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Abstract

Inquiry is a didactic methodology that promotes the development of scientific competencies and the meaningful learning of science.
However, its implementation in the Spanish educational context faces various barriers, such as the lack of both resources and teacher
training. The objective of this study was to design and evaluate the usability of IndagApp; an ICT resource that facilitates the
teaching of science by inquiry with students aged 10 to 14. A convergent mixed methods design was used, with an intentional
sampling composed of a panel of 14 experts from different disciplines. The quantitative results showed high usability of the app,
while the qualitative ones allowed for improving the user interface, including scaffolding strategies and aligning the resource with the
curricular demands. From this process, an improvement of the app was made, which in its improved version consists of ten inquiries
that address the central contents of the new LOMLOE curriculum. In addition, support resources have been designed for its
implementation, such as guide programs for teachers and printable class sheets for students. Taken together, this resource is relevant
and innovative for the didactic transposition of inquiry, providing the Ibero-American educational and research community with a
valuable tool for the teaching of science. Future research delving into the usage and perceived usability among potential users in
Primary and Secondary Education is warranted.

Keywords: simulation-based learning, mobile learning, educational app, virtual labs, scientific inquiry.

Resumen

La indagacién es una metodologia didédctica que promueve el desarrollo de competencias cientificas y el aprendizaje significativo de
las ciencias. Sin embargo, su implementacién en el contexto educativo espafiol se enfrenta a diversas barreras, como la falta de
recursos y formacién docente. El objetivo de este estudio fue disefiar y evaluar la usabilidad de IndagApp, un recurso TIC que facilita
la ensenanza de las ciencias por indagaciéon con alumnado de 10 a 14 anos de edad. Se utilizé un disefio de métodos mixtos
convergentes, con un muestreo intencional compuesto por un panel de 14 expertos de distintas disciplinas. Los resultados
cuantitativos mostraron una usabilidad elevada de la app, mientras que los cualitativos permiticron mejorar la interfaz del usuario,
incluir estrategias de andamiaje y alinear el recurso con las demandas curriculares. A partir de este proceso se realizé una mejora de la
app que, en su versién mejorada, consta de diez indagaciones que abordan contenidos centrales del nuevo curriculo de la LOMLOE.
Ademds, se han disefiado recursos de apoyo para su implementacidn, como programas-gufa para el profesorado y fichas de clase
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imprimibles para el alumnado. En conjunto, este recurso se presenta como pertinente ¢ innovador para la transposicion did4ctica de
la indagacién, brindando a la comunidad educativa e investigadora iberoamericana una herramienta valiosa para la ensefianza de las
ciencias. Se propone el desarrollo de investigaciones que aborden el andlisis del uso y la percepcion de la usabilidad del recurso en
potenciales usuarios del ambito de la Educacién Primaria y Secundaria.

Palabras clave: aprendizaje basado en simulacién, aprendizaje mévil, app educativa, laboratorios virtuales, indagacion cientifica.
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INTRODUCTION

Inquiry-based teaching plays a pivotal role in science education worldwide, including in Spain (Morales et
al., 2018; Schwartz et al., 2023). Inquiry-based teaching diverges from traditional methods focused on the
explicit transmission of concepts and facts, as it promotes active learning that encourages students to explore
and discover these concepts through scientific practices (Aditomo & Klieme, 2020; Alzate & Guevara, 2021;
Toma, 2022). The inquiry methodology emphasizes critical thinking, problem-solving, and experimentation
(Akerson & Bartels, 2023; Teig et al., 2022). The goal of this methodology is to cultivate a deeper
understanding of scientific principles and foster students' scientific literacy (Garcfa-Carmona, 2020; Romero-
Ariza, 2017). However, successfully implementing inquiry is challenging due to time and classroom
management issues, resource scarcity, and teachers' lack of pedagogical content knowledge (Baroudi & Helder,
2019; Chichekian et al., 2016; Romero-Ariza et al., 2019). One of the main obstacles to its adoption is the lack
of materials and educational kits specifically designed for inquiry-based science education (Fang, 2020).
Furthermore, the availability and accessibility of necessary resources, such as laboratory equipment and
materials, may be limited, further complicating the implementation of inquiry-based practices (Zhang, 2016).

In light of this context, this article presents the design, development, and usability evaluation of IndagApp.
This educational app aims to address and reduce the barriers faced by teachers when implementing inquiry in
science education. The project seeks to develop a practical solution that empowers teachers to effectively adopt
this pedagogical strategy for teaching science. The objective is to provide a resource that is easily accessible and
promotes teaching and learning practices that have been increasingly demanded by Ibero-American curricula
in general (Morales et al., 2018; 2022), and Spanish curricula in particular (Criado et al., 2014; LOMLOE,
2020). This endeavor is supported by research in science education (Aguilera & Perales-Palacios, 2020;
Lazonder & Harmsen, 2016; Romero-Ariza, 2017; Savelsbergh et al., 2016).

THEORETICAL UNDERPINNINGS

Inquiry-based science teaching

For decades, scientific inquiry has been subject to various interpretations and conceptualizations (Vorholzer
& von Aufschnaiter, 2019). Consequently, despite the popularity of inquiry-based pedagogies, there is no
single approach to its didactic transposition. According to Crawford (2014) and Schwartz et al. (2023), there
are different ways to engage students in scientific inquiries, such as project-based learning, citizen science, or
model-based inquiry, among others. However, the different conceptualizations of inquiry-based science
education share common aspects: they address a central problem, use experimental procedures for data
collection, and aim to develop evidence-based conclusions (Osborne, 2014; Pedaste et al., 2015; Toma,
2021a). Therefore, although there are several interpretations and definitions of inquiry, its pedagogical use
implies that students emulate the work of scientists. This includes practices such as formulating research
questions, designing and conducting experiments, analyzing data, and drawing conclusions (Crawford, 2014;
Garcia-Carmona, 2020; Schwartz et al., 2023).

Pedaste et al. (2015) proposed several inquiry cycles to facilitate the didactic transposition of this
methodology. These usually comprise five interrelated and cyclical phases: orientation, conceptualization,
investigation, conclusion, and discussion. This cycle assists both teachers and students in formulating
questions and hypotheses, proposing experimental designs, collecting and analyzing data, and effectively
communicating results (Rénnebeck et al., 2016; Vorholzer & von Aufschnaiter, 2019). Furthermore, it is
common to use a continuum to categorize the types of inquiry units according to the scaffolding or assistance
provided by the teacher (Fang et al., 2016; Schwartz et al., 2023). At the lowest level is confirmatory inquiry,
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resembling cookbook-style practical activities where students merely confirm a scientific phenomenon whose
answer they already know. Next is structured inquiry, where the teacher determines the research question and
procedure to follow, and support strategies are employed; however, students are unaware of the expected
outcomes. In guided inquiry, students develop a procedure to answer a question provided by the teacher, the
results of which they also do not know. Finally, at the top of the continuum lies open inquiry, where students
pursue self-directed investigations with minimal teacher assistance or support.

In Spain, literature on the use of inquiry is flourishing, both in formal and informal education (Alarcén-
Orozco et al., 2022; Alzate & Guevara, 2021; Morales et al., 2018, 2022). Furthermore, inquiry has been
promoted in both previous (LOE, 2006; LOMCE, 2013) and current (LOMLOE, 2020) curricula.
Specifically, the curriculum establishes a common block in the Primary Education stage, called "Scientific
Culture", which aims to introduce students to scientific activity so that they develop skills and strategies of
scientific thinking through research. Thus, the contents of this block emphasize the impact of science on our
society (Royal Decree 157/2022).

ICT for science teaching

The importance of Information and Communication Technologies (ICT) in science education has
increased in recent years. Recent research indicates that computers and tablets are effective for teaching and
learning science. Indeed, in their systematic literature review, Scalise et al. (2011) concluded that virtual
laboratories and simulations could enhance the learning of scientific concepts. Similarly, after reviewing 61
empirical studies, Smetana and Bell (2012) found that computational simulations are effective for teaching
sciences and may be more effective than traditional classes and textbooks in promoting conceptual change and
skill development. The literature also highlights several advantages of using virtual laboratories: they reduce
the cost of equipment and materials, are accessible anytime and anywhere, the learning outcomes are similar to
those of traditional practical laboratories, and they allow for the development of practical skills through
experimentation (Ali et al., 2022; Aljuhani et al., 2018; Silva-Diaz et al., 2022).

Currently, there are several resources with virtual simulations, such as PhET Colorado and
ChemCollective. The use of these tools by teachers has shown favorable results in primary (Bozzo et al., 2022),
secondary (Bravo et al,, 2019), and university students (Roll et al., 2018). However, these resources may
resemble confirmatory inquiries or cookbook-style laboratory practices that involve following instructions to
confirm a phenomenon. Additionally, these resources have limitations in that they are decontextualized from
a problematic situation and omit the phases of authentic inquiry (Pedaste et al., 2015), such as formulating
questions and hypotheses or identifying variables in the experiment, focusing mainly on the experimental
simulation. Therefore, a resource is needed that addresses all stages of a scientific inquiry, which would assist
teachers in adopting this teaching methodology and students in understanding scientific practices.

Usability evaluation of ICT resources

ICTs have a significant impact on both the learning experience and educational effectiveness (Silva-Diaz et
al., 2022). For this reason, it is crucial to evaluate the perceived usability by users, which refers to the degree to
which a system, product, or service can be used by users to achieve specific goals effectively, efficiently, and
satisfactorily in a given context of use (ISO, 2018). In this regard, Vlachogianni and Tselios (2022)
emphasized the importance of conducting usability studies to ensure that ICT resources are easy to use and
designed to meet the needs of the target audience, which, in the case of this study, comprises primary and
secondary school teachers.

The purpose of usability evaluation is to identify and address design and functionality issues. Research on
the usability of educational technological resources usually focuses on three dimensions or constructs:
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effectiveness, efficiency, and user satisfaction (Lewis, 2018; Vlachogianni & Tselios, 2022). Effectiveness
encompasses the user's ability to correctly complete a task using the resource. It includes aspects related to the
perceived difficulty, ease of use, or whether different components (e.g., user interface, graphics, font) are
adequately integrated (Del Rocio Sevilla-Gonzalez et al., 2020). On the other hand, efficiency is related to the
extent to which the resource assists teachers in their teaching tasks (e.g., reducing class preparation time). As
such, it is often measured through the perceived utility of the resource (Hoehle & Venkatesh, 2015). Finally,
satisfaction refers to users' subjective reactions when using the resource. It includes aspects related to the
affective rewards obtained through system adoption, such as enjoyment, increased self-efficacy, or interest
(O’Brien et al., 2018).

DESCRIPTION OF INDAGAPP

IndagApp (in English, InquiryApp) is a 3D app designed to implement inquiry-based science teaching with
students aged 10 to 14 years old (screenshots of the interface are provided in the Results section). In Spain,

these ages correspond to the 5th and 6th grades of Primary Education and the 1°* and 2nd grades of Secondary
Education. IndagApp consists of a total of ten inquiry units that address different phenomena based on the
core content of the Spanish LOMLOE educational law (2020; Real Decreto 157/2022): plant growth, crystal
formation, forces, floods, bacterial growth, photosynthesis, buoyancy, valley formation, light refraction, and
hot air balloon flight. IndagApp is available for smartphones and digital tablets with Android operating
systems and for computers with Windows. Each investigation has a common structure and follows the
principles and fundamental phases of scientific inquiry (Osborne, 2014; Pedaste et al., 2015; Schwartz et al.,
2023). The inquiry cycle proposed by Pedaste et al. (2015) was adopted using terminology that is more

accessible to teachers and students:

i. During the first phase of the inquiry unit, known as the phase of formulation of the problematic
situation (orientation), students are guided to formulate specific and clear scientific questions about a
natural phenomenon. All units begin with a contextualized learning situation that introduces the topic
of study. The objective is for students to learn to ask precise and relevant questions that can be answered
with an experimental design.

ii. In the second phase, known as hypothesis formulation (conceptualization), students formulate four
tentative responses to the research question, so that each inquiry addresses four different hypotheses.

iii. In the third phase, called the planning and experimental design phase (investigation), students identify
the dependent, independent, and control variables of the experimental design. These variables will later
be used to test each of the hypotheses formulated.

iv. During the fourth phase, or data collection and interpretation (conclusion), students use specifically
designed virtual simulations for each inquiry investigation, record the data in tables, and draw graphs.
Subsequently, they interpret the data and respond to specific questions to search for patterns and
possible explanations.

v. In the fifth and final phase, student understanding is assessed through consolidation and application of
knowledge questions (discussion). This final phase tests students' ability to apply the concepts
addressed in the inquiry unit to new problematic contexts.

METHODOLOGY

Research design
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This study adopted a convergent mixed-methods research design, in which quantitative and qualitative
components of the investigation are conducted separately during data collection (Creswell & Plano-Clark,
2018). The results are gathered independently and integrated or triangulated during interpretation (Figure 1).

Quantitative component Qualitative component
— ) ' B’ r =\
- = * Purposive sampling (N = 14) » Purposive sampling (N = 14)
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: E . ?uggestions for improvements
w @ implemented
= g * Final version with high usability for
g inquiry-based science teaching
Figure 1

Convergent mixed methods research design, based on Creswell and Plano-Clark (2018)

Sample

There is no specific sample size considered ideal for usability testing. Research indicates that most usability
issues are detected with the first 3-5 subjects and that it is unlikely that more subjects will reveal new
information (Nielsen et al., 2006). Typically, a study with 5 participants is sufficient to discover major
problems and improve usability, and with 10 participants, more than 80% of usability problems are detected
(Lewis, 2014).

Fourteen experts were recruited, six women and eight men, using purposive sampling techniques to ensure
the inclusion of sources rich in information (Cohen et al., 2018). Nine of the experts are teaching and research
staff at the University of Burgos and the University of Valladolid with expertise in the following areas and
topics: Education Sciences and Inclusive Education, Didactics of Experimental Sciences —with training in the
disciplines of physics, chemistry, biology, and geology— and Computer Engineering. Within this group, there
was one Full Professor, two Associate Professors, two Assistant Professors, and two Lecturers with Ph.D.
degrees, with an average professional experience of 23.3 years (min. = 7, max. = 40). Of the remaining experts,
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three were primary school teachers and two were secondary school teachers, with an average of 9.8 years (min.
= 4, max. =16) of teaching experience.

Data collection instruments

For the quantitative component of this investigation, three instruments addressing the main dimensions of
usability in educational research were used, employing a Likert-type scale (1 = Totally disagree; 5 = Totally
agree). The first one was the System Usability Scale (SUS) questionnaire (Brooke, 1996), considered the gold
standard for measuring subjective usability (Lewis, 2018). The questionnaire consists of 10 items that assess
users' perceptions of the overall usability of IndagApp, such as "I consider IndagApp easy to use” and "I
consider IndagApp unnecessarily complex”. The version validated for use with the Spanish population was
employed (Del Rocio Sevilla-Gonzalez et al., 2020). The Cronbach's alpha coefficient (¢ = .66) revealed
marginal reliability, although consistent with previous research (Bangor et al., 2008; Vlachogianni & Tselios,
2022).

The second questionnaire, called the User Engagement Scale (UES) (O’Brien et al., 2018), consists of 12
items that measure four important dimensions complementing the SUS: focused attention (e.g., "The time I
spent using IndagApp passed quickly"), perceived usability (e.g, "IndagApp seemed confusing to use"),
aesthetic appeal (e.g., "IndagApp has a visually appealing design"), and reward factor, such as enjoyment or
interest generated (e.g., "My experience with IndagApp was rewarding"). The Cronbach's alpha values indicate
adequate reliability for all dimensions: & = .83,.70, .76, and .90.

The third questionnaire consists of the Mobile Application Usability(MAU) (Hochle & Venkatesh, 2015),
specifically designed and validated to evaluate the usability of apps. The MAU comprises 24 items measuring
six different dimensions, including design (e.g., "I believe IndagApp has a good design"), utility (e.g., "I believe
IndagApp is useful"), graphics (e.g., "The graphics of the IndagApp interface are well designed"), input (e.g.,
"IndagApp allows me to input data easily"), output from the user interface (e.g., "The content of IndagApp is
presented effectively”), and structure (e.g, "IndagApp is very well structured”). The Cronbach's alpha
coefficient showed very high reliability, with values of & = .92, .89, .96, .95, .94, and .86.

It should be noted that the UES and the MAU have not been previously validated in Spanish. Therefore, a
cross-cultural translation procedure was used in this study, which required forward and back-translation
procedures and a pilot test before data collection (Cohen et al., 2018).

On the other hand, for the qualitative component of the investigation, the participants conforming to the
expert panel responded to a questionnaire with open-ended questions, which were discussed in two focus
groups: the first with university faculty and the second with primary and secondary school teachers. The
questionnaire was aligned with the usability dimensions measured during the quantitative component: ease of
use (What difficulties have you experienced when using the app? How can the app be simplified to make it
casier to use?), user experience (How can the different features of the app be better integrated?), user
confidence/self-efficacy (What improvements can be implemented to increase user confidence/self-efficacy?),
and intention to use (How can the app be designed to encourage frequent use?). A generic question was also
formulated (Do you have any other suggestions to improve the performance, usability, and overall quality of

the app?).
Data analysis

Descriptive statistics were used to analyze the quantitative data. The SUS scoring method involves
subtracting 1 from odd-numbered items and subtracting the participant's score from 5 for even-numbered
items. The resulting scores are then summed and multiplied by 2.5 to yield a score that ranges from 0 to 100.
Scores equal to or above 68 indicate adequate usability (Brooke, 2013). For ease of interpretation, scores were
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next categorized on the adjective scale (Bangor et al., 2009): Worst imaginable (12.5), Awful (20.3), Poor
(35.7), Fair (50.9), Good (71.4), Excellent (85.5), Best imaginable (90.9). For the UES and MAU
instruments, the average of each dimension is calculated, with values close to one indicating very low usability
and values close to five indicating very high usability.

Qualitative data were analyzed using a directed content analysis approach (Cohen et al., 2018). This analysis
was grounded in usability dimensions from the literature, guided by a predetermined coding structure (Hochle
& Venkatesh, 2015; Lewis, 2014, 2018). It is noteworthy that in this study, all data were fitted to existing
codes, and no instances requiring a new category were found.

RESULTS

Quantitative component

Regarding the SUS, the average total score obtained was 80.89 (min. = 58, max. = 95; SD = 82.5),
indicating a level of usability that securely surpasses the established minimum threshold. When analyzing the
scores using Bangor et al.'s (2009) adjective scale, none of the experts rated usability as the worst imaginable,
awful, or poor. Instead, two participants considered it fair, seven rated it as good, three considered it excellent,
and two experts rated it as best imaginable.

As for the UES, the four evaluated dimensions revealed highly satisfactory responses (see Figure 2a). The
average score exceeded 4 points out of 5 in all dimensions, with perceived usability particularly noteworthy.
The dimension with the lowest results was the attention generated by the app, indicating potential avenues for
improvement in terms of design and graphics. On the other hand, the six dimensions of the MAU also
obtained high average scores (see Figure 2b). In this case, the highest scores were observed in the app's
structural interface and the perceived utility of the resource, reaching scores above 4.1 out of 5 points.
Conversely, the lowest scores were recorded in dimensions related to user interface input and output,
suggesting areas for improvement in presenting the app's content.
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Figure 2
Results for a) User Engagement Scale and b) Mobile Application Usability

Qualitative component

The results of the qualitative component of the investigation are next presented according to the following
themes.

Theme #1. Ease of Use. Overall, participants perceived IndagApp as an easy-to-use resource. However, they
pointed out several aspects that could be improved. The first of these is related to the lack of feedback and
guidance during the use of the resource. Users expressed the need for instructions and explanations to
understand the actions being carried out, especially when transitioning from one inquiry phase to another.
Examples of comments include: "I had no idea what to do in some stages. Sometimes I could guess, but not
always"; "If I were a student, I wouldn't know what to pay attention to or what data I need to complete the
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table in the next step”; "I would need some instructions to know what to do in each phase"; "I would like
students to know what they are supposed to do in each phase"; or "Include explanatory text or audio that tells
them the steps".

Another aspect of improvement related to the identification of variables during the methodological phase of
the research. Specifically, there was a need for clearer instructions regarding the definition and identification
of dependent, independent, and control variables. Users found it challenging to determine which variables
were dependent, independent, and control. Examples of such comments include: "It is very difficult to
determine which variables are dependent, independent, or control for each of the hypotheses. I think this will
be very complicated for both students and teachers" and "It requires time and effort to understand these
concepts, especially the first time you use the app".

Theme #2. User Experience. Participants’ comments aimed at improving the user experience addressed
aspects related to (i) error correction and stability, (ii) the duration of each inquiry, and (iii) the design and
interface of the app. Regarding the first aspect, users encountered instances where the app would hang or
freeze, as well as some issues related to content, such as errors when updating the results table. They mentioned
instances such as: "It is necessary to resolve stability issues"; "Currently, the app is just a prototype and has
several errors that need to be fixed to build trust and support the learning process”; "There are errors when
updating the results table"; and "Review errors related to experiment results”. Regarding the duration of each
inquiry, users found it inconvenient to have to restart the entire experimentation and data collection phase
each time they made a mistake when changing an independent or control variable, stating: "When I make a
mistake and change a variable I shouldn't change, the experiment restarts completely, and the data from the
table is lost. I have to start from scratch”.

Regarding the design and interface of the app, experts suggested improving speed, agility, and graphics. They
also reccommended creating a version compatible with both computers and mobile devices. Another common
improvement was to add a more age-appropriate interface for students. Comments included suggestions such
as: "The graphics are not very appealing”; "Inquiry units should be a bit more engaging for students; they
should be about topics that interest them at their age"; and "Improve the speed to make it a bit faster".
Additionally, aspects related to interface design and structure were discussed for improvement. Suggestions
included improving the accessibility of the button to advance to the next phase, the need for an exit button
and a button to go back to the previous phase, and increasing the general font size, especially during data
collection. Examples of these suggestions are: “The button to move from one phase to another should be in a
more accessible location"; "Include an exit or close button; to close it, you have to force quit the application”;
"There should be a button to go back [to previous phases]"; "The data in the tables are very difficult to read” or
"The font is very small and hard to read".

Theme #3. User confidence. The panel of experts suggested including a user manual or tutorials to
enhance self-efficacy in using the app. They asserted that having a supportive resource to guide teachers step-
by-step through the inquiry process would improve their understanding and self-confidence in using the
resource. They also expressed the need for explanations and instructions within the app to enhance
understanding, both for teachers and students, of the purpose of each phase or task to be completed.

Theme #4. Intention to use. The experts mentioned that the use of the app could be encouraged by
including a greater variety of inquiry units. They argued that having a wide range of units could increase their
intention to use IndagApp to teach the science curriculum. Therefore, they recommended expanding the
repertoire of inquiries related to the primary and secondary education curriculum. Some examples of
comments include: "I miss more inquiry units’, "I recommend developing more problems and learning
situations to investigate”, and "Inquiry units should be useful and serve to teach the content of the
curriculum". Finally, they mentioned that it is important to improve and adapt the graphics to resemble games
and common aesthetics for ages 10-14, as this could motivate students to use it more frequently.

10
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Improvements implemented in the app

Table 1 shows the codes generated from the qualitative analysis, together with the improvements

implemented in IndagApp based on the opinions and suggestions of the experts.
Table 1

Expert panel recommendations and improvements implemented

Criticism and recommendations . .
Improvements implemented in IndagApp
from experts

Video tutorial on the inquiry process and a guided example.

Lack of feedback and instructions Help button provides explicit instructions for each phase.

Video tutorial on types of variables and a guided example of

Difficulty identifying variables their identification

Errors, frozen screen, lack of . .
Resolution of stability issues, errors, or frozen screens

stability
Content errors Correction of errors in the content of inquiries

Shorter experimental simulations. Mistakes made while
Excessively long inquiry units completing an inquiry do not delete progress but instead,

display a warning to the user.

Error correction improved app fluidity. Faster experimental

Slow app and simulations i i
simulations.

Enhanced graphics tailored to the age of the target users
(students aged 10 to 14)
New character that captures the user's attention and guides

them through the inquiry

Improve and adapt graphics

Need to improve user engagement

Development of a version available for PC (Windows), as

well as for phones and tablets (Android)

Develop a PC version

Improved user interface: new design, ‘exit’ and ‘go backward’
Interface defects : )
buttons, better presentation of data, and larger font size

Development of user guides, with explanations for teachers
Tutorials are required and printable worksheets for students, hosted on the app's
website

Develop new and diverse inquiry A total of ten inquiry units with varying levels of difficulty

units

Inquiry units rooted in the LOMLOE curriculum. Topics
Align inquiry units with the include physics, chemistry, biology, and geology for Sth and
curriculum 6th grade of primary education and 1* and ond grade of

secondary education.

Error correction and more attractive graphics. Various changes have been made to improve the user
experience and increase their self-efficacy when using the app. Firstly, enhanced graphics tailored to the users'
age group were created, and a main character was introduced to guide students and encourage their
participation (Figure 3). Stability issues, errors, and failures in simulations were resolved, along with the
correction of content errors, thus improving the accuracy and reliability of the presented scientific
information. To shorten the duration of investigations, experimental simulations were redesigned, and data

11
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collection was modified so that errors did not affect progress; now, data is no longer erased, but a pop-up
window appears to alert the user when an error is made. Similarly, design flaws were addressed through
improvements in the user interface, such as the inclusion of exit and back buttons, revising navigation buttons,
improving data presentation, and increasing font size (Figure 4).

a) b)

Figure 3
Simulations of the inquiry units on a) Buoyancy and b) Crystallization. The image shows the new main character of each

unit
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Figure 4

The interface of a) the pilot version and b) the improved version of IndagApp. In the lower left margin of image b), one

of the scaffolding menus can be seen

Scaffolding strategies. Scaffolding strategies have been implemented in IndagApp. These strategies are
based on specialized literature on the adequate implementation of inquiry (Zacharia et al., 2015). This
improvement addresses criticisms related to the lack of feedback and instructions. Now, such aspects are
presented in text or video format. Each stage of the inquiry has a help button that provides explicit
instructions for effective navigation. For example, in the third phase (planning and design), the steps for
controlling and manipulating the variables are outlined. Regarding scaffolding in video format, two tutorials
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were created and added. The first provides a detailed summary of the inquiry process and each phase, following
the phases proposed by Pedaste et al. (2015), while the second tutorial defines types of research variables and
offers tips for identifying each one. Both tutorials include guided examples and are strategically placed in the
main menu and at the beginning of the third phase of the inquiry unit. It is expected that the clear and concise
presentation of this information will enable users to understand the key phases in the development of a
scientific inquiry.

New inquiry units aligned with the curriculum. Ten scientific inquiries covering the core content of the
LOMLOE (2020) science curriculum have been created. These inquiries have varying levels of difficulty and
are available for download on Windows computers or mobile devices and tablets with Android. Both versions
of the resource can now be downloaded for free via the Google Play Store (https://play.google.com/store/
apps/details?id=com ITACA.Indagapp). User manuals with instructions for teachers and printable class
sheets for students have also been designed and are available on the project's website (http://
www.webciencia.es/index.php/ind-virtual). These improvements aim to assist teachers in effectively enacting
the resource.

DISCUSSION

The teaching and learning of science through inquiry is proposed as an effective methodology for the
scientific literacy of students (Aguilera & Perales-Palacios, 2020; Akerson & Bartels, 2023; Romero-Ariza,
2017). Furthermore, it is supported by decades of educational research (Lazonder & Harmsen, 2016; Morales
et al, 2018). However, teachers face various barriers and difficulties in effectively implementing it in the
classroom (Baroudi & Helder, 2019; Romero-Ariza et al., 2019). To address these challenges, the present
research has presented the design, development, and usability evaluation of IndagApp, an ICT resource for
teaching science through inquiry.

In this endeavor, usability testing was crucial to develop an educational resource that is easy to use, efficient,
and effective in its purpose (Vlachogianni & Tselios, 2022). The results of the quantitative component of the
research show adequate usability of IndagApp, with scores well above the minimum benchmarks
recommended in the literature (Bangor et al., 2009; Del Rocio Sevilla-Gonzalez et al., 2020; Lewis, 2018).
Three widely used instruments in the literature support that it is a resource that captures user attention,
generates interest and enjoyment (reward), is attractive in terms of design and graphics, and is a useful tool for
teachers. However, aspects with room for improvement were detected. Thus, the qualitative component of the
research allowed the identification of these aspects and provided some suggestions for changes to refine the
app. These improvements, such as the inclusion of scaffolding resources or the development of inquiries
aligned with the curriculum (LOMLOE, 2020), have been of great value because they have allowed for the
improvement of the resource to the needs of the users, namely, science teachers of students aged 10-14 years.

In conclusion, this mixed methods research supports the use of IndagApp as an educational tool for didactic
transposition of the inquiry methodology for teaching science in Primary and Secondary Education. It is
expected that the development and free availability of this resource will provide teachers with an effective and
easy-to-use tool for the adoption of inquiry.

Educational implications

The results of this study have significant educational implications. On one hand, the IndagApp resource can
assist Primary and Secondary Education teachers in adopting the inquiry methodology for teaching science
(Ali et al,, 2022). The use of IndagApp at these stages has the potential to generate learning experiences
aligned with curriculum demands and supported by educational research (Oliveira et al., 2019). On the other
hand, IndagApp allows for meaningful and enriching use of ICT in the classroom (Silva-Diaz et al., 2022).
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This aspect enhances students’ development of digital competence and promotes problem-solving through the
use of digital resources (Marrero-Galvan & Herndndez-Padrén, 2022). Therefore, its use could lead to an
improvement in scientific understanding and interest in science among students, as well as enhancing
scientific literacy from the early stages of the educational system (Bozzo et al., 2022; Bravo et al,, 2019).
However, these aspects require further research with educational interventions grounded in IndagApp.

The analysis of expert responses reveals relevant conclusions for the development of technological resources
for teachers that go beyond IndagApp. On the one hand, ICT resources must be agile and visually appealing to
maintain user interest and facilitate adoption. Thus, adapting the interface and content to the target audience,
considering their age, interests, and needs, is vital for acceptance. In this regard, from a teaching perspective,
there is a highlighted need to provide resources with an intuitive and clear user experience, along with detailed
explanations of their implementation and use. In the case of IndagApp, the provision of support resources
such as video tutorials or explanations within the application has been chosen to increase the teacher's
confidence in using the resource.

On the other hand, it is crucial to meet the demand for multi-platform resources (PCs, tablets, etc.) to
increase adoption by teachers. Not all educational institutions have the necessary resources for ICT adoption,
such as digital tablets. Therefore, IndagApp has been optimized to be used on different devices. Additionally,
it is concluded that to promote the acceptance of ICT resources by teachers, a diversification and approach to
relevant content adapted and grounded in the current curriculum and learning objectives of the stage must be
offered. Therefore, IndagApp addresses ten central scientific contents in the scientific education of Primary
and Secondary Education. Finally, to avoid significant disruption in teaching practice, the implementation of
ICT resources must align with regular practices. In the case of IndagApp, a student workbook has been
developed as a complement to the app, thus integrating material familiar to the teacher into their daily
practice.

Avenues for future research

The present study opens new avenues for future research. One fundamental aspect is the analysis of the
prolonged use of the IndagApp resource by teachers—both novice and experienced in the use of ICT
resources—in the formal context of Primary and Secondary Education classrooms. This analysis would allow
identifying difficulties not related to the design of the resource itself, but rather to the didactic strategies that
enable its effective implementation. That is, the technological pedagogical content knowledge (TPACK), an
aspect that has been identified as a matter of concern (Valtonen et al., 2023). Another aspect to be addressed
in future studies is the usability of the app for Primary and Secondary students. In the present study, a panel of
experts was employed according to the recommendations of the literature, both in sample size and
composition, and expertise. Thus, the usability of the resource was approached from the perspective of
teachers, considering effectiveness, efficiency, and satisfaction, which has allowed for improvements in the
interface and content of IndagApp.

Following the improvements made and the confirmation of the resource's usability for teachers, the next
steps of the project will focus on analyzing the usability by Primary and Secondary students. Informal tests
have been conducted with students, yielding satisfactory results, but not related to its use in the formal
classroom context or with the necessary rigor. Therefore, future studies with rigorous methodologies and
instruments with adequate psychometric properties for the collection of valid and reliable data are required
(Lewis, 2014), in addition to other variables of interest such as learning improvement, attitudes, or scientific
motivation (Toma, 2021b).

Limitations
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The usability results presented in this manuscript should be interpreted considering that two out of the
three quantitative instruments used are not validated in Spanish. Attempts have been made to minimize this
limitation by translating them into Spanish following cultural adaptation procedures, thus ensuring
conceptual and semantic equivalence with respect to their original version (Cohen et al., 2018). Although the
levels of internal reliability obtained have been satisfactory for all analyzed dimensions, the results of this
research should be interpreted considering this limitation.
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