Development and validation of an instrument to evaluate secondary students’ interest in science

Abstract
In this study, we present the development and initial validation of an instrument to measure secondary school students’ interest in science in the Latin American context where evidence on this topic is scarce. The validation process included 74 Mexican students from a rural public school. The process involved interviews with experts, feedback, and corrections. The final version of the instrument consists of two parts. The first has seven items based on an ordinal scale and the second has seven items based on a Likert scale. To analyze the factorial validity of the instrument, we performed an Exploratory Factor Analysis. Data analysis indicated that the instrument exhibited satisfactory validity and reliability with the Mexican population used. The results showed a structure with two factors and Cronbach’s alpha values indicated a good internal consistency of the items. To verify if there was a difference in the scores of boys and girls in the instrument, the non-parametric Mann-Whitney test was applied. Surprisingly, the analyses did not reveal any significant differences in gender responses. The richness of this instrument lies in the fact that it is built for the Mexican context and can be extrapolated to other Latin American realities.
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Resumen
En este estudio se presenta el desarrollo y validación inicial de un instrumento para medir el interés hacia la ciencia de los estudiantes de secundaria. El proceso de validación incluyó a 74 estudiantes mexicanos de una escuela pública rural. El instrumento consta de dos partes; la primera tiene siete ítems basados en una escala ordinal y la segunda tiene siete ítems basados en una escala Likert. Para analizar la validez factorial del instrumento se realizó un Análisis Factorial Exploratorio. El análisis de los datos indicó que el instrumento cuenta con validez y confiabilidad satisfactorias con la población mexicana utilizada. Los resultados mostraron una estructura con dos factores y los valores alfa de Cronbach indicaron una buena consistencia interna de los ítems. Para verificar si hubo diferencia en las puntuaciones de niños y niñas en el instrumento se aplicó la prueba no paramétrica de Mann-Whitney. Los análisis no revelaron diferencias significativas entre sexos. La riqueza de este instrumento radica en que está construido para el contexto mexicano y es extrapolable a otras realidades latinoamericanas.
Palabras clave: vocación científica; motivación; STEM; América Latina; género.  
Introduction
For the United Nations Educational, Scientific and Cultural Organization (UNESCO, 2019), education is a human right whose access and quality must be guaranteed for all. In particular, science education is considered essential for the critical development of the subjects. Thanks to it, they build a sense of responsibility that gives them the ability to assume leadership within their society. The promotion of interest in science within scientific education not only seeks to train generations dedicated to a scientific profession, but also to train citizens capable of making effective decisions to face current and future socio-environmental challenges (Causado et al., 2015; López & Obando, 2018). 
According to UNESCO (2009), to the extent that this knowledge is associated with everyday life, it will be more interesting for the learner. The variable "interest" has been defined as the relatively long-lasting inclination or predisposition of a subject towards a specific domain. A personal experience of enjoyment, fluid and linked to positive feelings due to prior knowledge about a subject. A person with an interest in a particular subject tends to be more committed to activities related to that interest (UNESCO, 2009). It has been classified according to three perspectives: personal disposition, interest in contextual characteristics and interest as a psychological state.
Fostering interest in science has a greater impact in the early stages of development. Specifically, Gerhard, Meyer, and Lee (2021) suggested that the impact of experiences tends to be more significant since sensitive periods are characterized by an increase in neuronal plasticity (Kievit, 2020). Within this stage, the brain is especially sensitive to external stimuli (Leisman et al., 2015). The type of stimulation received during sensitive periods influences future skill development (Sachser et al., 2020; Vidal et al., 2013). These periods respond to environmental circumstances such as stimulation, socialization and learning new skills (Kievit, 2020; Sachser et al., 2020). 
Some studies highlight that young people have a lack of interest in science-related professions (Vázquez & Manassero, 2009), which is due to various factors such as unattractive classes and the belief that it is a field with a high degree of difficulty (Betancur et al., 2022; Gairal-Casadó et al., 2019). Based on the general perception of science, students choose the type of profession that they consider to reflect both their way of being and their motivations. 
It is in the transition from elementary to secondary school education when the decrease in interest in science is more evident (UNESCO, 2010) inasmuch as teachers implement different methodologies and learning approaches to teach science, which causes the level of complexity of the contents to be perceived as higher (Gairal-Casadó et al., 2019). Another factor associated with the low interest of young people in science is the prevalence of stereotypes about scientists (boring and without social skills). To reduce such stereotypes and foster interest in science, bringing high school youth in contact with scientists has been shown to increase their interest in these professions. Maintaining a dialogue or interaction with researchers contributes to reducing the stereotype, especially among adolescents when the scientists are women (Ruiz-Mallén et al., 2018).
In addition to the above, the decrease in students' motivation towards science occurs due to the lack of application of scientific content, which contributes to science being perceived as a difficult discipline, affecting the choice of profession (Vázquez & Manassero, 2009). In addition, throughout their schooling years, students tend to form positive or negative attitudes and emotions based on their successes or failures in scientific subjects (Portocarrero & Natividad, 2017).
In a study carried out by Sáinz et al. (2016) to analyze the gender representations of secondary students of information and communications technology (ICT) professionals, it is reported that women perceive engineering and other occupations related to technology as jobs dominated by men. Regarding the perception of ICT professionals as nerds and antisocial, it may lead some young people to negatively evaluate these fields. 
Under the above context, it is necessary to know the variables that influence the interest in science in young people and their inclination to develop it as a profession through different contexts. And it is necessary to understand these variables considering the socio-cultural context of the young people. Most of the studies cited above have been conducted in European countries or the United States, but few have been developed in Latin American contexts that have their own socio-cultural particularities influencing the way students interact and understand science.
There are instruments created to assess interest in science, however, due to cultural differences and changes in societies geographically and over time, and the specific needs of the context, it is necessary to create instruments that respond to local demands. Therefore, it is necessary to develop effective methods and tools to measure the motivation for science and scientific topics in children and young people. In this context, this paper aims to analyze the psychometric properties of a new self-report instrument for measuring students’ interest in science in the Latin American context, in particular through a case study in Mexico through exploratory factor analysis.
Education and science in the Mexican state of Tlaxcala
Given the current study is situated within the context of Mexican society, in this section, the characteristics of the study population are described in order to know the social context in which children and young people in the state of Tlaxcala develop and understand which are the variables that may be associated with their academic interests.
Tlaxcala is one of the states of the Mexican Republic located east of the country's capital. It is divided into 60 municipalities and has a population of 1,272,847 (614,565 men and 658,282 women). 80% of the population is urban and 20% rural. 2.5% of the total population speaks an indigenous language (Nahuatl), (83.7%), Totonaca (6%), Otomi (2.1%), Zapotec (0.8%) and Mazatec (0.7%) (INEGI, 2017).
Specifically, in the context of the state of Tlaxcala, it is necessary to promote interest in science in children and young people given the lag in the field of science (Carro et al., 2014; INEGI, 2017). Although the most recent data from the National Institute of Statistics and Geography (INEGI, 2020) reveals that the illiteracy rate in Tlaxcala fell from 7.8% in 2000 to 3.3% in 2020, dropouts still prevail due to inadequate vocational guidance (leading to incorrect professional choice) or due to school failure (Espinosa, 2021). To guarantee the literacy of society brings benefits to the development of a country and its educational policy. Scientific education is linked not only to the progress of a nation but also it contributes to the development of scientific, critical, and creative thinking that can be applied in other spaces to solve different problems (OECD, 2018). 
Given the above context, scientific education must be supported and guaranteed to all sectors of the population, attending to those who are most vulnerable or who are at disadvantage.  To invest in education based on science contributes from individual decision-making, in daily life, to the progress of a nation because many current problems would be solved through the contribution of scientific thinking (McConney et al., 2011). 
There is currently many studies indicating that adolescents interested in science are those who have had science-related experiences, such as personal contact with scientific disciplines and access to sufficient information to make conscious decisions. However, this possibility is reduced for those individuals who have little access to science-related activities or for those who belong to a vulnerable group (Gairal et al., 2019). In the state of Tlaxcala (where this study was done) it is necessary to integrate scientific culture in children's daily lives and young people because as students move from one level of education to another, school dropout is more marked.
Instruments for evaluating students' interest in science
Given the importance of scientific education for the development of a society, it is a priority to generate measurement instruments that serve as a guide to know if the methodologies that are being applied to promote scientific vocations are effective. A review of the literature was carried out to identify instruments that were designed to measure interest in science among high school students. Even though in recent years there has been a growing emphasis on scientific literacy, a shortage of instruments to measure interest in science in the Mexican and the Latin American context has been reported. Most of the instrument’s focus on measuring other variables such as attitudes towards science or evaluating interest as a dimension of another variable. In addition, using an instrument developed in a different cultural system is not appropriate. 
Given the low number of instruments contextualized in the Latin American reality focused on measuring interest in science in high school and the need to consider the specific characteristics of the context, we looked for those that measure related variables, both in Spanish and English, such as attitudes and scientific vocations. 
All the instruments have in common a dimension dedicated to evaluating the attitude towards the science that is taught in school or towards science subjects. Four of these instruments are focused on measuring the attitude towards science. Three evaluate the importance, usefulness or image of science, the self-efficacy of the participant towards science and practical work, and the vocation or professional choice. Only one of them measures interest in science (see table 1).
Table 1. Instruments used to measure attitudes and scientific vocations.
	Instrument
	Items/dimensions
Details
	Primary
audience

	The Educational and Career Interest in STEM (Oh, Jia, Lorentson, and LaBanca, 2013)
	9 items rated on a 7-point Likert-type scale ranging from 1 (not at all true) to 7 (very true)
	Measures the interest in science of high school students

	Impact of Lab in a Lorry instrument (Barmby, Kind & Jones, 2008)
	37 items rated on a 7-point Likert-type scale ranging from 1 (strongly disagree) to 5 (strongly agree)
	Measure the attitudes of secondary school students

	Middle School Career Self-Efficacy Scale (Fouad et al., 1997)
	47 items rated on two scales ranging: 
a) Strongly Agree (SA) to Strongly Disagree (SD).
b) 1 (Very High Ability) to 5 (Very Low Ability)
	Measure vocational identity, self-esteem, and career choice. Has been applied to children from 12 to 15 years old

	Questionnaire of attitudes towards science (Vázquez and Manassero, 2008)
	24 items.
The participants must select the level of agreement for each sentence on a scale of 4 options
	It has been applied to science fair visitors

	Related Attitudes Questionnaire
with science (Molina, Carriazo and Casas, 2013).
	45 items
The response options are arranged in a 4-option Likert-type format
	It has been applied to students from 10 to 18 years old

	Questionnaire of attitudes associated with science (Leal et al., 2014)
	It has 17 items.
The rating scale goes from 1 to 4
	It has been applied to fifth and sixth grade students from public and private primary schools in Mexico.

	Manual for the Evaluation of Science Fairs (Simarro & Couso, 2018)
	It is divided into three sections: a) for students, b) for teachers and c) for researchers.
The questions addressed to the students are divided into two parts:
19 items with closed response option
8 reagents with open questions
	It has been applied to science fair visitors


Note: Own elaboration.
[bookmark: _heading=h.8zgw1h4epo3x]Simarro y Couso (2018) designed a manual for the evaluation of science fairs in which different suggestions are offered for designing evaluations to measure the effectiveness of intervention projects that seek to promote interest in science, positive attitudes towards science and scientific vocations. Once reviewing the instruments to measure interest in science developed in other contexts, some items were taken from the manual created by Simarro and Couso (2018) to design our instrument: The Interest in Science Instrument. The need to create an instrument responds to the need to have an instrument that assesses the interest in science of young people who attend secondary school specifically for the context of Tlaxcala. The aim of this instrument is to measure the interest in science in secondary school students. The Interest in Science Instrument is composed of two scales. The first one assesses the interest of high school students towards science and the second one the self-efficacy to perform scientific activities.
Methods
Instrument: Design and validation process
14 items were taken and modified from the manual created by Simarro and Couso (2018), these items divided into two subscales were developed that operationalized self-efficacy to carry out scientific activities and interest in science. The first consists of 7 items that measure interest in scientific topics. It asks the question "How interested are you in the following subjects?" and the participant must assess her interest in each of them on a scale of 0 (I'm not interested at all) to 10 (I'm very interested). The subjects mentioned in the scale are related to science and are typical of the subjects taught at that educational level. The range scale is from 0 to 70 points. 
The second measures the degree to which the participant feels capable of performing in the scientific field. The question is asked "Think about your science or mathematics subjects: to what extent do you feel capable of continuing to study them in the future?". The science subjects that correspond to that educational level (for example, biology, mathematics, computing or informatics, etc.) are listed and the participant must indicate based on a Likert-type scale the degree to which they feel capable of continuing study in those fields. The categories range from 1 to 4 (Not at all, Little, Quite a lot, A lot) and the scale ranges from 7 to 28 points. 
Based on the scores obtained, the low, medium, and high categories were determined. The criteria for determining the categories were established based on the minimum and maximum score that can be obtained in each of the scales. For the first scale, the assigned categories were the following: Low: 0-23 points; Medium: 24-46 points; High: 47-70 points. The categories for the second scale were: Low: 0-9 points; Medium: 10-19 points; High: 20-28 points.
Content validity
Expert judgments
To verify whether the items of the Interest in Science Instrument complied with the appropriate language and writing for a secondary school youth population and verify that there were no cultural differences in writing, we invited three experts to evaluate the representativeness of them. Each expert was contacted by e-mail requesting their participation in the validation of the instrument. They were provided with the evaluation form in which they had to estimate the relevance of the items according to three criteria: wording, language, and theoretical validity. Once the inaccuracies of the instrument were identified based on the suggestions of the expert judges, the pertinent modifications were made (table 2).
Table 2. Changes made after content validity.
	Observation
	Description
	Modification

	Instruction review
	Instructions are not clear
	Simpler language was used

	Likert-type scale modification.
	The Likert-type scale contains several response options.
	The response options were reduced, leaving 4 categories: Not at all, Little, Quite a lot, A lot.


Note: Own elaboration.
Participants
To determine the internal consistency of the instrument, it was applied to 74 secondary school students (33 boys and 41 girls). They were enrolled in a rural and public Secondary School located in Tlaxcala. Access was requested for the groups that were in the first grade of secondary school. The application of the instrument was carried out within the school facilities, in the classroom of the three first-grade groups. Prior to the application, the parents of the participants signed a document with the informed consent in which the anonymity of the student's data was guaranteed.
Instrument 
The aim of this instrument is to measure the interest in science in secondary school students. We drafted 14 items that operationalized the scientific vocation, self-efficacy to carry out scientific activities, and social perception of science. 
Based on the scores obtained, the low, medium, and high categories were determined. The criteria for determining the categories were established based on the minimum and maximum score that can be obtained in each of the scales. 
Procedure
Once access to the classrooms was authorized, the instrument was provided to all students so they could answer it individually. The applicator explained to them in a simple way the purpose of the research and the instrument, emphasized the anonymity of the data and told them that if any doubt arose during the application, they could contact the applicator to clarify it. The application time for each group was approximately 20 minutes.
Data Analysis
To validate the factorial structure of the Interest in Science Instrument the data obtained were processed with the statistical program SPSS.
Internal consistency 
Reliability was obtained by internal consistency analysis, through Cronbach's alpha coefficient and factorability was checked through Bartlett's test of sphericity (BS) and the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy to both scales. A score greater than or equal to 0.70 was considered as an indicator, and the p-value of the BS less than or equal to 0.05. To analyze the factorial validity of the instrument we performed an exploratory factor analysis (EFA), principal component factor analysis with non-orthogonal rotation was used (Promax).
Results
For the first part of the instrument, the results showed adequate internal consistency (Cronbach's alpha 0.781). To analyze the factorial validity of the instrument, an exploratory factorial analysis was performed. Principal component factor analysis with non-orthogonal rotation (Promax) was used. Bartlett's sphericity test was significant (χ2=152.436 p < .001). The KMO sample adequacy measure showed an acceptable sample adequacy (KMO = .761).
According to the results obtained from the principal component analysis, two components could be identified. The screen plot suggested that an extraction of two components accounted for 44.39% of the variance and 17.77% (figure 1).[image: Chart, line chart

Description automatically generated]Figure 1. Screen plot from the factor analysis.
The program's suggestion is to omit item 2 (geography) to increase the explained variance of the instrument; however, it is a subject present in the secondary school curriculum, so it was decided to keep it in the instrument (table 3). 
Table 3. Principal component analysis
	
	Factor

	
	1
	2

	Biology
	.549
	

	Geography
	.524
	

	Physics
	.854
	

	Chemistry
	804
	

	Technology
	.797
	

	Computing
	
	.824

	Mathematics
	
	.876


Note: Own elaboration.
For the second part of the instrument, the results showed adequate internal consistency (Cronbach's alpha 0.749) and Bartlett's sphericity test was significant (χ2=106.926; gl=21, p < .000). The KMO sample adequacy measure showed an acceptable sample adequacy (KMO = 0.749). Examination of the screen plot suggested that an extraction of two components accounted for 40.57% of the variance. The second factor explained 16.17% of the total variation in students’ responses to the instrument items (figure 2).
[image: Chart, line chart

Description automatically generated]Figure 2. Screen plot from the factor analysis 
To define the number of factors of this scale we use the Promax rotation technique. Table 4 shows the items grouped in each factor with their corresponding factor loadings.
Table 4. Principal component analysis 
	
	Factor

	
	1
	2

	Biology
	
	.815

	Geography
	
	.797

	Physics
	.543
	

	Chemistry
	.824
	

	Technology
	.694
	

	Computing
	.670
	

	Mathematics
	
	.815


Note: Own elaboration. 

Descriptive Statistics
Descriptive statistics were calculated on the responses of boys (n = 34) and girls (n= 40) to the Interest in Science instrument. The means and standard deviations of the scores obtained are reported in table 5. According to the descriptive data, boys and girls presented a medium level of interest in scientific issues and the ability to perform in the future in the scientific field.
Table 5. Means and standard deviations for the Interest in Science instrument by gender.
	
	Boys (n=34)
	Girls (n=40)

	Variables
	Mean
	SD
	Mean
	SD

	Part 1
	47.50
	13.12
	47.07
	14.17

	Part 2
	18.64
	4.08
	17.90
	4.08


Note: Own elaboration.
To verify if there was a difference in the scores of boys and girls in the instrument, the non-parametric Mann-Whitney test was applied. No significant differences were found in both scales (p=0.824 for the first scale and p= 0.439 for the second scale). 
Discussion
Several instruments have recently been developed to measure students' scientific vocation and attitudes toward science in the United States and European countries (Herce-Palomares et al., 2022; Wang, & Berlin, 2010). The availability of reliable and valid instruments of interest in science is a necessary condition for understanding students' inclination towards science. In addition, it will facilitate the development of research oriented to promote interest in science. However, it is necessary to create instruments that respond to the contextual and cultural needs of each population. Particularly in the Latin American and Mexican context, where a shortage of instruments that measure interest in science among young people has been detected.
Findings obtained with this sample of secondary school students show that the Interest in Science Instrument is a valid and reliable questionnaire.  In particular, the results of the validity and reliability analysis of this instrument show an acceptable internal consistency for both parts of the scale. The information presented in this article can help teachers and researchers to measure the interests of secondary school students and their inclination toward scientific subjects and provide support to foster students' interest in science, specifically in the Mexican population. 
This instrument was created to assess the general interests of secondary school students and their predisposition to develop scientific activities in the future. It should be noted that this scale will be created with the purpose of applying it in a pretest-posttest study to evaluate the effectiveness of an intervention program that aims to promote scientific vocations and interest in science among secondary school students. 
This project arose from the detection of specific needs in this state, such as the high rates of school dropout and the need to increase the insertion rates of children and young people in the sciences. According to the latest INEGI data, in Tlaxcala the average schooling measured in years is 9.3, equivalent to a little more than finishing high school (INEGI, 2017). As the student advances towards higher educational levels, coverage decreases while educational dropout increases. School dropout can be explained by factors such as school failure, inadequate vocational guidance, lack of motivation or interest in learning, and different economic and social inequalities (Carro et al., 2014; Trejo, 2019).
Regarding the levels of interest in scientific topics and the perception of the ability to perform in a scientific area, the participants are at a medium level. This is in line with various authors who reported the low interest of young people in scientific careers (Betancur et al., 2022; Casadó et al., 2019; Vázquez & Manassero, 2009). Our results do not show differences between boys and girls about gender and interest in science. In general, it is known that women face different obstacles when pursuing scientific careers (Irvin et al., 2012). For example, it has been reported that women face greater discrimination during the school teaching process and their academic contributions are less recognized (Romo, 2018). It has also been observed that there are differences in the choice of scientific disciplines between men and women, which may respond to cultural factors such as the roles each sex must play in society (Jones, Howe & Rua, 2000, in Dapía, 2019). These differences have been observed in university and postgraduate studies, so it is necessary to study, in early stages, the factors that subsequently cause differences between the sexes to reduce their effects and effectively promote girl interest in science.
Another variable to explore is the lack of resources in schools. Gairal-Casadó et al. (2019), and Irvin et al. (2012) point out that the lack of support from educational institutions, the lack of resources in schools, and the limited academic offer in localities close to rural populations influence the low interest of students in dedicating themselves to the study of scientific disciplines, as well as motivation to continue with their schooling.
Compared to studies in Europe and the United States, boys have been found to be more positive toward science than girls (Barmby, Kind, & Jones, 2008). It may be because in Mexico boys do not find references from Mexican scientists who are close to them with whom they can identify, and therefore the empowerment work must be done with both boys and girls, looking for references of both sexes, being a peculiarity of the Latin American context.
Although our study may contribute to research on fostering interest in science and science vocations in secondary school students, some limitations must be recognized. Therefore, testing this instrument with a larger sample of students is suggested to explore the motivation towards for scientific topics further. Moreover, the initial validity evidence in our study is limited to the criterion variables included it is known that interest in science involves several variables, such as experiencing positive emotions when learning scientific topics (Paños & Ruiz-Gallardo, 2021), the influence of parents and teachers who inspire young people to approach science (Sáinz & Müller, 2018).
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