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Abstract: In this paper, the authors show that augmented reality technology has a positive impact on the moti-vation of middle-school students. The 
Instructional Materials Motivation Survey (IMMS) (Keller, 2010) based on the ARCS motivation model (Keller, 1987a) was used to gather information; it 
considers four motivational factors: attention, relevance, confidence, and satisfaction. Motivational factors of attention and satisfaction in an augmented-
reality-based learning environment were better rated than those obtained in a slides-based learning environment. When the impact of the augmented 
reality system was analyzed in isolation, the attention and confidence factors were the best rated. The usability study showed that although this 
technology is not mature enough to be used massively in education, enthu-siasm of middle-school students diminished most of the barriers found.

1. Introduction

Scientists, researchers, and teachers agree that students who are motivated to learn are more likely to engage, persist, and expend effort
for task completion than those who are unmotivated (Csikszentmihalyi, 1991; Efklides, Kuhl, & Sorrentino, 2001; Keller, 1979; Schmidt,
2007). Although there is no consensus about how to define motivation (Kleinginna & Kleinginna, 1981), researches at the education field
usually adopt the definition stated by Houssaye (cited by Vianin, 2006, p. 24) that describes motivation as the force that initiates and directs
behavior. Thus, it can be stated that “motivation provides a source of energy that is responsible for why learners decide to make an effort, how
long they are willing to sustain an activity, how hard they are going to pursue it, and how connected they feel to the activity.” (Rost, 2010).

Research on education has always been very active defining specific actions that teachers should take to increase motivation in class-
rooms (Huitt, 2011; Keller, 1987a,b; Raffini, 1993; Stipek, 1998; Taran, 2005; Wlodkowski, 1978). In the past few years, there have been
considerable efforts in the use of technology to support and enhance learning. Learning environments have integrated, among others, the
use of computers, multimedia material, whiteboards, internet, Web 2.0 authoring tools, simulations, games and more recently mobile
phones and immersive technologies such as 3D virtual worlds and augmented reality (Dror, 2008). Although learning is a holistic process
and “. it cannot be understood by simply analyzing human responses to attributes of technologies that carry the messages to be learned”
(Jonassen, 1994), several empirical evaluations analyzing the effects of particular technologies on educational practices yield encouraging
results. Indeed, technologies with different affordances have been identified as one of the factors that might improve student motivation.
Earlier studies carried out on learning environments that are not web-based found that technology causes positive attitudes and higher
motivation toward instruction (Kulik, 1994; Schacter, 1999; Sivin-Kachala, 1998). The integration of web tools in learning activities marked
an important turning point. Indeed, several studies proved that motivation is enhanced by the sense of control and the possibility to create
knowledge collaboratively that offer web technologies (Annetta, Minogue, Holmes, & Cheng, 2009; Bolliger, Supanakorn, & Boggs, 2010;
Rovai, Ponton, Wighting, & Baker, 2007). 3D virtual worlds can be considered an evolution of WWW, they have been successfully employed
in educational applications (Chittaro & Ranon, 2007; Dalgarno & Lee, 2010) and some studies reveal that their immersive and interactive
capabilities foster student motivation and engagement (Barab, Thomas, Dodge, Carteaux & Tuzum, 2005; Huang, Rauch, & Liaw, 2010; Shen
& Eder, 2009).

*Corresponding author. Tel.: þ34 91 624 8744; fax: þ34 91 624 8749.
E-mail addresses: adiserio@ldc.usb.ve (Á. Di Serio), mbibanez@it.uc3m.es (M.B. Ibáñez), cdk@it.uc3m.es (C.D. Kloos).

1

Advances in mobile technology make it nowadays feasible to use augmented reality (AR) technology for learning (Specht, Ternier, &
Greller, 2011). This technology makes the enhancement of our senses (vision, aural, and tactile) with virtual or naturally invisible infor-
mation superimposed on top of the real world by digital means possible (Azuma, 1997). Augmented reality, much like 3D virtual worlds,
offers different degrees of immersion and interaction that might help to engage students in learning activities. There have been some
attempts to use AR for training and educational purposes (Billinghurst, Kato, & Poupyrew, 2001; Nejdl, Tochtermann, Bogen, Wind, &
Giuliano, 2006; Platonov, Heibel, Meier, & Grollmann, 2006). However, the potential of AR in education remains unexplored and, there is
a limited amount of studies investigating student motivation with the use of AR. In this paper, we explore the impact of augmented reality
technology on the motivation of middle-school students.



2. Literature review

2.1. Augmented reality and its use in learning

The term augmented reality refers to technology that enhances the user’s sensory perception of the real world with a computer-assisted
contextual layer of information (Azuma,1997). Augmented reality (AR) and virtual reality (VR) are closely related; both are contained within
theMilgram Reality-Virtuality Continuum (Milgram & Kishino, 1994) and reflect different levels of user’s immersion in environments where
physical and digital objects co-exist. VR technology completely replaces a real environment with a synthetic environment, whereas AR
brings virtual information to the user context (Azuma,1997). According to R. Azuma et al. (Azuma et al., 2001), AR systems are characterized
by three properties:

(1) Combine real and virtual objects in a real environment.
(2) Align real and virtual objects with each other.
(3) Run interactively, and in real time.

Augmented reality and virtual reality share some common features such as immersion, navigation and interaction (Dunleavy, Dede, &
Mitchell, 2009; Kye & Kim, 2008). These features can be derived from Azuma’s AR properties.

According to Sherman and Craig (Sherman & Craig, 2003), immersion encompasses both the physical aspects of the environment
(Lombard & Ditton, 1997) and the condition whereby people are absorbed by an activity (Csikszentmihalyi, 1991). Display and tracking
technologies deal with the three AR properties and contribute to physical immersion showing changes in the environment as result of
movement or interaction. The use of different display and tracking technologies might cause different degrees of physical immersion. For
instance, head mounted or spatial displays foster a higher degree of immersion than handheld displays such as PDAs or smart phones
(Carmigniani et al., 2010; Krevelen & Poelman, 2010). Furthermore, poor alignment of digital information with real objects would cause
a loss of immersion feeling. An educator’s challenge is to use physical immerse capabilities of AR technology to foster student engagement in
learning activities.

Azuma’s second property implies that digital information is superimposed on the real environment for the user’s perspective. As result,
the users point of view changes and they require knowing where they are, where everything is and how to get particular objects or places,
that is the navigation process. Although navigation is not the main objective of a user in a virtual or augmented environment, it has direct
implications on the way users interact with the pervasive computing landscape (Burigat & Chittaro, 2007; Kye & Kim, 2008; Narzt et al.,
2005) and also contributes to the feeling of immersion (Huang et al., 2010).

Azuma’s third AR property is directly related with real-time interactivity. AR technology naturally supports one of the three types of
interaction needed in education stated by M. Moore (Moore, 1989): learner-content interaction. Several authors emphasize the importance
of this kind of interaction to foster cognitive tasks such as understanding, memory, and imagination among others (Dalgarno, 2004;
Neumann & Majoros, 1998). The quality of learner-content interaction is tied to the kind of AR interface used and goes from simple WIMP
interfaces (windows, icons, menus, and pointing) to haptic devices (Carmigniani et al., 2010; Krevelen & Poelman, 2010). The other two types
of interactions: learner-instructor and learner–learner should be supported by the environment itself and are tied to collaboration (Chittaro
& Ranon, 2007; Dalgarno & Lee, 2010).

Educators and researchers are enthusiastic about the use of emerging technologies such as augmented reality and multi-user virtual
environments in teaching and learning (Bower, 2008; Dalgarno & Lee, 2010; Dunleavy et al., 2009; Kye & Kim, 2008). The immersion,
interaction and navigation features of these technologies are expected to improve student satisfaction, help in knowledge comprehension
and are potentially useful in learning tasks that require experimentation; spatial ability; and collaboration among others (Dalgarno & Lee,
2010; Dunleavy et al., 2009). Furthermore, some authors highlight unique affordances of AR such as its capacity to promote kinesthetic
learning tasks and its support for memory cognitive processes (Chien, Chen, & Jeng, 2010; Dunleavy et al., 2009). On the other hand, recent
advances in mobile technology and integration of AR software in PCs encourage the use of AR in education. There are indeed some initial
attempts to use AR for learning tasks with these simple devices. Table 1 presents some AR applications recently developed in education and
identify the AR learning affordances they have exploited. Our study analyzes the impact of a basic AR system on middle-school students’
motivation to learn a visual art module. The system is composed of PCs, webcams and markerless images which are easily available in
schools but with limited capabilities of immersion, interaction and navigation.

2.2. Student motivation

In the educational arena, motivation can be defined as the student’s desire to engage in a learning environment (Keller & Litchfield,
2002). The impact of motivation on students’ academic achievements and learning outcomes has been addressed in several studies. P.
Pintrick (Pintrich, 1999) highlights the role of motivation in promoting and sustaining self-regulated learning tied to better academic
performance (Zimmerman, Bandura, & Martinez-Pons, 1992). His study proves that three general types of motivational beliefs: self-efficacy,
task-value and goal orientation predict self-regulation. Also D. Schunk (cited by Schmidt, 2007, p. 44) states that motivation has potential to
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influence the what, when, and how of learning, and increases the likelihood of engaging in activities that will help students to learn and
achieve better performance. Thus, learning strategies that connect with students’ interests and provide themwith opportunities to take an
active part in their instruction can lead to increased engagement, effort, and eventual success (Theall, 1999b). The opposite thesis is also
true; lack of motivation can be a major obstacle that prevents learner success (Jeamu, Kim, & Lee, 2008).

A learning motivation theory defines the set of factors which influence students’motivation to learn. A study of M. Theall (Theall, 1999b)
compiles in an “author by factor matrix” the motivational factors present in thirteen motivation theories. The matrix includes relevant
theories such as P. Pintrich’s work on self-regulation based on an expectancy-value model of motivation (Pintrich & De Groot, 1990), Perry’s
work on perceived control and attributional issues (Perry, 1991) (cited by Theall, 1999a, p. 8) and Keller’s work based on the ARCS model
(Keller, 1987a). The theories surveyed have six consensual motivation factors: inclusion, attitude, meaning, competence, leadership and
satisfaction. These motivation factors can be seen as building blocks for instructional strategies that intend to provide reinforcement for
activities to be encouraged; set challenging yet attainable goals for learning; provide feedback on progress; enhance the perceived value of
the tasks, convince the learners they can succeed; give the learners choices about goals and strategies for achieving them (Svinicki, 1999).

A. Barger and K. Byrd (Barger & Byrd, 2011) state that computer-based instructional designwould benefit from the application of Keller’s
ARCS model and Maslow’s theory of needs. J. Keller proposes a problem-solving approach to applying motivation to instructional design
called ARCS, which is directly based on four out of six components reported at M. Theall’s survey: Attention, Relevance, Confidence and
Satisfaction (Keller, 1987a,b). The missing factors in ARCS, inclusion and leadership, can be derived from the treatment given by Keller’s
model to the other four factors (Theall, 1999b). Keller’s model illustrates a motivational design process where the first step is to gain and
sustain learners’ attention and stimulate their curiosity to learn. The second step must guarantee that learning activities have been aligned
with learners’ personal goals and needs in order to be perceived as relevant. According to the model, learners should build confidence by
feeling in control and having expectancy for success because the degree of expectancy achievedwill determine the amount of effort learners
invest to accomplish the activities. Goal-directed effort will also be influenced by external factors such as teacher enthusiasm, social values,
quality of instruction and availability of resources (Keller, 2008). The learners’ effort combined with their knowledge, ability and skills will
lead to the accomplishment of the learners’ activities with some degree of performance. Finally, the cognitive evaluation and the reflection
learners made on their performance determine their levels of satisfaction. Adequate levels of satisfaction help them to maintain motivation
(Rodgers &Withrow-Thorton, 2005). Thus, each ARCSmodel component plays a critical role in motivating students throughout the learning
process.

On the other hand, a diagnostic evaluation of student motivation is necessary to determine the strengths andweaknesses of instructional
design used. In this sense, the ARCSmodel was originally developed as a descriptivemodel for diagnosing problems associatedwith learning
motivation (Driscoll, 2000, p. 3–28) as cited in (Huang, Diefes-Dux, Imbrie, Daku, & Kallimani, 2004). The Instructional Materials Motivation
Survey (IMMS) was the instrument developed to measure learner motivation following the ARCS model (Keller, 2010). The instrument is
particularly relevant for our study because it has been validated and used on several research studies using technology as a motivational
factor in learning (Bolliger et al., 2010; Green & Sulbaran, 2006; Huang et al., 2004; Rodgers & Withrow-Thorton, 2005).

In this work, we use IMMS to evaluate motivation levels of middle-school students towards a visual art course. The course was taught
using two different learning scenarios, the first one was slides-based, and the second one used augmented reality technology.

3. Case study

The studywas conducted on three sections of a visual art compulsory course taught at a middle school inMadrid (Spain). The experiment
was performed on a two-sessions-module on Italian Renaissance Art. The module material comprised images and information related to
eight relevant masterpieces of Italian Renaissance prepared by the teacher of the school. Students were expected to acquire both general
information about the masterpieces studied and guidelines to appreciate the art work of the Renaissance.

In order to inflict the minimum disturbance upon the course, the design and the content of previous editions were kept intact. The
sessions should maintain a general structure: study of four Renaissance art masterpieces through the presentation of their images and
explanation of their relevant details. Whereas the first session maintained a teaching scenario using slides (TS1), the education scenario of
the second session (TS2) was changed to one supported by augmented reality technology.

Table 1
A summary of AR applications in education.

Research AR technology employed Most relevant features Learning affordances

Dünser, Steinbügl, Kaufmann, and Glück (2006) HMD.
Stylus tracked with 6Do.

Immersion.
Interaction.

Spatial ability.
Collaboration.
Motivation.

Gutiérrez et al. (2010) Fiducial markers. PC. webcam Interaction.
Navigation.

Spatial ability.

Maier, Tönnis, and Klinker (2009) Fiducial markers. PC. webcam Interaction.
Navigation.

Experiential learning.
Spatial ability.

Klopfer and Squire (2008) Handheld devices. Navigation.
Immersion.

Collaboration.
Motivation.

Nilsson, Johansson, and Jönsson (2010) HMD.
Marker Tracking.

Immersion.
Navigation.

Collaboration.

Chien et al. (2010) Fiducial markers. PC. webcam Interaction.
Navigation.

Spatial ability.
Support to memory cognitive processes.

Henderson et al. (2011) Custom-built stereo VST HWD.
10 tracking cameras.

Immersion.
Navigation.
Interaction.

Experiential learning. Kinesthetic learning.

Sumadio et al. (2010) Fiducial markers. PC. webcam Navigation.
Interaction.

Experiential learning. Motivation.
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TS1 comprised the study of four masterpieces of Italian Renaissance Art using images illustrating the whole pieces and some of their
relevant details. Students received the lecture in a room where their chairs were arranged in auditorium style seating. There was a small
presentation area for the teacher and all the room lights were off. Themasterpieces studiedwere: “David” (Michelangelo,1504), “St. John the
Baptist” (Leonardo Da Vinci, 1513), The Dome of St. Peter’s Basilica (Bramante, 1506) and The School of Athens (Raphael, 1510).

The masterpieces studied included in session TS2 were “Mona Lisa” (Leonardo Da Vinci, 1519), “The birth of Venus” (Sandro Botticeli,
1486), Brunelleschi’s dome of the Duomo of Florence, Santa Maria del Fiore (1436) and the Sistine Chapel ceiling frescoes (Michelangelo
Buonarroti, 1512) (Fig. 1). AR was used to enhance the masterpiece images with information about art details relevant for the course. Added
informationwas multimodal and included text, audio, video files and 3Dmodels. Popcode, a markerless augmented reality tool was used to
superimpose digital data to images of the masterpieces. Students explored freely augmented reality learning content in a laboratory room
equipped with desktops and webcams.

3.1. Research questions

The purpose of this research study was to investigate the impact of two teaching scenarios: TS1 (based on slides) and TS2 (based on
augmented reality technology) on student motivation. The study also included a qualitative analysis to determine the acceptability of AR
technology among students. The research questions were:

1. Is there any difference in the students’ motivation depending on which of the two teaching scenarios proposed they used?
2. Are there any differences in the four factors that measures student motivation depending on which of the two teaching scenarios

proposed is used?
3. How motivated are students by using augmented reality teaching material?
4. Are there any difficulties or barriers that compromise the acceptability of AR technology in learning environments?

3.2. Procedure

Due to constraints imposed by the educational institution, it was not possible to separate students into two groups: an experimental
group and a control group. Therefore, all the students participated in both learning scenarios and we applied a paired-sample analysis using
paired t-tests. Quantitative data was collected in two steps. After the first part of the module (TS1), the motivational measurement
instrument Instructional Materials Motivation Survey (IMMS) (Keller, 2010) was used to evaluate students’ motivation. The same ques-
tionnaire was administered after students finished the second part of themodule (TS2). Descriptive statistics were applied to summarize the
answers on both surveys. All tests were conducted using a two-sided alpha level of 0.05. The equality of population variances was checked
before the use of any test that required this information. Finally, paired-sample t-tests were carried out to compare motivation between the
two teaching scenarios.

The qualitative data was collected by observing students interacting with the augmented reality learning environment and conducting
post-experience interviews.

3.3. Participants

In this study, sixty nine middle-school students (age 13–16, M ¼ 13.7, SD ¼ 0.73) from three sections of a public Spanish school were
surveyed. A text document was provided to students and their parents outlining the purpose of the research and their right to withdraw at
any moment. Informed consent was obtained for every participant. Among the respondents, 29 out 55 were female and 26 out of 55 were
male. Only two participants declared having smart phones and previous contact with augmented reality technology.

3.4. Instrument

After obtaining permission from the author to use andmodify the IMMS questionnaire, the instrument was slightly modified to adapt its
terminology to the augmented reality field. IMMS contains 36 questions with 5-point Likert-scale items; this motivational measurement
instrument is based on J.M. Keller’s ARCS motivation model (Keller, 1987a,b). IMMS has a documented reliability coefficient of 0.96 (Keller,
2010) and has been administered in some research studies (Bolliger et al., 2010; Green & Sulbaran, 2006; Rodgers & Withrow-Thorton,
2005).

The qualitative datawas collected looking for quality components of usability: learnability, efficiency, errors and satisfaction identified by
Jakob Nielsen (Nielsen, 2003).

Fig. 1. Italian renaissance art images augmented with information, questions and 3D objects.
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4. Results

Sixty nine students participated in the research study. After the data collection phase, nine cases withmissing datawere deleted from the
data. An exploratory data analysis revealed five outliers that were deleted. 29 out of 55 of the respondents were female. Participants’ ages
ranged from 13 to 16 with 48 out of 55 falling in the 13–14 year category.

4.1. Research question 1

Is there any difference in students’ motivation depending on which of the two teaching scenarios proposed they used?
The minimum and maximum scores of the instrument IMMS are 36 and 180 since the response scale ranges from 1 to 5. The total scores

in TS1 ranged from 83 to 158 and the scores in TS2 ranged from 96 to 165. These results indicate that students were moderately motivated
when the module was taught within the slides-based learning environment and more motivated when it was taught within the augmented
reality learning environment.

The Shapiro–Wilk test of normality distribution was used to examine the distribution of the difference in the motivation when the two
teaching sceneries considered were used (W ¼ 0.9748, p-value ¼ 0.299). Fig. 2 shows a normal Q–Q plot of the difference in motivation. We
can assume that the difference in motivation may come from a normal distribution (Shapiro & Wilk, 1965). Therefore, parametric tests can
be used for the rest of the analysis.

A paired-sample t-test was conducted to comparemotivation. Result indicates a statistically significant difference in motivation between
students following the course within TS2 (M ¼ 3.616, SD ¼ 0.499) and the same students following the course within TS1 (M ¼ 3.293,
SD ¼ 0.458), t(54) ¼ 4.1971, p ¼ 0.000.

4.2. Research question 2

Are there any differences in the four factors that measures student motivation depending on which of the two teaching scenarios
proposed is used?

Table 2 shows descriptive statistics for the four subscales used to describe motivation. For all subscales, themean scores corresponding at
TS2 are higher than those of TS1. Whereas all mean score subscales at TS1 are below 3.5, the attention, confidence and satisfaction subscales
at TS2 are above 3.5. The highest differences among mean scores were yielded by the attention subscale (M2 ¼ 3.76, M1 ¼ 3.28, M2 �
M1 ¼ 0.48) and satisfaction subscale (M2 ¼ 3.51, M1 ¼ 3.11, M2 � M1 ¼ 0.40). The lowest difference was produced by the relevance subscale
(M2 ¼ 3.48, M1 ¼ 3.31, M2 � M1 ¼ 0.17).

For each of the four factors that describes motivation (Attention, Relevance, Confidence and Satisfaction) a Shapiro–Wilk test was
performed to examine the difference when the two teaching scenarios were used. We conclude that the difference between each
factor may come from a normal distribution: Attention (W ¼ 0.9681, p-value ¼ 0.151), Relevance (W ¼ 0.9617, p-value ¼ 0.078),
Confidence (W ¼ 0.9788, p-value ¼ 0.438) and Satisfaction (W ¼ 0.9784, p-value ¼ 0.422). Paired-sample t-tests were conducted to
compare the teaching scenarios over the four factors. Equality of population variances were tested for each factor and assumed to be
equal. Results indicate that the difference between the two teaching scenarios was statistically significant in Attention
(t(54) ¼ 4.6629, p ¼ 0.000) and Satisfaction (t(54) ¼ 3.9422, p-value ¼ 0.0002). Since we performed multiple tests of significance, the
Bonferroni correction procedure was applied to prevent a chance of making a type I error. In both factors, the level of significance was
confirmed.

Fig. 2. Normal Q–Q plot.
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4.3. Research question 3

How motivated are students by using augmented reality teaching material?
As it was previously stated (research question 1), students were highly motivated when using augmented reality teaching material.

Indeed, data collected from IMMS survey revealed a mean score of 130.2 in a scale ranging between 96 and 165.
Table 1’s two rightmost columns display descriptive statistics for the four subscales that describe motivation. The highest mean scores

were yielded by the attention subscale (M ¼ 3.76) and the confidence subscale (M ¼ 3.63). The lowest mean value was obtained by the
relevance factor (M ¼ 3.48).

Table 3 shows the mean scores and standard deviations for each of the items that compose the attention factor. The highest mean score
corresponds to item 8 which states that the augmented reality learning scenario was attention-grabbing for students. 43 out of 55 students
thought that it was mostly true or very true that augmented reality technology was attention-grabbing. 41 out 55 of the respondents
indicated that it wasmostly true or very true that theway the informationwas arranged using this technology helped to keep their attention
during the session (item 17). 40 out of 55 students responded that it wasmostly true or very true that therewas something interesting at the
beginning of the augmented reality lesson that caught the students’ attention (item 2).

Mean scores and standard deviations of the elements that describe the confidence are presented in Table 4. 8 out of 55 participants
indicated that it was mostly true or very true that the material was difficult to understand (item 3). 35 out of 55 students answered that it
was mostly true or very true that the good organization of the material helped them feel confident that they would learn this lesson (item
35).

Table 5 shows the mean scores and standard deviations for items on the satisfaction subscale. The highest mean score was yielded by
item 36 which states it was a pleasure to work on such a well designed lesson. 43 out of 55 participants indicated that it was mostly true or
very true that it was a pleasure to work on such a well-designed lesson.

Finally, the lowest rated motivation factor is the relevance. Table 6 shows the mean scores and standard deviations for items on this
subscale. None of the items had a mean score higher than 4. 35 out of 55 participants indicated that it was mostly true or very true that the
content and audio visual material in the lesson convey the impression that its content was important to know.

Regarding the itemswith the lowest mean scores (items 18 and 30), we can assert that the use of augmented reality technology is not the
main cause of the low score. Only 16 out of 55 the participants reported that it was mostly true or very true that there were explanations or
examples of how to use the knowledge in the lesson. 21 out of 55 participants indicated that it was true or very true that they could relate
the content of the lesson to things they have seen, done, or thought about in their own life.

4.4. Research question 4

Are there any difficulties or barriers that compromise the acceptability of AR technology in learning environments?
For this research, we observed students to determine whether augmented reality, limited to desktops, could be used for middle-school

classes. The criteria examined in this work included two areas of evaluation: learnability of the augmented reality system and efficiency on
pursuing the learning tasks. Twenty four students were interviewed about their experience in using the system. The comments were related
to difficulties found, satisfaction in the use of this technology and the impact that AR technology had in the learning process.

In the tutorial phase, the students were eager to learn the basic functionality of the learning tool. Whereas instructors conducted the
tutorial on a group-by-group basis, the unattended students tried to use the learning system by themselves. We observed that close to
twenty percent of the groups succeeded in this task, either by discovering how to operate the system by themselves or with the help of their
peers. Students had no problems at all in learning how to interact with the different masterpieces presented and easily switched among the
pictures. They quickly learned how to navigate through the information presented. From the very beginning of the experience, a collabo-
ration nexus among students was established.

Students’ comments show that learning to use the system was easy and enjoyable:

“Nice, it is so easy!”

“I find that it is really easy to use.”

“It is just like a game.”

The following situationwas repeated several timeswith different students. A student observes that a peer is already using the application
and asks for help:

“How did you achieve it?”

His/her peer answers:

“The picture has marks and when I click on them, I get information.”

Table 2
Descriptive statistics for all subscales.

Subscale TS1 TS2

M1 SD1 M2 SD2

Attention 3.28 0.55 3.76 0.72
Relevance 3.31 0.47 3.48 0.47
Confidence 3.4 0.53 3.63 0.57
Satisfaction 3.11 0.68 3.51 0.59
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Students finalized the exploration of all masterpieces in less time than expected. Two hours at the laboratory were enough to explore the
information provided. Thus, students performed their learning activities efficiently. Spontaneously, some students began to review the
information they found particularly interesting. We observed how in most of the groups, students continued being engaged in the activity
by showing their peers the information they foundmore interesting or appealing. The exchange of viewswas centered on the artistic aspects
of the masterpieces that students found relevant. For instance, we saw students arguing about the role of the nymph in “The Birth of Venus”
and others comparing scenes from the Sistine Chapel. From the three sessions, only two students did not show interest in extra exploration.
This situation contrasts with our observations after the TS1 session. Students did not comment about the masterpieces examined and gave
few details about them when they were asked. When we asked some of them to reveal details of interest for them their answers were
superficial with a low level of detail.

During the sessions, students had two kinds of technical problems with the images. Sometimes, it was hard to maintain the digital
information visible superposed on the real image. Students mentioned that the problem was solved by changing the position of the real
image in relation with the webcam. Once a group discovered how to fix the problem, they taught others and soon they stopped worrying
about this. Thus, they soon continued with the learning activity. The second problemwas related to shaking images and it was not possible
to solve.

Examples of comments related with problems found:

“It is difficult to keep the picture in the right position.”

“I notice that I have to maintain the picture centred but . it is fine!”

“The image is shaking, this is a little bit annoying but . I can continue.”

“Sometimes, I lose the image. Nevertheless, it is easy to recover it.”

Regarding the role of the AR technology on the learning process, students highlighted some advantages found:

“It helps me remember the information.”

“I can concentrate better using this system than reading a book.”

“I feel like I have been inside the picture.”

“When I don’t understand something, I can see or hear the information again.”

“It was more fun than sitting in class, I did not feel bored.”

“I like it better than the reading material or attending class.”

“I prefer watching the videos than reading the text.”

“I liked the 3D models.”

Furthermore, for those students that claimed to have easily memorized the content, we asked them to describe the parts they liked most
and they did it with a high detail level. In the interviews, students also said they were more confident about the knowledge acquired in this
session than in the previous one.

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

Item M SD

2 There was something interesting at the beginning of the AR lesson that caught my attention 3.95 1.14
8 Augmented reality technology is attention-grabbing 4.19 1.01
11 The quality of the augmented reality material helped to hold my attention 3.88 1.05
12 The material is so abstract that it was hard to keep my attention on it (Reversed) 3.72 1.28
15 The images, videos and text that I discovered through the lesson are unappealing (Reversed) 3.77 1.34
17 The way the information is arranged using this technology helped keep my attention 3.98 1.14
20 The information discovered through the experience stimulated my curiosity 3.56 1.10
22 The amount of repetition of the activities made me feel bored (Reversed) 3.54 1.38
24 I learned some things from the augmented reality that were surprising or unexpected 3.46 1.13
28 The variety of audio visual material helped keep my attention on the lesson 3.68 1.00
29 The audio visual material is boring (Reversed) 3.88 1.25
31 There is so much content that it is irritating (Reversed) 3.63 1.36

Table 4
Mean scores and standard deviations of the confidence items.

Item M SD

1 When I first looked at the lesson, I had the impression that it would be easy for me 3.67 1.12
3 This material was more difficult to understand than I would like for it to be (Reverse) 4.11 1.19
4 After the introductory information, I felt confident that I knew what I was supposed to learn from this lesson 3.21 0.88
7 The information that I was exploring was so much that it was hard to remember the important points (Reverse) 3.68 1.27
13 As I worked on this lesson, I was confident that I could learn the content 3.70 1.24
19 It was difficult to discover the digital information associated with the real image (Reverse) 3.61 1.33
25 After working on this lesson for a while, I was confident that I would be able to pass a test on it 3.44 1.07
34 I could not really understand quite a bit of the material in this lesson (Reverse) 3.63 1.40
35 The good organization of the material helped me be confident that I would learn this material 3.72 1.10
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“I can tell you all that’s happening in “The birth of Venus” and what the role of each character is.”

“I know why Monalisa’s smile is so interesting.”

“I understood this lecture better than the previous one.”

Finally, students expressed their satisfaction with the learning experience, their willingness to participate in similar tasks and showed
interest in installing the application on their phones. A student even wanted to learn how to develop these kinds of applications in his
mobile phone. We reproduce some of their comments:

“This activity is entertaining.”

“It is better than reading the book; I would like to have it (the application) in other courses.”

“May I have this in my phone?” “How did you do it? Can I do it by myself?”

5. Discussion

5.1. Considerations about how the study was conducted

Due to constraints imposed by the school, the study was performed with no control group. Instead the same motivational instrument
was applied twice to the same group of students in order to evaluate both scenarios. The appropriate statistical methods were used to
analyze the results. Both sessions followed the same pedagogical structure and students received similar learning contents. In what follows
we analyze some considerations regarding content and delivery of the course material in order to identify any factor related to the
deployment of the study that could favor TS2 over TS1.

� The attention motivation factor reflects the interest of learners toward the activity performed. The sessions were deployed using the
same content of previous editions of the course and it was evenly distributed between the sessions. Thus, neither the content nor the
order of sessions could be an important disturbing factor on results. On the other side, an AR based learning environment has a technical
advantage over the TS1 in terms of grasping the attention of students, the content can bemultimodal and students could interact with it.
Indeed, both quantitative and qualitative data showed that these special characteristics of AR technology had indeed an impact on
students’ motivation.

� The ARCS confidence factor intends to measure the feeling of control and expectancy for success. From the qualitative study we noticed
that students were pleased to freely explore the learning contents at TS2, they did not have that possibility at TS1. Thus, neither the
content, nor the order of sessions could have a significant impact on results. On the other hand, due to the fact that the expectancy for
success is linked tomodule’s assessment, there is a risk of confusion among the answers of both sessions. Even if students said theywere
more confident about what they have learnt in TS2 than in TS1, their opinions may have favored the results for AR because it is easier to
remember what has just happened.

� The satisfaction factor could have been more favorable for TS1 than for TS2. Nevertheless, whereas students were familiar with TS1, TS2
represented a new learning environment based on the use of an unknown technology. Fortunately, the usability study proved that
students did not have any difficulty with the new technology. Further studies are necessary to determine whether the novelty factor
could have a significant impact on the results.

� The relevance factor deals with howwell the course meets a learner’s needs and goals. The course material was similar in both sessions
and neither quantitative data nor students’ comments suggest significant changes in their motivation.

Table 5
Mean scores and standard deviations of the satisfaction items.

Item M SD

5 Completing the exercises in this lesson gave me a satisfying feeling of accomplishment 3.60 1.12
14 I enjoyed this lesson so much that I would like to know more about this topic 3.26 1.03
21 I really enjoyed studying this lesson 3.53 1.07
27 The wording of feedback after the exercises, or of other comments in this lesson, helped me feel rewarded for my effort 3.11 1.06
32 It felt good to successfully complete this lesson 3.63 1.06
36 It was a pleasure to work on such a well-designed lesson 4.14 0.88

Table 6
Mean scores and standard deviations of the relevance items.

Item M SD

6 It is clear to me how the content of this material is related to things I already know 3.68 1.10
9 There were images, videos and texts that showed me how this material could be important to some people 3.58 1.13
10 Completing this lesson successfully was important to me 3.54 0.89
16 The content of this material is relevant to my interests 3.44 0.96
18 There are explanations or examples of how people use the knowledge in this lesson 3.02 1.04
23 The content and the audio visual material in this lesson convey the impression that its content is worth knowing 3.79 0.96
26 This lesson was not relevant to my needs because I already knew most of it (Reversed) 3.70 1.15
30 I could relate the content of this lesson to things I have seen, done, or thought about in my own life 3.14 1.06
33 The content of this lesson will be useful to me 3.54 1.02
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5.2. Differences on learner’s motivation by the use of two teaching scenarios

The result obtained when we compare both scenarios using a paired-sample t test indicates that there is a statistically significant
difference. The mean scores obtained were MTS2 ¼ 3.616 and MTS1 ¼ 3.293 respectively. Thus, students were moderately motivated by the
traditional way of teaching the course and slightly more motivated when augmented reality technology was used.

MTS2 and MTS1 summarize four motivational factors; in our case it is worth analyzing the mean scores of the subscales to determine the
impact of support technology on each of the four factors. Themean rates’ difference becomes biggerwhen comparing attention (MTS1¼3.28,
MTS2 ¼ 3.76) and satisfaction (MTS1 ¼ 3.11,MTS2 ¼ 3.51) motivation factors. The positive impact of AR technology on students’ attention is an
encouraging result in the education arena. Indeed, it is one of the educational affordances that is expected from emerging technologies such
as 3D virtual worlds and augmented reality (Dalgarno & Lee, 2010; Dickey, 2005). Better participants’ satisfaction perception could be tied to
their active participation in exploring information that is a consequence of the interactive possibilities of AR technology.

The study also demonstrates that the relevance factor remained almost unchanged in both learning scenarios. Thus students’ interest for
the subject was not modified by AR technology.

5.3. Learner’s motivation by the use of augmented reality technology in their courses

The results show that participants weremotivated by the use of augmented reality technology when it was integrated into their learning
environments. The attention (M ¼ 3.76) and the confidence (M ¼ 3.63) factors received the highest ratings of the four subscales. Results
suggest that education based on augmented reality could assist us in gaining and holding the attention of learners. It is important to note
that five out of twelve statements on the attention subscale exceeded a mean score of 3.8. In addition, the confidence factor related to
participants’ feelings of personal control and expectancy for success can influence their learning efforts. Five out of nine items on the
confidence factor exceeded a mean score of 3.65. In general, participants were confident that they were able to understand and follow the
learning content.

In terms of the attention and confidence levels, our results are similar to those presented by D.U. Bolliger et al. (Bolliger et al., 2010) in
their study about the impact of podcasting on student motivation in the online learning environment that also uses the IMMS questionnaire.
However, there is a slight difference, D.U. Bolliger et al. found that confidence received higher ratings than attention (M¼ 3.76 andM¼ 3.61
respectively). It is worth to notice that these mean values are very similar to ours.

Regarding the satisfaction factor, results show that students were satisfied with the use of augmented reality technology to support the
learning environment. The term satisfaction is defined either as the fulfillment of a need or wants (items 5, 32 and 36) with mean scores
above 3.6, or as source of enjoyment (items 14 and 27) with mean scores of 3.26 and 3.53 respectively. Besides, in our study, the relevance
subscale received the lowest mean score (M¼ 3.48) with five out nine items below 3.55. These results suggest that students were pleased to
fulfill an academic requirement even though their needs were not aligned with course objectives.

The lowest items in all IMMS questionnaire are items 18 and 27withmean scoresM¼ 3.02 andM¼ 3.11 respectively. The former inquires
about the existence of examples showing how to use the knowledge of the lesson, the latter asks about the student’s perception of
appropriate feedback. In both cases the drawback can be overcome with a better design of the learning experience.

5.4. Feasibility of using augmented reality technology in middle-school education

From the usability study, it can be concluded that students learned with no difficulty how to use the augmented reality learning system.
They successfully and timely completed the tasks assigned.

Technical problems found were not serious enough to diminish the enthusiasm of students to accomplish the learning activities sup-
ported by augmented reality technology.

5.5. Benefits of using AR technology in learning

During the sessions, students showed high levels of engagement and enjoyment and the AR learning environment was repeatedly
described as appealing. Students expressed their satisfaction in terms of material used, the possibility of receiving information in different
formats, and the feeling of having control of the activity as they could explore the topics in the order they chose and could revisit materials as
needed.

Several students reported they achieved high levels of concentration while performing tasks. They also claimed that had managed to
memorize the learning content easily. Indeed, once the exploration activity had finished, students spontaneously formed discussion groups
where each one described and analyzed in detail parts of the material they found particularly interesting.

6. Conclusions and future work

The quantitative results of this research study showed that the use of augmented reality technology on learning environments had
a positive effect on the motivation of middle-school students. The effect has been analyzed in isolation and in comparison with traditional
course lectures. Themotivationmean scores obtained wereM¼ 3.62 for the augmented reality based learning scenario andM¼ 3.29 for the
course based on slides. A clear improvement on the attention and the satisfaction motivation factors for the learning environment based on
augmented reality technology compared with a more traditional learning environment was noticed. These results were supported by
a qualitative study where students claimed that an AR learning environment was more appealing and easy to understand than the slide-
based course. It was not surprising to find that the relevance motivation factor remained almost the same for both learning environ-
ments. Technology is not the panacea for education; students demand content aligned to their interests.

When the measures of the quantitative analysis were analyzed in isolation, the attention and confidence factors were the highest rated
motivation factors with mean scores ofM ¼ 3.76 andM ¼ 3.63 respectively. The results for satisfaction (M ¼ 3.51) and relevance (M ¼ 3.48)
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were also encouraging. Thus, the quantitative analysis proved that learners were moderately motivated with the use of augmented reality
technology. These results were completed with a qualitative analysis that provides clues about the benefits of AR in the teaching-learning
process.

Relevant affordances of AR technology for learnings such as enhancement of concentration and memorizing were detected during the
qualitative analysis of TS2 session. We observed that after the TS2 session, students were able to describe and analyze the learning content
with a higher level of detail than after the TS1 session. We believe that the immersive capabilities of AR helped students maintain higher
levels of attention and interest on the learning content. The higher concentration and memorization levels that students claimed to achieve
with AR technology, seems to cause this positive effect on learning outcomes. Further studies should be conducted to validate this
conclusion.

At TS2, students remarked as positive to have control of the exploration of the material and the possibility to receive multimodal
information. This gives us clues about the differences found in motivation in both teaching scenarios. Students at TS1 could only interact
with the learningmaterial through their teacher. Due to its navigability possibilities, AR allows the deployment of learner-centered activities
more easily. On the other hand, multimodal information helps to break monotony and to deal with different learning styles. In this regard
also, AR technology is a valuable supporter for learning.

A favorable factor for social learning was the discussion groups formed about the learning content explored. When comparing the
attitude of students after the two sessions evaluated we noticed a desire to share their experiences of TS2 but not in TS1. We believe that the
difference is mainly due to the satisfaction produced on using AR technology but further studies should be done to confirm this hypothesis.

In relation with the usability study, authors were greatly surprised to observe how students were able to quickly learn and use the
augmented reality system and the ease with which students overcame the technical problems that arose. Students manifested their interest
in continuing using this technology in other courses and at home. Thus, although AR is notmature enough to be usedmassively in education,
enthusiasm of middle-school students diminished most of the barriers found.

As a result of our study, we conclude that the positive impact of AR on motivation leads students to achieve higher levels of engagement
in learning activities with less cognitive effort.

Finally, although these are encouraging results, it is advisable to deploy similar research studies in extended periods of time to diminish
the novelty effect that can be acting as a disturbing factor. It could be also useful to determine the learning activities where AR technology
can provide greater benefits.
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