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Abstract: 
Virtual simulations in science classes are 

not used as often as might be expected if we 
consider the demonstrated improvement in 
students’ conceptual learning, the develop-
ment of their skills, and their acquisition of 
positive emotions. This makes it necessary 
to identify teachers’ attitudes and percep-
tions to the use of these tools. The aim of 
this work is to construct and validate an 
instrument for measuring the attitudes of 
secondary education teachers towards the 
use of virtual simulations in STEM fields. 
Based on an in-depth theoretical review, we 
developed an initial questionnaire that was 

subjected to a process of expert validation 
and a pilot study. A questionnaire compris-
ing 27 items was obtained, which was ap-
plied to 783 secondary school teachers in 
Spain. After carrying out confirmatory fac-
tor analysis, a scale comprising five factors 
was obtained. The psychometric analyses 
displayed satisfactory fit indices that prove 
the discriminant and convergent validity 
of the model. The result is a useful instru-
ment for determining the principal factors 
that discourage teachers from habitually us-
ing simulations. This enables the design of 
training proposals that take teachers’ prior 
attitudes into account.
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Resumen: 
Las simulaciones virtuales en el aula de 

ciencias no se utilizan de manera tan habi-
tual como cabría esperar si se tiene en cuenta 
la mejora demostrada en el aprendizaje con-
ceptual del estudiante, en el desarrollo de sus 
habilidades y en la adquisición de emociones 
positivas. Esto hace necesario conocer cuá-
les son las actitudes y percepciones del pro-
fesorado en el uso de estas herramientas. El 
objetivo de este trabajo es construir y validar 
un instrumento de medida de las actitudes 
del profesorado de educación secundaria ha-
cia el uso de simulaciones virtuales de áreas 
STEM. A partir de una profunda revisión 
teórica, se desarrolló un cuestionario inicial, 

que fue sometido a un proceso de validación 
de expertos, y un estudio piloto. Se obtuvo 
un cuestionario formado por 27 ítems, el cual 
fue aplicado a 783 profesores de educación 
secundaria de España. Tras el análisis fac-
torial confirmatorio desarrollado, se obtuvo 
una escala compuesta por cinco factores. Los 
análisis psicométricos mostraron índices de 
ajuste satisfactorios que prueban la validez 
discriminante y convergente del modelo. El 
resultado es un instrumento útil para deter-
minar los factores principales que alejan al 
profesorado del uso habitual de las simulacio-
nes. Esto posibilita el diseño de propuestas de 
formación que tengan en cuenta las actitudes 
previas del docente.

Palabras clave: simulaciones virtuales, ac-
titud del docente, cuestionario, enseñanza se-
cundaria.

1. Introduction
In current science teaching focuses, 

the learning of processes and under-
standing of content are becoming ever 
more important. Given this need, new 
technological challenges that favour a 
holistic learning of science are emerging 
(Oliverira et al., 2019; Osborne, 2014). 
In this sense, virtual simulations (VS) 
offer strategies based on the scientif-
ic method (De Jong & Van Joolingen, 
1998; Fan & Geelan, 2013; Rutten et al., 
2012), which favour reasoning and in-
quiry competences (Stieff, 2019; Trujillo 
et al., 2023; Wen et al., 2020), graphical 
competences (Plass et al., 2012), high-
er-order thinking skills (Amin & Ikhsan, 

2021), and scientific literacy (Chen et 
al., 2014; Lynch & Ghergulescu, 2017). 
Furthermore, they have the capacity to 
support model-based learning and its 
effect on visualisation (Lee et al., 2021) 
of most of the content associated with 
STEM (science, technology, engineering, 
and mathematics) fields (D’Angelo et 
al., 2014). They also make it possible to 
represent real phenomena: students ob-
serve and manipulate variables and phe-
nomena, and visualise the changes that 
occur (Chan et al., 2021; De Jong & Van 
Joolingen, 1998). Finally, the use of vir-
tual simulations improves students’ sat-
isfaction and engagement (Durán et al., 
2007; Wu & Huang, 2007), and so they 
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develop positive attitudes towards the 
sciences (Zacharia, 2003).

All of these characteristics make the 
introduction of virtual simulations as a di-
dactic resource very beneficial (D’Angelo 
et al., 2014; Waight et al., 2014). However, 
they are not habitually used in classrooms 
(Chan et al., 2021; Lee et al., 2021). To re-
solve this situation, a need to work from 
two fundamental perspectives emerges: 
teachers’ knowledge of the use of virtual 
simulations (Gómez et al., 2022; Moreno- 
Mediavilla et al., 2023) and their attitude 
towards using them (Lee et al., 2021). The 
aim of the present work relates to this lat-
ter perspective.

Attitude is described as an individual’s 
favourable or unfavourable outlook on 
an object, a person, or an event (Albirini, 
2006). This is a multidimensional con-
struct that encompasses three dimensions 
(affective, behavioural, and cognitive) al-
though their inclusion and interpretation 
vary according to the authors. For exam-
ple, Teo et al. (2016) include the affective 
dimension, understood as teachers’ enjoy-
ment of, pleasure from, and preference for 
the use of technology. Shapka and Ferrari 
(2003) also add the factor of anxiety when 
using technology. Not all authors regard 
the behavioural dimension as relevant. 
However, Teo (2008) does consider it to 
be important, as it makes it possible to  
analyse how proactive teachers are to-
wards different technological resources, 
their regular use, and training. The cog-
nitive dimension is associated with aspects 
such as perceived time savings or the im-
provements that technology provides in 

the educational process (Albirini, 2006). 
Other cognitive components are also in-
cluded, such as teachers’ perception of the 
usefulness of resources or their skills in 
using them (Teo, 2008), or the beliefs, val-
uation, and social function that they give 
to the use of technology (Cai et al., 2017). 

Based on these definitions, many au-
thors have analysed the principal vari- 
ables that affect the use of technology in 
education, drawing on the TAM theoreti-
cal model (technology acceptance model) 
(Davis et al., 1989). According to this mod-
el, the perceived usefulness and ease of use 
of technology significantly influence atti-
tudes towards using it, and this is relat-
ed to the intention to use the technology 
and its actual use (Albirini, 2006; Tate et 
al., 2015; Teo et al., 2016). In addition to 
these two principal factors, other possible 
variables have been described: the condi-
tions that facilitate the use of technology 
(Lai et al., 2012; Teo, 2012), technological 
complexity (Teo, 2012), teacher self-effica-
cy (Wong et al., 2012), gender (Cai et al., 
2017), age (Nunes et al., 2020), years of ex-
perience of use (Gargallo et al., 2007), and 
field of study (Teo, 2008). 

The extensive bibliography on atti-
tudes towards the use of technology con-
trasts with the few works on attitudes 
towards the specific use of virtual simula-
tions. Zacharia (2003) noted that teachers’ 
attitudes towards the use of technology 
improved after using it in class. For their 
part, Lehtinen et al. (2016) showed that 
knowledge of technology is correlated with 
the perceived usefulness of simulations 
and with attitudes towards their use in 
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class. Recently, Lee et al. (2021) analysed 
teachers’ attitudes towards the use of sim-
ulations through interviews. They found 
that the principal variables were perceived 
usefulness, ease of use, appropriateness of 
the simulations, the possibility of engag-
ing students in learning, and the teacher’s 
professional growth needs. With regards to 
the use of virtual simulations by teachers, 
Gómez et al. (2022) and Moreno-Mediavilla  
et al. (2023) designed and administered a 
questionnaire to analyse the perception of 
teachers’ perception of their digital com-
petence in the actual use of virtual sim-
ulations. The questionnaire presented in 
this work provides information of great in-
terest for addressing teachers’ specific at-
titudes towards the use of virtual simula-
tions, as there is no specific instrument for 
evaluating them. The attitudes and beliefs 
of the teacher on the use of these tools are 
decisive for improving their willingness to 
use them (Khan, 2011; Padilla, 2018). As 
well as identifying teachers’ attitudes to-
wards the use of virtual simulations, this 
questionnaire establishes whether this at-
titude directly influences the use of such 
tools and compares it with teachers’ own 
perceptions of their digital competences. 
This question has been highlighted as one 
of the principal needs in teacher training, 
as noted by De Pro Bueno et al. (2022) and 
Pozuelo et al. (2023).

Given the importance of knowing 
teachers’ attitudes towards the imple-
mentation of virtual simulations in the 
classroom, this work aims to design and 
validate a questionnaire on secondary 
teachers’ attitudes towards the use of vir-
tual simulations in STEM.

2. Method

2.1. Research design
This study is quantitative, non-experi-

mental, and descriptive and uses a trans-
versal design.

2.2. Sample
The sample was obtained using 

non-probability convenience sampling. It 
consists of 783 secondary education teach-
ers from Physics, Chemistry, Biology, Geol-
ogy, Technology, and Mathematics from all 
over Spain, who work in public (80.72 %), 
state assisted (16.22 %), and private 
(3.07 %) schools in urban (73.56 %) and 
rural (26.44 %) areas. Of the participants, 
61.94 % are women and 37.68 % men. In 
relation to age, 8.43 % of the teachers are 
aged under 31; 20.05 %, between 31 and 
40; 37.42 %, between 41 and 50; 31.42 %, 
between 51 and 60, and 2.68 % of them are 
more than 60 years old. With regards to 
the distribution of years of teaching expe-
rience, 22.09 % have less than 5 years of 
experience, 17.24 % have between 5 and 
10 years, 24.39 % have between 11 and 
20 years, and 36.27 % have more than 20 
years’ teaching experience.

2.3. Process of preparation of the 
questionnaire

The process of preparing this instru-
ment takes as its starting point, the TAM 
model of Davis et al. (1989), who suggest 
that the usefulness and ease of use of tech-
nologies directly influence people’s atti-
tudes and, with it, their final behaviour. 
Therefore, the questionnaire proposes an 
initial model with two major factors (use-
fulness and ease of use). In addition, other  
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variables that might influence the use of 
technologies and, in particular, virtual 
simulations were taken into account for 
the design of the items (Lee et al., 2021, 
Albirini, 2006, Teo et al., 2016, Tate et al., 
2015). So, items related to the affective 
dimension of the attitude towards the use 
of virtual simulations were proposed, like 
those previously described by Teo et al. 
(2016). Likewise, items were defined that 
relate to perceived usefulness and are wide-
ly described by various authors (Albirini,  
2006; Sahin et al., 2016; Teo, 2008; Teo 
et al., 2016). These items were proposed 
considering two additional aspects: their 
usefulness for improving understanding 
of content and their usefulness for acquir-
ing scientific competences. Finally, in line 
with the need proposed by Lee et al. (2021) 
to consider in depth the aspects involved 
in teachers’ perceptions of the ease of use 
of simulations, items that relate to their 
availability, complexity of use, and possi-
ble obstacles for students’ learning were 
introduced. 

Through this analysis, 46 relevant 
items were identified for the first version 
of the instrument. With the aim of deter-
mining the content validity of the ques-
tionnaire, a process of expert judgement 
was carried out by a panel of 4 teachers and 
researchers [an adequate number accord-
ing to Grant and Davis (1997)] selected 
by convenience. These professionals had a 
variety of professional experience (from 10 
to 46 years) and were experts of recognised 
standing in the didactics of experimental 
sciences, didactics of mathematics, and re-
search methods in education. The judge-
ment they provided included analysis of 

each item in relation to three properties: 
clarity, coherence, and relevance, as well 
as the relevant comments for each case. In 
cases where two or more experts negative-
ly evaluated the coherence or relevance 
properties, the item was eliminated; when 
clarity was criticised, the item’s wording 
was reviewed.

A pilot trial was then carried out with 
a sample of 30 secondary education teach-
ers from STEM fields in Spain, selected 
by convenience sampling; the objective of 
this was to obtain information about the 
relevance of the items. The teachers were 
from public and state-assisted centres in 
urban and rural locations. The question-
naire was distributed by email during 
the first two weeks of October 2021. A  
Cronbach’s alpha analysis of the question-
naire as a whole was performed and the  
item-total correlation was analysed.

2.4. Instrument and data collection 
procedure

The CADUSV questionnaire (Teacher  
Attitudes to the Use of Virtual Simula-
tions Questionnaire), drawn up using 
the Survey Monkey tool, includes sever-
al questions to characterise the sample 
(sex, age, years of teaching experience, 
speciality, and type of educational centre) 
and 27 items relating to the attitudes of 
STEM teachers towards the use of virtu-
al simulations (link to the questionnaire). 
The teachers indicate their level of agree-
ment or disagreement with each item on 
a Likert scale from 1 to 5. In addition, the 
objective of the study is set out in the in-
strument and the participation of teach-
ers of Physics and Chemistry, Biology and  

https://www.dropbox.com/s/xlvf9hhg037he02/Anexo - Instrumento CADUSV.pdf?dl=0
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Geology, and Technology and Mathematics 
in secondary education is requested. 

The questionnaire was distributed 
manually by email to public, state-assisted, 
and private educational centres in Spain. 
It was distributed between the second half 
of January and the end of February 2022 
during which period participation in this 
study was active. Participants’ anonymity 
was ensured at all moments.

2.5. Data analysis
The existence of previous studies di-

rectly related to the topic made it possi-
ble to start from a series of factors when 
constructing the questionnaire. Therefore, 
the construct validation was done through 
confirmatory factor analysis (CFA), for 
which the Mplus 8.1.5 data analysis pro-
gram was used.

Using the SPSS 25 program, the samples 
were first checked for the presence of out-
liers; any found were eliminated from the 
total sample. The assumption of multivari-
ate normality was tested using the Mardia 
coefficient (1970), which is determined 
based on the skew and kurtosis figures. As 
this assumption was not fulfilled, the poly-
choric matrix was used as the basis of the 
CFA. With the aim of fully rejecting the 
option of using the Pearson matrix as the 
basis of the analysis, tests were carried out 
with both types of matrix. In the case of the 
Pearson matrix, worse fit figures were ob-
served. The estimate of the models was de-
veloped using the unweighted least squares 
mean and variance adjusted (ULSMV)  
estimator, given that the variables observed 
for the proposed model were ordinal. 

The indices of fit of the two-dimensional 
model were calculated first and the modi-
fication indices and standardised residuals 
were obtained with the aim of improving 
the fit of the models. Absolute fit indices, 
which make it possible to evaluate whether  
the underlying theory fits the data extract-
ed, were used as well as incremental fit in-
dices, which compare the proposed model 
to a base model (McNeish et al., 2018).

The following absolute fit indices were 
obtained: the chi-squared value divided 
by the degrees of freedom for the model 
(CMIN/df), where values below 2 are very 
good and between 3 and 5 are acceptable 
(Hair et al., 2014); and the root mean 
square error of approximation (RMSEA), 
which seeks to test the fit between the pro-
posed model and hypothetical population-
al data. In this case, values below .05 are 
considered very good, and between .05 and 
.08, acceptable (Byrne, 2009). The incre-
mental fit indices provided are CFI (com-
parative fit index) and TLI (Tucker–Lewis 
index). In these, values greater than .9 are 
adequate and from .95 they are considered 
optimal (Xia & Yang, 2019). 

With the aim of determining the discrim- 
inant validity, the two-factor model was 
analysed and was compared with the sin-
gle-factor model, as well as with the four, 
five, and six factor models. The existence 
of second-order models was also considered 
(Table 1). These alternative models were 
defined on the basis of different possible 
combinations that were consistent with the 
theoretical assumption described above. 
For the comparison of the models, the in- 
dices of fit specified above were studied. 
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Also, to determine the shared vari-
ance of the items that form a dimension 
the convergent validity was analysed 
by analysing the factor loadings, which 
must achieve values greater than .5. 
Within the convergent validity, compos-
ite reliability was also analysed (Green & 
Yang, 2015) as well as the average vari- 
ance extracted (AVE). To be considered 
acceptable, these values must be above 
.7 and .37-.5, respectively (Hair et al., 
2014; Moral, 2019). 

3. Results
The initial model proposed for vali-

dation comprised 27 observed variables 
and two latent dimensions: interest in 
use (IU) and perceived difficulty (PD) 
(Table 1).

The analysis of outliers revealed the 
existence of six data sets that had to 

eliminated, and so the final study sample 
comprised 777 teachers, 99% of the ini-
tial sample. After establishing that the 
assumption of multivariate normality of 
Mardia was not fulfilled (Table 2) and 
that the fit with the Pearson matrix did 
not generate satisfactory results, it was 
decided to use the polychoric correlation 
matrix for the CFA.

We initially started from the esti-
mate of the model of two dimensions 
(IU and PD) to then improve it based 
on the R2 values and the modification 
indices of each item. As Table 3 shows, 
almost all of the R2 values were greater 
than .5, and so they were considered to 
be items that were adequate for explain-
ing the model. However, it was decided 
that items 21 and 24, with R2 values 
close to zero, did not have explanatory 
power and so they were eliminated from 
the questionnaire. 

Table 2. Mardia analysis.

Coefficient Statistic df p

Skew 67.269 8711.274 3654 1.000

Adjusted skew for small 
samples 67.269 8.747.318 3654 1.000

Kurtosis 924.526 49.845 .000*

Note: the significance level considered is 5%.
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Table 3. Original model (2 dimensions).

Variable Factorial weight SE p-value R2

1 .880 .016 0 .774

2 .854 .019 0 .729

3 .783 .017 0 .614

4 .806 .018 0 .649

5 .732 .021 0 .536

6 .818 .018 0 .670

7 .814 .018 0 .663

8 .612 .025 0 .374

9 .719 .021 0 .517

10 .780 .018 0 .609

11 .838 .016 0 .703

12 -.817 .024 0 .668

13 .739 .019 0 .546

14 .858 .015 0 .735

15 .471 .035 0 .222

16 .452 .033 0 .204

17 .692 .029 0 .479

18 .614 .032 0 .377

19 .569 .034 0 .324

20 .653 .031 0 .426

21 -.099 .039 .01 .010

22 .501 .034 0 .251

23 .579 .032 0 .336

24 .131 .041 .001 .017

25 .680 .026 0 .463

26 .510 .032 0 .260

27 .551 .031 0 .303
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Based on the modification indices, it 
was observed that item 12 better fitted 
the interest in use (IU) dimension, and so 
the decision was taken to move it to this 
dimension. The analysis of the modifica-
tion indices showed the existence of cor-
relations between the errors from items 
22 and 23, items 7 and 8, and items 26 
and 27, which were included. As Table 4 
shows, with the changes made to the mod-
el with two dimensions, a notable but in-
sufficient improvement in the fit values 
was obtained. 

Next, various models were tested that 
matched the different theoretical assump-
tions explored: 1 dimension, 4 dimensions, 
5 dimensions, 6 dimensions, and 5 and 6 
dimension models with second-order fac-
tors (see Tables 1 and 4). 

As for the fit of these models, it was 
found that items 19 and 22 always dis-
played inadequate R2 values and that the 
modification indices displayed the same 
change in item 12. For this reason, all of 
the models include these modifications.

Table 4. Comparison of all of the models studied

Χ2 df p Χ2/df RMSEA RMSEA 
(p) CGI TLI

2 factors
(original) 2493 323 0 7.718 .093 0 .837 .822

2 factors 1274.986 271 0 4.705 .069 0 .923 .914
1 factor 3631.954 272 0 13.353 .126 0 .741 .714
4 factors 1208.161 267 0 4.525 .067 0 .927 .918
5 factors 974.259 263 0 3.704 .059 0 .945 .937
5 factors +
2 second  
order factors

1028.209 268 0 3.837 .060 0 .941 .935

6 factors 965.907 258 0 3.744 .059 0 .945 .937
6 factors +
2 second or-
der factors

1113.053 267 0 4.169 .064 0 .935 .927

On this point, it should be noted that, 
in all of the models, the correlations be-
tween the factors were defined as free 
parameters. To analyse the discriminant 
validity of the model, Table 4 shown a 
comparison of the indices of fit for the 
different models tested. The calculated 
indices of fit show that the one-dimen-
sional structure of the questionnaire 
should be rejected. The values of χ2/df, 
RMSEA, CFI, and TLI do not indicate a 

clear improvement in fit when we move 
from the 2-dimension model (IU and PD) 
to the one with 4 dimensions (IU, CU, 
OL, and A). However, a clear improve-
ment in fit is observed when comparing 
the 2-dimension model with the 5-dimen-
sion model (PU, BFU, CU, OL, A). With 
this latter model, a RMSEA value very 
close to .05 is obtained as well as CFI 
and TLI values greater than .93, some-
thing that indicates an adequate fit of the 
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model. The 6-dimension model (PUConc, 
PUComp, BFU, CU, OL, A) also has ade-
quate fit; the theoretical justification is 
that the 5 and 6 dimension models only 
differ in the subdivision of the PU dimen-
sion into PUConc and PUComp. Howev-
er, there is no improvement in the indices 
of fit compared to the 5-dimension mod-
el. Finally, with regards to models with 
5 and 6 dimensions with second-order 
factors, there is a small improvement in 
the incremental fit indices but the ab-
solute fit indices become slightly worse 
and so no relevant overall improvement 
is observed. Therefore, the analysis of 
discriminant validity and the principle 
of parsimony (Carroll, 1978; Ferrando & 
Anguiano-Carrasco, 2010) indicate that 
the model which is simplest and offers 

the best fit to the theoretical principles 
is the five factor model: perceived useful-
ness (PU), beliefs and feelings about the 
use of VS (BFU), complexity of use (CU), 
obstacles for learning (OL), and avail- 
ability (A). In this model, the two initial 
dimensions of IU and PD have been sub-
divided into two and three, respectively. 
In this way, more concrete dimensions 
are obtained that provide valuable in-
formation about the aspects that affect 
teachers’ attitude towards the use of 
simulations (Table 5). Figure 1 shows the 
outline of the final five factor model of 
the CADUSV questionnaire, in which a 
correlation was established between the 
errors from items 7 and 8 and items 22 
and 23 based on what is shown by the 
modification indices of the model.

Table 5. Five factor model.

Factorial weight SE p-value R2

Perceived usefulness

Item 1 .899 .015 0 .808

Item 2 .876 .018 0 .767

Item 3 .802 .017 0 .643

Item 4 .824 .018 0 .679

Item 5 .746 .021 0 .557

Item 6 .838 .017 0 .702

Item 7 .813 .018 0 .661

Item 8 .602 .026 0 .362

Item 9 .734 .02 0 .539

Beliefs and feelings about the 
use of virtual simulations

Item 10 .804 .018 0 .646

Item 11 .865 .016 0 .748
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Item 12 .731 .021 0 .534

Item 13 .775 .017 0 .601

Item 14 .891 .014 0 .794

Complexity of use

Item 15 .59 .033 0 .348

Item 16 .558 .034 0 .311

Item 17 .84 .028 0 .706

Item 18 .742 .03 0 .551

Obstacles for learning

Item 19 .6 .033 0 .360

Item 20 .692 .032 0 .479

Item 22 .5 .035 0 .250

Item 23 .58 .033 0 .336

Item 25 .701 .029 0 .491

Availability

Item 26 .876 .021 0 .767

Item 27 .956 .022 0 .914

Figure 1. Summary outline of the final 5-factor model.



Alicia PALACIOS, Rosa GÓMEZ, Álvaro BARRERAS and Daniel MORENO-MEDIAVILLA
R

ev
is

ta
 E

sp
añ

ol
a 

d
e 

P
ed

ag
og

ía
ye

ar
 8

2
, 
n
. 
2
8
9
, 
S

ep
te

m
b
er

-D
ec

em
b
er

 2
0
2
4
, 
5
8
5
-6

0
5

598 EV

To determine the convergent validity of 
the 5-factor model, it should be noted that 
the factor loadings of all of the items are 
greater than .5 (Table 5). Furthermore, 
Table 6 shows the results for composite 
reliability and average variance extracted 
for the different models, which confirm 
that the 5-factor model is the most sat-
isfactory in overall terms. The PU, BFU, 

and A factors display an omega reliability 
greater than .9 and a mean explained vari- 
ance much greater than .5. The CU factor 
displays an omega reliability greater than 
.7 and an AVE very close to .5 (.479). Final-
ly, the OL factor also displays an omega re-
liability greater than .7, but an AVE on the 
limit of what is considered to be acceptable 
(.37-.5) according to Moral (2019).

Table 6. Convergent validity.

Number 
of factors Name of factor (initials) AVE Omega 

reliability

1 factor Attitudes towards use (AU) .385 .734

2 factors
Interest in use (IU) .607 .955

Perceived difficulty (PD) .335 .854

4 factors

Interest in use (IU) .607 .955

Complexity of use (CU) .478 .781

Obstacles for learning (OL) .384 .754

Availability (A) .840 .913

5 factors

Perceived usefulness (PU) .635 .939

Beliefs and feelings about the use of VS (BFU) .665 .908

Complexity of use (CU) .479 .781

Obstacles for learning (OL) .383 .754

Availability (A) .841 .913

5 factors +
2 second or-
der factors

Perceived usefulness (PU) .635 .939

Beliefs and feelings about the use of VS (BFU) .665 .908

Complexity of use (CU) .479 .782

Obstacles for learning (OL) .385 .754

Availability (A) .840 .913

F1: interest in use (IU) .890 .942

F2: perceived difficulty (PD) .666 .851
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4. Discussion and conclusions
In the present research, a specific ques-

tionnaire on teachers’ beliefs and attitudes 
towards the use of virtual simulations 
was designed and validated to consider in 
greater depth the main aspects that en-
courage or discourage teachers from using 
this tool.

The design of the questionnaire started 
from the principal factors that influence 
the use of technologies, such as their use-
fulness and the ease or complexity of their 
use (Davis et al., 1989). In addition to these 
factors, variables described as shaping the 

behaviour of the teacher were introduced, 
both in the general use of technologies  
(Albirini, 2006; Sahin et al., 2016; Teo, 
2008; Teo et al., 2016), and in the specific 
use of virtual simulations (Lee et al., 2021;  
Zacharia, 2003). 

The questionnaire, which initially 
comprised 46 items, was optimised fol-
lowing the expert judgement and the pi-
lot trial giving a final composition of 27 
items. Following the CFA carried out in 
this work, which starts form an initial 
two-factor model (interest in use and per-
ceived difficulty), a scale comprising five 

6 factors

Perceived usefulness for conceptual 
learning (PUConc) .698 .933

Perceived usefulness for competence 
learning (PUComp) .618 .827

Beliefs and feelings about the use of VS (BFU) .665 .908

Complexity of use (CU) .479 .781

Obstacles for learning (OL) .384 .754

Availability (A) .841 .913

6 factors +
2 second or-
der factors

Perceived usefulness for conceptual 
learning (PUConc) .698 .933

Perceived usefulness for competence 
learning (PUComp) .711 .827

Beliefs and feelings about the use of VS (BFU) .664 .908

Complexity of use (CU) .479 .782

Obstacles for learning (OL) .385 .754

Availability (A) .841 .913

F1: interest in use (IU) .859 .948

F2: perceived difficulty (PD) .666 .851
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factors was obtained: perceived usefulness 
(PU), comprising 9 items; beliefs and feel-
ings towards the use of SV (BFU), com-
prising 5 items; complexity of use (CU), 
which includes 4 items; obstacles for 
learning (OL), with 5 items; and avail-
ability (A), which contains 2 items. The 
division of the interest in use theoretical 
dimension into two factors (PU and BFU) 
is theoretically based on the differentia-
tion between the aspects referring to the 
teacher’s beliefs regarding the usefulness 
of virtual simulations (Teo, 2008; Teo et 
al., 2016) and the effective aspects relat-
ing to the emotions of the teacher on the 
use of SV, previously described by Albirini 
(2006) or Lee et al. (2021). With regards 
to the perceived difficulty theoretical di-
mension, this is divided into three factors 
(CU, OL, and A) because this difficulty, 
as Lee et al. (2021) previously noted, can 
have different origins. The results of this 
work indicate that there are at least three 
factors that might discourage teachers: 
complexity of use, previously defined by 
Teo (2008); availability, closely related 
to the concept of accessibility studied by 
Hew and Brush (2007); and obstacles to 
learning, that is to say, the characteristics 
described regarding virtual simulations 
and their use. This five-factor struc-
ture provides a greater specificity when  
analysing teachers’ beliefs and attitudes 
towards the use of virtual simulations 
and so it can help to identify the decisive 
factors that encourage or discourage sci-
ence teachers in the use of virtual simula-
tions in their classrooms.

The quality of the questionnaire has 
been proven through CFA, providing in- 

dices of fit that prove the discriminant 
validity of the 5-factor model. The conver-
gent validity showed satisfactory values 
for all of the dimensions apart from OL, 
where despite it having adequate compos-
ite reliability values, the AVE values were 
on the limit of what is acceptable accord-
ing to Moral (2019), and so it would be 
interesting to evaluate this dimension to 
improve its convergent validity in future 
works. The availability (A) dimension 
displays only two items, and so, despite 
presenting adequate validity values, it 
would be interesting to analyse it in great-
er depth. We consider that these limita-
tions of the questionnaire derive from the 
very theoretical design of its items. Even 
though the questionnaires on teachers’ 
attitudes towards the use of technology 
that we identified were used as a basis, 
the small number of works published on 
teachers’ attitudes towards the specific 
use of virtual simulations (Lee et al., 2021; 
Lehtinen et al., 2016; Zacharia, 2003) and 
the lack of previous questionnaires in this 
field hampered the design of the items and 
dimensions of the questionnaire. 

Another limitation of the study re-
lates to the use of non-probability conve- 
nience sampling. It would be interesting 
to administer this questionnaire in fu-
ture works to a larger sample obtained by 
means of probability sampling to confirm 
its validity and improve it.

Overall, the statistical results confirm 
the validity of the theoretical construct, 
and so the CADUSV questionnaire ap-
pears to be a useful and practical instru-
ment for analysing teachers’ attitudes 
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towards the use of virtual simulations in 
STEM subjects. Knowledge of this percep-
tion is vital to determine the main factors 
that push teachers away from habitually 
using this resource, as their perceptions of 
and attitudes towards technologies direct-
ly influence their effective use (Paraskeva 
et al., 2008). Identifying these factors is 
also of great interest for designing per-
sonalised training proposals that take into 
account the prior attitudes and beliefs of 
the teacher (Gargallo, et al., 2006; Padilla, 
2018). As Lee et al. (2021) and Pozuelo et 
al. (2023) already noted, it is necessary to 
resolve the possible demands or difficul-
ties that teachers face when using virtual 
simulations to improve their attitude and 
so increase the effective use of this tool in 
science teaching.
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