the instrument ensures that the
observed scores are primarily reflective of the
intended construct, minimizing measurement
error. Therefore, this instrument can be
confidently used in educational research to
explore virtual lab acceptance and use among
Gen-Z pre-service teachers.
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Figure 1. Standardized Residual Variance
Wright Map

The Wright Map, also known as the
person-item map, is a graphical representation
used in Rasch analysis to display the relationship
between persons and items along the same latent
trait scale. The Wright Map, also referred to as
the person-item map, is a powerful graphical
representation commonly used in Rasch analysis
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to illustrate the relationship between persons and
items along a shared latent ftrait scale
(Qudratuddarsi et al., 2024). This map provides a
clear visual depiction of how item difficulties and
person abilities align on the same measurement
continuum, enhancing the interpretability of the
instrument's measurement properties.
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Figure 2. The Wright Map

The Wright Map displayed above
provides a visual representation of the
relationship between person abilities and item
difficulties along the same latent trait scale. This
map is an essential tool in Rasch analysis, as it
helps evaluate the targeting and overall
functionality of the instrument. Left Side (Items):
The left side of the map shows the distribution of
item difficulties, labeled with item codes. Items
at the top are the most difficult, while those at the
bottom are the easiest. Right Side (Persons): The
right side displays the distribution of person
abilities. Individuals with higher abilities are
located towards the top, whereas those with lower
abilities are at the bottom.

The map shows a reasonable alignment
between person abilities and item difficulties,
indicating that the test is generally well-targeted
for the sample.

e the test is likely to provide
measurements for most respondents.

e However, the lack of items at the highest and
lowest  extremes could reduce the
measurement precision for individuals at these
ability levels.

precise

CONCLUSION

The conclusion from the result is the
Wright Map illustrates that the instrument
effectively measures the targeted construct for
most respondents. It also highlights some areas
for improvement, such as the potential need for
more difficult items to better differentiate high-
ability respondents and easier items to capture
lower-ability levels more accurately. These
insights can guide future item development and
refinement to enhance the instrument's validity
and reliability.
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