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Abstract: Augmented reality (AR)-based learning environments are argued to foster cognitive and
emotional involvement. Immersion has been identified as one of the driving forces that promote
learning in technology-based learning environments. This study evaluated the learning effectiveness
and immersion appeal of an AR-marker-based learning activity targeted at practicing basic chemistry
concepts. Data were collected from a cohort of 124 middle school students in Mexico and analyzed
using pretest-posttest comparisons and cluster analysis. The results suggest that students with
higher immersive learning profiles achieve better learning outcomes compared with those with lower
immersive profiles.

Keywords: augmented reality; immersion; interactive learning environments; applications in subject areas

1. Introduction

Immersive digital technologies such as augmented reality (AR) provide the user with a
highly responsive and fully immersive experience of a constructed learning environment [1].
Powerful immersion involves several levels: sensory, actional, social, psychological, and
symbolic [2]. The sensory level relates to visual, audio, and sensory stimuli provided
by hardware. The actional level entails the perception by each student that his or her
actions have an impact on the virtual environment. Immersive context with real world
narratives can trigger symbolic immersion. Finally, psychological immersion is the “mental
state of being completely absorbed or engaged in something” [2] (p. 3) and can happen
when sensory, actional, and symbolic immersion are achieved [3]. In the educational arena,
immersive environments influence attention, motivation, and academic achievement [4,5].

Despite these claims, few studies have investigated the relationship between immer-
sion and learning outcomes in the context of AR environments that use PCs or tablets as
displays rather than immersive hardware, and results so far have been conflicting [5-8].
While some studies have reported positive relations between students’ perception of immer-
sion and learning outcomes [5,6], others did not identify this association in their results [7,8].
The subjective nature of immersion, which can be influenced by individual characteristics,
may provide an explanation for the aforementioned contradictions. This study aims to
contribute to this research topic by investigating how immersion differences might affect
learning outcomes in middle school students using an AR-marker-based learning activity.

1.1. Immersion in Digital Environments

Immersion is considered one of the main driving forces behind student learning [5].
When highly immersed “students quickly enter a state of suspended disbelief, accept
the blended real and digital environment, give their attention over to it, and engage
in the variety of options available to them to access content related to the topic being
addressed” [9] (p. 240).
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Immersion is a subjective measure of the vividness offered by a system and the extent
to which the system is capable of shutting out the outside world [10]. One of the most-used
definitions of immersion is that it is “the participant’s suspension of disbelief that she or
he is “inside’ a digitally enhanced setting” [11] (p. 66). Immersion can be understood as
a technical concept to indicate “the extent to which the computer displays are capable of
delivering an inclusive, extensive, surrounding and vivid illusion of reality to the senses
of a human participant” [12] (p. 604) but also as a “psychological state characterized by
perceiving oneself to be enveloped by, included in, and interacting with an environment
that provides a continuous stream of stimuli and experiences” [13] (p. 277). Immersion, seen
as a technical concept, is dependent on the hardware devices and is related to notions such
as interaction, control, and usability. Meanwhile, immersion understood as a psychological
phenomenon can be viewed as a graduated psychological process of engagement that may
foster flow and/or presence [14]. In this work, we focus on the psychological process
of engagement that is triggered by the students’ perception of technical aspects such as
interaction, control, and usability.

Immersion is a term commonly used in games and more recently in virtual reality.
However, until the pivotal study performed by E. Brown and P. Cairns (2004) [15], un-
derstanding the notion of immersion in contexts other than games was a considerable
challenge. In their study, E. Brown and P. Cairns describe immersion as the process to
achieve a degree of involvement with an activity mediated by technology. The process
evolves through time and is controlled by several barriers that should be removed in order
to achieve a deeper involvement in the activity. There are three steps to this process: engage-
ment, engrossment, and total immersion. To achieve the engagement level the user needs
to overcome the barrier of preference and master the activity by investing time, effort, and
attention. Engagement is related to the notion of cognitive absorption [16] which is defined
as a state of deep involvement with software which is influenced by two important beliefs:
perceived usefulness and perceived ease of use. From engagement the user may be able to
become further involved with the activity and become engrossed; in this second step the
user’s emotions are directly affected by the activity. The involvement described at this stage
mentions that the user becomes less aware of his/her surroundings and less self-aware
than previously. This level stage presents some parallels with the state of flow immersion
in the fact that attention is needed, sense of time is altered, and sense of self is lost [17].
From engrossment the user may be able to become further involved with the activity. Total
immersion requires the highest level of attention and is related to the feeling of presence
which refers to a user’s subjective psychological response to a technical system [17]. It is an
individual and context user response, related to the experience of “being there” [12].

1.2. Augmented Reality in Education

Current lower-cost and higher-fidelity Augmented Reality (AR) technological devel-
opments have led to an explosion of experimentation and development of applications
such as gaming, tourism, marketing, and education. The term ‘Augmented Reality’ refers
to the superposition of digital information over the real world, that is, added to what the
user perceives naturally, creating an improved version of reality [18]. From a technological
viewpoint, AR applications must fulfill the following requirements: (1) combination of real
and virtual worlds, (2) real time interaction, and (3) accurate 3D registry of virtual and real
objects [18]. Two families of AR applications can be identified, namely marker-based and
location-based AR. The former requires specific labels to register the position of 3D objects
on the real-world image and has been employed in a greater number of interventions than
the latter. On the other hand, location-based AR applications use global positioning systems
(GPS) to get the accurate location of physical objects. Regarding technological equipment
used in AR applications, three main generations of hardware can be identified: the first
generation corresponds to the use of desktop devices to interact with AR applications, the
second introduces the use of mobile and tablets, and the last generation is based on the use
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of AR glasses. Each generation has provided a higher level of immersion than the previous
one [19].

In the educational arena, augmented reality has the potential to improve not only
conceptual understanding and knowledge, but also student skills, such as problem-solving,
collaboration, and communication [20]. AR-based learning applications range from STEM
education [21-25] to arts and humanities [26-29]. The targets cover participation going from
early childhood education up to higher education and training [30-33]. The interventions
have measured not only cognitive outcomes but also affective factors such as motiva-
tion [34,35], engagement [36,37], flow [38,39], presence [40,41], and immersion [42—44]. In
general, the interventions have shown moderate to high values of affective involvement
by the students, while students have shown values that range from low to moderate on
variables that measure the cognitive factors. Regarding immersion, location-based AR
learning environments have proved to provoke immersion and support learning due to
their possibilities of building blended spaces that foster a sense of full absorption in the
AR activity [45], while marker-based AR learning environments have fostered immersion
when used in learning situations enhanced with activities that combine narrative situa-
tions or serious games [42,43]. In this work, we will focus on marker-based AR learning
environments without support of narrative or game situations.

1.3. Aim of the Study and Research Questions

In response to the aforementioned issues, the aim of this study was to assess the
learning effectiveness of an augmented reality experiential activity for practicing the basic
principles of chemistry and the level of immersion achieved by the middle school students
who participated in the intervention. The activity was designed according to the curricular
objectives and subject matter of the Mexican Chemical curriculum. The following research
questions shaped this study:

RQ1: Do students improve their conceptual understanding of basic concepts of chem-
istry after using the AR-based learning tool?

RQ2: What is the degree of immersion that students achieve by using AR teaching material?

RQ3: How do students’ degrees of immersion relate to learning outcomes in chemistry-
based instruction using an AR-based learning tool?

The study is unique in that it investigates the use of AR technology within real school
settings for practicing middle school level chemistry. Results from this study can help
us to better understand whether AR technology can be effective in promoting student
immersion and if it might contribute to a better understanding of the impact of AR on
learning outcomes.

2. Methodology
2.1. Participants

In this study, 124 middle school students (age 14-17, M = 14.5, SD = 0.68) from six
Mexican schools were evaluated and surveyed. One student did not complete the tests
and thus was not considered for the analysis of this study. Among the 123 respondents, 65
(52.8%) were female and 58 (47.2%) were male. The learning activity was mandatory for all
students. Informed consent to participate in the activity was requested from all parents or
legal guardians of involved participants.

2.2. Learning Application

ReAQ is a marker-based augmented reality learning application constructed by the
authors of this study. It was designed with the aim of helping middle school students to
practice basic concepts of chemical bonds and reactions. The learning application conforms
to the Mexican middle school chemical curriculum.

ReAQ provides AR learning activities to cover the main concepts of five topics:
(1-3) study of compounds with a covalent, ionic, or metallic bond; (4) acid-base reac-
tions; and (5) the use of chemical elements necessary to sustain life, such as hydrogen or
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carbon. Students must correctly answer a minimum number of exercises on each topic.
Students receive visual feedback when answering each exercise, if the answer is correct the
3D representation of the compound will appear with a short explanation, otherwise a 3D
effect will show the problem as it would appear in the real world. ReAQ might provide
the necessary conceptual information to solve any exercise if the student requests it (see
Figure 1).

Figure 1. Student solving an ReAQ’s activity related to covalent bonds. The instructions list the
markers available. The available options allow the student to return to the main menu, reset, ask for
help, ask for audio instructions, or go to the next activity. The feedback includes information about
the covalent bond that was asked to build in the activity.

2.3. Instruments

In the following sections we present the instruments we have used to collect, measure,
and analyze data related to our research questions.

2.3.1. Conceptual Assessment Test

Knowledge pretests and posttests were conducted and analyzed to evaluate the effec-
tiveness of the learning method on students’ comprehension of basic chemical bonds and
chemical reaction concepts. Both tests were composed of ten multiple-choice questions,
each worth 1-point towards the final score. Tests were designed by researchers, and they
were validated by the schoolteachers participating in the study. A representative question
from these tests is listed as follows:

Sample question:

“Name of the chemical compound that is commonly known as salt.

Sodium Chloride
Sodium Oxide
Potassium Chloride
Hydrochloric Acid.”

Ll

2.3.2. The Augmented Reality Immersion Questionnaire (ARI)

In this study, we translated the ARI questionnaire, created by Georgiou et al. [5] for
immersion measurement in marker-based AR settings, to the Spanish language. The ARI
questionnaire is composed of 30 questions with 5-point Likert-scale items; it measures three
immersion macro factors, each of them composed of 2 factors: engagement is composed of
interest (6 questions) and usability (4 questions); engrossment is composed of emotional
attachment (5 questions) and focus of attention (6 questions); and total immersion is
composed of presence (5 questions) and flow (4 questions). To test the questionnaire
reliability, a Cronbach’s Alpha test was performed to evaluate the internal consistency
of the survey. Cronbach’s alphas for interest, emotional attachment, focus of attention,
presence, and flow ranged from 0.8 to 0.9, which is considered a very good level. However,
usability had a low Cronbach’s alpha coefficient (0.5 > «), suggesting that the usability
factor has a low internal consistency.
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2.4. Procedure

One week prior to the intervention, students received a 70 min lesson related to the
concepts involved in the activity and answered a 10 min pre-test to measure their level of
subject knowledge.

In the subsequent week, each student received a tablet with the AR-based learning
tool installed and the set of markers required for the intervention. Students also received a
10 min tutorial to instruct them about how to use the learning tool. The intervention lasted
50 min. After the completion of the intervention, students filled out a 10 min knowledge
posttest questionnaire and the ARI survey in 10 min.

2.5. Data Analysis

Data were analyzed according to distribution using the Shapiro-Wilk test.

Descriptive statistics were used to summarize the results from the survey and the
exams. Collected data did not come from normal distributions. Thus, we used non-
parametric statistical hypothesis testing. Wilcoxon signed-rank tests were applied to
determine statistical differences of two means in paired samples, whereas Wilcoxon tests
were used to assess differences of two means in unpaired samples.

To study the relationship between the immersion and learning outcomes, the k-means
algorithm was employed as a cluster analysis technique, in which subjects were classified
in homogeneous groups, according to similarities in the immersion profiles [44]. Before
running the k-means cluster test, we assessed the dataset for its clustering tendency and
validated the subsequent use of a clustering tool by using the Hopkins statistic. The
Hopkins statistic generated for these data was 0.72, showing that the data have a high
tendency to cluster [45]. The optimal number of clusters was determined based on the
recommendation of 26 indices handled by the NbClust R library [46].

3. Results

3.1. Research Question 1: Do Students Improve Their Conceptual Understanding of Basic Concepts
of Chemistry after Using the AR-Based Learning Tool?

Table 1 shows the descriptive statistics of the pretest and posttest questionnaires.

Table 1. Pretest-Posttest descriptive statistics.

Mean SD
Pretest 6.50 1.80
Posttest 7.67 1.58

A Shapiro-Wilk test of normality was performed to check if the samples came from a
normal distribution. The results showed that pretest marks (W = 0.964, p-Value = 0.002)
and posttest marks (W = 0.964, p-Value < 0.05) may not come from a normal distribution.

A Wilcoxon signed-rank test was performed to check the difference of pretest and
posttest means. Results indicated that the mean posttest marks (M = 7.67) were significantly
higher than the mean pretest marks (M = 6.5), V = 431, p-Value < 0.001, effect size r = 0.646.

The results suggest that students achieved a deeper understanding of the chemical
concepts after using the AR-based learning tool.

3.2. Research Question 2: What Is the Degree of Immersion That Students Achieve by Using AR
Teaching Material?

Table 2 shows descriptive statistics for the six subscales that describe immersion in
AR-based environments. The highest mean scores were yielded by the interest subscale
(M =3.96) and the emotional subscale (M = 3.77). The lowest mean value was obtained by
the usability factor (M = 2.95).

Table 3 shows the mean scores and standard deviations for each of the items that
compose the interest factor of the ARI questionnaire [5]. The highest mean scores corre-
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spond to items I1 and I5 which state that the augmented reality learning scenario was
different to those previously explored by students (I1) and that they found the activity
attractive (I5). Over 89% of the students thought that it was mostly true or very true that
augmented reality activities were different to learning scenarios previously explored. More
than 84% of the respondents indicated that it was mostly true or very true that the activities
were attractive.

Table 2. Augmented Reality Immersive descriptive statistics.

Factor Mean SD
Interest 3.96 0.72
Usability 2.95 0.56
Emotional attachment 3.77 0.76
Focus of attention 3.59 0.91
Presence 3.57 0.83
Flow 3.57 0.88

Table 3. Mean scores and standard deviations of the interest items.

Item Mean SD
1 I'liked the activity because it was novel 4.18 0.93
12 I'wanted to spend time to participate in the activity 3.90 091
I3 The topic of the activity made me want to find out more about it 3.62 1.05
14 I wanted to spend the time to complete the activity successfully 3.79 0.98
I5 I'liked the type of the activity 417 0.85
I6 The AR application we employed captured my attention 4.10 0.89

Table 4 shows the mean scores and standard deviations for items on the emotional
attachment subscale of the ARI questionnaire [5]. The highest mean score was yielded by
item E3 which states eagerness to complete the learning activities successfully. A total of
80% of the participants indicated that it was mostly true or very true that they were eager
to complete the learning activities successfully.

Table 4. Mean scores and standard deviations of the emotional attachment items.

Item Mean SD
E1 I often felt suspense by the activity 4.05 0.85
E2  Iwas curious about how the activity would progress 3.99 1.03
E3  Iwasimpatient about completing the activity successfully 4.08 091
E4  Iwas often excited since I felt as being part of the activity 3.55 1.07
E5 I often felt that I was really in charge of the activity 3.18 1.17

3.3. Research Question 3: How Do Students’ Degrees of Immersion Relate to Learning Outcomes
in Chemistry-Based Instruction Using an AR-Based Learning Tool?

The cluster analysis technique k-means algorithm was used to identify the impact of
students’ immersive profiles (students’ responses for each ARI factor) on learning outcomes.
Two clusters with different immersive profiles were obtained: a high immersion student
profile (HI, n = 37 students) and a low immersion student profile (LI, n = 86 students).
Students of the HI profile indicated high levels of interest, usability, emotional, focus,
presence, and flow ARI factors.

To determine if the immersive profile of the students has any impact on their learning
outcomes, we focus on four hypotheses:

Hypothesis 3.1 (H3.1). Students with a low immersive profile will obtain better posttest marks
than pretest marks.

Hypothesis 3.2 (H3.2). Students with a high immersive profile will obtain better posttest marks
than pretest marks.
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Hypothesis 3.3 (H3.3). Students with higher immersive profiles will obtain better marks in pretest
than those with lower profiles.

Hypothesis 3.4 (H3.4). Students with higher immersive profiles will obtain better marks in
posttest than those with lower profiles.

A Shapiro-Wilk test was applied to determine the normal distribution of the data
generated in the pretest of students with both immersive profiles. For students belonging
to the LI cluster (N =37, M = 6.05, SD = 1.9, w = 0.959, p-Value = 0.011) and for students of
the HI cluster (N =86, M = 6.68, SD = 1.69, w = 0.962, p-Value = 0.012). In both cases, the
test results indicate that the data were not from a normally distributed population.

Similarly, a Shapiro-Wilk test was applied to determine the normal distribution of the
data generated in the posttest of students with both immersive profiles. For students belong-
ing to the LI cluster (N =37, M =7.16, SD = 1.72, w = 0.924, p-Value = 0.015) and for students
of the HI cluster (N =86, M =7.89, SD =1.47, w = 0.925, p-Value < 0.01). In both cases, the
test results indicate that the data were not from a normally distributed population.

Students with lower immersive profiles obtained higher posttest marks (M = 7.16,
SD =1.72) in comparison with their pretest marks (M = 6,05, SD = 1.9). Results showed
that this difference was statistically significant (V = 50, p-Value < 0.001). Therefore, H3.1
is satisfied.

The comparison between pretest (M = 6.68, SD = 1.69) and posttest marks (M =7.89,
SD=1.47) between students with high immersive profiles indicated that the difference was
statistically significant (V = 185, p-Value < 0.001). In particular, HI students got better marks
in the posttest. Therefore, H3.2 is satisfied.

Descriptive statistics showed that students with lower immersive profiles (M = 6.05,
SD =1.9) obtained lower pretest marks than those with higher immersive profiles (M = 6.68,
5D =1.69); however, this difference is not statistically significant (W = 1333, p-Value = 0.149).
Therefore, H3.3 is not satisfied.

On the other hand, the comparison of posttest marks between students of the HI and LI
profile indicated that there was a statistically significant difference between the two groups.
In particular, the HI students outperformed the LI students (W = 1222.5, p-Value = 0.03).
Therefore, H3.4 is satisfied.

To sum up, the statistical analysis showed that the difference between students’ levels
of immersion has an impact on learning outcomes; students with higher immersion had
better learning outcomes than students with lower immersion levels.

4. Discussion

In this article, we provide empirical evidence for the relationship between student
immersion and learning outcomes in marker-based augmented related settings. The results
supported the initial hypotheses of the study: (1) students improve their learning outcomes
after using the AR-based tool; (2) students experience immersion towards science learning
within AR-marker-based settings; (3) students with higher immersive learning profiles
achieve better learning outcomes than those who achieve lower immersive profiles.

When the measures of immersion were analyzed, the results showed that all factors
except usability were moderately high. A deeper analysis of the results revealed that
students had a high interest in the learning activity mainly due to the novelty factor and that
they liked the learning activity. According to researchers in the area, interest is a relevant
factor to achieve better learning outcomes [47,48]. AR technology has been identified as
a technology that fosters students’ interest in learning activities sometimes because of
the novelty effect [49,50]. The results also suggest that the students felt a high emotional
attachment to the activity, mainly because they were eager to complete it successfully. In
the ARI questionnaire, the emotional attachment is based on success expectation among
learners, which in turn allows learners to control their learning processes. Emotional
attachment is similar to the confidence factor in the A.R.C.S. motivational model [35],
which has been used in several studies and has shown a positive relationship between
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motivation and learning outcomes in AR-based settings [34,51]. In terms of presence
and flow, which best reflect the degree of immersion achieved, our results portray a
moderate sensation of immersion [5]. These results are partially aligned with the ARI
framework which states that the interest and usability factors are necessary to feel absorbed
in an activity and, as consequence, achieve the sense of presence and flow defined as
total immersion. Unfortunately, the results regarding the usability factor reflected that
the students encountered barriers to using the application, which in turn affected the
perception of self-absorption necessary to achieve a better immersion.

The differences in the mean scores from pretest to posttest were used to assess the
impact of the AR learning activity on students’ learning outcomes. Findings showed a statis-
tically significant increase in students” knowledge after their participation in the AR-based
learning activity. These results contrast the findings of previous studies in middle school
children which showed that AR technology helps to achieve students’ positive affective
outcomes but does not necessarily promote better knowledge outcomes [52]. On the other
hand, these results meet outcomes of several studies which have concluded that AR-based
learning environments have a positive impact on students’ learning outcomes [53,54].

A deeper analysis comparing pre- and post-test scores of students who achieved
different levels of immersion in the intervention showed that students improved their
knowledge outcome independently of their immersion level; however, those students who
achieved higher immersion levels got better posttest scores than those who achieved lower
levels of immersion. Our analyses suggest that AR-marker-based learning environments
might foster students’ levels of immersion to a high enough extent to have a positive impact
on learning outcomes. These results provide empirical evidence that learning outcomes
depend on the level of immersion that students achieve in AR-marked based learning
environments. Other studies have reported a positive impact of levels of immersion and
learning outcomes in location-based augmented reality settings [5,55] on those AR-learning
environments enhanced with narrative or in-game learning environments [7,44,45].

This study comprises several limitations which need to be addressed and discussed
as directions to be considered for future study. First, it involved short-term retention of
the knowledge; it is likely that a long-term retention evaluation would have provided
more insight into the effectiveness of the AR application in middle school students. Restric-
tions in the timetables of the schools involved compelled us to conduct these short-term
interventions. Further studies should resolve the aforementioned situation in order to
ensure that the learning outcomes have been effectively acquired by the students. Second,
collected data were self-reported. It could be interesting to find new ways of measuring
the data. Third, more studies are needed to determine if the results obtained are due to
the instructional design or the use of AR technology. Finally, the empirical part of the
current study has been conducted over the middle educational sector in Mexico. This in
turn, would hinder the generalizability of the current results to other educational sectors
and other countries as well.

5. Conclusions

The study is unique in that it investigates the use of AR-marker-based technology
within real school settings for practicing basic chemistry concepts at the middle school
level. The results suggest that immersion in marker-based AR learning environments can
be achieved. The findings also suggest that immersion is a complex psychological process
involving several factors that contribute to the improvement of learning outcomes. Our
work provides empirical evidence suggesting that not only higher levels of immersion,
but even lower levels of immersion contribute to the improvement of learning outcomes.
Therefore, the design of augmented learning applications should consider immersive
factors in order to foster these applications as effective learning tools.
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