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Abstract: Virtual reality has impacted education, where progressively more educational institutions
consider its inclusion. The research problem derives from the need to study the educational possibilities
provided by integrating augmented reality into the curriculum, and its effect on academic achievement in
a diverse class, specifically in the chemistry subject. This study examines 60 school-age participants with
and without special educational needs, and addresses three overarching questions: (a) Would integrating
augmented reality (AR) technology result in better academic achievement? (b) Would knowledge be
retained longer by using AR? (c) Is there any relationship between academic achievement, acceptance
and motivation regarding the use of this technology? Embracing the socio-constructivist theory of
learning and collaborative and immersive learning as a framework, this study was carried out using
a quantitative approach and a pre-experimental design. The AR VR Molecules Editor application
was used in chemistry lessons. Main results showed significant immediate academic achievement
and content retention. Despite classroom diversity, immersive technologies enhance students’ learning
regardless of whether they have special educational needs (SEN) or not. They also acknowledge that AR
is a suitable sustainable technology that may foster social and cognitive justice and inclusive education,
and train students that are equally prepared for the dynamic future.

Keywords: inclusive education; academic achievement; augmented reality; sustainable technologies;
knowledge retention; chemistry learning

1. Introduction

Currently, the Chilean Educational Reform, with its pillars of inclusion as well as comprehensive,
quality and public education, has promoted a process of transformation in the educational system.
Through public policy, it also has traced a route to transit, with a rights-based approach, towards
quality education in which all students participate and progress in learning and comprehensive
development [1]. The Educational Inclusive Law N°20.845 [2] in this country states that schools must
guarantee the right to education to all people in the community by working on the elimination of
discrimination and an approach to diversity. Therefore, they must guarantee the access, permanence,
learning and participation of every student, recognizing their diversity and favoring a pedagogical
work more pertinent to their identities, abilities, needs and real motivation [3].

Moreover, the Ministry of Education’s 2015 formal resolution on special education, called Decree 83,
approves guidelines and criteria for curricular adaptation. It also promotes the diversification of

Sustainability 2020, 12, 8116; doi:10.3390/su12198116 www.mdpi.com/journal/sustainability


http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-1317-9228
https://orcid.org/0000-0002-7506-9243
http://dx.doi.org/10.3390/su12198116
http://www.mdpi.com/journal/sustainability
https://www.mdpi.com/2071-1050/12/19/8116?type=check_update&version=2

Sustainability 2020, 12, 8116 2 of 20

teaching, not only for those students with special educational needs (SEN) but with the understanding
that any child or young person in the classroom, by virtue of their individual characteristics or
the circumstances of their context, could find barriers for learning, developing or participating in
culture, curriculum and life at some point in their schooling. Additionally, it specifies more or less
specialized or personalized support [4]. In this sense, it pursues promoting the ability of teachers
and professionals in general, to innovate their pedagogical practices through a theoretical-practical
approach called Universal Design of Learning (UDL). It is assumed that implementing UDL facilitates
greater opportunities for participation and access to learning in a multicultural and diverse school.
It also encourages all students to achieve the essential and fundamental learning objectives established
in the school curriculum [1].

To provide an understanding of the concept of inclusive education, we agree with the UNESCO [5]
approach, which considers it as the process of strengthening the capacity of the educational system to
reach out to all learners. As learners, we understand all students in a classroom, with and without
disabilities [6]. For us, this concept is broad and enhances all the diversity of students that can be
presented in a classroom. However, in this study, we emphasize students with special educational needs.

Meanwhile, the incorporation of information and communication technologies in education has
managed to become an educational resource that facilitates student learning in a didactic, creative
and motivating way. Technologies have had an essential role in the development of Universal Learning
Design (known as DUA in Chile) since its origin, and the use of digital materials in classrooms shows
that students with disabilities obtain better results than with printed materials [7]. Learning is also
enhanced for students without disabilities. ICT enables the students” ways of learning in science
subjects (physics, biology and chemistry) where students have presented serious difficulties for decades.
Research has shown that these difficulties are related to the traditional one-way, teacher-centered,
expository and rote teaching, causing a lack of motivation and study techniques by the students [8].

Different studies show that the use of technology in general, and of immersive technology
specifically, favors educational processes. Both virtual reality and augmented reality improve student
achievements, as it is possible to have better results with technological means. It also improves
and increases interest, motivation to learn and positive acceptance in the use of technologies in
educational processes [7,9-13].

In Chile, studies on immersive technologies are mostly carried out at the tertiary levels [14-16],
and findings in K-12 are rather scarce, especially using technology with students with special educational
needs [17,18]. In this context, the research problem derives from the necessity to study educational
possibilities provided by the curricular integration of immersive technology such as augmented reality
and its effect on academic achievement in a diverse class of secondary students taking chemistry.

In this context, the research questions are: (Q1) Would integrating augmented reality technology in
the learning process of chemistry result in a better academic achievement of students with and without
special educational needs? (Q2) Would the knowledge be retained longer by using augmented reality?
(Q3) Is there any relationship between the academic achievement, acceptance and motivation to use
augmented reality technology of students with and without special educational needs after integrating
this immersive technology in their learning processes?

We begin the article with a review of the main concepts embraced by this study, together with
a review of the literature. Then, we present the methodology followed by the participants, the activity
developed in the school as well as a detailed description of the data collection instruments to conclude
with an explanation of the data analysis. Finally, we present the results that demonstrated that AR
is a sustainable technology for reinforcing and improving the academic achievement of all students
in a diverse classroom. This research addresses the concepts of academic achievement, knowledge
retention, motivation and acceptance of the use of augmented reality technology in an attempt to
describe and to pull apart the components that impact more. When we better understand these
components, they can be folded into established classroom pedagogies from the learning sciences.



Sustainability 2020, 12, 8116 3 0f 20

2. Literature Review

This research is contextualized in the concept of sustainable education and addresses the term of
sustainable technology to frame the research. Then, we examine attention to diversity and technology
followed by a description of augmented reality as an inclusive educational tool. Finally, we define
the concepts of academic achievement and knowledge retention.

2.1. Sustainable Education

In this study, we embraced the concept of sustainable education as Education for Sustainable
Development (ESD) which is defined by [19] as a process that enables people to develop the knowledge,
skills, attitudes and values necessary to shape and live in a sustainable future. ESD is associated
with lifelong learning as well as the idea that communities must know their rights to develop
policies and practices that can change their lives [20]. We also considered that it is related to
the educational inequalities that can restrict the learning ability of students, especially disadvantaged
and underrepresented students.

Sustainable development (where ESD is grounded) seeks “to ensure inclusive and equitable quality
education and promote lifelong learning opportunities for all” and “to reduce inequality within and among
countries to make cities and human settlements inclusive, safe, resilient and sustainable” [20] (p. 5).
We understand that the relationship between education and other areas of sustainable development is
problematic. We agree with the author that education is not the panacea for development on its own.
We acknowledge that technology, in this case AR, can complement sustainable development, especially
when students (future citizens) acquire new knowledge and skills by combining both.

We therefore pay attention to how technology can open up or limit the possibilities for students
with and without SEN, and how they reinforce academic achievement and content retention. These
skills will help them to continue learning and adapting to new scenarios in the future.

2.2. Sustainable Technology

A focus on sustainable development contributes to defining what a sustainable technology is, since
there is no agreement on the term. In this study, we understand the concept as the technologies that use
fewer resources to obtain an objective. We consider that sustainable technology can be characterized as
being flexible and adaptable and enables students to live a real experience or represent real context
experience to practice their abilities. At the same time, it is essential that sustainable technology can be
accessed by anyone anywhere to foster equity, and it must not provoke discrimination of any kind.

In this research context, we argued that sustainable education might exist together with sustainable
technology since both require a sustainable development strategy whose final objective is to achieve
both personally and socially sustainable policies and practices [21,22]. To sum up, what is essential in
sustainable technology is its transformational power.

2.3. Attention to Diversity and Technology

Attention to diversity implies the design of new educational models that consider the different
kinds of realities that make up the classroom. Moreover, we must consider the social and cultural
aspects that direct us to develop new inclusive modalities for implementing classroom strategies
and the human and material resources that will be used to address different contents, among others.
To improve teaching quality, emphasizing the learning of all students, it is essential to know what we
mean by students with special educational needs.

For this study, we follow the definition of Decree 170, which defines a student who presents
special educational needs as one who needs additional help and resources, whether human, material
or pedagogical, to lead their development and learning process, and contribute to achieving
the educational goals.
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In this sense, all teachers, regardless of the content they teach or the level they teach, must be
prepared to provide supportive and inclusive responses according to each of the needs of students with
or without special educational needs within the classroom context. Teachers should also be prepared
to distinguish between the special support for those students who require it, while respecting their
individualities as to whether they have been diagnosed as having permanent or transitory needs [23].

In Chile, the use of technologies in education has increased considerably, responding to changes in
society, and technologies are used both for the learning and teaching processes [24,25]. Once information
and communication technologies (ICT) are incorporated, schools are forced to consider changes
at all levels and integrate a more efficient use of ICT by teacher educators, pre-service teachers
and in-service teachers [26].

In this sense, technologies allow education to consider multiple social, ecological and cultural
changes. For instance, it allows for greater personalization of processes leading to significant learning,
and provides students with the technological and pedagogical resources that eventually allow them
to be agents in the production and distribution of knowledge [27]. Incorporating technologies in
educational processes acknowledges the use of a social constructivist theory of learning [28], where
the social context is essential for the students’ learning and students are considered exploratory
agents, actively making sense of the external world by using technological artefacts that mediate
the learning process. It also gives space to practice collaborative learning where students can develop
other skills such as group work, critical thinking, reflection and participatory learning. All these skills
are considered for sustainable education, whose main purpose to promote student autonomy in order
to shape a sustainable and just future [29].

Immersive learning can be understood as the learning process that occurs in a simulated
environment. Immersion is a cognitive state influenced by factors within and around a virtual learning
environment [30]. Immersive learning enriches learner experiences because it is like experiencing a real
environment. It is “composed of different psychological faculties such as attention, flow, engagement,
planning and perception, and is qualified by a lack of awareness of time and the real world around
an individual” [30] (p. 18).

Regarding students with special educational needs, it is crucial to paying attention to diversity as
a broad concept which embraces all the students [31]. These aspects suggest that all students have their
own specific educational needs for accessing the learning experiences necessary for their socialization,
established in the school curriculum.

There are no known studies that measure learning directly. It is widely accepted that technology can
improve the learning environment, help with student motivation [32], improve academic achievement
and help the retention of knowledge. In this context, the main terms in which this study is framed are
the concepts of academic achievement and knowledge retention.

2.4. Augmented Reality as an Inclusive Education Tool

Immersive technologies make up artificial environments created and inhabited by man, causing
an educational disruption expressed in new ways of teaching-learning in mixed, face-to-face and virtual
contexts [33,34]. Today, within many classrooms throughout the country, teachers and students
of all ages use technological resources to make classes more dynamic, achieving more effective
and participatory learning.

Augmented reality is one of the emerging technologies with great educational possibilities, and is
being incorporated by various disciplines at different academic levels. It combines digital information
with physical information in real time and with user participation. This combination is made through
different technological supports such as smartphones or tablets, to create a new reality enriched with
information from the real and the virtual world [35]. Most importantly, this kind of technology “covers
a wide range of topics, target groups, academic levels and more” [36] (p. 447).

Augmented reality is defined as the technology that allows the real world to be combined with
digital information through different augmented reality technological devices [37]. Thus, synthetic
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elements such as 3D objects, multimedia content or text information are superimposed on real-world
images. These elements increase the possibilities of interaction with the user. Augmented reality is also
seen as an extension of virtual reality [38]. However, virtual reality acts as a bridge between reality
and the virtual world [39].

In various studies, authors have emphasized that interactive technologies such as multimedia
technologies and virtual 3D technologies affect learning outcomes [30,40]. However, itis highlighted that
technologies are facilitators for student learning because they allow students to focus on the importance
of information [9,41], enriching it to make it more understandable, promoting ubiquitous learning,
observing an object from different points of view and creating safe artificial scenarios for students such
as laboratories and simulators. They also enhance printed materials with additional content in various
devices and turn students into pre-consumers of learning objects.

The educational field has permanently adopted AR among its technological resources. Using
technology, learning may occur not only in the classroom but also at home, places of play and in
the daily interactions established with others.

On the other hand, augmented reality is commonly used with in-class projects, as
an educational complement or even as protagonists, with students and teachers being the creators of
the information [42]. Its use has been promoted at different educational levels, as well as in different
scientific disciplines, such as mathematics, geometry, natural sciences, physics, chemistry, medicine
and educational sciences [43].

A recent study in Spain has shown that the evaluation of secondary students on the use of AR
in a chemistry subject was satisfactory [44]. The students considered AR as an excellent educational
resource and pointed out that this technology allows them to be the protagonists of learning. A total of
63% of the surveyed students considered the use of the chemistry class book and the use of AR to be
suitable for learning the chemical elements. The results showed that the students conceive the use of
an innovative method as a complement and reinforcement of the traditional method.

Another study on students” academic success and cognitive workload when learning anatomy
with mobile augmented reality showed that the students using AR applications had more academic
success and lower cognitive loads compared to the students in the control group [45].

In the US, research was conducted on the use of technologies such as immersive exergame
and different levels of embodiments in lessons with college-age participants. The results showed that
participants made significant immediate learning gains from pre-test to post-test. In addition, the level
of embodiment interacted significantly from post-test to the one-week follow-up test [46].

There are also examples where AR applications targeted at students with special educational needs
are used to help treat cognitive problems, learning disabilities and emotional trauma [17,47]. Other
studies use a virtual world to help students with autism develop confidence, finding that technology
facilitated interaction rather than creating a barrier [48].

Consequently, based on the theoretical elements and studies previously shared, it is possible
to affirm that AR can contribute to the academic achievement of students, among other advantages,
and that students can react positively to such practices. In other words, the effectiveness and efficiency
of education, translated into academic achievement and school retention, may increase when
the relationship of the content is similar to real life. In this scenario, abstract concepts, such as
those in chemistry, become more concrete, accessible and manageable.

2.5. Academic Achievement and Knowledge Retention

It is understood that the human being is an active processor of experience, through the complex
system in which the information is received, transformed, accumulated, recovered and used. In other
words, to ensure learning, an interactive environment is needed, as is the subjective representation
made by the individual through internal (cognitive) processes. There is coincidence in the need of
subjective representation that students generate when learning [49]. Moreover, it is suggested that
to generate knowledge using technologies, four processes must occur: (1) access to information,
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(2) representation of this information, (3) creation of new knowledge and (4) knowledge transfer. It is
in this last step when we can see the students’ final achievement. After completing each step (with
the use of technology), they manage to transfer their representation to others. This process is often
assessed in most Chilean schools by assigning scores, and these results indicate to the students how
well or poorly they did.

Undoubtedly, one of the most critical dimensions in the teaching—learning process is students” academic
achievement. To assess academic achievement and how to improve it, we must take into consideration
factors such as socioeconomic status, social skills, personal perceptions, family constitution and even
genetic determinations [50], working memory skills [51], academic resourcefulness [52] and performance
anxiety [53], among others.

According to the literature, students’” academic achievement is defined as a net result of their
cognitive and non-cognitive attributes [54], which also includes the sociocultural context in which
the learning process takes place [55].

Some authors agree that it is very imprecise to identify the achievement of a student only by their
scores [56]. Nonetheless, it is the indicator that gives the best approximation and objectivity. In this
study, the concept is understood as the relationship between the learner strength (input) and what is
achieved as a product (output) through the interaction among students and educational resources.

How students learn, and how they can perform academically also depends on another critical
factor: retention of knowledge. This concept represents the mental process that enables storage,
ensures the retrieval of information and is associated with skills [57]. At the memory level, the student
internalizes and links knowledge, abilities and skills to build learning. In this sense, augmented reality
is one of the new techniques that is revolutionizing teaching, since it enhances the retention capacity of
students by allowing them to interact with visual objects in the real world through mobile devices [58],
which are increasingly immersed in the lives of children and young people.

An interesting study from England pointed out that students who experienced practical education
using augmented reality increased their retention rates by 18.1% in the area of mathematics, followed
by 13.1% in mechanics and 2.9% in engineering [59]. These results, although placed in a tertiary
education context, are an antecedent for this study as they address knowledge retention as a key
element to demonstrate learning built on chemistry content, but in secondary education.

To support academic achievement, we also embrace the concept of collaborative learning to design
some of the activities for the pedagogical intervention. This concept refers to a method in which students
work together in small groups [60,61]. It involves the process of elaborating an object, idea, concept,
phenomenon or application with more people. Another reason to embrace this concept is that teachers
that use collaborative learning methods assume that knowledge is created through students’” interaction
and not from a teacher-student relationship [62].

The concept of special needs (transitory or permanent) is also developed in the framework of
this study. There is a regulation that seeks “to provide equal opportunities and social inclusion of
people with disabilities by having access to the regular educational schools” (article N°34) [63], among
other rights. In this context, the Ministry of Education of Chile emphasizes that the special educational
needs concept implies a transition in understanding learning difficulties, from a deficit-focused model
towards a proper educational approach [4] (p. 4). It implies an integral development of the students’
characteristics challenging educators to provide the necessary support so students with special needs
can learn and participate in the regular school environment.

Dyslexia, dyscalculia and dyslalia, among others, are learning problems that any student may
face at some point in their educational itinerary. Consequently, the system demands a proper
and timely educational response, which will allow them to identify their causes and to promote
offering relevant pedagogical support to enhance learning outcomes of students with SEN. A good
example is a significant disparity reported by the Nation’s Report Card in the US [64] national tests.
A low mathematics and reading proficiency level in year 4 primary students with specific learning
disabilities can be observed. Results place them right at the lower achievement level of the cut score.
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Science results for year 12 students with SEN show that 70% of them are at the lower end of the basic
achievement level. In comparison, 36% of students without special educational needs were placed at
this level.

3. Hypotheses

Based on the insights gained from the literature review, and considering the research questions
and existing theories, three hypotheses were tested in this research and our predictions and rationales
are listed after each one.

(1) Using AR should be predictive of both improvements in academic achievement and knowledge
retention. We predict that the immersive characteristics of AR such as the combination of digital
and physical information in real time enable students to enter in a cognitive process, which is
influenced by internal and external factors from the real and virtual world.

(2) The level of motivation regarding AR integration is related to the improvement in students’
academic achievement. This is hypothesized because a high level of motivation regarding
the technological advantages and benefits generate a positive predisposition to using them, which
leads the creation of an appropriate scaffolding scenario for learning.

(3) The level of acceptance of AR integration is related to the improvement in students” academic
achievement. This hypothesis is raised because a high level of acceptance of the technological
advantages and benefits could generate a new and safe learning environment where interaction
can enhance academic achievement and inclusive education.

In summary, this study addresses the concepts of academic achievement, knowledge retention,
motivation and acceptance of the use of augmented reality technology in an attempt to describe and to
pull apart the components that have a greater impact. When we better understand these components,
they can be folded into established classroom pedagogies from the learning sciences.

4. Methodology

This study is based on a pre-experimental design with a pre-test and a post-test and a single group.
It consisted of determining academic achievement before and after the integration of augmented reality
into the classroom. Additionally, to determine knowledge retention, a follow-up test was applied one
month later. The method used was quantitative with an explanatory approach, since its focus was to
explain whether the incorporation of AR affects secondary school students” academic achievement in
their chemistry knowledge. In educational experimentation, it is difficult to totally control the external
features [65]. However, the within-subjects factor and the test time design, which had three levels:
pre-test (the day before the intervention), post-test (the day after the intervention ended) and follow-up
(an average of 1 month after instruction), permit measuring the effects on academic achievement.
External control features were agreed on with participants. For instance, they pledged not to use
AR outside of the classroom. Additionally, we verified that the chemistry content was not taught
previously during the academic year.

4.1. Participants

The sample was chosen non-randomly, and it was composed of 60 secondary female students,
who were studying the second semester of the 4th year of secondary school (12th level). There were no
group selections since all the students participated in the experiment. From the total of students, 7 had
been diagnosed as having SEN, of which 6 had transitory needs and 1 had permanent needs. Students’
age ranged between 17 and 18 years old. They attended a private subsidized educational institution
for women in Concepcion, a city located in the Biobio Region, in Southern-Central Chile. The ethical
committee of the university evaluated and approved the research project and its ethical guidelines
and documents. This process enabled us to conduct the research with students under 18 years old in
educational settings.
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Then, to participate in the research, an information sheet and informed consent were delivered to
the students’ parents in order to obtain their permission, as most of the students were under 18 years
old. Students also verbally manifested their intention to participate in the study. All the information
was used confidentially, safeguarding the students’ identities, as well as not causing any physical or
psychological harm from the use of AR technology.

4.2. Description of the Activity

In its experimental stage, the study was carried out between August and October 2019. It consisted
of building and manipulating 3D molecules of organic and inorganic compounds using the AR VR
Molecules Editor application.

The intervention took place over three phases. Phase 1 consisted of the face-to-face administration
of a chemistry test to determine the baseline. In Phase 2, the instructional intervention, hereafter
lessons, was carried out by implementing three 45-min sessions in which students carried out didactic
activities, integrating the use of augmented reality technology, collaborative group work, reflection
and the use of specific printed support material. In the end, the acquisition of chemistry content was
tested through version B of the test. In Phase 3, a delayed follow-up test was applied one month after
the completion of the last lesson, in order to find the students’ deepest remaining knowledge after
working with AR.

The lessons were carried out in the chemistry laboratory of one private subsidized school. To
carry out the proposed activities, participants manipulated the augmented reality technology. Students
also organized themselves into teams of 3 to 5 members, and participated in different workstations
on a rotating basis. This means that all the students followed the same experimental work scheme.
Within each team, students assumed different roles for the development of the activities: for instance,
to visualize components using AR lenses, to give instructions to those who visualized the components
in augmented reality, to write the results of the visualizations in the practical guides and to generate
questions to reflect on the contents and experience with the use of AR. Once the team completed
assignments, all groups were rotated so they would have the opportunity to perform the activities at
the next station.

During the first session, a review of the chemical elements, colors and symbols was generated.
The objective was to enhance the ability to recognize organic and inorganic compounds according to
their molecular composition

In this activity, the students used the AR lenses and the AR VR Molecules program. The students
were asked to identify the molecular structure of the chemical compounds that were written in their
work guides. Then, they had to write the chemical formula corresponding to each organic and inorganic
component displayed, including the chemical elements that it is composed of, the shape and number
of bonds.

During the second session, the ability to answer questions was promoted. The questions were
about chemical compounds and functional groups to which these compounds belong. Using the AR
cards, the students had to observe which functional group each card belonged to.

Finally, the students were asked to draw structures representing the order and number of bonds,
and to build chemical compounds. In this activity, the students had to form chemical compounds
written on their worksheets by using the AR VR Molecules program in the virtual laboratory, respecting
the chemical elements, structure and bonds. Then, they were asked to draw and paint the product on
their worksheets.

To sum up, all the activities described in this section were created under the socio-constructivist
theory, considering collaborative and immersive learning. Students were able to access information
and to represent the content through the action of drawing a sum of molecules that they had learned
about during the AR experience. In order to transfer their new knowledge to the rest of their group,
one student in the group instructed others to create what she had done. This process generated
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an environment full of curiosity, social interactions and re-transference of knowledge that favors
students’ engagement.

4.3. Data Collection Instruments

For this study, three data collection instruments were used: (1) academic achievement test, (2)
motivation scale of augmented reality (MSAR) and (3) scale of acceptance of the use of augmented
reality for secondary students (SOASESS). They were temporarily administered at two moments. First,
before the experience of using AR, because the academic achievement test was applied as a pre-test.
Second, at the end of the experience of using AR, where the academic achievement test was applied as
a post-test. Third, the post-test, the scale of acceptance of the use of augmented reality and the MSAR
questionnaire were applied.

4.3.1. Academic Achievement Test

The academic achievement test is an evaluation created to measure the content addressed in
the intervention. It aims to inform the analysis of academic achievement. Its contents are related
to the chemical compounds, in this case: the identification of organic (hydrocarbon) and inorganic
compounds, and functional groups. Both versions of the test were specially designed by the researchers,
considering the contents addressed in the intervention, which are also part of the national curriculum
for the 12th level.

To validate the instrument, it was submitted to a content validation process, which was carried out
considering the relevance of the questions concerning the curricular bases of the 4th year of secondary
school (12th level) in the training plan of chemistry [66]. Furthermore, the test was subsequently
validated by the judgment of experts in the area of science. Three expert teachers from the chemistry
area participated, who spoke about the relevance (content) of the questions, the educational level
and the writing (clarity) of the questions.

This test consists of 30 multiple-choice questions from which each correct answer awards 2
points with the maximum possible score being 60 points. The scoring range used in the analysis goes
from the score of 1.0, that is, those who obtain 0 points, which means 0% achievement, and which is
considered as Very Poor, to a 7.0 score, for those who get 60 points, which means 100% achievement,
considered Very Good. The required percentage to pass is 60%, which corresponds to 36 points,
and which grants a passing score of 4.0.

This test was applied under the modality of a pre-test, post-test and follow-up test, with two
versions to avoid prior knowledge of the questions. Both versions evaluate the same content, although
the questions are different. Version A was applied as a pre-test, and version B was applied as a post-test
and after one month as a follow-up test.

4.3.2. Motivation Scale of Augmented Reality (MSAR)

The creation of the motivation scale of augmented reality was based on the Instructional Material
Motivational Survey (IMMS) [67], which measures middle and secondary school students” motivation
regarding the use of augmented reality.

For this study, the validation of the MSAR was carried out in two stages. First, it was validated
through expert judgment, regarding the wording and clarity of the indicators. Second, a psychometric
validation was performed using exploratory and confirmatory factor analysis. The application of this
test for its validation was applied to a sample of 252 secondary school students.

The instrument is made up of 33 items that are divided into 3 dimensions. The first one is
the Attention, Trust and Satisfaction Dimension, defined as motivational constructs such as curiosity,
personal control, enthusiasm for success and continuation for the pleasure of learning with augmented
reality. The second one is the Complexity Dimension, referring to the difficulty that the use of
augmented reality can generate. The third one is the Irrelevance Dimension, alluding to the little or no
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importance of using augmented reality for learning. The response options are arranged in 7 levels of
agreement ranging from 1 to 7, where 1 means Extremely Disagree, and 7 Extremely Agree.

The subscales Attention, Trust and Satisfaction; Complexity; and Irrelevance of the Motivation
Scale of technology use all had adequate reliabilities, all Cronbach’s o = 0.76. However, the Irrelevance
subscale had relatively low reliability, with Cronbach’s o = 0.61. A confirmatory factor analysis was
conducted on the 33 items with orthogonal rotation (varimax). The Kaiser-Meyer-Olkin measure
verified the sampling adequacy for the analysis, with KMO = 0.93, and all KMO values for individual
items were > 0.90, which is well above the acceptance limit of 0.5 [68]. Barlett’s test of sphericity x>
(528) =4772.2, p < 0.001, indicated that correlations between items were sufficiently large enough for
the MSAR.

4.3.3. Scale of Acceptance of the Use of AR for Secondary Students (SOASESS)

The SoASESS was based on the scale of the acceptance of the use of technology (TAM) translated
from the English version to a Spanish one [69], aiming to measure the degree of acceptance of the use
of technology in Spanish university students. In the case of our scale, it was designed to measure
the secondary students’ level of acceptance regarding the incorporation of augmented reality.

For this study, the validation of the SOASESS was carried out in two stages. First, it was validated
through expert judgment regarding the indicators” wording and clarity. Second, a psychometric
validation was carried out by means of an exploratory and confirmatory factor analysis with a sample
of 183 students who were in secondary education.

The instrument is made up of 14 items which are divided into two dimensions. The first one is
the utility and facility of use observed, defined as the belief that a person has that using a particular
technological system will improve their performance at work and the facilitation that they perceive
when using the system. The second one is attitude and enjoyment towards the use and intention to
use it, which refers to the predisposition and extrinsic motivation of the person when making use of
a technological system. The response options are arranged in 7 levels of agreement ranging from 1 to 7,
where 1 means Extremely Disagree, and 7 Extremely Agree.

The observed utility and facility of use, and attitude and enjoyment towards the use and intention
to use the subscales of the scale of acceptance of the use of technology all had high reliabilities, all
Cronbach’s « = 0.90 (according to the criteria expressed by the author) [68]. A confirmatory factor
analysis was conducted on the 14 items with orthogonal rotation (Varimax). The Kaiser-Meyer-Olkin
measure verified the sampling adequacy for the analysis, with KMO = 0.91, and all KMO values for
individual items were > 0.90, which is well above the acceptance limit of 0.5. Barlett’s test of sphericity
x? (105) = 2445.7, p < 0.001, indicated that correlations between items were sufficiently large enough
for TAM.

4.4. Data Analysis Procedure

To analyze data, we conducted a descriptive statistical analysis of the central tendency
and dispersion of the variable of study, academic achievement, knowledge retention, acceptance
and motivation of the use of technology with augmented reality. It was carried out using the statistical
program IBM SPSS Statistics 23 version software. We also tested the homogeneity of variances. Levene’s
test denoted that for academic achievement F(1, 58) = 0.53, ns, for motivation to use AR F(1. 58) = 1.41,
ns, and for acceptance of the use of AR technology F(1, 58) = 0.43, ns, and the variances were equal. We
used the Kolmogorov—-Smirnov test to see if the test distribution of scores significantly differed from
a normal distribution. It is reported that for the academic achievement in the pre-test D(60) = 0.03,
p < 0.05, in the post-test D(60) = 0.00, p < 0.05, and in the follow-up test D(60)=0.00, p < 0.05, and they
were all significantly non-normal. Results also showed that for the motivation of the use of augmented
reality D(60) = 0.16, p < 0.05, and for the acceptance of the use of AR technology D(60) = 0.19, p < 0.05,
which were both significantly non-normal.
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In this sense, homoscedasticity is assumed as not normal, therefore, a non-parametric inferential
analysis of the academic achievement variable was carried out using the non-parametric test ANOVA
by Friedman and Wilcoxon, for testing differences in the mean rank in each condition (pre-test, post-test
and follow-up test) considering that the same participants have taken part in all conditions. Moreover,
Kendall’s tau was used to determine a non-parametric correlation between the variables following
recommendations considering that is a better estimate of the correlation when there is a small data set
with a large number of tied ranks [68].

5. Results

The results that we introduce in this section are linked to the three research questions proposed at
the beginning of this article. The data processing includes descriptive and inferential statistical analysis.

5.1. Academic Achievement and Knowledge Retention Results

Guided by the first research question, it can be said that the overall immediate academic
achievement increases from pre-test (M = 3.65, SD = 1.21) to post-test (M = 5.21, SD = 1.15). The score
increase is as high as 1.56 points more after the integration of the AR technology in the classroom. It is
also possible to observe that the results of the pre-test are low, not exceeding a score of 3.7, which
means that they do not reach the minimum passing score (4.0) under the Chilean system.

Guided by the second research question, it is also possible to observe that, overall, the mean
scores on the follow-up test (M = 5.34, SD = 1.29) are higher than the results obtained on the post-test
(M =5.21, SD = 1.15). The increase in the score is 0.17 points more one month after the students ended
the intervention (see Table A1l in the Appendix A Section).

In the post-test (see Figure 1), the students with and without special needs performed similarly on
the three tests. Moreover, students did not retain as much of the content of the chemical compounds
one month after the lessons ended. However, the decrease in knowledge retention is less in the students
with special needs (0.17 points less than their main post-test score) than the other sub-group (0.21).

Scoring range

—Students without Special
educational needs

---Students with Special educational
needs

Pretest Posttest 1 Month Follow-up test

Figure 1. Students’ trajectories of academic achievement from pre-test to follow-up test. (Source:
prepared by the authors.)
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Performing a global analysis, both the post-test and follow-up test show results above a score
of 3.6, which means that all the students obtain passing averages in their score, regardless of being
diagnosed with a special educational need or not.

Equally noteworthy is the fact that the group of students with special educational needs (n = 7)
increased their score by 1.64 once the intervention was completed, compared to the post-test. If we
consider the post-test with the follow-up test, this difference falls only 0.17 points. The relevant thing
about the data is that in this group of students, one month after the end of the intervention, the result
of the scores is still almost one and a half points (1.47 points) if we compare with the post-test.

To approach the inferential analyses, the distribution of the sample was also tested through
the Kolmogorov-Smirnov test of homogeneity of variance. The results showed that there is a difference
between the variations in the population (in academic achievement, the variances were for pre-test
D(60) = 0.14, p = 0.00; for the post-test D(60) = 0.16, p < 0.001; and for the follow-up test D(60) = 0.17,
p <0.001).

In this sense, homoscedasticity is assumed to be non-normal, so a non-parametric inferential
analysis of the academic achievement variable was carried out using the non-parametric test of
Friedman’s ANOVA, in order to observe the differences in the results of the achievement tests before
and after the intervention, as well as in the follow-up test.

The results show that the students’ scores changed significantly throughout the three measurements
(within-subjects) in which the augmented reality intervention was carried out (x*(2) = 74.02, p< 0.01).
The Wilcoxon test was used to follow-up on these findings. A Bonferroni correction (to correct the error)
was applied, so all effects are reported at a 0.167 level of significance. It is observed that academic
achievement significantly changed from before carrying out the instructional intervention to after,
T =26, r = —0.58, as well as from the beginning to the measurement made a month later, T = 18.50,
r = -0.60.

Finally, itis possible to affirm that there are no significant differences from the end of the intervention
to the measurement after one month, since the difference in academic achievement of the participants’
averages is 0.17 points in the score.

5.2. Acceptance and Motivation to Use Augmented Reality Technology Results

Guided by the third research question, we ran the non-parametric correlation. These analyses
used Kendall’s tau for two reasons. First, it should be used when dealing with a small data set with
a large number of tied ranks. Second, it can draw more accurate generalizations from this statistic
than others [68]. Kendall’s tau, however, is not numerically similar to another non-parametric test, so
the authors emphasized that the effect reported should not be squared. We analyzed those variables
related to academic achievement separately in order to approach hypotheses 2 and 3.

As can be seen in Table 1, the level of acceptance of the use of technology by the students after
having carried out the intervention with AR at a global level is high (M = 6.71, SD = 0.55) with
a score close to the maximum (7 points). Regarding the dimensions, it can be seen that both the utility
and observed use of AR (M = 6.58, SD = 0.698) and the attitude, enjoyment and intention of using AR
(M =6.82, SD = 0.45) present a high degree of acceptance by the students.

Table 1. Acceptance of the use of augmented reality (AR) results (SOASESS).

Students with . Students with
and without SEN Students without SEN and without SEN
M (SD) M (SD) M (SD)
SoASESS 6.71 (0.55) 6.70 (0.62) 6.80 (0.38)
Utility and ease of
o obseraad 6.58 (0.69) 6.53 (0.76) 6.68 (0.52)
Attitude, enjoyment 6.82 (0.45) 6.82 (0.51) 6.89 (0.28)

and intention to use it
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These results allow us to affirm that when students perform their chemistry activities with AR,
they consider that this type of technology helps improve their academic achievement, facilitates
understanding of the content and is a more fun way to learn, and they enjoy the class.

Besides, we found that overall, the students’ level of acceptance was significantly related to
academic achievement, t = (.78, p = 0.01, and with the level of students” motivation, = 0.47, p < 0.001.
Nonetheless, it cannot be assumed that the level of acceptance caused success in academic achievement
or increased students’ motivation.

The descriptive results of the subgroup with SEN and without SEN show that the medium is
relatively similar. However, students with SEN have a better attitude toward the use of AR. In all
phases, they surpass the average level of acceptance by between 0.07 and 0.15. Furthermore, focusing
on SEN, we also found that the level of acceptance of students was significantly related to academic
achievement, 7= 0.78, p = 0.01.

Following the third research question, this total average result is why the motivation analysis
instrument was made up of both positive factors such as attention, trust and satisfaction, as well as
negative factors, which correspond to complexity and irrelevance.

This interpretation is evident in the mean obtained in the Attention, Trust and Satisfaction
dimension, which corresponds to a score close to the maximum (M = 6.35, SD = 0.53). It was
evident that the students were curious to learn through AR, and that they felt motivated to carry
out the activities, which maintained and managed to capture their attention, and in turn complete
the activities that generated a feeling of satisfaction with their results. On the other hand, regarding
the Complexity dimension (M = 1.75, SD = 0.78) and the Irrelevance dimension (M = 1.55, SD = 0.68),
low scores are evident as it can be seen in Table 2, failing to exceed 2 points, since the answers on
the scale extremely disagree. In both dimensions, it could be shown that using AR was not a difficult
task for the students, so they did not require much effort to use it, and the images and videos were
attractive, therefore they were not boring and the participants managed to relate the images very well
to the real world.

Table 2. Students’ motivation to use AR technology.

Students with ) .
and without SEN Students without SEN Students with SEN
M (SD) M (SD) M (SD)

MSAR 4.94 (1.02) 4.93 (1.06) 5.04 (0.52)
Attention, trust

and satisfaction 6.35 (0.53) 6.31 (0.98) 6.34 (0.53)

Complexity 1.75(0.78 1.81 (1.36) 1.30 (0.52)

Irrelevance 1.55 (0.68) 1.55 (0.96) 1.57 (0.78)

Similarly, it can be seen that both the students presenting SEN (M = 5.04, SD = 0.52) and those
without SEN (M = 4.93, SD = 1.06) were highly motivated to use AR in the lessons. Thus, it is evident
that, whether there is any special educational need or not, the students show high attention, confidence
and satisfaction when using AR. Further, in both cases, a low level is observed in the dimension of
Complexity, and in the Irrelevance dimension.

In summary, both students with and without SEN consider it relevant to work with AR, being
an entertaining audio-visual material, which is easy to understand and use in class. Our findings inform
that the student’s motivation is not related to academic achievement or to the retention of knowledge.

Focusing on SEN, we found that the student’s motivation was significantly related to academic
achievement, 7= 0.78, p= 0.01. Nonetheless, it cannot be assumed that the students’ motivation caused
success or an increase in academic achievement.
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6. Discussion

The research began with the following three predictions: (1) using AR should be predictive of both
improvements in academic achievement and knowledge retention, (2) the level of motivation regarding
AR integration is related to the improvement in students” academic achievement and (3) the level of
acceptance of AR integration is related to the improvement in students” academic achievement.

The first prediction was supported: augmented reality technology did improve academic
achievement in secondary students. This result was achieved thanks to the use of the socio-constructivist
learning theory in the three-week educational intervention [28], where collaborative and immersive
learning were central didactic ways to direct the use of immersive technology. It is important to
mention that according to the positive outcomes, the research team highlights several issues that
need to be addressed to get a better understanding of the result’s rationale. The technology was just
a medium to fulfil the curricular objectives. Prior training on how to use the AR lens and/or AR VR
Molecules Editor was not needed. Once the app was chosen, all its benefits and advantages were
evaluated to determine if it should be used or not. The main reasons were related to the free access,
the different options to work on chemistry content and its friendly interface. These app characteristics
help students feel secure, which is a characteristic that enhances AC. Teachers play a crucial role, as
they act as facilitators who guide the activity and give not only support but feedback in case something
would not have worked. In this case, students developed activities by themselves in a “learning by
doing” process, which was fruitful for improving their academic achievement.

Following the first prediction, augmented reality did improve knowledge retention. Interestingly,
students achieved retaining knowledge one month after the educational intervention had finished.
Participants demonstrated knowledge retention since they were able to identify concepts, relate ideas
and answer chemistry content questions. Researchers dismiss the idea that the positive outcome is due
to previous knowledge since a different version of the test was applied in phase 3.

The positive outcome can be explained by the immersive characteristic of augmented reality as it
combines the real with the virtual world. This is closely related to the reviewed literature, where [42]
argues that AR allows the construction of knowledge by the student and grants greater access to
information that broadens the possibility of accessing knowledge.

The findings of our research are similar to the results presented by various authors who have
worked with the use of immersive technologies in related fields [10-13]. Thus, we agree with [9],
who studied the impact of mobile augmented reality on the teaching-learning process of university
medicine students. These authors concluded that the use of AR is a facilitating element for student
academic achievement because its use in training allows students to focus on the importance of
information. In this sense, it is possible to affirm that regardless of educational level, in both studies
the positive impact on academic achievement is highlighted since it can be seen in both secondary
school and university students.

Another critical finding regarding academic achievement is that results are also positive
and coincide with those reported by [11], who mentioned that by using digital materials in classrooms,
students with different abilities obtain better results with technological resources than with printed
materials. In our case, the students diagnosed with special educational needs presented better academic
achievement after having carried out the intervention with AR, compared with before using this
technological resource in the specific chemistry content.

Based on the previously presented context, and in order to answer the research question, it is
possible to affirm that the use of AR positively affects the academic achievement of students both
with and without SEN, which complements our idea that AR poses an inclusive educational potential.
Being exposed to this kind of technology and virtually working through the chemistry content, in
a close and attractive manner, mainly by exploring objects related to the content in a more realistic way,
made it possible for all students to increase their academic achievement.

This research provides pertinent information on the academic achievement of 60 fourth year
secondary students (12th level) in chemistry, through the development of didactic and dynamic activities
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with AR based on a socio-constructivist theory of learning [28]. However, future research must consider
the design: individual work with the technology, increased exposure time to augmented reality
technology and the inclusion of content from other areas of knowledge, as well as the incorporation of
a control group to compare results.

The second prediction was supported: augmented reality improved secondary school students’
level of motivation in an intervention on chemistry knowledge. The students showed a high level
of motivation through the development of the pedagogical activity because by using immersive
technologies, they can develop higher levels of engagement with their learning processes. In the same
line, the authors agree that students using AR have a better learning environment since the combination
of the real world with a virtual world is one of the most attractive characteristics for students [33].
Furthermore, AR is a wireless technology that triggers motivation and multiple activities in and out
of the classroom, which helps the educator to manage multiple learning environments [70]. It is
important to mention that students with SEN showed a greater level of motivation. However, the level
of students without SEN is also high.

The third prediction was supported: the students’ level of acceptance of the use of augmented
reality was high. The students’ attitude is positive, and they enjoy working with this kind of technology.
This result also agrees with other studies that express that students develop high levels of motivation
when they use augmented reality [32-37]. They also agree that immersive technology makes learning
easier, since it helps to simplify content.

Both groups of students have a high level of motivation; however, the students with SEN have
a higher level of acceptance (almost the total). The previous idea makes sense when considering
the multi-affordances that AR covers such as audio, video, printed text and photos, among others, as
well as the assistive function that enables supporting students with disabilities and SEN.

As final considerations, it is possible to suggest the curricular integration of augmented reality
is a sustainable technological resource that contributes specific employability skills that students
should develop for being citizens in the 21st century. Moreover, immersive technologies also enable
students to navigate complex areas of knowledge, such as science, and particularly chemistry. It
also gives outstanding support to students with diagnoses of special educational needs to develop
scaffolding [71] and access information that is complex to understand due to its high level of abstraction,
in a friendlier way.

What is now needed is to consider the incorporation of the Universal Design of Learning
(known as DUA in Chile ) using a more practical approach that can match the theory where all of
the diverse types of students can achieve the fundamental learning objectives established in the Chilean
curriculum. Using augmented reality technology may help connect the theoretical and practical basis
of this approach.

An implication of this is the possibility that all of the diverse types of students presented in
a classroom can develop the scientific skills and improve their academic achievement which makes this
technology able to prepare students for a dynamic and sustainable future. Moreover, it helps students
with special educational needs to learn in similar conditions as their classmates, which facilitates
the creation of an inclusive environment and promotes cognitive justice for all students in the same way.

The integration of AR may have another implication, which is related to its contribution to
significant learning and the development of social and cultural skills, especially those identified as 21st
century skills. Through the exposure to immersive technology, students can override the experience
of learning and relearning [72], which is a skill they need to embrace in order to live in future smart
cities, which are characterized first by the growth of information and communication technologies
(ICT) in most human activities and by the continuous reinvention and innovation in people’s everyday
activities [73]. Thus, it helps students to think and then act in new ways of being able to work
collaboratively and critically to be prepared for a sustainable future. In this way, students with special
needs could also develop abilities that allow them to study in a fairer educational institution and to be
more engaged while learning to survive the dynamic technological future.
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7. Conclusions and Further Research Work

This study will prove useful in expanding our understanding of how cognitive and social justice
are possible, since the research shows that students with and without special educational needs could
mix specific science content with social and cultural skills such as collaborative learning, reflection
and critical thinking. Educators need to understand how to increase the effectiveness in action, to
rethink education and find new ways of teaching and learning to improve not only their students’
academic achievement, but also empower them by developing effective learning experiences. All these
processes are based on the phenomena of innovation and management [23], mediated by technology,
which embrace new demands and needs for the two-dimensional human being. The previous idea
leads us to prepare ourselves to prefigure new paradigms by sharing the challenge of knowing,
understanding and performing new roles, not yet sufficiently assumed in current educational systems.

Considering the research problem stated in this article, which shows the need for exploring
the educational possibilities provided by the curricular integration of augmented reality and its effect
on academic achievement in a diverse class, we reflected that our study sheds light that indicates that
augmented reality is a sustainable technology, that can help students with special educational needs
to study in the same way as students who do not have SEN. It also helps the teaching and learning
of science in a more dynamic and active way. At this point, we strongly suggest choosing the AR
technology carefully, keeping in mind the lessons” aim. Moreover, we propose that the incorporation
of embodied content would be a fruitful area for further work, since the immersive and embodiment
experience would create a new environment where students with SEN can improve their academic
achievement and knowledge retention. In conclusion, it can even make their educational, social
and cultural experience better as well as their sense of belonging to a group of students without feeling
discriminated. It could be an opportunity for developing an inclusive educational experience, favoring
social and cognitive justice that enables students to be agents for a sustainable future.

One of this study’s limitations was the small number of participants, as it was a postgraduate study
without funding for having a research assistant to cover a more considerable number of participants.
Additionally, time was also limited to implement the intervention. Notwithstanding these limitations,
the study interestingly suggests that the incorporation of augmented reality into the educational
context (no matter the area) enables students to develop an ecological relationship in the space where
they are learning that fosters sustainable education for their future.

It would be a fruitful area for further work to incorporate AR at other educational levels, as it would
be interesting to address far too little-studied age groups in Chile, such as pre-school and elementary
education students. Additionally, this study should also be replicated with other contents and subjects,
especially in those where students present more significant difficulties in our country, such as language,
mathematics and science. Equally, a further study could assess the long-term effects of using AR
to reinforce academic achievement in students with SEN. Considerably more work will need to be
done to determine the impact of this sustainable technology on improving the social and critical
skills of students with and without special educational needs, as well as improving the knowledge
and the values to shape a sustainable future.

Author Contributions: M.G.B.-Q. designed the project, oversaw the study, analyzed results and wrote most
of the manuscript. M.S.A., acted as psych pedagogy and special education expert, created tests and lessons,
wrote part of the manuscript and was the lead experimenter as a postgraduate student. E.S.-V. wrote part of
the manuscript, translated the manuscript and contributed and supported the conceptual framework, discussion
and conclusion sections. All authors have read and agreed to the published version of the manuscript.

Funding: This research is based upon work supported by the National Agency for Research and Development,
ANID, under Grant Number 1191891, awarded to Maria Graciela Badilla Quintana (PI) Regular Fondecyt Project
“Integration of immersive technologies in education. Learning mechanisms and educational practices from teacher
training”. Any opinions, findings and conclusions or recommendations expressed in this material are those of
the author(s) and do not necessarily reflect the views of the ANID.



Sustainability 2020, 12, 8116 17 of 20

Acknowledgments: Special thanks to the Office of Postgraduate Studies at the Universidad Catdlica de la
Santisima Concepcion and to the Master in psych pedagogy and the Special Education program for the scholarship
awarded to Margarita Salazar Arias. Special thanks to Becas Chile (ANID) for the Ph.D. scholarship granted to
Eileen Sepulveda-Valenzuela.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A
Table Al. Descriptive statistics based on academic achievement results.
Students with and without SEN Students without SEN Students with SEN
N M (SD) N M (SD) N M (SD)
Pre-test 60 3.65 (1.21) 53 3.71 (1.25) 7 3.20 (0.75)
Post-test 60 5.21 (1.15) 53 5.25(1.16) 7 4.84 (1.04)
F"ltlg:;"“p 60 5.34(1.29 53 5.04 (1.29) 7 4,67 (1.18)
Source: prepared by the authors.
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