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Abstract: Augmented Reality (AR) enables users to see or interact with virtual objects in
real-world environments. This case study examines three AR lessons integrated into a
beginner-level Spanish course at a university. The participants were 18 undergraduate
students enrolled in this class. The AR lessons portrayed a classroom, a coffee shop, and
a family setting aimed at improving students’ retention of Spanish vocabulary related to
each AR environment. The research data included pre-test and post-test scores, in-class ob-
servations, and interviews. Paired-sample t-tests were conducted before and after the AR
sessions to examine vocabulary retention. The quantitative findings revealed significant
differences in test scores among all three interventions, suggesting the efficacy of AR-based
learning methods. A thematic analysis was conducted on qualitative data, encompassing
interviews with six students and in-class observations. Students shared that the AR-based
lessons made learning more engaging and enhanced vocabulary recall. Student interac-
tions increased, and the AR-based lessons inspired students to transition from technology
users to designers. This study addresses the need for more AR learner-centered empiri-
cal studies in learning Spanish and provides implications for AR educational application
design and implementations.

Keywords: augmented reality (AR); Spanish learning; instructional design; instructional
technology; emerging technology; case study

1. Introduction

Augmented Reality (AR) is a technology that enables users to see or interact with vir-
tual objects in a real-world environment (Azuma, 1997). Common examples of AR can
be found during football broadcasts in the form of yellow “first down” lines. With the
rapid growth of technology, AR development has significantly accelerated, leading to pro-
found transformations in its visual affordances. Besides deploying AR in physical spaces,
computer engineers have developed innovative AR applications (e.g., SLART ToolKit) that
allow computers with webcams and mobile devices with embedded cameras to project 3D
materials over the Internet.

A preliminary survey of AR educational applications suggests that AR educational ap-
plications are primarily related to health, engineering, and natural sciences (Avila-Garzon
et al., 2021; Matuk, 2016; Yilmaz, 2021). Although integrating emerging technologies into
language education has become increasingly popular, the applications of AR language
research primarily focus on English (Majid & Salam, 2021; Parmaxi & Demetriou, 2020;
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Schorr et al., 2024), indicating a need to explore AR usage in other languages. AR edu-
cational application discussions tend to be more technology-centered, focusing on topics
related to computer programming and less on the design of the interventions (Weng et al.,
2024). When discussing learning gains, the advancements in learning are not sufficiently
evaluated by empirical evidence. Furthermore, the impact of AR focused on learners is
also less explored, including the influence of AR on students’ learning experiences and
their reactions to technology.

These observations from the current literature on AR educational applications indi-
cate that (a) there is a need to extend the use of AR to non-science subjects, and (b) thereis a
need to research the educational applications of AR, emphasizing its implications. Further-
more, understanding learners” experiences with AR is crucial for assessing its educational
value and developing meaningful AR applications. Echoing these two critical arguments,
the goals of this study are to (a) experiment with AR in a language course, more specifi-
cally in Spanish, (b) focus on the influence of AR on students’ learning experience and the
instructor’s teaching experience, and (c) create AR applications that adhere to instructional
design strategies to ensure the applications are easy to implement and replicate.

2. Literature Review
2.1. Educational Affordances and Challenges of Augmented Reality

Research has examined the educational affordances of AR across various subject areas
in K-12 and higher education settings (Avila-Garzon et al., 2021; Ibafiez & Delgado-Kloos,
2018; Li et al., 2017; Parmaxi & Demetriou, 2020). Key educational affordances of AR noted
in the literature include its capacity to transform or enhance real environments with con-
textually relevant virtual objects; create authentic, immersive, spatially oriented visualiza-
tions of abstract or invisible phenomena; provide multisensory experiences while allowing
users to maneuver objects in ways that defy physical laws; and recreate events that would
otherwise be dangerous, risky, or impossible in the real world, such as historical occur-
rences or hazardous weather conditions (Challenor & Ma, 2019; Dunleavy et al., 2009; Stef-
fen et al.,, 2019; Woods et al., 2004; Y. Yang et al., 2019). These affordances have generated
novel learning opportunities with reported benefits across multiple disciplines, including
science, engineering, and languages. In the sciences, for example, AR has allowed learners
to visualize and manipulate invisible scientific phenomena such as electromagnetic fields,
molecular structures, internal organs, and geological processes, helping students to bet-
ter understand these concepts in ways that are challenging to achieve through traditional
teaching methods (Dunleavy & Dede, 2014; Furi¢ et al., 2013; Ibafiez & Delgado-Kloos,
2018; Yilmaz, 2021; Yuen et al., 2011). Similar possibilities can be observed in other STEM-
related fields, such as engineering, where AR has been effectively employed for teaching
concepts in areas such as electronics, technical drawing, assembly, and robotics (Alvarez—
Marin & Velazquez-Iturbide, 2021; Sen et al., 2018).

AR has also impacted language learning in significant ways by providing unique op-
portunities for learners to acquire new vocabulary through dynamic and interactive tasks;
contextualizing grammar and vocabulary acquisition within authentic cultural settings,
providing authentic practice opportunities; scaffolding sentence construction through en-
hanced text, word, and sentence organization; and promoting focus and engagement dur-
ing reading tasks (Godwin-Jones, 2016; Liu et al., 2016; Parmaxi & Demetriou, 2020; Wang,
2017; M. T. Yang & Liao, 2014). Across studies on AR’s educational impact, findings indi-
cate that AR enhances knowledge retention, engagement, learner satisfaction, motivation,
and collaboration (Akcayir & Akcayir, 2017; Ibanez & Delgado-Kloos, 2018; Parmaxi &
Demetriou, 2020). In language learning, more specifically, AR has been shown to improve
student’s performance across various language skills, including writing, reading, speak-
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ing, and comprehension, while also impacting non-language outcomes such as motivation
and engagement (Cai et al., 2022; Parmaxi & Demetriou, 2020; Richardson, 2016).

Despite reported benefits in education and language learning, there are challenges
associated with AR’s implementation. Technical difficulties have been widely reported in
literature resulting from imprecise AR tracking systems, AR’s incompatibility with certain
devices, issues with network stability and Wi-Fi connectivity, and poor user interface de-
signs (Holden & Sykes, 2011; Kim et al., 2017; Reinders & Lakarnchua, 2014; Steffen et al.,
2019). Such challenges can hinder students’ experiences, decrease satisfaction, and foster
disengagement from tasks (Lau & Wen, 2021; M. T. Yang & Liao, 2014). Moreover, develop-
ing AR content for language learning can be time-consuming, and instructors have limited
time to implement exploratory and inquiry-based AR experiences within the short lesson
periods typical of standard-based educational systems (Cheng, 2021; Clarke-Midura et al.,
2011; Klopfer & Squire, 2008; Santos et al., 2016). Other notable challenges with incorpo-
rating AR into education and language learning specifically include poor implementation
strategies stemming from teachers’ limited skills in developing or implementing AR con-
tent in line with sound and effective pedagogical principles, limitations related to moni-
toring and feedback functionalities in AR systems, as well as limited access to AR learning
apps tailored to specific foreign languages (Cheng, 2021; Lau & Wen, 2021; O’Shea et al.,
2009; Parmaxi & Demetriou, 2020).

2.2. AR and Language Learning

AR'’s integration into higher education language learning has been the subject of on-
going research and interest. Research in this area usually focuses on either language-
specific skills (such as reading, writing, speaking, and listening), non-language outcomes
(such as interest, collaboration, and motivation), or both (Majid & Salam, 2021; Parmaxi
& Demetriou, 2020). For example, in a study by Ebadi and Ashrafabadi (2022), which in-
vestigated both language and non-language-related outcomes from undergraduate EFL
students in Iran, students who learned with AR demonstrated significantly higher reading
comprehension levels than students who learned the traditional way. The same study re-
ported that students enjoyed learning with AR over traditional reading comprehension ap-
proaches and expressed their interest and willingness to further engage with AR-enhanced
reading comprehension tasks. However, scholars such as Lee (2022) have emphasized the
importance of evaluating technology’s efficacy in language learning through direct, empiri-
cal measurements of learning outcomes rather than relying solely on students’ perceptions,
given the mixed evidence regarding technology’s effectiveness in language learning.

Moreover, while several studies have investigated AR’s application in higher educa-
tion language learning, many of them have focused predominantly on English, especially
in contexts where English is taught as a foreign language or second language (Majid &
Salam, 2021; Parmaxi & Demetriou, 2020; Schorr et al., 2024). AR’s application in foreign
languages such as Chinese, Turkish, and Spanish has also been explored in the literature, al-
though to a lesser extent when compared to English (Parmaxi & Demetriou, 2020; Xie et al.,
2024). For the Spanish language, in particular, related studies have typically involved us-
ability and evaluation studies for AR-based interventions designed for Spanish language
learning. For instance, Scrivner et al. (2016) evaluated the use of the Aurasma AR app in
a beginner-level Spanish language course and found it to be user-friendly, engaging, and
effective for student learning. However, the study did not conduct any pre-post compar-
isons to measure learning outcomes or achievement, and important details such as sample
size and participant demographics were not elaborated. Other related studies include de-
sign cases and conceptual papers for AR-based Spanish language learning interventions.
For example, Holden and Sykes (2011) described a design case for Mentira, a game-and-
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location-based AR experience for teaching intermediate-level Spanish pragmatics, while
Hajahmadi et al. (2024) presented a conceptual paper describing the learning affordances
of an AR-based, Chat-GPT-3.5 integrated Spanish language learning mobile app. While
these studies are valuable for expanding current approaches to Spanish language learning,
they provide limited empirical evidence of AR’s impact on Spanish language learning, es-
pecially in the area of vocabulary retention. Hence, this paper bridges an essential gap
in the literature by providing additional empirical evidence of AR’s efficacy in the previ-
ously underexplored context of Spanish language learning through a holistic evaluation
of learning gains and students’ learning experiences.

2.3. Theoretical and Pedagogical Considerations for AR Integration in Language Learning

Huang (2023) demonstrated the importance of grounding the design of AR resources
in instructional design principles and learning theories to enhance learner engagement
and promote deep learning. Sommerauer and Miiller (2018) also emphasized the need to
consolidate evidential data and theoretical frameworks to enhance the effective integration
of AR in education. Commonly cited theories that advocated for developing AR learning
applications include constructivism and sociocultural learning and the cognitive theory
of multimedia learning (Dunleavy & Dede, 2014; Kriiger & Bodemer, 2022; Parmaxi &
Demetriou, 2020; Piriyasurawong, 2020; Sommerauer & Miiller, 2018; Zhang et al., 2020).
These theoretical frameworks will guide this study’s evaluation of AR’s impact on Spanish
language learning.

2.3.1. Constructivism and Sociocultural Learning Theory

Constructivist and sociocultural learning theories underscore the critical roles of con-
text, social interaction, and active participation in effective learning (Bandura, 1977; Lave &
Wenger, 1991; Vygotsky, 1978). These theories suggest that learning is inherently context-
specific, with individuals applying prior knowledge to construct new meanings through
social interactions and collaborative inquiry (Zhang et al., 2020). AR language learning
applications align with these principles by immersing learners in environments that ap-
proximate real-life situations while maintaining the environment’s physical and social at-
tributes. This setup enables learners to engage in authentic inquiry, active observation,
and interactive activities (Dunleavy & Dede, 2014). AR also offers realistic conversational
contexts, facilitating language acquisition by allowing learners to practice new vocabu-
lary in authentic communicative settings (Kernan et al., 2018; Xu, 2023). This approach
aids learners in developing and applying contextual knowledge effectively (Zhang et al.,
2020). Furthermore, AR applications often incorporate cultural contexts and multimedia
elements, enriching learners’ understanding of language within its cultural and historical
dimensions (M. T. Yang & Liao, 2014).

2.3.2. Cognitive Theory of Multimedia Learning

According to the Cognitive Theory of Multimedia Learning (CTML), individuals ac-
tively process information through sensory, working, and long-term memory via dual
channels: auditory-verbal and visual-pictorial, each with limited capacity (Mayer, 2002).
This aligns with cognitive load theory, which postulates limitations in working memory
capacity (Sweller et al., 1998), highlighting the need to design instructional materials that
avoid overloading these cognitive channels. There are three types of cognitive process-
ing during learning: extraneous, essential, and generative processing (Mayer, 2002), corre-
sponding to three types of cognitive load: extraneous, intrinsic, and germane cognitive
loads (Kriiger & Bodemer, 2022). Extraneous cognitive processing involves expending
mental effort on non-essential elements, whereas the intrinsic process contributes directly
to the learning goal. The germane processing depends on the learner’s level of motivation
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(Kriiger & Bodemer, 2022). An effective learning design is to limit extraneous cognitive
processing to foster intrinsic and germane processing. The CTML theory is well-suited
for designing AR learning resources and environments, as AR systems integrate visual,
textual, and auditory information.

CTML has been suggested as the most widely applied framework for designing and
evaluating AR-based learning resources (Buchner et al., 2022; da Silva et al., 2019; Garzon
etal., 2020; Sommerauer & Miiller, 2018). Specifically, the spatial contiguity principle (plac-
ing related text and visuals in close proximity) and the coherence principle (minimizing ex-
traneous and unnecessary materials) have been suggested as applicable in enhancing the
design of AR resources (Altmeyer et al., 2020; Kriiger & Bodemer, 2022). However, further
research is needed to evaluate the suitability of applying CTML principles in the design of
AR for language learning.

2.4. Research Questions

In this case study, we explored the use of AR in a Spanish language learning course.
The overarching research question is: How effective were the AR learning sessions in im-
proving students’ language acquisition and learning experience in a beginning-level Span-
ish undergraduate class?

Individual research questions:

1.  Did the AR learning sessions improve students’ Spanish vocabulary retention? Did
students achieve higher scores on the post-tests compared to the pre-tests?
2. What were students’ learning experiences within the AR learning sessions?

3. Materials and Methods

We used a case study methodology to explore the effectiveness of using AR technol-
ogy in enhancing Spanish language learning. A case study allows for the detailed examina-
tion of a situation involving a group or organization in order to understand a phenomenon
inits real-world context (Yin, 2018). Here, the beginning-level Spanish undergraduate class
was our unit of analysis with a finite number of participants. This study was conducted
to produce an “in-depth description and analysis” of the bounded system (Merriam & Tis-
dell, 2016, p. 39), where the phenomenon’s variables cannot be separated from the context
(Yin, 2018). In this case study, we studied a bounded system of 18 students enrolled in a
100-level Spanish language course taught by a female assistant professor who had been the
instructor for this class for more than three years when this study took place. As the pri-
mary instructor, she designed and developed all the learning activities and assessments
for this class. Data for this case study were collected from multiple sources (Creswell &
Creswell, 2022), including pre-tests, post-tests, interviews, and observations.

3.1. Research Site

This case study was conducted in a beginner-level Spanish class at a regional univer-
sity with IRB approval in the Spring of 2011. The Spanish class occurred in a technology-
rich learning and teaching environment with hardware and software, including computers
and webcams, which were essential technological equipment to execute AR learning ses-
sions. In addition, the physical environment of this classroom, where students share their
learning space at big tables that seat four to five students per table, made it convenient
to conduct group activities. This learning space made it possible for the researchers to
explore how students interacted with each other.
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3.2. Participants

Students enrolled in the Spanish class participated in this study. Overall, 18 students
aged between 18 and 25 were enrolled in this class. Eight of them were female, and ten
were male. Additionally, the researchers recruited six students for one-on-one interviews
(see Table 1). All participants were from different disciplines at the university, but they
all chose to register for this class due to the general education course requirement. Five
participants had learned Spanish in high school before taking this class.

Table 1. Demographic Information of the Interview Research Participants.

. . Reasons for Former Foreign Language
Name Gender Academic Status Major Enrolling in This Class Learning Experience
. . Learned Spanish in
Jack Male Sophomore Science Required high school
. . . Learned Spanish for two
Jennifer Female Freshman English Required years in high school
Tony Male Senior Business Required. Good for Learned .Spa{rush for three
future career years in high school
. Transfer student; . Learned Latin for four years
Mike Male Sophomore Undecided Required in high school
Occupational . Learned Spanish for two
Rachael Female Sophomore Therapy Required years in high school
Dona Female Sophomore Criminal justice Required Learned Spanish for two

years in high school

3.3. Research Procedure

Figure 1 presents the research and instructional design processes comprising design,
development, and implementation. We collected students” inputs about their learning ex-
perience with AR in the form of post-tests, interviews, and observations. The seven-stage
process is explained below.

« Created AR applications « Conducted one- « Implemented AR lesson session 3
for lesson sessions 1 & 2 on-one interview « Data collection: Pre-and-Post Tests &
with six students Classroom observations
AR Design Interview AR Implementation
Lesson 3

£ A i

5 5 S

Ideation AR . AR Design Data
Implementation Analysis
Lessons 1 & 2
« Trained the instructor to « Implemented AR lesson session 1 « Designed AR « Statistical analysis: Pre-
use AR « Data collection: Pre-and-Post Tests application for lesson and-Post tests analysis
« The instructor identified & Classroom observations session 3 based on « Thematic analysis:
three lessons for AR « Implemented AR lesson session 2 students' feedback Interview data and
integration* « Data collection: Pre-and-Post Tests classroom observations

& Classroom observations

*Three class sessions were identified to implement the AR learning sessions. Each learning period was 50 minutes. It was divided into four
activities: (1) pre-test (five minutes); (2) lecturing (10-15 minutes); (3) AR group activities (10-15 minutes); and (4) post-test (five minutes).

Figure 1. Research Procedure.
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Step 1—Ideation

The researchers, who are also instructional designers at the university, met with the
Spanish language instructor several times to discuss how and when to integrate AR learn-
ing content in the class to engage all the students. The discussions served multiple pur-
poses. First, it allowed the instructor to understand how AR worked to ensure the instruc-
tor was comfortable implementing this new technology in the classroom. Second, both
parties discussed the potential educational benefits that AR could deliver. Third, they
identified the class periods and lesson units where the AR learning content would enhance
students’ learning. Based on her previous teaching experiences, the instructor decided it
would be best to integrate AR learning materials in the middle of the semester when stu-
dents would be more comfortable learning the language. The concern was that it would
add anxiety or be a barrier to students if they needed to learn a new language through
a new technology. Finally, it was decided that three AR learning sessions would be inte-
grated into three separate class periods.

Step 2— AR Design

The instructor suggested that the design and research team replicate the textbook
learning content to align the AR learning sessions with the textbook content. In other
words, the AR learning materials would be an “enforcer” of the learning process. The
three lessons were: (1) A Classroom—students learn how to tell the names of physical
items often found in a physical classroom (e.g., chairs, tables, doors) in Spanish; (2) A Cof-
fee Shop—students learn how to have casual conversations at a social environment (e.g., a
coffee shop) by introducing themselves (e.g., their ethnicity) in Spanish; and (3) A Family —
students learn Spanish words that described family members and relationships.

The research and design team started by identifying resources to develop the AR
learning materials. They used Google Sketchup, a 3D modeling platform, to design the
3D models for the lessons. They also adhered to cognitive load theory (Sweller et al., 1998)
and Mayer’s (2002) principles of multimedia educational application in their design to pre-
vent unnecessary extraneous load. The Build AR viewer application was chosen to deploy
the AR applications. It is essential to note that the team utilized an iterative process when
designing the AR applications. They considered the initial AR applications as a pilot to
understand and assess user experience and improve their design further.

Steps 3 and 4— AR Implementation and Data Collection

As shown in Figure 2, in Step 3, the first two lessons were implemented one after
another. Each learning period was 50 min long. It was divided into four activities: (1) pre-
test (five minutes); (2) lecturing (10-15 min); (3) group activities (10-15 min); and (4) post-
test (five minutes). The AR learning sessions were integrated into the group activities.

Figure 2. Examples of AR Applications and Group Activities.
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For each lesson, the instructor created ten fill-in-the-blank questions for the pre-test
and post-test to evaluate students’ vocabulary retention ability. Based on the instructor’s
previous experiences, the difficulty levels of these questions were consistent. The ques-
tions were embedded as quiz question banks on the course site of the university’s learning
management system. The system randomly generated five questions from the question
bank each time for the pre-test and post-test.

The research and design team participated in the class sessions to (1) provide the
instructor and the students with technical support, (2) implement the AR learning ses-
sions, and (3) observe and document students” learning experiences. The researchers ob-
served and documented the interactions between the students and the AR material and
their interactions with each other. This process was repeated for lessons one and two.
After implementing lesson two, the researchers conducted one-on-one interviews with
six participants.

Step 5—AR Design

The feedback data collected from the students in the previous steps was analyzed.
The findings were used to design the Lesson 3 AR application.

Step 6—AR Implementation

Following a procedure similar to Steps 3 and 4, lesson 3 AR learning materials were
implemented in the classroom. A pre-test before the lesson and a post-test after the les-
son implementation were conducted. Students’ interaction with one another and the AR
material was also observed and recorded. Figure 2 shows one of the AR applications and
group activities.

3.4. Data Analysis

Data included pre-test and post-test results from the three AR sessions (labeled as
AR lesson sessions 1, 2, and 3 in Figure 1), individual interviews (n = 6), and classroom
observations. Paired sample t-tests were used to analyze the pre-test and post-test quanti-
tative data. For the qualitative data, we used thematic and inductive analysis (Bingham &
Witkowsky, 2022) to analyze the interview data and field notes. The process started with
reviewing and coding each interview transcript. The first phase of the coding revealed
several themes emerging from the interview data, including motivation for learning Span-
ish, learning preferences, learning with technology in general, first reaction toward the AR
application, learning with AR, learning in groups (e.g., interaction with peers), ideas for
future AR applications, etc. A thematic analysis of the field notes revealed themes about
students’ learning with AR and learning in group settings. Table 2 shows the research
questions, data sources, and data analysis methods.

Table 2. Research Questions, Data Sources, and Data Analysis Methods.

Research Questions Data Sources Data Analysis Methods
RQ1. Did the AR learning sessions Paired sample t-tests
improve students’ Spanish vocabulary
retention? Did students achieve higher e  Pre-test and post-test

scores on the post-tests compared to

the pre-tests?

RQ2. What were students’ learning

experiences within the AR
learning sessions?

Individual student interviews Thematic and inductive
The design and research team’s ~ analysis.
classroom observations
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In this case study, we established external validity and transferability by explicitly
explaining the steps that were followed while implementing and evaluating the AR-based
learning interventions (Yin, 2018). We believe this and the research design can inform
similar endeavors in future studies. We collected both quantitative and qualitative data
through surveys, interviews, and observations to establish data triangulation and coher-
ence (Denzin, 1978; Lincoln & Guba, 1985). Semi-structured interviews (Merriam & Tis-
dell, 2016) with the participants covering their learning experiences, technology use, and
other aspects of instructional design provided a rich source of qualitative data. The first
and the fourth authors collected and analyzed the interview data independently and met
several times to compare findings, control for bias, and build consensus (Denzin, 1978; Pat-
ton, 2015). We have provided participants’ own words as quotes without paraphrasing to
enable readers to connect directly with participants” opinions (Erickson, 2012).

4. Results

In this section, we present the quantitative and qualitative data findings to provide
insights into students’ perceptions of the effectiveness of the AR learning sessions and their
learning experiences with AR.

4.1. Learning Effectiveness

To answer research question 1, which is about the effectiveness of the AR learning
sessions, pre-tests and post-tests were implemented in each AR learning session to as-
sess students’ vocabulary retention. Table 3 shows the descriptive statistics for students’
pre- and post-test scores for the three AR learning sessions. A paired sample t-test was
performed to compare students’ pre-test and post-test scores before and after each AR
learning session. The statistical analysis showed significant differences in students’ test
scores before and after every AR learning session. There was a significant difference in
students’ scores before (M = 3.70, SD = 1.32) and after (M = 4.77, SD = 0.53) the first AR
learning session, #(14) = —3.51, p = 0.003. There was a significant difference in students’
scores before (M =3.67, SD = 1.3) and after (M = 4.67, SD = 0.49) the second AR learning
session, t(11) = —3.07, p=0.001. There was a significant difference in students’ scores be-
fore (M =2.04, SD = 1.51) and after (M = 4.08, SD = 0.76) the third AR learning session,
t(12) = —4.79, p =< 0.001.

Table 3. Descriptive Statistics for Pre-Test and Post-Test Scores.

AR Learning Session I]’\Zegg;t P:/IS t(;ll";;t
AIZ\SIGZSS;;)“ 1 3.70 (1.32) 4.77 (0.53)
Alz\slezssli;)n 2 3.67 (1.30) 4.67 (0.49)
Alz\slejslig)n 3 2.034 (1.51) 4.08 (0.76)

Note: The highest possible score for the pre-test and post-test, respectively, was 5.

4.2. Learning Experience

Participants’ learning experiences were investigated based on the individual inter-
views conducted after the second AR learning session and the observations captured by
the design and research team. The data were evaluated using a thematic analysis approach.
Several themes evolved from the data, which are discussed below.
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4.2.1. AR vs. Textbooks: More Dimensions; More Engaging

All participants indicated that they liked the AR learning experiments and believed
those sessions helped them learn better. They shared a variety of reasons why AR was
helpful. One commonly agreed reason for why they found AR helpful was that it is a more
interactive and engaging medium compared to other learning resources or mediums such
as textbooks or video clips. One student commented, “When you read a textbook, you kind
of go through it, scan it. You don’t really get into it ... the [AR] model is more exciting.”
Another shared this comment. “The textbook is boring [it] is always flat in front of you,
and I'll pay attention more, you know, on the computer plus the little people were there,
and there were like little dogs and stuff [the participant was describing the AR 3D models].
It was just cool. I'loved it.” Additionally, the AR applications fit these students’ learning
preferences well since most participants favored learning with multimedia elements. One
student commented, “I just like to learn visually. I think it is awesome that you can do it
now.” Another student specifically commented on how valuable it was to them: “I think
putting it [the AR application] with a picture helps me remember things. So, I liked that
aspect a lot.”

Another student also shared a similar reaction to the medium. Still, she went further
to point out how AR (the technology) stimulated or impacted the interactivity between stu-
dents and their peers. “Well, I think it was more memorable than just staring at a picture
in the book because you could manipulate it [the AR application]. Mm hmm. Then, there
was more conversation at the table because we were trying to figure out the different char-
acters in the picture ... I think it helped me to remember vocabulary a little better.” This
participant went on to share more on why AR was memorable and effective compared to
the textbook: “I still remember what the screen looked like when we did the first one. The
classroom. I don’t remember the pictures from the book.”

4.2.2. Excitement About, Yet Fear of, the Unknown and New Technology

“Wow! This is so cool.” The first time we conducted the AR experiment, students
were blown away by what they saw on the computer screens. What was important from
this first AR session was that it served as an introduction to AR for the students. None of
the students had heard of or seen AR applications operated through a cardboard marker
and a webcam before the session. One student chuckled while sharing his reaction when
seeing the AR application for the first time: “The little thing ... it's like a cube. I have never
seen anything like that.” Another student said, “It shocked me at first. Really? What is
this imaging coming from?”

The students were surprised and, to some extent, intrigued by what they saw; how-
ever, they only interacted with the AR applications a little initially. When asked, some
students indicated they did not quite understand what AR was and did not know what to
do with it. One student shared that “you explained what it was, but we still didn’t under-
stand it.” This lack of understanding of the technology seemed to be an obstacle for the
students in the beginning when using it. One student indicated: “We didn’t mess with it
too much because if we touch it too much, the picture went away. But we did spin it and
turn it so we could see the other things in the picture.”

Some students admitted that they were worried the 3D model on the monitor would
disappear if they moved the marker too much. One student mentioned, “It would kill your
arm if you keep holding the marker.” This student continued to share that their group
figured out a way to prop the marker at a certain angle so that they could see the complete
3D model without moving the marker. He added proudly, “I actually was the one that
figured out how to set it down. Everyone was holding it up. But I landed it on the desk.”
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Fear existed among the students when using new technology for the first time. How-
ever, our observations suggested that students became at ease with the technology during
the second AR session as they could freely use the AR marker to engage in the lesson and
converse with their peers.

4.2.3. Beyond Learning Spanish —Being Inspired by AR

All six interview participants agreed and shared that AR applications could be imple-
mented in various courses, such as history, mathematics, and nursing, to enhance learning.
In addition to sharing how they felt about using AR for education, some participants men-
tioned that they were curious about the technology and took the initiative to explore it right
after the first AR learning session. One student shared: “It just really shocked me at first.
I'was, like, really? Where’s the image coming from? ... It made me curious.” Another was
interested in learning about the design process and the tools used to create the AR appli-
cations. During the interview, she asked several technical questions, such as “How does
the marker work?”; “How did you create the 3D model?”. A student was so fascinated by
the learning effect that she shared her experience with her mother, an elementary school
teacher who was into technology, shortly after the first AR learning session. She said in
an excited tone, “I went home and told my mom about it. She teaches fourth grade. She
thought it was really neat!”

The research team was surprised by this phenomenon, given that none of the inter-
viewees were from the field of education or technology. Nevertheless, the experience
prompted them to reflect on their learning experiences and the technology (i.e., AR).

5. Discussion

The quantitative phase of this case study showed a significant difference in students’
learning before and after each AR learning session, indicating that the AR learning sessions
improved students’ language acquisition in the beginning-level Spanish undergraduate
class. The qualitative phase provided supporting evidence on why this was so. Addition-
ally, it highlighted how the collaboration between learning design and learning theories
fosters an improved educational environment for students, as well as what is required to
assist both instructors and students in adapting to new learning technologies.

5.1. Learning Effectiveness and Experience

The quantitative data analysis showed that the AR-based intervention produced sig-
nificant learning gains for all students. Although any learning intervention would produce
learning gains, the qualitative findings clearly showed that students had better learning
experiences and outcomes owing to the features of AR that immersed them in the learn-
ing environment. The interactive elements of the AR environment with the 3D models
brought to life the passive elements in textbooks that are “flat” and “boring,” according
to the students. The AR environment was attention-grabbing, and the virtual elements
were attractive, as in prior studies where overlaying visual, verbal, and interactive virtual
objects on the learning material enhanced learning (Chin et al., 2020; Xu, 2023).

In this case study, an interactive, authentic learning environment immersed students
in their learning and made it “memorable,” as one student said. Students were trying to
figure out the different characters in a coffee shop environment and learned to express
different ages or ethnic groups in Spanish during session 2. In session 3, students learned
Spanish words that described family members and relationships. In this study, the vi-
sualization properties of AR benefited students in language learning as it provided stu-
dents with an awareness of the cultural contexts (Godwin-Jones, 2016; M. T. Yang & Liao,
2014). Furthermore, AR, similar to some other interactive media, was used to provide
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real-time visual and sensorimotor feedback (Hedley, 2003), creating a sense of immedi-
acy (Chang et al., 2022), thereby increasing student engagement and improving presence
and immersion.

In prior studies, AR has also been found to promote motivation in language learn-
ing (Cai et al., 2022; Chang et al., 2022; Parmaxi & Demetriou, 2020), especially when the
interventions were for longer periods. Other studies have highlighted how higher levels
of engagement and interest were recorded due to the challenging yet enjoyable tasks that
were provided using AR (Fan et al., 2020; Perry, 2015; Richardson, 2016; Taskiran, 2019;
Vedadi et al., 2019). This was evident in the present case study as well and was attributed
to the highly interactive learning experience that AR could provide, which was much more
engaging than other mediums, such as textbooks or videos.

The feedback from the students after sessions 1 and 2 helped us make some changes
in session 3. Students preferred that visual and textual information appear closer together
so that they could connect the images to the corresponding words directly. Suitable ed-
its were made to the AR environment, aligning with the spatial contiguity principle and
the coherence principle based on the cognitive theory of multimedia learning (Kriiger &
Bodemer, 2022; Mayer, 2002).

5.2. Peer Collaboration

Social interactions have long been associated with accomplishing learning tasks (Ban-
dura, 1977; Lantolf & Zhang, 2015; Prior, 2006; Vygotsky, 1978), including language learn-
ing (Aljohani, 2017; Zhang et al., 2020). In this case study, students participated in group
activities such as finding the various characters and objects in the AR applications and
practicing new Spanish vocabulary with each other based on what they saw on the AR
screen. As shared by the interview participants, this learning design strategy enhanced
their interactions with their peers, improved peer collaboration, and made learning more
memorable. This finding reflected what was reported in prior studies on AR’s capacity
to foster shared engagement and collaboration between learners (Bacca Acosta et al., 2014;
Dunleavy et al., 2009; MacCallum & Jamieson, 2017).

To explore this observation further from the Cognitive Theory of Multimedia Learn-
ing (CTML) perspective, peer collaboration likely reduced the cognitive load, or the total
working memory resources needed to carry out a learning task, as it was divided among
students to improve their learning and recall (Buchner et al., 2022; Kirschner et al., 2018;
Leahy & Sweller, 2011; Sweller, 2010). In addition, it was suggested by the participants
that peer collaboration also helped them deal with the new technology and its challenges
found in this case study.

5.3. New Technology

It was not easy at first for students to interact with the new technology. They were
surprised, worried, and realized that it was physically too much effort, as was found in
other studies about usability issues, technical problems, and technology acceptance (Ajit
et al.,, 2021; Wu et al,, 2013). Although some students in this case study were hesitant
to interact with the AR environment at the beginning and were overwhelmed with the
new technology, they were also curious about AR. Using AR was another obstacle because
students had to hold the physical marker and point it toward the camera, which hurt their
hands. Similar problems with AR technology have been noted in prior studies (Kim et al.,
2017; Steffen et al., 2019). However, this obstacle prompted creative problem-solving in this
study context. Students soon figured out a way to place the marker in a specific position
so that they did not need to hold it, which made interactivity among students easier.
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The researchers’ observations showed that fear gave way to confidence following the
second session. The new AR learning environment inspired curiosity and problem-solving
concerning the technology, which went beyond learning the subject matter. AR encour-
aged peer collaboration in subject learning, problem-solving, and sharing new experiences
with others outside the classroom. Similar to learning through collaboration, this case
study showed that collaborative problem-solving helped reduce the extraneous cognitive
load attributed to the technology (Mayer, 2002; Sweller et al., 1998). These findings should
encourage more instructors to experiment with emerging technologies in their classrooms.

5.4. Instructional Design Support

Prior research has shown that it is challenging for teachers to first master the tech-
nology, create a curriculum, manage the learning process, and ultimately assess student
learning (Cheng, 2021; Lau & Wen, 2021). Our experience in guiding the teachers through
the steps of implementing an AR environment was successful. It is possible that the pres-
ence of experienced instructional designers who were familiar with the technology was
instrumental to this successful implementation. We believe that an active collaboration
between instructional designers and instructors will provide a meaningful solution.

This type of collaboration will also help ensure that all instructors and instructional
designers understand the affordances of AR and align its potential for meaningful appli-
cation in educational contexts (Steffen et al., 2019). We recommend that for optimizing the
use of AR, it is necessary to intentionally incorporate learning theories and a diverse set
of instructional strategies (Cai et al., 2022; Parmaxi & Demetriou, 2020) in the design of
AR-based learning environments.

6. Limitations and Future Research

Although the results indicate that AR learning sessions were effective, this study does
have some limitations. The sample size of this study is small (N = 15), which makes the
findings less generalizable. There was no control group, making it difficult to determine
whether the positive outcomes were due to AR activities or other activities students en-
gaged in during the sessions. The research took place in 2011, and since then, there have
been significant advancements in AR technology. Future studies could explore how to
apply the materials created in this study, such as the 3D models, and incorporate them
into various emerging technology platforms, such as VR, to assess differences in learning
effectiveness. While the one-on-one interviews conducted with six participants offered
some insights into learning experiences, the interview protocols could be improved as
well. The researchers might have incorporated further assessments, such as verbal lan-
guage tests, to better gauge what the students genuinely retained, presenting a chance for
future research. Furthermore, an upcoming study could involve the use of pre- and post-
AR learning experience surveys to gain a comprehensive understanding of the students’
learning experiences.

7. Conclusions

This case study investigated how AR learning sessions influence undergraduate stu-
dents’ learning experiences and outcomes in a beginning-level Spanish class. Three differ-
ent AR learning sessions were integrated into the Spanish class. The findings suggested
that the AR learning sessions improved students’ vocabulary retention and enhanced their
learning experiences. Collaboration among peers helped alleviate technology anxiety, and
students creatively solved problems related to technology handling. When reviewing the
study as a whole and reflecting on its implications, the authors took a holistic perspective to
examine the implications of the study, starting from the design of the AR sessions. Itis chal-
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lenging for teachers to master emerging technologies (e.g., AR, VR), create a curriculum,
and ultimately facilitate the learning process (Cheng, 2021; Lau & Wen, 2021). In this case,
the instructor worked with the research and design team, familiar with AR and learning
design, to implement the AR learning sections. The positive learning experiences observed
in this case study suggest that supporting instructors interested in implementing emerg-
ing technologies (e.g., AR) to enhance learning is essential. Secondly, the design of the AR
sessions was integrated into the regular sessions with social interaction learning theories
in mind that aim to promote learning through interaction. This implies that connecting to
learning theories (Parmaxi & Demetriou, 2020) and implementing different instructional
strategies (Cai et al., 2022) are recommended to make learning with AR effective.
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