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ABSTRACT  

A study was conducted to validate a questionnaire designed to assess the use of digital technologies 

in multigrade, single - teacher educational processes. The objective was to d etermine the construct 

validity of the instrument through exploratory and confirmatory factor analysis. The research was 

based on the need for reliable tools to measure pedagogical technology practices in multigrade 

settings. A quantitative methodology wit h an instrumental design was used. The questionnaire was 

administered to a sample of practicing teachers, and its psychometric properties were evaluated. The 

exploratory factor analysis showed that the items presented adequate levels of normality and 

consi stent factor loadings, which supported the validity of the theoretical model. However, the 

confirmatory factor analysis revealed that the initial model did not fully fit the data, highlighting the 

need to adjust the instrument's structure. Some fit statist ics indicated acceptable agreement. It was 

concluded that the questionnaire has a solid theoretical foundation, and the modified model more 
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accurately represented the underlying structure of the observed variables. The improved fit indices 

support its vali dity for evaluating the use of Information and Communication Technologies in 

multigrade  pedagogical mediation. This validation represents a key step toward having tools that 

allow for diagnosing and intervening in the pedagogical integration of technologies in multigrade, 

single - teacher classrooms. The instrument can be used in future resear ch and educational 

improvement processes related to didactic mediation supported by digital technology.  

Keywords: factor analysis; multigrade classrooms; information and communication technologies ; 

construct validation.  

 

RESUMEN  

Se desarrolló un estudio para validar un cuestionario orientado a evaluar el uso de tecnologías 

digitales en procesos educativos multigrado -unidocentes. El objetivo consistió en determinar la 

validez de constructo del instrumento mediante análisis factoria l exploratorio y confirmatorio. La 

investigación se fundamentó en la necesidad de contar con herramientas fiables que permitan medir 

prácticas tecnológicas pedagógicas en contextos de atención multigrado. Se utilizó una metodología 

cuantitativa con diseño instrumental. El cuestionario fue aplicado a una muestra de docentes en 

ejercicio, y se evaluaron sus propiedades psicométricas. El análisis factorial exploratorio evidenció 

que los ítems presentaron niveles adecuados de normalidad y cargas factoriales con sistentes, lo cual 

respaldó la validez del modelo teórico. Sin embargo, el análisis factorial confirmatorio reflejó que el 

modelo inicial no se ajustaba completamente a los datos, lo que evidenció la necesidad de realizar 

ajustes en la estructura del instr umento. Algunos estadísticos de ajuste indicaron una concordancia 

aceptable. Se concluyó que el cuestionario posee fundamentos teóricos sólidos, el modelo modificado 

representó de forma más adecuada la estructura subyacente de las variables observadas. La mejora 

en los índices de ajuste respalda su validez para evaluar el uso de las Tecnologías de la I nformación 

y las Comunicaciones  en la mediación pedagógica multigrado.  Esta validación representa un paso 

clave para contar con herramientas que permitan diagnosticar e intervenir en la integración 

pedagógica de tecnologías en aulas multigrado -unidocentes. El instrumento podrá ser utilizado en 

futuras investigaciones y proce sos de mejora educativa relacionados con la mediación didáctica 

apoyada en tecnología digital . 
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Palabras clave : análisis factorial; aulas multigrado; tecnologías de la información y las 

comunica ciones ;  validación de constructo . 

 

RESUMO  

Um estudo foi conduzido para validar um questionário desenvolvido para avaliar o uso de tecnologias 

digitais em processos educacionais multisseriados com um único professor. O objetivo foi determinar 

a validade de construto do instrumento por meio de análise fatorial exploratória e confirmatória. A 

pesquisa baseou -se na necessidade de ferramentas confiáveis para mensurar pr áticas pedag ógicas 

com tecno logia em contextos multisseriados. Foi utilizada uma metodologia quantitativa com 

delineamento instrumental. O questionário foi aplicado a uma amostra de professores em exercício, 

e suas propriedades psicométricas foram avaliadas. A análise fatorial explor atória mostrou que os 

itens apresentaram níveis adequados de normalidade e cargas fatoriais consistentes, o que 

corroborou a validade do modelo teórico. Contudo, a análise fatorial confirmatória revelou que o 

modelo inicial não se ajustava completamente ao s dados, evidenciando a necessidade de ajustes na 

estrutura do instrumento. Algumas estatísticas de ajuste indicaram concordância aceitável. Concluiu -

se que o questionário possui uma sólida fundamentação teórica e que o modelo modificado 

representou com ma ior precisão a estrutura subjacente das variáveis observadas. Os índices de 

ajuste aprimorados corroboram sua validade para avaliar o uso de Tecnologias da Informa ção e 

Comunica ção (TICs) na media ção pedag ógica multisseriada. Esta valida ção representa um  passo 

fundamental para a obtenção de ferramentas que permitam diagnosticar e intervir na integração 

pedagógica de tecnologias em salas de aula multisseriadas com um único professor. O instrumento 

pode ser utilizado em futuras pesquisas e processos de apri moramento educacional relacionados à 

mediação didática apoiada por tecnologias digitais.  

Palavras - chave: análise fatorial; salas de aula multisseriadas; tecnologias da informação e 

comunicação ; validação de construto.  

 

INTRODUCTION  

In the Costa Rican educ ation system, the updated education policy, implemented by the Higher 

Education Council in 2016, emphasizes the integration of Information and Communication 

Technologies (ICTs) into the educational process. This policy highlights the importance of equitabl e 
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digital citizenship to reduce the digital and social divide, and promotes the adoption of digital 

technologies and the responsible use of information. Furthermore, it seeks to create innovative 

learning environments from early childhood, fostering creati vity and critical thinking, with the goal 

of developing responsible digital citizenship.  

The clarity with which the role of ICT in the education system is defined contrasts sharply with the 

scarcity of assessments regarding digital skills and the implement ation of these learning tools in the 

classroom for multi -grade teaching. One of the most recent studies indicates that, following the 

closure of schools during the pandemic, the majority of teachers (between 41% and 46%) have a 

low level of digital skills,  according to the State of the Nation Program in its 2021 report. The study 

also indicates that almost all teachers own a computer and 71% have internet access, although only 

66% have the technological resources necessary to teach. Furthermore, 84% of teac hers receive 

support from school administration to integrate digital technologies, and nine out of ten teachers 

benefit from ICT inclusion programs. However, more than 50% of teachers (five out of ten) lack 

specialized training or professional development in remote or distance education using these 

technologies.  

Another, slightly more recent study indicates that in the first and second cycles of primary education, 

the largest percentage of teachers are at the initial level (39%). According to the First Nati onal 

Census of Digital Technologies in Education (MEP and UCR, 2016), this situation has changed little 

since then, as the results reveal that teachers in the first and second cycles use digital technologies 

less in educational processes compared to the re st of the teaching staff (Research Department, 

2022). Likewise, the eighth State of Education Report 2021 also reflects the significant needs of this 

group, determining that the majority are at the initial level of digital competencies in the areas 

evaluat ed: pedagogical practice, professional development, and digital citizenship.  

Despite these limited studies, they have not shown the digital divide between schools based on their 

geographic location, which is crucial for developing programs to improve cover age. In this regard, 

Chanto and Loáiciga (2020) point out that geographic location is a determining factor, with urban 

areas having greater access to ICT products compared to rural areas. Although this research is 

conducted within the university setting, i t serves as a basis for understanding the landscape of 

multigrade primary education, which may be situated in a similar, and perhaps even more complex, 

context.  

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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In this context, it is important to understand that the term ñdigital divideò refers both to the lack of 

access to ICTs and to a lack of knowledge in their use, even when access is available (Cabero  

Almenara & Ruiz  Palmero, 2018). Addressing this concept is relevant to understanding why it is 

important to have reliable data on the implementation of ICTs in Costa Rican multigrade classrooms, 

where many factors influence this reality. The research by Paniagua -Esquivel and Valverde -

Hernández (2021) shows an index with very low average values in regional districts such as Sulá, 

Coto, Grande del Térraba, and Turrialba, which are rural areas. This highlights gaps between different 

regional districts and the challenges of expanding connectivity in districts outside the central area. 

Furthermore, the study concludes that technical secondary schools have the h ighest scores on the 

index, while primary schools, CINDEA (Adult Education Centers), and IPEC (Institute for Professional 

Training and Education) have lower scores.  

Among the factors identified by some research studies are the limitation of technological r esources 

and connectivity. In this regard, it should be noted that rural areas show a deficit in infrastructure, 

connectivity, and devices; they have insufficient coverage of communication services, which limits 

the effective integration of ICTs (Cabero  Almenara & Ruiz  Palmero, 2018).  

In addition to the factors mentioned above, teacher training stands out, which can be considered in 

two stages: university education prior to entering the profession and training developed during 

teaching practice, consisting of professional development, self -directed learning, and ongoing 

professional development. In this regard, Salazar -Ureña et al. (2023) found that teachers in single -

teacher schools feel unprepared to integrate ICT into their teaching practices and therefor e require 

training. Thus, it can be stated that the implementation of ICT in the classroom is difficult to measure, 

and that its measurement is of vital importance.  

Studies such as Castillo's (2020), conducted in the Spanish context, reveal that, although active 

learning methodologies have been introduced, teachers do not frequently use innovative 

technological resources or emerging methodologies in the teaching and learning process. This 

indicates that knowledge about these resources does not necessarily i mply their use in the classroom. 

Martínez  Serrano's research (2019) also points this out, concluding that both students and teachers 

demonstrate a fairly acceptable level of technological literacy, with teachers showing greater training 

and use of ICT. However, it concludes that training in these technologies does not have a direct 

correlation with the use of these resources in the classroom.  

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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Based on the points raised in the preceding paragraphs, the need arises to understand the reality of 

multi -grade classrooms in the implementation of ICT. For this reason, it is necessary to have an 

instrument validated in the Costa Rican context that allows us to measure the level of implementation 

of these technological tools in multi -grade classrooms. To this end, the EUTIC -ALU/DOC 

questionnaire, entitled Questionnaire for the Evaluation of ICT Use by Students (Domínguez  Alfonso 

et al .,  2018), is used.  

This tool aims to combine the aforementioned aspects and dimensions into a concise, user - friendly 

instrument that i s easy to implement and analyze, focusing on the secondary education stage. The 

validation presented here is considered necessary to obtain reliable results that will allow for future 

comparative studies with previous research, enabling an assessment of th e level of ICT 

implementation in multigrade classrooms.  

The original version of the questionnaire comprises sixty items structured into four dimensions: 

training (items 1 -9), which refers to skills and competencies; use of ICT (items 10 -23); opinions 

regar ding ICT (items 24 -40); and ICT in the classroom (items 41 -60). This study focuses on the 

latter two dimensions. The authors developed these dimensions based on similar research on the 

impact of ICT in secondary education. The questionnaire assesses studen ts' technological skills, the 

amount of time spent weekly on technology - related activities, their level of agreement with 

statements about ICT, and the frequency of ICT use in the classroom. Responses are collected using 

five -point Likert scales. Sociodemo graphic data are also collected, including gender, age, grade level, 

location where ICT training was acquired, and a general assessment of ICT use in different subjects.  

Based on this instrument, the present study aims to validate the last two dimensions o f the EUTIC -

ALU/DOC questionnaire, adapting it to the Costa Rican context for its application in teachers, in order 

to have a valid and reliable tool that allows measuring the implementation of ICT in multigrade -

single - teacher pedagogical mediation.  

MATERI ALS AND METHODS  

The objective was to validate the EUTIC -ALU tool, adapted for the national context, to evaluate the 

implementation of ICT in the classroom by Costa Rican multigrade and single - teacher teachers. This 

was achieved by transforming the tool int o the EUTIC -DOC instrument, which was validated through 

its application to this population using a census technique. Following data collection, the psychometric 

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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properties and factor structure of the tool were analyzed. It is important to note that two dim ensions 

of the original instrument were used, for a total of twenty items.  

This validation takes place in the Grande de Térraba Regional Education Directorate (DRE), located 

in the province of Puntarenas, in the cantons of Buenos Aires and Osa, in the sout hern region of 

Costa Rica. This area is recognized for its rich biodiversity and for being home to indigenous peoples 

such as the Brunca, Cabécar, Térraba, and Bribri. The DRE has fourteen school districts, comprised 

of primary and secondary schools. The e ducational context of this region is diverse and presents 

numerous challenges and opportunities. On the one hand, the indigenous population requires 

differentiated pedagogical and cultural approaches, adapted to their needs, worldview, and 

languages. On th e other hand, the area also has a significant rural and low - income population, which 

demands specific strategies to guarantee access to and quality of education. Within these districts 

are the multi -grade schools, whose teachers are the informants for this  research.  

The population selected for this study consists of teachers in single - teacher schools. This population 

comprises 147 teachers who teach multi -grade classes in a rural setting, characterized by 

simultaneously teaching all primary school grade lev els. It is made up of 58 men and 89 women, 

with an average age between 36 and 41 years. Their highest academic qualification is a bachelor's 

degree, and most hold temporary appointments. Secondary school teachers and those who do not 

hold single - teacher st atus in primary schools are excluded from this study. To access the participants, 

information was requested from the Regional Director of Education of the Grande de Térraba Regional 

Directorate of Education, who then referred the inquiry to the Regional Ad visor for Training and 

Educational Development.  

A sample of eight participants was selected for the preliminary validation of the instrument, obtaining 

their consent through the same online questionnaire via the Lime Survey platform. Subsequently, 

the final instrument was administered by sending the digital link to the entire previously described 

single - teacher population, with the aim of obtaining the highest possible number of responses.  

Regarding the selection and justification of the sample, given the manageable size of the population, 

the census technique was applied. Although a sample was not required for the final application, eight 

teachers were consulted in a preliminary phase to contextualize the items. The census technique in 

this quantitative research aims for the exhaustive collection of i nformation from all units of the 

population of interest. According to Creswell (2014), ña census involves measuring or evaluating all 

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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the people or things in a group that possesses a common characteristicò (p. 189). Similarly, Babbie 

(2021) maintains that ña census involves collecting data from all units of a population, whereas a 

sample involves selecting some units from a population for studyò (p. 192). 

The SPSS and AMOS SPSS programs, in their Windows versions, were used for data analysis. 

Microsoft Exce l was also used for data transfer and organization.  

The instrument consisted of two dimensions of the Student ICT Use Assessment Questionnaire 

(EUTICALU), focused on the implementation of ICT in the classroom. The first dimension corresponds 

to the frequen cy of ICT activities in the classroom (five items), and the second to the frequency of 

ICT resource use in the classroom (15 items). Both dimensions were integrated into a single 

questionnaire, structured with closed -ended items on an ordinal Likert scale with five response levels: 

1=Never, 2=Almost never, 3=Sometimes, 4=Almost always, 5=Always. The instrument was 

digitized and administered using Lime Survey (2019). In addition, sociodemographic questions were 

incorporated relating to biological sex, gender  identity, ethnic group, age, professional category, 

academic degree, appointment status, as well as the following questions: Have you received training 

to use ICT in your work? Have you been trained to use ICT outside the workplace? Approximately 

how many  hours have you invested in training for the use of ICT in the last two years? And what is 

your attitude towards ICT in your work?  

The questionnaire, designed to collect sociodemographic data and assess ICT use, was administered 

using a standardized protoc ol. School leadership teams were informed about the instrument's 

structure, the procedure for completing it, the study's purpose, and data confidentiality, and were 

asked to share this information with participating teachers. Subsequently, the teachers com pleted 

the questionnaire individually, anonymously, and voluntarily.  

To assess the content validity of the initial version of the EUTIC -ALU questionnaire (v.0), a pilot 

application was conducted with eight multi - grade, single - teacher teachers. This allowed  for 

verification of the items' comprehension, without any content observations being reported that would 

require adjustments for the Costa Rican adaptation. Expert judgment was not used, as this process 

had already been carried out by the authors of the o riginal instrument and was considered valid.  

The validated dimensions were the last two of the questionnaire: educational activities in the 

classroom and use of ICT resources in the classroom. The census was administered using the Lime 

Survey to the entire  target population, obtaining valid responses from 89 teachers.  

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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In the data analysis, two analyses were performed. In the first, prior to the exploratory factor analysis 

(EFA), the Kaiser -Meyer -Olkin (KMO) and Bartlett's test of sphericity were applied to assess the 

appropriateness of the analysis. For the factor analysis, the Maximum Likelihood (ML) method and 

Promax rotation were used, following the recommendations of Ledesma et al. (2019). The internal 

consistency of the instrument was verified using Cro nbach's alpha coefficient, with a minimum 

acceptable value of .70 (Amirrudin et al .,  2020).  

In the second analysis, a confirmatory factor analysis (CFA) was performed using AMOS SPSS, also 

applying the maximum likelihood method. To assess the model's goodn ess of fit, multiple indices 

were used: Chi -square, RMSEA (absolute fit); CFI, TLI, NFI (incremental fit); and PCFI, PNFI, AIC, 

and normed Chi -square (parsimony fit). As in the previous analysis, reliability was assessed using 

Cronbach's alpha coefficient.  

This study was conducted in accordance with the ethical research principles established by the 

editorial committee and institutional ethical guidelines. Anonymity of responses, confidentiality of 

information, and informed voluntary participation were guar anteed through a digital form.  

Among the main limitations are the potential losses  of control over the autonomous application of 

the digital instrument, the moderate sample size relative to the complexity of the CFA, and the lack 

of qualitative triangulati on to complement the quantitative findings. These limitations are considered 

relevant when interpreting the results and proposing future lines of research.  

RESULTS  

The results are presented in an organized manner according to the analyses performed during the 

instrument validation process. For clarity, two stages are distinguished: Analysis 1 and Analysis 2.  

Analysis 1  

Table 1 shows the results of the preliminary analysis for conducting the Exploratory Factor Analysis 

(EFA). This table presents the values corresponding to the number of cases, mean, standard 

deviation, skewness, and kurtosis. These data allowed us to assess the feasibility of applying an EFA.  

The mean and standard deviation values showed significant variability in the use of education al tools 

and activities by teachers. The most frequently used activities were searching for images (mean = 

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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3.67; standard deviation = 1.064) and searching for sounds/music (mean = 3.66; standard deviation 

= 1.065). Conversely, the least used tools included  wikis (mean = 1.72; standard deviation = 0.977) 

and social networks belonging to the school or student groups (mean = 1.70; standard deviation = 

0.970). Most items had a mean close to 2, indicating low to moderate use, accompanied by 

considerable dispersi on in the responses (Table 1).  

Table 1. Descriptive  statistics for AFE feasibility  

 

In terms of skewness and kurtosis, the data revealed that most distributions were not perfectly 

symmetrical. For example, the item "search for images" showed a skewness of -0.817 and a kurtosis 

of 0.605, indicating a greater concentration of responses towa rd higher values. In contrast, the 

"website of the center for publishing student work" showed a skewness of 1.431 and a kurtosis of 

2.022, suggesting a distribution skewed toward lower values, with a tail extending further to the 

right. These indicators al lowed us to verify that the data met the criterion for univariate normality 

(As < 2; Cu < 7), as recommended by Jiménez Gómez and  Melo Velandia (2016).  

https://mendive.upr.edu.cu/index.php/MendiveUPR/article/view/4276
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The reliability analysis revealed a Cronbach's alpha coefficient of 0.940, with a value of 0.941 based 

on standardized items. These results confirmed excellent internal consistency of the instrument, 

suggesting that the items consistently assessed the same construct. Therefore, it was considered 

appropriate to proceed with the exploratory factor analysis (EF A).  

Prior to the EFA, sampling adequacy tests were applied. The Kaiser -Meyer -Olkin (KMO) measure 

obtained a value of 0.858, and Bartlett's test of sphericity was significant ( Ȑ² = 1369.615; df = 190; 

p = 0.000), which validated the existence of sufficient correlations between the items for the factor 

analysis.  

Table 2. AFE dimensions and components  
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The EFA, performed using principal component extraction and Promax rotation with Kaiser 

normalization, identified four main dimensions. Table 2 shows the structure matrix with the 

correspon ding factor loadings. These dimensions are described conceptually (Tables 2 and 3).  

Table 3. Items and dimensions 
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The interpretation of the results allowed for the identification of grouping patterns of the items into 

conceptually significant dimensions. Dimension 1, Online Activities (OA), was associated with the 

search for information and multimedia materials. Dimension 2, Tools and Resources (HR), grouped 

online creation and communication tools. Dimension 3, Audio and Video (AV), was related to 

traditional audiovisual media. Finally, Dimension 4, Online Publications (PO), included digital 

platforms for publishing and disseminating schoolwork. This classification reinforced the validity of 

the identified factor model. 

Analysis 2 

For the second stage of the analysis, the normality of the distributions was examined using skewness 

and kurtosis statistics. Table 4 shows the values for each variable. For example, variable V19 

exhibited a skewness of 1.407 (critical ratio = 5.418) and a kurtosis of 1.843 (critical ratio = 3.55), 

reflecting a skewed and peaked distribution compared to normal. Other variables, such as V20 and 

V18, also showed significant deviations. The multivariate analysis revealed high skewness (78.316) 

and kurtosis (12.453) values, suggesting an overall deviation from normality. These observations 

were relevant for interpreting the model's goodness-of-fit indices. (Table 4). 

Based on these results, a Confirmatory Factor Analysis (CFA) was performed to confirm the 

previously obtained factor structure. The default model yielded a chi-square value of 238.774, with 

df = 153 and p = 0.000, indicating significant discrepancies between the proposed model and the 

observed data. 
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