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Background: Although the use of technology is a trend, since the COVID-19 pandemic, its use has been exacerbated, especially in 
educational processes, causing techno-stress among teachers.
Purpose: In order to contribute to the lack of validated and adapted instruments in Latin America, this study aimed to analyze the 
psychometric properties and factorial structure of the Spanish version of the technostress scale in a large sample of Ecuadorian 
teachers.
Methods: A non-probabilistic intentional sample of 2850 teachers (mean age 40 years, SD= 9.65; 65% female) from various schools 
throughout the Ecuadorian territory was surveyed online using a cross-sectional design. Data analysis included exploratory (EFA) and 
confirmatory factor analysis (CFA), factorial invariance, assessment of internal consistency, sex differences in technostress scale scores 
and convergent validity.
Results: The EFA yielded a structure of four factors: skepticism, fatigue, anxiety and inefficiency. Through CFA, the hierarchical 
model that included a general factor and four nested factors had a better fit, and that model remained invariant across sex, age and 
public and private institutions. Total omega value (ω) was 0.962 for the total scale and hierarchical omega values (ωh) were 0.886 for 
the general factor, as well as 0.30, 0.22, 0.12 and 0.21 for the respective nested factors (skepticism, fatigue, anxiety and inefficiency). 
Moreover, the Resources, Experiences, Demands for Information and Communication Technologies (RED/TIC) scores were signifi-
cantly higher among women, although effect sizes of comparison of those sex differences were very small. Finally, the RED/TIC 
scores correlated with the Depression, Anxiety and Stress Scale (DASS-21).
Conclusion: The RED/TIC scale has adequate psychometric properties in primary and high school teachers, and its use in that 
population is supported, which provides a valuable tool for the evaluation and detection of technostress in teachers and facilitates the 
investigation of this multifactorial phenomenon in Latin America.
Keywords: psychometric properties, factor structure, technostress, teachers, Ecuador

Introduction
The use of Information and Communication Technologies (ICTs) in today’s world is practically an obligatory conduct, 
due to their accelerated progress and the ground they have gained in almost all areas of life (communication, education, 
health, economy, recreation).1

In recent years, in the context of the pandemic, the use of technology has been inevitable, evidencing an increase in 
teleworking, which can be defined as work carried out outside the workplace (remotely) and with the use of modern 
communication technologies.2 Different studies indicate that teleworking represents a risk of stress, since it favors 
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competition between work and home and also requires concentration and perseverance under pressure conditions. Then, 
there could be possible adverse consequences for the well-being of people and psychological and physical alterations.3,4

The report from the Institute for Occupational Safety, Health and Well-being of Spain5 provides results of a study on 
the manifestations of techno-stress and its possible consequences on the occupational health of workers from countries in 
the Hispanic world. The results indicate that between 64% and 68% present problems to work well with ICTs, even being 
forced to take a break from the activities of their position to attend to the technical difficulties they encounter. In addition, 
20% say they feel exhausted always or frequently after making use of these technologies.

The same report indicates that a large part of the workers surveyed (45%) do not have specific training for the use of 
ICTs and consider that working through them means a challenge with different demands (working for longer periods 
of time, remembering many things, risking being wrong, performing repetitive actions, handling a large amount of 
information). Over time, these demands can become the reasons for techno-stress or techno-fatigue.5

One of the groups that was affected by teleworking was that of teachers, who had to quickly adjust their study plans and 
learn to use technology to teach their classes and evaluate their students. They were also often forced to implement 
methodologies based on ICTs under the guidelines of their respective organizations and increase their work activities even 
during vacations.6,7 The integration of ICTs in teaching functions has implied a transformation in the way of organizing their 
work, all of which has resulted in different psychological effects, among which depression, anxiety and stress stand out.8,9

The increase in the levels of stress and anxiety in teachers linked to the use of technology has been associated with 
what is known as techno-stress. This phenomenon has been evidenced in different parts of the world and in Latin 
American countries such as Mexico,10 Chile11 Ecuador,12 Colombia13 and Peru.14

The first approximation to the term technostress was the one proposed by Brod,15 defining it as an adaptation disease 
derived from the lack of ability to deal with new technologies in a healthy way. Later, Weil and Rosen16 defined it as the 
negative impact on attitudes, behaviors or thoughts, being a direct or indirect product of the use of technologies.

Salanova et al17 proposed a concept of the techno-stress experience as

A negative psychological state associated with the use or threat of use of ICTs in the future. This experience is related to 
feelings of anxiety, mental fatigue, skepticism and inefficiency (p. 9). 

Technology anxiety has been used as a term to describe the fear, apprehension and agitation that people experience when 
interacting with technology. Fatigue refers to performing an activity to a greater extent than usual, resulting in a decrease in 
energy. Skepticism is defined as the manifestation of indifferent, distant and detached attitudes towards the use of ICTs. For its 
part, inefficiency is a cognitive component of techno-effort and refers to the level of inefficiency perceived from its use.18

On the other hand, Wang et al19 defined techno-stress as the discomfort, fear, tension and anxiety experienced when 
learning and using technology directly or indirectly, which ultimately ends in psychological and emotional problems that 
prevent further learning or using information technology. Lei and Ngai20 affirmed that it is a state of mental or 
physiological stimulation derived from the use of ICTs for work purposes and is generally related to an increase in 
work overload, accelerated pace and, in some way, personal carelessness.

Technostress has been related to loneliness and depression,21 as well as behavioral problems. In addition, among the 
consequences of technostress are psychosomatic complaints (sleep disturbances, headaches, gastrointestinal problems, 
muscle pain) and work effects (absenteeism, performance failures), which could even develop burnout.22

In the educational field, it is recognized that the use of ICTs provides both students and teachers with learning 
environments that allow them to manage a large number of resources to take advantage of information.23 However, when 
attention is placed on the psychological impact that the repeated use of ICTs can lead to, there is evidence that it can be 
associated with performance problems, impaired concentration, decreased well-being,24 skepticism, work fatigue, anxiety. In 
addition, it can influence their quality of life, family dynamics, interpersonal relationships at work and in society.25,26

It is important to point out that the techno-stress of teachers can be increased due to the lack of effective strategies to 
improve how adequately and timely teachers respond to emerging changes, such as a well-equipped work environment 
with didactic resources, good internet, perception of self-efficacy, flexibility, among others.27,28 In this sense, it has been 
shown that coping strategies focused on the problem and emotion, such as seeking support or distancing from ICTs, have 
been the most used to reduce levels of techno-stress.29
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Given the current validity of the phenomenon, one of the aspects that needs to be investigated in the study of techno- 
stress is its measurement. In this regard, various instruments for measuring techno-stress have been created, among which 
can be mentioned the Computer Anxiety Rating Scale (CARS-C) that measures anxiety towards technology, the General 
Attitudes Toward Computers Scale (GATCS-C) that evaluates a series of attitudes towards computers and technology, the 
Computer Thoughts Survey (CTS-C), which assesses specific thoughts that people have when working with 
technology,30,31 the Computer Technology Hassles Scale and the Computer Hassles Scale that evaluate the damage 
produced by the use of technologies,32,33 the Technostress Inhibitors scale that measures the organizational mechanisms 
that reduce stress due to the use of ICT.34 More recently, the Technostress Creators scale assesses factors that create stress 
due to the use of technology.35

The previously mentioned instruments are mostly for English-speaking people, while for Spanish-speaking people the 
test Resources Experiences Demands for Information and Communication Technologies (RED/TIC, acronym in Spanish) 
has been used. It is a useful and simple instrument to assess techno-stress that was prepared by Salanova et al17 as part of 
the WONT Psychosocial Prevention Research team at Unsiversitat Jaume I in Castellón, Spain. The original test 
measures four dimensions (skepticism, fatigue, anxiety, and inefficiency) that aim to assess psychosocial risks and 
harm based on the RED Model (Resources-Emotions-Demands).22 The original 16-item instrument presented a first- 
order factorial structure of four factors and adequate internal consistency through Cronbach’s alpha in each of its 
subscales: fatigue (α = 0.92), anxiety (α = 0.83), skepticism (α = 0.93), inefficiency (α = 0.84).

There are few validations carried out on the RED/TIC scale, but it is worth mentioning the one carried out by Carlotto and 
Gonçalves.36 They adapted and translated the original instrument of 16 items into Portuguese, working with a sample of 368 
Brazilian workers who used ICTs. Also, they carried out a Confirmatory Factor Analysis (CFA), and a factorial structure was 
evidenced adjusting to the four-factor model proposed by the original authors.22 In addition, these factors showed a Cronbach’s 
alpha greater than 0.70, demonstrating that RED/TIC is a valid and reliable instrument for the Brazilian population.

Despite having been used in the Spanish and Brazilian population, no studies were found in Ecuador or in other Latin 
American countries that adapt and verify the psychometric properties of the RED/TIC scale. Ecuador does not escape the 
global trend of the use of ICTs, since in the country distance education and teleworking are modalities that increased 
during the pandemic. However, they have gained momentum and their tendency is to be maintained over time, which 
requires a constant update by the teacher regarding the management of technology. This is a practice that brings a series 
of consequences that must be prevented and addressed once they occur.

Based on what has been said previously, it is imperative to use an instrument with cultural relevance, validity and 
reliability in the Ecuadorian teaching population, and that allows the evaluation of techno-stress and can provide 
information to prevent it or, if required, to intervene. From this need arises the objective of studying the psychometric 
properties and factorial structure of the RED/TIC scale, which has proven to be brief and useful in different fields.36,37

Materials and Methods
Participants
A nonprobabilistic and intentional sample of 3432 Ecuadorian teachers from primary and secondary school were invited 
by email or mobile phone to participate in the study, and they then completed a computerized survey. Then, 584 out of 
3432 participants were deleted due to missing data. Therefore, the analyzed sample was composed of 2850 teachers, and 
the participants’ demographic data are described in Table 1.

Measurement Instruments
Sociodemographic data. This section included information regarding basic sociodemographic data, such as age, sex, 
marital status and employment status.

The Technostress Questionnaire by Salanova and others,22 to assess technostress. It is self-administered with 16 
items, with 4 subscales: skepticism (items 1, 2, 3 and 4), fatigue (items 5, 6, 7 and 8), anxiety (items 9, 10, 11 and 12), 
inefficiency (items 13, 14, 15 and 16). The range of scores for each of the items ranges from 0 (not at all/never) to 6 
(always/ every day), with high scores indicating the presence of technostress. An example of one of the items is the 
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following: “with the passage of time, technologies interest me less and less”. The original scale presents a structure of 
four first-order factors (skepticism, fatigue, anxiety, inefficiency) each with an optimal internal consistency (Cronbach’s 
alpha) of: skepticism (α = 0.93), fatigue (α = 0.92), anxiety (α = 0.83) and inefficiency (α = 0.84).22 Furthermore, this 
instrument has a total internal consistency of α = 0.70.37

The Depression, Anxiety and Stress Scale [DASS-21]38 is a self-administered instrument consisting of 21 items and three 
subscales: anxiety evaluates situational anxiety and the subjective experience of anxious affect (items 2, 4, 7, 9, 15, 19 and 20), 
depression evaluates dysphoria, hopelessness, devaluation of life, self-depreciation, lack of motivation and inertia (items 3, 5, 
10, 13, 16, 17 and 21), and stress evaluates difficulty relaxing, nervous excitement, ease of getting upset or irritated (items 1, 6, 
8, 11, 12, 14 and 18). The items are answered on a Likert-type scale with a response range from 0 to 3 that goes from “not at all 
applicable to me” to “very applicable to me”, where a higher score indicates a greater presence of symptoms. An example of 
a question is the following: “I had a hard time relaxing”. Studies reaffirm the structure of three factors of the scale with 
excellent validity and reliability. Cronbach’s alpha was between α = 0.70 to α = 0.93 for the total test, while its dimensions 
present the following values: depression α = 0.88 to α = 0.93, anxiety α = 0.88 to α = 0.92, stress α = 0.89 to α = 0.92.39–41

Design and Procedure
A cross-sectional study was conducted. The data collection was carried out for 8 weeks between the months of October 
and November 2022. The average duration of the application was 30 minutes, and 71 educational institutions nationwide 
participated. The teachers were sent, by email or mobile phone, a link for an online survey on SurveyMonkey that 
allowed them access to the informed consent form and the objectives of the study. The study was approved by the Ethics 
Committee for Research in Human Beings (Comité de Ética de Investigación en Seres Humanos of the Technical 
Particular University of Loja, Ecuador, UTPL-CEISH, 4 of January 2022-Oficio-CEISH-01-2022), and conducted 
according to the principles expressed in the Declaration of Helsinki (World Medical Association [WMA], 2013).42 All 
participants provided individual consent to voluntarily participate in the study and received no economic compensation 
for their participation.

Table 1 Participants’ Demographics

Variable M SD Min/Max n %

Age 40.30 9.65 23–67
Gender

Male 981 34.42

Female 1869 65.57
Marital Status

Married 1645 57.7

Single 829 29.1
Divorced 328 11.5

Widowed 48 1.7
Level of teaching

Primary school 1770 62.1

Secondary school 1080 37.9
Geographic regions of Ecuador

Coast 653 22.9

Mountains 2028 71.2
East/Amazon 169 5.9

Type of institution
Public 1957 68.66
Private 893 31.33

Hours of work 8.25 1.52 4–14

Years of work experience 12.27 8.8 2–40

Abbreviations: M, mean; SD, standard deviation; Min, minimum value; Max, maximum value; n, sample absolute 
frequency.
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Statistical Analysis
The statistical analyses were carried out using the IBM Statistical Package for the Social Sciences (SPSS) software (IBM 
Inc., Chicago, IL, EE.UU.; version 26.0), AMOS version 25.0 (IBM Inc., Armonk, NY, United States), Computer 
Software Jamovi version 2.3.24 and Bifactor Indices Calculator: A Microsoft Excel-Based tool to calculate various 
indices relevant to bifactor CFA models.43

Firstly, a descriptive analysis (mean [M] and standard deviation [S]) of the teachers’ responses to the four factors of 
the techno-stress scale was performed.

Secondly, the factorial structure was analyzed by performing an exploratory (EFA) and confirmatory (CFA) analysis. 
Following the recommendation of Harrington44 that indicates that, to obtain the factorial structure, both the EFA and the CFA 
must be performed in different samples, the total sample (N= 2850) was divided into two homogeneous independent random 
subsamples (nA=1425) and (nB=1425). The chi-square statistical test did not reveal significant differences in both subsam-
ples, so the random selection helped maintain the same proportion of sociodemographic characteristics in each one of them. 
The first subsample (nA) was used to perform an EFA in order to determine the adequacy of factorial loading on each item of 
the RED/TIC scale. Additionally, the adequacy of matrix to perform the EFA was tested using the Kaiser-Meyer-Olkin (KMO) 
test and Bartlett´s test of sphericity. For the EFA, the maximum likelihood method was used in combination with oblimin 
rotation, retaining factor loads greater than 0.30 in the rotated matrix. The common practice is to retain factor loadings above 
0.30 or 0.40.45 The second subsample (nB) was used to perform a CFA. The selected indices to assess the goodness of fit of the 
CFA were the chi ratio squared (χ2) by degrees of freedom (CMIN/DF), the Bentler comparative fit index (CFI), the Tucker- 
Lewis index (TLI), the standardized root mean squared residual (SRMR), the root mean square error of approximation 
(RMSEA), the Akaike information criterion (AIC), and the Bayesian information criterion (BIC). Good fitness of the model 
was tested using the following indices: CMIN/DF ≤ 3 is adequate, ≥ 2 is optimal;46 CFI and TLI ≥ 0.90 is adequate, ≥ 0.95 is 
optimal; RMSEA and the SRMR ≤ 0.08 is adequate, ≤ 0.05 is optimal.47 AIC and BIC were used to evaluate alternative 
models with the smaller value in each case indicating the best fitting model.46

In order to assess the hierarchical model, additional statistical measures, such as Explained Common Variance (ECV), 
Percentage of Uncontaminated Correlations (PUC), replicability construct using H coefficient, omega coefficient (ω), and 
hierarchical omega coefficient (ωh), should be considered. Values greater than 0.70 for ECV and PUC support an essentially 
unidimensional structure of RED/TIC scale.48 Moreover, values included in the range 0.30–0.70 for the ωh, H and ECV 
indices reflect a substantive contribution of the factors or dimensions in explaining the construct variance. Those values being 
lower than 0.30 indicates a poor contribution, and those values being greater than 0.70 indicates an excessive contribution.49

Thirdly, we assessed the factorial invariance of the RED/TIC across the second subsample (nB), taking into account 
the following models: configural invariance (Model configural, MC), which indicates a factorial structure without 
restrictions (baseline); metric invariance (Model metric, MM), where equivalence restrictions are established between 
factor loads; scalar invariance (Model Scalar, SC), that is, load and intercept equivalence restrictions; and strict 
invariance (Model Strict, ST), which takes into account the equivalence restrictions of factor loads, intercepts, and 
residuals. Invariance tests for gender, age (< 38 or > 38 years old, that is, the median of the sample) and type of school 
(public or private) were only planned for the best fitting model. We assessed the measurement invariance and its levels in 
accordance with the recommendations of Cheung and Rensvold (2002):50 ΔCFI ≤ 0.01 and ΔRMSEA ≤ 0.015.

Fourthly, a multivariate analysis of variance (MANOVA) test was developed, offering the advantage of reducing type 
I error by assessing the sex differences of all items in the same analysis and control the effects of age throughout the 
covariance analysis. Effect sizes of principal comparisons of sex differences were calculated using eta squared (η2), 
taking into account values for small (0.01–0.05), medium (0.06–0.13) and large (0.14) effects.43

Fifthly, internal consistency was analyzed based on the omega coefficient (ω) and hierarchical omega coefficient (ωh), 
considering values ≥ 0.70 and 0.30 as satisfactory for ω and ωh, respectively. Finally, the convergent validity is analyzed 
from the Pearson correlation (r) between the scores of the RED/TIC and the scores of the Depression, Anxiety, and Stress 
Scale (DASS-21). The size of the Pearson correlation values (r) can vary from 0.10 to 0.29 (small), from 0.30 to 0.49 
(medium), and from 0.50 to 1.0 (large).51 In particular, r = 0.50 to 0.69 represents a solid value, r = 0.70 to 0.89 
represents a very solid value, and r ≥ 0.90 means the relationship between the variables is perfect.52
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It should be noted that, given the potential common method variance (CMV) issues when using a homogeneous 
sample, as in this study, Harman’s single-factor test was used.49 The result of the Principal Component Analysis (PCA) 
generated by including the items from the two scales revealed 4 factors that account for 63.5% of the total variance. The 
first unrotated factor captured only 46.56% of the variance in the data. Therefore, these results suggested that CMV is not 
an issue in this study, as the two underlying assumptions were not met (that is, no factor emerged and the first factor did 
not capture most of the variance).

Results
Descriptive Analysis
As can be seen in Figure 1, all the dimensions of the techno-stress scale present low scores in a greater proportion, 
although with heterogeneous and asymmetric distributions and with extreme cases towards high scores. Teachers show 
less techno-stress due to inefficiency and more due to fatigue (Skepticism M= 1.44 SD=1.24; Fatigue= M= 1.70 
SD=1.40; Anxiety M= 1.45 SD=1.35; Inefficiency M= 1.18 SD=1.24).

When classifying the teachers using the normative data of Salanova et al17 for a general sample of workers (N = 741), 
they are in the medium-high category. This indicates that, although the sample does not present techno-stress or techno- 
fatigue, there is a tendency to its manifestation in an important part of the sample.

Exploratory Factorial Analysis Using Subsample nA
A preliminary analysis of data suggests that the items of the RED/TIC scale showed a distribution within the limits of 
normality. According to Arenas et al,18 who describe criteria about maximum values for skewness (2) and kurtosis (7), 
our analysis showed maximum values of 1.71 for skewness and 2.76 for kurtosis (see Table 2). Likewise, the Kaiser– 
Meyer–Olkin (KMO, 0.951) and the Bartlett’s sphericity tests were significant (χ2 = 15,565; p < 0.001), showing data 
adequacy for factor analysis.

Figure 1 Box plot of the technostress dimensions.
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From the set of items, four factors were obtained coinciding with the original structure of Salanova et al17 scale, 
which explains 64.1% of the total cumulative variance (Factor 1: 11%; Factor 2: 23.8%; Factor 3: 14.4%; Factor 4: 
14.9%). It should be noted that item 9, which refers to tension and anxiety when working with technology, loaded on 
factor 2 (fatigue) and not on factor 3 (anxiety), as proposed by the original authors (see Table 2).

Confirmatory Factorial Analysis Using Sub Sample nB
To determine the factorial structure of RED/TIC, we compared the goodness-of-fit indices of eight different models of the 
Spanish version of the scale. Model 1: a one-dimensional structure where each item is represented by a single factor, thus 
including all sixteen items assessed within a single overall factor. Model 2: first order four-factor structure, namely 
skepticism (includes items 1 to 4), fatigue (includes items 5 to 8), anxiety (includes items 9 to 12), and inefficiency 
(includes items: 13 to 16), as proposed by the original authors of the scale (Salanova et al, 2007).17 Model 3: is similar to 
model 2, but taking into account the covariations between the errors of the items: 1–2, 5–4, 5–9, 8–9 and 13–15. Model 
4: the items are arranged into four first-order factors, according to the results of AFE, where item 9 loaded on factor 2 
(fatigue). Model 5: is similar to model 4 but taking into account the co-variations between the errors of the items 1–2, 6– 
15, 9–14 13–15. Model 6: a four-factor model but of second order, similar to model 4. Model 7: a second-order 4-factor 
model but respecified taking into account the correlated errors between items 6–15, 9–14 and 13–15. Model 8: 
a hierarchical structure that combines a general factor and four nested factors (skepticism, fatigue, anxiety and 
inefficiency).

The CMIN/DF, CFI, TIL, SRMR, RMSEA, AIC and BIC goodness-of-fit indices of Models 1–7 were not as adequate 
as those presented by Model 8 (CMIN/DF= 5.31; CFI = 0.976; TLI = 0.967; SRMR= 0.064; RMSEA = 0.055; AIC = 
16,032; BIC = 16,116) (see Table 3), these results suggest that a hierarchical model that included a general factor and 
four nested factors had a better fit (see Figure 2).

On the other hand, the additional assessment of the hierarchical model revealed that all factor loadings of Model 8 
were mostly greater than 0.30 and positive. As can be seen in Table 4, the value of the PUC is less than 0.80, the value of 
the general ECV factor is greater than 0.60, and the OmegaH of the general factor is greater than 0.70. According to 
Reise et al,53 these indicators suggest the presence of some multidimensionality that is not severe enough to disqualify 

Table 2 Descriptive Statistics and Factor Loadings for RED/TIC

Items Mean SD Skew Kurt Factor 1 Factor 2 Factor 3 Factor 4

Item 1 2.06 1.97 0.68 −0.71 0.634
Item 2 1.61 1.69 1.02 0.28 0.832

Item 3 1.06 1.43 1.45 1.65 0.448

Item 4 1.08 1.33 1.28 1.33 0.332
Item 5 1.73 1.66 0.81 −0.22 0.620

Item 6 1.95 1.62 0.69 −0.28 0.880

Item 7 1.62 1.51 0.81 0.06 0.933
Item 8 1.51 1.55 0.89 0.09 0.826

Item 9 1.54 1.56 0.95 0.18 0.571
Item 10 1.69 1.67 0.88 0.00 0.708

Item 11 1.38 1.50 1.00 0.39 0.907

Item 12 1.88 1.46 1.29 1.10 0.365
Item 13 1.26 1.62 1.31 1.00 0.814

Item 14 1.30 1.45 1.13 0.91 0.448

Item 15 0.94 1.35 1.71 2.76 0.759
Item 16 1.30 1.65 1.39 1.44 0.530

Percentage of variance 11% 23.8% 14.4% 14.9%

Total variance 64.1%

Notes: Factor 1 (items 1, 2, 3 and 4): Skepticism; Factor 2 (items 5, 6, 7, 8 and 9): Fatigue; Factor 3 (items 10, 11 and 12): Anxiety; Factor 4 
(items 13, 14, 15 and 16): Inefficiency. 
Abbreviations: SD, Standard Deviation; Skew, Skewness; Kurt, Kurtosis.
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the interpretation of the instrument as primarily unidimensional. Specifically, the general factor of Model 8 explained the 
74.4% of variance of technostress, and the four nested factors explained the 7, 8.5, 6.1 and 6.1%, respectively. Model 8 
also showed ωh and H indices (ranging in the interval 0.30–0.70) suggesting a substantive contribution not only of the 
general factor but also of the nested factor skepticism explaining the variance of technostress (see Table 4).

The fit indices of hierarchical model 8, both for the total sample and separated by sex, are presented in Table 5, 
showing a satisfactory fit in each of them. Next, configurational invariance (MC) was analyzed, displaying indicators of 
good fit (CFI = 0.968 and RMSEA = 0.040). Metric invariance (MM) resulted in good fit indices (CFI = 0.968; RMSEA 
= 0.040), being equal to the values of MC because they do not present differences (ΔCFI = 0.000 and ΔRMSEA = 0.000). 
These results indicate that the factor loadings are invariant between the groups of men and women, where covariances are 
compared. On the other hand, the scalar invariance (SC) shows indices equal to the previous model (CFI = 0.968; 
RMSEA = 0.040) without differences (∆CFI = 0.000 and ∆RMSEA = 0.000), accepting invariance between thresholds. 
Finally, the strict invariance (ST) reflects a good fit (CFI = 0.968; RMSEA = 0.040) without differences (∆CFI = 0.000 
and ∆RMSEA = 0.000), confirming the invariance of the residuals. Overall, the combined results demonstrated the 
factorial invariance of the Ecuadorian version of the RED/TIC across gender (both male and female). Similar results 
were also obtained in relation to age (≤38; ≥39), and public and private institutions (see Table 5).

Internal Consistency
The internal consistency of hierarchical Model 8 of the RED/TIC scale showed satisfactory outcomes for the total scale 
(ω = 0.96, ωh = 0.89) and in the omega coefficient of its four nested factors: skepticism (ω = 0.80, ωh = 0.30), fatigue (ω 
= 0.93, ωh = 0.22), anxiety (ω = 0.95, ωh = 0.12) and inefficiency (ω = 0.87, ωh = 0.21).

Table 3 Goodness-of-Fit Indices for the Confirmatory Factor Analysis

Models CMIN/DF CFI TLI SRMR RMSEA AIC BIC

M1 25.19 0.824 0.817 0.817 0.130 71,077 71,329
M2 10.41 0.942 0.929 0.039 0.081 69,489 69,773

M3 7.15 0.964 0.954 0.039 0.066 69,114 69,454

M4 9.13 0.950 0.939 0.036 0.076 69,364 69,648
M5 6.68 0.966 0.957 0.028 0.063 69,104 69,409

M6 9.21 0.948 0.938 0.038 0.076 69,385 69,659

M7 6.78 0.965 0.956 0.031 0.064 69,123 69,417
M8 5.31 0.976 0.967 0.064 0.055 16,032 16,116

Abbreviations: CMIN/DF, ratio square (χ 2) by degrees of freedom; CFI, Bentler comparative fit index; TLI, 
Tucker–Lewis index; SRMR, standardized root mean squared residual; RMSEA, Root mean square error of 
approximation; AIC, Akaike information criterion; BIC, Bayesian information criterion.

Figure 2 Hierarchical structure that combines a general factor and four nested factors.
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Sex Differences in the Spanish Version of Technostress Scale in Ecuador
Other measures of validity by method of contrasted groups, we evaluated whether the RED/TIC scores differed by sex, 
controlling age. In general, female participants reported significantly (5%) higher technostress scores (M = 23.51; SD = 
17.68) than males (M = 22.30; SD = 18.66) in the total score (F = 11.52, p < 0.001, η2 = 0.012). Such statistically significant 
differences were also found throughout most RED/TIC items, except for items 3 (referring to the contribution of technologies in 
their work), 4 (referring to the meaning of working with these technologies), 7 (referring to fatigue after working with 

Table 4 Hierarchical Model Index

Model Factor /Nested  
Factors

ECV ω ωh H PUC

Hierarchical general factor and four nested factors. General 0.724 0.962 0.886 0.950 0.792

Skepticism 0.070 0.795 0.302 0.488

Fatigue 0.085 0.925 0.224 0.544
Anxiety 0.061 0.952 0.115 0.655

Inefficiency 0.061 0.869 0.208 0.459

Abbreviations: ECV, Explained Common Variance; ω, omega coefficient; ωh, hierarchical omega coefficient; H, construct replicability index; PUC, 
Percentage of Uncontaminated Correlations.

Table 5 Factorial Invariance for the Total Sample and by Gender, Age and Type of Institution of Hierarchical Model

Model χ2 Df C-M Δχ2 Δdf CFI ΔCFI RMR RMSEA ΔRMSEA

Entire Group 467.070 88 – – – 0.976 – 0.064 0.055 –

Men 246.372 88 – – – 0.974 – 0.089 0.060 –

Women 350.763 88 – – – 0.974 – 0.064 0.057 –

MC 728.287 224 – – – 0.968 – 0.129 0.040 –

MM 728.287 224 MM-MC 0 0 0.968 0 0.129 0.040 0

SC 728.287 224 SC-MC 0 0 0.968 0 0.129 0.040 0

ST 728.287 224 ST-SC 0 0 0.968 0 0.129 0.040 0

≤38 273.499 88 – – – 0.975 - 0.076 0.056 –

≥39 293.226 88 – – – 0.976 - 0.076 0.056 –

MC 649.715 224 – – – 0.973 - 0.114 0.037 –

MM 649.715 224 MM-MC 0 0 0.973 0 0.114 0.037 0

SC 649.715 224 SC-MC 0 0 0.973 0 0.114 0.037 0

ST 649.715 224 ST-SC 0 0 0.973 0 0.114 0.037 0

Public 340.445 88 – – – 0.978 - 0.055 0.054 –

Private 279.994 88 – – – 0.957 - 0.104 0.070 –

MC 769.148 224 – – – 0.966 - 0.191 0.041 –

MM 769.148 224 MM-MC 0 0 0.966 0 0.191 0.041 0

SC 769.148 224 SC-MC 0 0 0.966 0 0.191 0.041 0

ST 769.148 224 ST-SC 0 0 0.966 0 0.191 0.041 0

Abbreviations: χ2, chi-square analyses; df, degrees of freedom; C-M, comparison of factorial invariance models; CFI, Bentler comparative fit index; RMR, 
standardized root mean squared residual; RMSEA, root mean square error of approximation; Δ, increase; Models: MC, Model Configural; MM, Model Metric; SC, 
Model Scalar; ST, Model Strict.
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technologies) and 8 (referring to how difficult it is to concentrate after working with technologies). When comparing the 
dimensions, significant differences are found in all of them, where women show more technostress in reference to skepticism [(F 
= 5.67, p < 0.01, η2 = 0.006): women (M = 1.45; SD = 1.22) and men (M = 1.41; SD = 1.27)], fatigue [(F = 3.43, p < 0.05, η2 = 
0.004): women (M = 1.73; SD = 1.39), men (M = 1.63; SD = 1.43)], anxiety [(F = 12.62, p < 0.001, η2 = 0.013): women (M = 
1.49; SD = 1.35), men (M = 1.37; SD = 1.35)], and inefficiency [(F = 18.15, p < 0.001, η2 = 0.019): women (M = 1.20; SD = 1.22) 
men (M = 1.15; SD = 1.27)]. However, the effect sizes of the comparison of such sex differences were slight, being greater that of 
anxiety and inefficiency (see Table 6).

Convergent Validity
To determine convergent validity, a correlation analysis was performed between the RED/TIC scores and the DASS-21 
Depression, Anxiety and Stress Scale with the complete sample (n=2280). Table 7 shows high and positive correlations 
were obtained with the scale to assess anxiety, depression and stress (DASS-21).

Table 6 Sex Differences in the Scores of the Technostress Scale (Item by Item)

Items Total Sample  
(N = 2850)

Female  
(n = 1869)

Male  
(n = 978)

F p η 2

M (± SD) M (± SD) M (± SD)

Item 1. 2.04 (± 1.97) 2.07 (± 1.96) 1.97 (± 1.98) 7.201 0.000 0.008

Item 2. 1.59 (±1.68) 1.61 (±1.66) 1.56 (±1.72) 8.906 0.000 0.009

Item 3. 1.03 (±.1.39) 1.03 (±.1.38) 1.04 (±.1.42) 0.557 0.643 0.001
Item 4. 1.09 (±.1.34) 1.10 (±.1.34) 1.07 (±.1.38) 2.500 0.058 0.003

Item 5. 1.71 (±1.66) 1.77 (±1.66) 1.59 (±1.66) 4.221 0.005 0.004

Item 6. 1.95 (±.1.63) 2.01 (±.1.62) 1.84 (±.1.64) 5.265 0.001 0.006
Item 7. 1.63 (±1.52) 1.64 (±1.51) 1.61 (±1.54) 2.351 0.070 0.003

Item 8 1.51 (±1.53) 1.51 (±1.51) 1.49 (±1.57) 1.795 0.146 0.002

Item 9. 1.56 (±1.59) 1.59 (±1.57) 1.52 (±1.62) 5.633 0.001 0.006
Item 10. 1.67 (±1.66) 1.72 (±1.67) 1.59 (±1.64) 8.168 0.000 0.009

Item 11. 1.39 (±1.49) 1.45 (±1.50) 1.27 (±1.48) 19.222 0.000 0.020

Item 12 1.19 (±1.46) 1.22 (±1.47) 1.14 (±1.43) 8.582 0.000 0.009
Item 13 1.23 (±1.57) 1.24 (±1.54) 1.21 (±1.64) 12.496 0.000 0.013

Item 14 1.31 (±1.45) 1.35 (±1.46) 1.23 (±1.43) 22.961 0.000 0.024

Item 15 0.92 (±1.33) 0.90 (±1.29) 0.97 (±1.41) 10.937 0.000 0.011
Item 16 1.26 (±1.59) 1.29 (±1.62) 1.21 (±1.54) 8.209 0.000 0.009

Skepticism 1.44 (±1.24) 1.45 (±1.22) 1.41 (±1.27) 5.667 0.001 0.006

Fatigue 1.70 (±1.40) 1.73 (±1.39) 1.63 (±1.43) 3.425 0.017 0.004
Anxiety 1.45 (±1.35) 1.49 (±1.35) 1.37 (±1.35) 12.623 0.000 0.013

Inefficiency 1.18 (±1.24) 1.20 (±1.22) 1.15 (±1.27) 18.145 0.000 0.019

Total score 23.08 (±18.03) 23.51 (±17.68) 22.30 (±18.66) 11.517 0.000 0.012

Abbreviations: M, mean; SD, standard deviation; N, sample size; n, subsample; p, level of significance; η 2, eta squared.

Table 7 Correlations of Technostress Scores and Mental Health

Total Technostress Skepticism Fatigue Anxiety Inefficiency

Total DASS – 21 0.641** 0.467** 0.586** 0.600** 0.551**

Depression 0.592** 0.448** 0.520** 0.549** 0.523**
Anxiety 0.615** 0.442** 0.556** 0.580** 0.537**

Stress 0.625** 0.447** 0.597** 0.584** 0.517**

Note: **p <0.01.
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Discussion
The main goal of the present study was to analyze the psychometric properties of the Spanish version of the technostress scale 
in Ecuadorian primary and secondary education teachers in order to address to the lack of validated and adapted instruments in 
Latin America. To our knowledge, no research had previously evaluated both the psychometric properties and factor structure 
in the Ecuadorian culture. In this study, it has been empirically verified, through construct validity (EFA and CFA), factorial 
invariance, reliability (omega and hierarchical omega coefficients), sex differences in technostress scale scores and convergent 
validity (Pearson’s correlations), that the RED/TIC is a reliable and valid tool for measuring technostress in teachers.

When first evaluating the behavior of technostress in the group of teachers, they are in the medium-high category.17 

Despite the fact that the majority do not present technostress or techno-fatigue, there is a tendency towards its 
manifestation in an important part of the sample. These data coincide with studies carried out in Chile,11 with the 
exception of inefficiency since the data classify their teachers with low levels of it. Similarly, comparing with studies 
from Mexico where all dimensions are classified as medium high,10 this study shows that teachers perceive important 
demands regarding the use of ICTs in their daily work that must be taken into account at the organizational level.

Regarding the differences between the dimensions, it coincides with previous studies in the sense that the least source 
of stress comes from inefficiency and greater technostress in fatigue and anxiety.11,22 Although this particular group does 
not present greater anxiety, it does present greater fatigue. This means it perceives tiredness and cognitive exhaustion due 
to the continued use of ICTs, which could lead it not to assimilate or structure the information.22 However, as a positive, 
it presents lower values in beliefs of inefficiency with the use of ICTs, compared to the other dimensions, that is, they 
perceive some capacities for the adequate use of ICTs.17

In relation to the exploratory factorial analysis, the results indicated a factorial structure of four factors for the RED/ 
TIC scale that explains 64.1% of the variance of the techno-stress construct. This structure is consistent with the original 
model12 and with the study on Brazilian workers36 and in Chilean teachers.11 It should be noted that item 9 was the only 
one that did not load in the expected factor (anxiety).

Although in the EFA it was found that the RED/TIC scale consists of four factors as reflected in the results of 
previous studies that reported that the RED/TIC has a structure of four first-order factors,11,17,36 in the CFA, when 
considering the measurements of the errors, a good fit of said model was not found. Therefore, a CFA of other models 
was carried out. In this sense, the hierarchical model that included a general factor and four nested factors (skepticism, 
anxiety, fatigue and inefficiency) has a better goodness of fit, among all the models evaluated. The hierarchical model has 
the advantage of being able to use both a one-dimensional solution (that is, using the cut-off point and the total score as 
a single variable) and a four-dimensional solution to evaluate the phenomenon of technostress in more detail. These 
results support the idea that technostress is a multidimensional construct, with the 4 dimensions originally proposed.17

Regarding measurement invariance, results of our study showed that the hierarchical model remained invariant across 
sex, age and private and public institutions. Researchers can proceed with examining the mean of those groups having 
confidence that, if any group differences are found, they are due to actual differences in technostress levels and not to an 
artefact of measurement error.54

On the other hand, our analyses revealed good internal consistency, not only for the total score but also for its four nested 
factors: skepticism, fatigue, anxiety and inefficiency. Such good reliability of the scale’s total score is similar or even higher 
than those reported in previous research, both in the 16-item version of the instrument17,36 and in the 22-item version.55,56

Regarding other measures of validity, the technostress construct was expected to be differentiated by sex. According to 
gender studies in the area of health and technology, there are greater problems in the group of women.57 This assumption 
was verified in this study, since it was found that women present greater techno-stress than men in the total score and in all 
four dimensions. Although there is a greater magnitude of effect in the total score and the dimensions of inefficiency and 
anxiety, it must be taken into account that the magnitudes of the effect are small. The fact that women present greater 
technostress, and particularly more in the dimensions of anxiety and inefficiency, shows the tendency in this group of 
female teachers to negatively perceive the use of technology, to experience emotional tension and discomfort due to the use 
of some type of ICT, and to have negative thoughts about the skills and competencies in the use of ICTs.
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These results coincide with the study by Salanova et al,17 who found differences based on sex in the general sample 
of workers, but only in the anxiety scale where women presented higher scores than men. In other studies,58 differences 
by sex have been found in anxiety, fatigue and inefficiency, reporting higher scores in women than in men. Villavicencio 
et al59 scored higher on techno-fatigue in women, but not on techno-anxiety.

These findings can be explained, especially in contexts such as the pandemic, by the conflict of multiple roles in 
women, which makes them prone to be a more vulnerable group when it comes to teleworking.11,60 Another explanation, 
which may not be exclusive, is the use and differential attitude of technology by gender. It has been found that men make 
greater use of digital tools and educational platforms,61 as well as maintain more favorable attitudes towards the use of 
technology than women.62 This could result in greater security and less perception of threat in the adoption of 
a technology in the workplace. In fact, Grande de Prado et al63 found that men feel more competent in solving technical 
problems and identifying technological needs and responses.

On the other hand, the use of technologies, and especially abruptly as has occurred during the pandemic, is capable of altering 
people’s daily lives, sometimes leading to a negative impact on health.5,8,9 The incorporation of ICTs can become a source of real 
stress that causes tension and anxiety in workers who do not use technology on a daily basis in their work activity.19

Thus, in terms of convergent validity, high and positive correlations were obtained between the RED/TIC scores and 
the scale to assess anxiety, depression and stress (DASS-21). These findings are consistent with the literature where 
techno-stress has been associated with depression,20 and with anxiety and stress.9,10

Limitations and Practical Implications
Several limitations of the study merit mention. First, our study should be considered with caution because the sample was 
only with primary and secondary school teachers, but no university teachers or trainers were considered. Second, we only 
tested the measurement invariance among sex, age and public and private institutions, and it was not possible to assess 
other variables. For example, we were unable to evaluate measurement invariance across different ethnic groups, as most 
of the teachers were mestizos (that is, mixed-race). Third, this represents a cross-sectional study, so measurement 
invariance, internal consistency as well as convergent validity should be replicated in future longitudinal designs. 
Fourth, although the anonymity of the data was guaranteed and the information provided was used for research purposes 
only, the use of a self-report tool (such as the RED/TIC) may be subject to some inaccuracies in data collection due to 
possible memory biases, social desirability, and acquiescent responses.

It should be noted that some studies work with 5 dimensions with this techno-stress scale.26,55 This research only 
works with the 4 original dimensions most related to techno-stress (skepticism, anxiety, fatigue and inefficiency), 
however, it is possible to take addiction into account as another dimension.

Finally, another limitation is related to the sample used in this study, which is not representative of the 21 countries in 
which Spanish is the native language. This limitation may affect the external validity of the results of this study. 
Therefore, for future research, it is recommended to use samples that include different Spanish-speaking countries.

Despite these limitations, the sample size and the values found empirically support our findings. In other words, the 
Spanish version of the RED/TIC scale constitutes a reliable and valid instrument that will facilitate Technostress research in 
primary and secondary school teachers in Ecuador or in countries in which Spanish is the primary language, which makes it 
a useful base tool for possible intervention programs in the group of teachers. The findings have crucial implications for 
teachers and education professionals. The adoption of technology in education is likely to continue, making it vital to 
address and manage technostress among teachers. Tailored interventions and support mechanisms can be developed based 
on the specific dimensions of technostress identified in this study. Also, this scale provides healthcare professionals with 
a valuable tool for assessing and addressing technostress among teachers. Recognizing the multifactorial nature of 
technostress allows for more precise interventions and support strategies. And finally, the validation of the RED/TIC 
scale in the Ecuadorian teaching population marks a significant advancement in research on technostress in Latin America.

Conclusion
The use of technology and teleworking are two situations that have increased in recent times and were accentuated during 
the most critical period of the pandemic. The trend is that, although a new normality eventually returns, there is no 
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turning back in terms of the use of ICTs, hence the emerging interest in the implications that this brings in the field of 
health. The present theoretical review shows that one of the consequences is techno-stress. Although it can occur in 
different work environments, this work focused specifically on the teaching population as one of the most affected by the 
new working conditions that arose and have forced teachers to constantly adapt to technological updates that do not stop. 
Due to all of the above, it was considered necessary to study the psychometric properties and factorial structure of RED/ 
TIC to measure techno-stress, and it was found that the hierarchical model that included a general factor and four nested 
factors had a better fit. This model offers a one-dimensional solution, that is, the cut-off point and the total score of the 
scale can be used as a single variable and a four-nested-factor solution (skepticism, fatigue, anxiety and inefficiency) to 
further assess the phenomenon of techno-stress. These findings suggest that technostress is a multifactorial phenomenon.

In addition, it was empirically verified that the instrument presents convergent validity and optimal internal 
consistency, that is, it can be used safely and accurately in the Ecuadorian teaching population, which is a significant 
advance for researchers in the area and healthcare professionals.

The results derived from this research allow healthcare professionals and researchers from countries where Spanish is 
the main language to have a 16-item, easy-to-use instrument that measures technostress in an academic context, in a valid 
and reliable way.
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