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Abstract—Augmented reality (AR) for learning is a relevant 

topic that has recently received considerable attention. However, 
the current literature lacks a survey of AR-based educational 
approaches and experiences in the specific field of engineering 
studies. Five research questions were addressed: RQ1) 
engineering studies where AR is used, RQ2) types of educational 
activities where AR is used, RQ3) evaluation of its impact on 
students and instructors, RQ4) relevant characteristics of AR 
apps, and RQ5) their degree of interactivity. Regarding RQ1, it is 
concluded that AR has been mainly used in technical drawing, 
electronics, and construction. Concerning RQ2, AR apps have 
assisted in lectures, exercise classes, and laboratories. However, 
the preferred educational activity varies for each discipline. 
Regarding RQ3, it has been found that AR apps have been 
evaluated with respect to students’ or instructors’ perceptions and 
students’ academic performance. In general, the perceptions are 
positive, but students criticize some technical elements. Moreover, 
academic performance is increased in most studies. Finally, 
regarding RQ4 and RQ5, AR apps do not achieve the highest levels 
of functional characteristics and have low degrees of interactivity. 
The systematic review indicates that there is plenty of room for the 
future use of AR in engineering studies, but each engineering area 
must identify adequate educational purposes. It is also 
recommended to assess apps through objective measures, more 
structured constructs, and validated scales. Finally, higher 
functional characteristics and interactivity should be encouraged 
to exploit the full potential of AR. 
 

Index Terms—Augmented reality (AR), engineering education, 
learning technologies, systematic review. 

I. INTRODUCTION 
N the recent past, emerging technologies have offered new 

opportunities to enhance education. Specifically, the use of 
computers in the classroom can improve students’ experiences 
and increase their academic achievements. One of such 
technologies is augmented reality (AR) [1], where virtual and 
real objects are integrated in real time, often in a three-
dimensional (3-D) format. AR systems have the following 
features: to combine real and virtual objects in a real 
environment, run interactively and in real time, and 
geometrically align virtual and real objects in the real world [2]. 
AR applications (apps) can show virtual objects by using a 
marker that acts as a spatial reference [3]. Typically, AR apps 
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are offered as mobile apps, although they may also rely on 
alternative wearable devices, such as head-mounted displays 
(HMDs), Oculus Rift, or HTC Vive, which provide a wider 
field of view and lower latency. In addition, current HMD 
devices can be combined with other tracker systems, such as 
eye-tracking systems, or motion and orientation sensors [4]. 
Augmentation is not limited to the sense of sight, but it can be 
provided for other senses, such as hearing or touch. Finally, 
some AR apps allow for the removal of real objects from the 
perceived environment [5]. 

AR apps have been increasingly used in the last decade. 
Therefore, a growing number of experiences and user 
experiments in different areas have been reported, including 
education [6]. Until now, systematic reviews on AR use in 
education have been conducted both in general [7]–[11] and 
specific fields, most notably in medicine (in particular, in the 
training of surgical procedures [12]–[16]). Systematic reviews 
are also available on the use of AR in industrial maintenance 
operations [2] and the usability of AR apps [6]. 

Five systematic AR reviews can be found in broader 
educational areas. The first study [7] investigates certain 
factors, such as the uses, advantages, limitations, effectiveness, 
challenges, and characteristics of AR in educational 
environments. The primary purpose of AR has been to explain 
a topic of interest, thus providing additional information. It has 
been effective in enhancing students’ academic performance, 
motivation, commitment, and positive attitudes. The study also 
identifies some limitations of the technology, including 
difficulties in keeping overlaid information, paying too much 
attention to virtual information, and the consideration of AR as 
an intrusive technology. 

The second study aims to analyze the use and advantages of 
AR technologies in educational environments [8]. The most 
frequently reported advantage of AR is the promotion of 
improvements in learning achievement. Some of the challenges 
highlighted thereof include AR usability and frequent technical 
problems. 

In science, technology, engineering, and mathematics 
(STEM), the third study seeks to determine the characteristics 
of educational AR apps, their associated instructional 
processes, and observed learning outcomes [9]. This study 
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concludes that AR apps should contain features intended to 
acquire the necessary competencies of STEM disciplines and  
provide metacognitive scaffolding and experimental support for 
inquiry-based learning activities. 

The fourth study is a systematic review of the evaluation of 
AR tools for education [10]. Most of the results are positive. 
However, most studies lack instructor interaction and the use of 
multiple metrics to evaluate educational gains. 

The fifth study addresses AR in primary and secondary 
education through game-based learning [11]. This study 
concludes that this type of technology can influence students’ 
acquisition of skills, transfer knowledge, increase their interest 
in subjects, and enhance their digital skills. 

The five studies suggest the continued observation of the 
effects of AR apps on knowledge construction. They also 
recommend exploring the learning processes present in 
different instructional settings and with various student 
populations. 

In general, on the one hand, AR in education comprises 
exploration apps (e.g., augmented books) and games [9]. In the 
latter aspect, game-based learning has rapidly gained 
momentum by enabling new teaching approaches in primary 
and secondary education [11]. 

On the other hand, engineering addresses the design and 
construction of artificial artifacts. Understanding such artifacts 
is not an easy task, as they may have complex 3-D structures 
with non-visible properties. AR has the potential to assist in 
learning the structure and behavior of such artifacts. Therefore, 
AR can be considered as a promising technology for 
engineering education [17]. 

Furthermore, AR is an alternative to face-to-face engineering 
education, especially by using this technology outside the 
classroom, thereby helping students learn at home or in distance 
education settings. In addition, AR is less expensive and has 
fewer occupational risks [17]. Thus, universities could benefit 
from the economies of scale effect by implementing these apps 
instead of traditional laboratories, since each student could 
access a virtual laboratory using a tablet or smartphone. 
Evidently, it would allow laboratory activities to be carried out 
in situations of confinement or restrictions, such as the COVID-
19 pandemic, and if the university implemented laboratories 
with tablets, the investment could be more profitable as they 
could be reused for different subjects and apps. 

Incorporating AR technology in engineering education can 
also favor future engineers’ capabilities to incorporate into 
Industry 4.0. This type of industry is characterized by 
increasingly digitized and optimized operations that are 
integrated into networks under the concept of industrial AR 
(IAR) [18]. Notably, IAR is one of the key technologies pointed 
out by the Industry 4.0 paradigm to improve industrial 
processes and maximize worker efficiency [19]. This 
technology has mainly been applied industrially in manual 
assembly, maintenance, operations, process monitoring, 
process simulation, and training. It has mainly been 
implemented in the following industries: automotive, 
mechanical, electronics/automation, aerospace, and general 
industrial [20]. Therefore, incorporating this technology into 

engineering education could not only affect academic 
performance in the short term but also provide engineering 
students with skills in the long term to successfully enter the 
labor market of an increasingly digitized industry. 

Hence, the purpose of this study is to conduct a systematic 
review of the use of AR technology in education engineering. 
To the best of our knowledge, no similar studies have been 
conducted. The systematic reviews cited above provide useful 
information about the use of AR in general educational settings. 
However, they fail in guiding the actual use of AR in 
engineering studies and identifying gaps that provide 
opportunities for future research. Thus, this study seeks to 
contribute to understanding the state of the art in the use of AR 
in engineering studies, including strengths and weaknesses, to 
identify areas requiring further research investigations and 
propose recommendations to researchers and app designers to 
improve the effectiveness of the current approaches. 

The structure of this article is organized as follows: the 
second section presents the methodology followed by a review. 
The third section presents a structured presentation of the 
results. Finally, the article includes a summary of the findings 
reported, suggestions for future lines of research, and 
identification of implications for different stakeholders. 

II. METHODOLOGY 
This section describes the process followed in the systematic 

revision in detail. The methodology proposed by Kitchenham is 
adapted and used [21]. 

A. Research Questions 
The following five research questions are raised regarding 

AR in engineering education: 
RQ1. In which engineering studies has AR been applied? 
RQ2. In what types of educational activities in engineering 

education have AR apps been used? 
RQ3. How have AR apps been assessed in engineering 

education? 
RQ4. What are the main characteristics of the AR apps used 

in engineering education? 
RQ5. What is the degree of interactivity of the AR apps used 

in engineering education? 

B. Documentation Sources 
To ensure that the relevant literature was found, four online 

research databases, representative of engineering education, 
were used: Web of Science, Scopus, ACM Digital Library, and 
IEEE Xplore Digital Library. A key factor for selecting these 
databases was their comprehensive support for conference 
proceedings [22]. 

C. Search Items 
The following query string was searched: “engineering 

education” AND “augmented reality.” The occurrence was 
required in either the title, summary, or keywords of each 
publication. The final search was conducted in September 2019. 
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D. Selection of Studies 
A set of inclusion and exclusion criteria was adopted by 

adapting the criteria (see Table I) used in some of the above-
mentioned reviews [8], [9]. 

From the initial search, 732 publications were found. They 
were analyzed to discard duplicates, resulting in 583 unique 
publications. After removing publications that were unavailable 
in the full text, 523 remained. 

Subsequently, the inclusion and exclusion criteria were 
applied. Articles that either cited the term AR but only 
addressed virtual reality, dealt with apps used for training rather 
than higher education, or emphasized the app's design, as 
opposed to its educational use, were not considered. 
Consequently, 56 publications remained. 

Finally, four cases were found in which the authors and the 
study were the same. These duplicates were discarded; 
therefore, the final analysis focused on 52 publications. The 
selection process is summarized in Table II. 

Of the 52 publications selected, 34 were published as 
conference papers, while 18 were published in journals. The 
conferences with the highest number of selected papers are 
Frontiers in Education Conference (9) and the International 
Conference on Advanced Learning Technologies (5). The 
journal with the highest number of selected articles is Computer 
Applications in Engineering Education, with three articles. 
Spain has the highest number of contributing studies (21), 
followed by the USA (7) and Portugal (4). 

TABLE I 
INCLUSION AND EXCLUSION CRITERIA 

Inclusion Criteria Exclusion Criteria 
(a) Any year of publication. 
(b) Journal article or conference 
paper. 
(c) Reporting empirical research. 
(d) Used in engineering education. 
(e) AR is the leading technological 
component. 

(a) Citing the term “augmented 
reality” but dealing with “virtual 
reality.” 
(b) Used for training (e.g., 
professional learning). 
(c) Emphasizing app design or 
development as opposed to 
educational use or evaluation. 

TABLE II 
SELECTION PROCESS 

Selection Stage # of publications 
1. Result of string search in the databases 732 
2. Removal of duplicate articles 583 
3. Removal of articles with unavailable full texts 523 
4. Application of inclusion and exclusion criteria 56 
5. Removal of articles with the same authors, AR 
applications and studies 

52 

 

E. Methodology of Analysis 
Any deficiency in the analysis procedure can reduce the 

validity or integrity of the results [23]. Therefore, the selected 
articles were qualitatively analyzed, considering the 
relationship between content and context [24], [25]. The 
analysis and classification process aimed at answering the five 
research questions involved several iterations. The process was 
stopped when a consensus was reached between the authors. 

The primary source of disagreement between the authors was 
dissatisfaction with the resulting categories. Therefore, we 
present the final choice of categories used to answer each 

research question. For RQ1 (regarding areas of knowledge), 
RQ2 (regarding educational activities), and RQ5 (regarding 
interaction features), categorization was relatively 
straightforward from the studies analyzed. 

For RQ3 (regarding the evaluation of AR impact), two 
relevant issues were identified. The first issue was the 
identification of the educational criteria assessed in the 
publications. The second issue ensued from the finding that 
most studies evaluated the subjective perception of students or 
instructors regarding AR. Here, the analysis was continued to 
determine the variables measured in such a study. 

We analyzed the studies without predefined categories [26] 
through several iterations. The identification or definition of the 
measured variables was based on their descriptions in the 
studies surveyed. Once the variables were identified, their 
correspondence to each of the studies was analyzed. In the case 
of academic performance, a case-by-case analysis of the results 
was conducted. 

For RQ4 (regarding characteristics of AR apps), a search was 
conducted for relevant classifications that could inspire the 
analysis. Two informative classifications were identified. The 
first classification identifies the enabling technologies used in 
AR [27], proposing the following dimensions: media 
representation, computing devices, interaction devices (e.g., 
user input), display, and tracking technology (e.g., tracking 
system). The second classification analyzes the functional 
characteristics of apps [28], proposing the following types: 
documented reality, documented virtuality, augmented 
understanding, augmented visibility, perceptual association, 
and behavioral association. 

III. RESULTS 
An analysis of the 52 publications resulted in the 

identification of 42 AR apps. The 42 AR apps can be found in 
[29]–[70]. The results obtained for the five research questions 
are as follows: 

A. RQ1. In Which Engineering Studies Has AR Been 
Applied? 

Ten engineering areas of knowledge with AR-based 
educational experience were identified in the papers of the 
study. More than 54% of the cases corresponded to technical 
drawing or electronics (see Table III). A short description of the 
application of this technology in each area of knowledge is 
provided below. 

Technical drawing: Experiences in this field are held in 
exercise classes, where geometric figures are shown in 3-D. 
Students are assisted in visualizing 3-D models and drawing 
orthographic or isometric views [34]. Some apps include video 
playback for a better understanding of the subject [38] and 
visualization of cuts in 3-D figures for a better comprehension 
of their structure [32]. The instructor’s role is limited to either 
giving general explanations at the beginning of the class about 
the development of the activity [30], [31] or acting as a tutor in 
solving exercises with increasing levels of difficulty [33]. 

Electronics: There is a large variety of experience, all of 
which are carried out in laboratories. Most experiences involve 
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interacting with augmented representations of real electronic 
boards. Using markers, it is possible to physically visualize not 
only the electronic components placed on the board but also the 
additional components. In some cases, it is possible to simulate 
the behavior of an electronic board augmented with switches 
[41], [42], [47] or determine the underlying wiring of an 
electronic component by selecting it with a pen pointer [43]. In 
other cases, repairing a board can be guided by an analysis of 
its parts and subsequent guidance through the subsequent steps 
[44]. 

TABLE III 
AREAS OF KNOWLEDGE 

Area # of apps References 
Technical drawing  12 [29]–[40] 
Electronics 11 [41]–[51] 
Construction 7 [52]–[58] 
Manufacturing  3 [59]–[61] 
Electromagnetism  3 [62]–[64] 
Assembling 2 [65], [66] 
Robotics 1 [67] 
Production 1 [68] 
Nuclear reactor 1 [69] 
Topography 1 [70] 

Note: N = 42 
 

There are also experiences with handcrafted electrical 
circuits. The most straightforward approach allows for the 
interpretation of standard electric symbols as markers, showing 
their corresponding components in 3-D and giving an 
explanatory note about each type of component [45]. A more 
advanced feature consists of including switches to analyze the 
behavior resulting from enabling or disabling them [49]. 
Finally, electric circuits can be set up, and their functioning can 
be observed through markers that represent different electronic 
components [45], [46], [49]. 

Some apps support the analysis of electronic equipment, in 
which the electrical and electronic components are identified. 
Information is provided about the equipment, such as 
monitoring data, display of inner structure, technical design of 
circuits, and instructions [48], [50]. 

In electronics, the instructor typically plays the role of a 
guide in the laboratory, either by enabling cooperation and peer 
learning or providing an infrastructure to conduct simulations 
in the laboratory [42], [44], [47], [49]. 

Construction: All experiences in this field are held in the 
classroom. AR apps allow for the projection of scaled models 
of buildings, while making available complementary 
information, such as notes, images, and videos [56]. They also 
facilitate the identification of different parts of interest in a 
building [53], recognizing real structures and projecting an AR 
image on them with adjacent buildings [54] or teaching 
structural analysis [58]. Another study does not show buildings 
but construction machines in 3-D to demonstrate their 
characteristics and functions. It also allows several users to 
interact simultaneously by independently placing construction 
machines using markers [52]. The instructor’s role is to explain 
and discuss the concepts covered. 

Manufacturing: Three apps are developed to guide students 
enrolled in mechanical engineering courses in the handling of 

machinery [59]–[61]. 
Electromagnetism: There are three electromagnetism 

experiences. One is held in the classroom, where the magnetic 
fields generated by the elements are guided by mutually 
interacting markers [64]. The other is intended for exercise 
classes, where a representation of an electromagnetic field is 
displayed in 3-D, and it assists in solving given problems [62]. 
The last experience is held in a laboratory class, where the 
interaction of electromagnetic signals created by anthems is 
explained and practiced [63]. 

Assembling: Two cases are reported in laboratory classes, 
where information and instructions are provided to assist in 
solving a manually operated assembly exercise. The 
instructor’s role is to provide guidelines for the proposed task 
[65], [66].  

Other areas: Four additional engineering fields are found, 
each with a single experience. Three experiences involve 
laboratory classes: robotics [67], production line [68], and 
nuclear reactor [69]. Another paper reports on exercise classes 
wherein students practice with level curves in topography [70]. 

B. RQ2. In What Types of Educational Activities in 
Engineering Education Have AR Apps Been Used? 

This research question has been partially answered in the 
previous subsection, where educational uses are identified to 
understand the purpose of using AR in each engineering field. 
Reported educational activities involving AR technology can be 
grouped into three categories: laboratory, exercise classes, and 
lectures (see Table IV). 

TABLE IV 
EDUCATIONAL ACTIVITIES 

Educational Activity # of apps References 
Lab classes 20 [41]–[51], [59]–[61], [63], [65]–[69] 
Exercise classes 14 [29]–[40], [62], [70] 
Lectures 8 [52]–[58], [64] 

Note: N = 42 
 

Most experiences are undertaken in laboratories, where 
students have to practice the knowledge acquired in the 
classroom under the instructor’s guidance. In electronics, this 
technology is used most frequently in the laboratory, with 
students interacting with electrical circuits. There are also 
laboratory experiences in assembling, robotics, production, 
manufacturing, nuclear reactors, and electromagnetism. 

The second type of activity whereby this technology is used 
is in exercise classes, though less frequently. Students rely on 
3-D visual representations to better understand and address the 
problems to be solved. These experiences are mainly found in 
technical drawing, but there are also cases of their application 
in topography and electromagnetism. 

The third type of teaching activity is lectures, whereby 
instructors explain concepts and methods. The main area of 
knowledge where this type of activity is used is construction. 
Buildings and their elements are displayed in 3-D, giving 
complementary information in different formats. 
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C. RQ3. How Have AR Apps Been Assessed in Engineering 
Education? 

Notably, 38 out of the 52 publications include some form of 
assessment. The studies analyzed in this review address three 
evaluation criteria—instructors’ perception, students’ 
perception, and academic performance (Table V).  

The criterion that is most frequently assessed is students’ 
subjective perception. The goal is to determine whether AR is 
considered useful, pleasant, or easy to use by students. It also 
seeks to inquire about their motivation, satisfaction with use, 
acceptance, or positive opinion on AR as an effective way to 
acquire knowledge. 

The second most frequently evaluated criterion is the 
technology’s impact on students’ performance. These studies 
aim to determine whether AR offers a useful tool to assist 
students in achieving the intended learning outcomes of their 
respective courses. 

Finally, instructor perception is evaluated to understand their 
opinions about AR effectiveness as a complementary tool in 
courses, its use, and educational opportunities. 

TABLE V 
ASSESSED CRITERIA 

Criterion # of studies References 
Students’ 
perception 

34 [29], [31], [33], [35], [37], [40]–[42], 
[45]–[47], [50], [51], [53]–[56], [58], 
[59], [62], [63], [65], [66], [70]–[80] 

Students’ 
academic 
performance 

17 [30], [33], [35]–[38], [40], [41], [47], 
[55]–[58], [66], [70], [71], [77] 

Instructors’ 
perception 

4 [30], [47], [74], [76] 

Note: N = 38 
 

Studies regarding student or instructor perceptions are 
analyzed to identify the specific variables that are measured for 
this broad criterion. Eleven variables are identified and 
presented below in alphabetical order: 

Aesthetics represents beauty, which depends on certain 
issues, such as design, fonts, color, or photographs. It has been 
suggested that aesthetics and a beautiful interface design may 
determine if users decide on using a specific technology [81], 
in addition to obtaining enjoyment by interacting with it [82]. 

Facilitating conditions are external constraints that restrict 
the use of technology [82]. An example is whether an app is 
available offline after being downloaded to a mobile device or 
the cloud [83]. 

Information quality is defined as the relevance and 
attractiveness of information, and it is a crucial issue when an 
AR app delivers information [83].  

Interaction is defined as the quality of the modalities 
supported and the degree of interaction with the objects 
represented [30]. 

Motivation represents a negative or positive feeling toward 
the use of technology. In the positive case, users will be more 
susceptible to using the technology again in the future [82]. 

Perceived enjoyment is the extent to which using a 
technology is regarded as pleasant on its own [84], [85]. 

Perceived usefulness can be characterized as how a person 
thinks a specific technology will contribute to improving task 

performance [86], [87], such as a shorter time necessary to 
perform a task or activity, or higher precision [88]. 

Satisfaction is defined as the user’s degree of pleasure while 
using the system [59]. 

System quality comprises different system features, such as 
support for several languages, precision, interaction operations, 
user interface, and app functions [83]. 

Technology acceptance is defined as the user’s intention for 
a system, including whether the user accepts or rejects the 
underlying technology and how the features of the system 
influence the user’s acceptance [89]. 

Usability is defined as the degree to which a person believes 
that a specific technology can be used effortlessly [88]. 

In the case of perception studies involving students, 11 
variables are used in 34 studies (see Table VI). Only one study 
uses an elaborated construct, namely, technology acceptance 
[62], while the other studies gather simple data in perception 
surveys. 

TABLE VI 
VARIABLES MEASURED REGARDING STUDENTS’ PERCEPTION 

Variable Measured # of studies References 
Perceived usefulness 23 [29], [33], [35], [37], [40], [41], 

[46], [47], [51], [53], [54], [56], 
[58], [59], [63], [65], [66], [70], 
[72], [73], [75], [76], [78],  

Satisfaction 16 [29], [33], [35], [37], [45], [50], 
[56], [58], [59], [70]–[72], [74], 
[77]–[79] 

Usability 15 [31], [33], [42], [45], [47], [54], 
[55], [59], [66], [70], [71], [73], 
[75]–[77] 

Motivation 14 [29], [33], [35], [40], [42], [47], 
[50], [51], [63], [72], [74]–[76], 
[80] 

System quality 8 [31], [33], [42], [47], [54], [59], 
[70], [78] 

Facilitating conditions 6 [41], [47], [70], [73], [75], [76] 
Interaction 6 [33], [47], [46], [51], [54], [76] 
Aesthetics 6 [35], [37], [58], [59], [72], [76] 
Information quality 5 [31], [42], [54], [59], [70] 
Perceived enjoyment 2 [46], [58] 
Technology 
acceptance 

1 [62] 

Note: N = 34 
 

The most cited studies correspond to the field of electronics. 
The first study involves students of mechanical engineering 
[45]. The students indicate that they feel comfortable with the 
learning process and consider the app pleasant, easy to use, and 
useful. They find that the app is suitable for both theoretical and 
practical content. In the second most cited study [76], the 
students highlight the technical level, graphical interface, 
usability, and interactivity of the app. They also indicate that 
they disagree that theoretical concepts should be learned only 
by studying, without the need for practical work. In this sense, 
the app helps to assimilate theoretical and practical concepts. In 
the third most-cited study, interviews are conducted to 
determine students’ opinions about using the app [41]. They 
declare that the app allows them to perform laboratory 
experiments in less time. However, the students place too much 
trust on the benefits of using this app, resulting in less effort to 
thoroughly understand the concepts and in less time spent 
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studying. 
In general, AR presents positive opinions and achieves good 

acceptance among students [59]. The results show that this 
technology creates an engaging and attractive environment, 
which results in more active student participation [46]. 
Therefore, there is an increase in student interest and motivation 
[29], [53], [63], as well as in enjoyment [65]. Moreover, this 
technology is considered useful [45], [54]. This can lead to 
improved results obtained in tests [72] and is a valuable method 
for self-directed learning and self-evaluation [31]. Some 
students think that: “I can get more knowledge and it can help 
me learn well”; “I believe it makes learning become more 
interesting as I am feeling very excited to see this AR myself” or 
“The system can be used to provide assistance in my study in 
the near future. So it could be very helpful” [59]. 

 Regarding usability, only three standardized means are used: 
system usability scale (SUS) [45], Nielsen’s attributes of 
usability [54], and the ISO 9241-11 standard [55]. In general, 
the usability aspects are duly considered. For example, in a 
study conducted by Martín-Gutiérrez et al. [45] using the SUS, 
the score obtained is approximately 80%. This score is 
considered good, as usability is deemed acceptable for values 
higher than 55%. 

As for negative perception, some criticisms are made about 
the educational and technical aspects. Regarding the 
educational process, some students think that it is not easy to 
simultaneously follow an instructor’s explanation and use an 
app [72], as well as study new concepts in an app without the 
instructors’ support [47], [62], [76]. Therefore, students believe 
that they must have a solid theoretical base to complement their 
learning using the app. Some students also believe that this 
technology does not favor teamwork [73] because apps are 
generally utilized individually. However, these criticisms are 
due to the specific uses of AR apps. Conversely, other studies 
adopt a collaborative approach to AR [52], [56], thereby 
resulting in students’ opinions favorable to teamwork (e.g., “We 
can share and solve problems together” [46]). Regarding the 
technical aspects related to usability, students report stability 
problems, flickering, and lag on the screen when manipulating 
virtual models [31], [54], [70]. 

In the case of perception studies involving instructors, only 
four studies are found. All the variables, except two, are used, 
namely, perceived enjoyment and technology acceptance (see 
Table VII). All the studies used simple perception surveys as 
the measurement instruments. 

Similar to students, instructors’ perceptions are positive 
about the use and possibilities of this technology. It could be 
useful toward improving the understanding of situations that 
require the visualization of elements in 3-D. Some instructors’ 
opinions are: “It can be used as a very good teaching–learning 
system”; “The system is excellent and efficient. However, if 
follow-up is given, the system can improve to an optimal 
approximation” [46]; “Students will be more focused and enjoy 
their learning process”; and “It is really interesting and 
engaging. Nowadays, students are more technologically savvy, 
and they will be interested in this type of thing. This makes 
learning more fun” [59]. 

The two most cited studies are conducted in an electronics 
laboratory. In the first one, the academics’ opinions agree with 
the students, thus highlighting the technical level, graphical 
interface, usability, and interactivity of the app. However, there 
are differences in how instructions should be scheduled. 
Academics believe that theoretical concepts can be learned only 
through lectures and studies and that the app would not be as 
efficient to learn concepts. On the contrary, the students believe 
that theoretical concepts should be approached in a more 
practical way for their understanding and that the app could 
assist in this purpose. These results are confirmed by the second 
most cited article (by the same authors [47]), in which another 
experience with the app is reported. 

The use of AR is also evaluated in 17 studies with respect to 
its impact on students’ academic performances. The following 
methodologies are used (see Table VIII): comparing an 
experimental group with a control group, using pretest and 
posttest, a single test at the end of the experiment, comparing 
grades obtained in the current academic year with grades 
obtained in past years, and comparing performance in different 
educational settings, such as physical, virtual reality, and AR 
laboratories. 

Regarding the performance of students trained with AR apps, 
tests are used to measure skill acquisition (including spatial 
skills, laboratory skills, and assembly skills) and knowledge 
acquisition (see Table IX). 

TABLE VII 
VARIABLES MEASURED REGARDING INSTRUCTORS’ PERCEPTION 

Variable Evaluated # of studies References 
Perceived usefulness 4 [30], [47], [74], [76] 
Motivation 4 [30], [47], [74], [76] 
Usability 3 [30], [47], [76] 
Facilitating conditions 2 [47], [76] 
Interaction 2 [47], [76] 
Information quality 1 [30] 
Aesthetics 1 [76] 
Satisfaction 1 [74] 
System quality 1 [47] 

Note: N = 4 

TABLE VIII 
METHODOLOGIES USED TO EVALUATE IMPACT IN STUDENTS’ ACADEMIC 

PERFORMANCE 
Methodology # of studies References 

Experimental group vs control 
group, pretest, and posttest 

11 [33], [36], [38], [40], 
[41], [55]–[58], [71], 
[77] 

Experimental group vs control 
group, only posttest 

3 [35], [37], [66] 

Comparison with past years 2 [30], [70] 
Comparison in different 
educational settings 

1 [47] 

Note: N = 17 

TABLE IX 
PERFORMANCE MEASURES 

Method # of studies References 
Spatial skills acquisition 10 [30], [33], [35]–[38], 

[40], [70], [71], [77] 
Knowledge acquisition 4 [55]–[58] 
Laboratory skills acquisition 2 [41], [47] 
Assembly skills acquisition 1 [66] 

Note: N = 17 
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Of the 17 studies that consider academic achievement, only 
2 report no evidence of improvement in student performance. 
The first of these cases correspond to a remote AR laboratory, 
where students have no direct relationship with AR objects 
[47]. The above-mentioned shows that this technology could 
have a more significant effect on activities where students 
directly visualize and interact with learning elements, thus 
achieving substantial learning. 

The second case, which does not show any influence on 
performance, is a structural analysis app, the only one that 
addresses this subject [58]. In this case, it seems that the 
visualization of elements in 3-D does not influence the 
acquisition of knowledge. 

All the studies that assess spatial skills yield a positive impact 
on the development of spatial abilities by facilitating a faster 
understanding of spatial problems and complex relationships, 
helping in the teaching process, positively impacting learning 
outcomes, and improving academic performance. This is 
consistent with the perception that AR apps allow for a faster 
understanding of spatial problems and complex relationships. 

Of the four studies that evaluate knowledge acquisition, three 
correspond to apps related to construction and execution issues 
in technical projects. According to the questionnaire’s answers, 
the performances of the students using the AR app improve in 
all cases. The fourth study corresponds to a structural analysis 
app [58]. This study shows no significant differences in 
performance between the experimental and control groups. This 
is likely because, although the app allows for the visualization 
of the forces applied in a structure and their effects, it does not 
give students the added value produced by solving the 
corresponding formulas. 

The two studies related to electronic laboratory skills present 
mixed results. In the first study, the experimental and control 
groups are compared using laboratory experiments. With the 
help of a smartphone, students in the experimental group are 
facilitated via videos, graphs, and links to supplementary 
materials to assist them. The study concludes, after a 5-week 
training, that students who use the AR app achieve a statistically 
significant improvement in their performance [41]. In the 
second study, an AR laboratory to work remotely is 
implemented, and three groups of students are formed in the 
electronics laboratory (traditional classes, virtual laboratory, 
and remote laboratory with AR). The students perform two 
laboratory experiments. In the first one, students design a digital 
sequential control system using a development board, in which 
the virtual laboratory group performs better. In the second 
experiment, the students develop a control system for a robot to 
avoid obstacles. They use monitor-based stereo glasses to 
interact with AR elements superimposed on a real scenario, 
assisted by their computer mouse. The best results are obtained 
by both the group that conducts the traditional laboratory and 
the one that uses the AR app [47]. 

The most cited study [41] is used in electronics laboratories 
(electrolysis of water, Ohm’s law, Wheatstone bridge, 
Kirchhoff’s law, and three-phase transformer connections). The 
second most cited study [47] compares three groups of students 
in the electronics laboratory (traditional classes, virtual 

laboratory, and remote laboratory with AR). Both studies have 
been summarized in the previous paragraph. The third most-
cited study [66] uses an AR app in assembly tasks. The results 
show that students who use the AR app significantly reduce the 
assembly time and number of steps used. 

D. RQ4. What Were the Main Characteristics of the AR Apps 
in Engineering Education? 

For this research question, we again focus on the 42 apps 
identified. In the literature, we find two adequate classifications 
of AR app characteristics: enabling technologies [27] and 
functional features [28]. 

Five enabling technologies are distinguished by Wang et al. 
[27]: media representation, computing devices, user input, 
display, and tracking system. Below, we include their 
definitions, as well as their use in the publications reviewed. 

Media representation: This represents the form in which 
information is displayed. It can be text, symbols, images, 
videos, elements in 3-D, or animation. Most publications use 
elements in 3-D for graphic representation, four use texts or 
symbols, three use animations, two use videos, and two other 
apps use images (see Table X). 

In the last three years, compared to the preceding years, 
animation has been the media representation that increases the 
most in its use, from 4% to 12% of the total analyzed apps (see 
Fig. 1). 

TABLE X 
MEDIA REPRESENTATION 

Media Representation # of apps References 
3D elements  31 [29]–[40], [46], [49]–[55], [57], 

[59], [61]–[65], [67]–[70] 
Texts or symbols 4 [42]–[44], [66] 
Animation 3 [45], [58], [60] 
Videos 2 [41], [56] 
Images 2 [47], [48] 

Note: N = 42 
 

 
Fig. 1. Media representation—last three years vs preceding years. 
 
Computing device: This identifies the computing device that 
processes the AR app. It can be a desktop computer, laptop, 
tablet, smartphone, or wearable device (see Table XI). Eighteen 
apps are used on a desktop computer or a laptop. In many cases, 
the authors argue that the app is a prototype and, therefore, 
portable technology is not used to reduce development effort. 
Eighteen apps use tablets or smartphones for their operations. 
Finally, six cases use wearable devices, namely, AR lenses. 
These lenses are used in complex apps, such as the app 
developed by Restivo et al. [52]. They conduct a collaborative 
learning experiment using marker-based AR, with several users 
simultaneously viewing and interacting with the scene. In the 
last three years, compared to the previous years, tablets and 
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smartphones are the computing device category that increase 
the most in its use, varying from 28% to 65% of the total 
analyzed apps (Fig. 2). 

User input: This identifies the means adopted by the user to 
interact with virtualized information, that is, through controls, 
gestural entries, or device movements (see Table XII). Thirty-
two of the apps use device movements (tablet, smartphone, or 
webcam) to interact with virtual elements. Four apps use 
controls, and four apps require moving the associated markers 
to interact. Only one app supports touch gestures in the device 
[31]. Another app supports interaction utilizing a pen pointer, 
thereby allowing 3-D spatial localization and multimodal 
feedback (vibrations, tactile stimulations, heat) about invisible 
electronic characteristics, such as electronic noise or power 
dissipation [43]. 

In the last three years, compared to the previous years, device 
movement has been the form of device interaction that has 
increased the most in use, rising from 68% to 88% of the total 
analyzed apps (Fig. 3). In addition, the minority interaction 
modes disappear. 

TABLE XI 
COMPUTING DEVICES 

Computing Device # of apps References 
Desktop/ laptop 18 [29], [30], [35], [36], [38], [42]–

[44], [46], [47], [49], [60], [61], 
[64], [66], [68]–[70] 

Tablet/ smartphone 18 [31]–[34], [39]–[41], [48], [50], 
[51], [53]–[57], [62], [63], [67] 

Wearable devices 6 [37], [45], [52], [58], [59], [65] 
Note: N = 42 

 

 
Fig. 2. Computing device—last three years vs preceding years. 

TABLE XII 
USER INPUT 

User Input # of apps References 
Device 
movement 

32 [29], [30], [32]–[41], [48], [50]–[63], 
[65]–[67], [69], [70] 

Controls 4 [41], [42], [47], [68] 
Markers position 4 [45], [46], [49], [64] 
Gestural entries 1 [31] 
Pen pointer 1 [43] 

Note: N = 42 
 

 
Fig. 3. User input—last three years vs preceding years. 
 

Display: This is the device used by the app for display, such 
as a monitor-based display (e.g., tablet, smartphone, desktop, or 
laptop screens), monitor-based stereo glasses, HMDs with 
monitor-based outputs, or optical see-through HMD outputs 
(see Table XIII). Thirty-five apps use a monitor-based display. 
Four apps use an HMD with a monitor-based output. Finally, 
two apps use an optical see-through HMD (users can watch the 
virtual information provided by the system while interacting 
with their hands [59]), and one app uses monitor-based stereo 
glasses. In the last three years, new display technology has been 
used (optical see-through HMD), unlike HMDs with monitor-
based outputs and monitor-based stereo glasses, which have 
been discontinued. 

Tracking system: This technology enables the determination 
of the position of an object in real time. Whenever the user 
moves the AR device, the tracking system recalculates the new 
position in real time; thus, the virtual contents remain aligned 
with the real object. These systems include marker-based 
tracking (including images as markers) and markerless 
tracking. Among the latter, we can find natural feature tracking, 
model-based tracking, and simultaneous localization and 
mapping (SLAM). Natural feature tracking consists of finding 
natural features in a scene [90]. Model-based tracking uses a 3-
D model to estimate the object position. This method is 
commonly used for tracking 3-D objects without texture [90]. 
Finally, SLAM provides real-time estimation of 3-D models 
from the sole input [91]. The most common tracking system is 
marker-based tracking, but some cases of natural feature 
tracking and model-based tracking have also been reported. No 
other tracking system is used in the experiences gathered (see 
Table XIV). 

TABLE XIII 
DISPLAY 

Display # of apps References 
Monitor-based display 35 [29]–[36], [38]–[44], 

[46], [48]–[51], [53]–
[57], [60]–[64], [66]–
[70] 

HMD with monitor-based output 4 [37], [45], [52], [65] 
Optical see-through HMD  2 [59], [58] 
Monitor-based stereo glasses 1 [47] 

Note: N = 42 

TABLE XIV 
TRACKING SYSTEM 

Tracking system # of apps References 
Marker-based tracking 34 [29]–[38], [41], [42], [45]–[53], 

[55]–[63], [65], [68]–[70] 
Natural feature tracking 5 [39], [40], [43], [44], [54] 
Model-based tracking 3 [64], [66], [67] 

Note: N = 42 
 

The second classification of AR app characteristics considers 
functional characteristics. Hugues et al. [28] distinguished 
documented reality, documented virtuality, augmented 
understanding, augmented visibility, perceptual association 
with an overlay of virtual objects, perceptual association with 
the integration of virtual objects, and behavioral association 
with the integration of virtual objects. Note that in Table XV, 
only five of the seven characteristics distinguished by Hugues 
et al. are found. The occurrences of these characteristics in the 
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app are presented in an increasing degree of complexity:  
Documented reality: This is a minimal feature of the AR. 

Virtual entities and real images are displayed on two different 
panels of the screen. The information displayed is related to the 
reality shown, with narratives, and helps the user to understand 
and guide specific actions, if necessary [28]. 

Three apps present this characteristic (two in electronics and 
one in assembling). Documented reality has been used to 
deliver complementary information to correctly perform an 
activity, such as written instructions for the user. 

TABLE XV 
FUNCTIONAL CHARACTERISTICS 

Functional Characteristics # of apps References 
Augmented visibility 29 [29]–[40], [46], [49]–

[55], [57], [58], [60], 
[62]–[65], [69], [70] 

Perceptual association with 
incrustation of virtual objects 

6 [45], [47], [59], [61], 
[67], [68] 

Documented reality 3 [42], [48], [66] 
Documented virtuality 2 [41], [56] 
Augmented understanding 2 [43], [44] 

Note: N = 42 
 

Documented virtuality: This displays real objects 
complemented with static information to achieve a better 
understanding [28]. Two apps have this feature, in electronics 
and construction. Video is the most often used medium to 
deliver complementary information. In the construction area, 
students focus their mobile devices on images shown in the 
textbook, which results in playing or displaying multimedia 
items (videos, sounds, and images) to explain or reinforce the 
technical concepts given by the instructor. In addition, support 
is provided to enable collaborative work with classmates and 
discuss the information given [56]. 

Augmented understanding: This implies embedding 
complementary information into real images to enhance their 
knowledge [28]. Two apps use this characteristic, both in 
electronics. In one study, the students have to identify the 
different pieces of electronic boards [44]; in the other, the 
students have to follow instructions in a real environment [43]. 

Augmented visibility: This displays virtual objects that 
geometrically match the contours of real objects to improve 
their understanding [28] (see Fig. 4). This is the most common 
characteristic of the apps found in this study. A total of 29 apps 
present augmented visibility, including all the apps used in 
technical drawing to visualize mechanical or electronic pieces 
in 3-D [29], [31], [34], [46], [49]. This type of experience can 
be found in other subjects as well, such as the areas of 
construction of buildings [55], types of machinery in 3-D [52], 
electromagnetism [62], or level curves in 3-D [70]. 

Perceptual association with an overlay of virtual objects: 
This feature incorporates virtual objects into a real scenario, 
visually superimposing them over reality [28]. Six apps use this 
characteristic. Two are in electronics, where virtual objects are 
embedded into an electronic board [45], [47]. Two are in 
manufacturing, where elements are incorporated into the types 
of machinery of productive processes [59], [61]. Finally, one is 
in robotics, adding an arm on an artifact for its operation [67], 
and another is in production, where elements are added on a 

production line [68]. In the last three years, compared to the 
previous years, perceptual association with an overlay of virtual 
objects has been the functional characteristic that increases the 
most in its use, varying from 12% to 18% of the total number 
of analyzed apps (Fig. 5). 

 

 
 

 
Fig. 4. Augmented visibility’s example. Two AR views are shown of a loading 
and transportation exercise in engineering. The objective is to visualize a small 
mountain before and after the construction of a road. That can help the student 
calculate the volume of earth required to build the road with an embankment in 
the gully and determine the earth’s volume removed required for the road’s 
passage, together with its corresponding embankment. 
 

 
Fig. 5. Functional characteristics—last three years vs preceding years. 

E. RQ5. What Is the Degree of Interactivity of the AR Apps in 
Engineering Education? 

In the publications analyzed, only ten apps are found to 
explicitly support some degree of interactivity (see Table XVI). 
Electronics is the area where more interactive apps are reported, 
totaling six. Electronic boards can be manipulated through 
switches in AR to check their performance [42], [47], [49], or 
electrical circuits can be assembled, and their correct behavior 
is tested [46], [51]. Among these studies, one of the pioneers of 
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interactive AR apps is the most cited [49]. The second most-
cited study corresponds to an app that shows electromagnetic 
fields in 3-D interacting with each other through the movement 
of markers [64]. In this case, the app shows the resulting 
magnetic field during contact. This case shows a 3-D figure to 
understand it and visually explains its interaction and results. 

TABLE XVI 
TYPES OF INTERACTIONS OF APPS 

Type of Interaction # of apps References 
Interaction 5 [42], [47], [49], [67], [68] 
System simulation 3 [58], [64], [69] 
Assembling 2 [46], [51] 

Note: N = 10 
 

The third most-cited study corresponds to an app in the 
construction area [58]. This app allows for the visualization of 
3-D models to illustrate how structures behave under different 
loading conditions. Students can interactively change the load 
and observe the reaction resulting from this change with instant 
feedback. 

Interactive apps have also been developed in three additional 
areas. In robotics, the arm of a machine can be manipulated 
using a 3-D image of the same arm at the monitor [67]. In the 
production area, the process in a production line can be 
manipulated using AR elements, resulting in manipulations of 
a programmable logic controller [68]. Finally, an interaction is 
found in a study of nuclear reactors, where their cores and the 
manipulation of extraction rods are simulated. The 
representation and movement of both the rod and the core are 
shown in AR [69]. 

In general, the interactions that are achieved with AR apps 
are limited. In electronics, the area with the most interactive 
apps, the majority only show operating states when handling 
switches. In only a few cases, the user can interact with the 
elements of electrical circuits to check their correctness without 
performing further computations (e.g., voltage or current). 

IV. DISCUSSION 
In this section, the systematic review results are summarized, 

and the main threats to validity are identified. The findings 
obtained for the research questions are successively presented, 
as well as a discussion of them and the suggested opportunities 
vis-à-vis future research. 

A. RQ1: In Which Engineering Studies Has AR Been 
Applied? 

This technology has been applied more frequently to 
technical drawing and electronics. In technical drawing, as well 
as construction and topography, 3-D visualizations of elements 
are displayed to increase understanding. In electronics, more 
diversity has been found based on modeling electronic 
components with some level of interaction. The use of this 
technology has hardly been expanded to other areas of 
engineering education. 

The use of AR is heterogeneous in different engineering 
education areas. An open question is whether this situation 
comes from the different adequacy of AR to the educational 
needs of different areas or just by lack of interest in those areas. 

The absence of AR in “virtual engineering” areas, such as 
computing or telecommunications, can be an argument for the 
first hypothesis. In effect, disciplines whose natures are virtual 
do not need AR because they already use a myriad of virtual 
resources and materials in digital devices (e.g., software 
visualization for programming or algorithms [92]). A deeper 
study would elucidate this issue. 

In the literature reviewed, AR is used to explain concepts and 
basic skills. Although the technology may potentially support 
the development of advanced skills that in the future will be 
demanded in Industry 4.0, this is currently not the case. 
Therefore, there is a niche for more AR apps in this regard. 
Sectors that could benefit from IAR include automotive, 
mechanical, automation, and aerospace [20].  

B. RQ2. In What Types of Educational Activities in 
Engineering Education Have AR Apps Been Used? 

The types of educational activities in which AR apps have 
been used are markedly dependent on the subject. Typically, 
AR apps have been used in electronics laboratories to interact 
with electrical circuits. In contrast, they have mostly been used 
in technical drawing exercise classes, where the 3-D interactive 
visualization features of AR are exploited to solve problems. 
Finally, the use of AR in lectures is most common in 
construction, mainly to deliver complementary information, 
such as notes, images, and videos. 

Even in areas where this technology is used, it is in the 
minority. More meditation on educational scenarios and 
exercises adequate to each area is necessary, and more AR apps 
should be designed, implemented, and evaluated. Thus, for 
technical drawing, AR could be more than just a tool for 
visualizing 3-D elements. For electronics, the types of activities 
that can be performed in the laboratory with the help of apps 
can be expanded. In construction, AR can provide more than 
just supporting information. In other areas, these trails have not 
been blazed. 

Efforts should be made to integrate the design of AR apps 
with active learning methods. For instance, one of the most 
successful active learning methodologies is collaborative 
learning [93], especially in laboratory activities. Currently, 
some students (and perhaps instructors) mistakenly believe that 
AR discourages teamwork and encourages individual learning. 
In fact, it is so when app usage is limited to delivering 
descriptive information, visualization of 3-D elements, and 
simple tasks. However, some successful experiences [46] 
suggest that AR can successfully support collaborative 
learning. 

Moreover, apps should allow for the customization of 
exercises by academics and even students, so that more 
demanding exercises can be stated and higher levels of 
cognitive development can be achieved by students. 

Another suggestion for future work is the integration of AR 
apps into centralized learning management systems to provide 
real-time feedback on student performance and track student 
activities and individualized difficulties. 

Large-scale virtualization of activities, especially virtual 
laboratories, has not been fully exploited. Notwithstanding the 
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potential benefits claimed in the introduction, it also brings 
about educational challenges. Academics must plan their 
participation as a guide in this type of activity, which is different 
from traditional instruction. Student-centered pedagogical 
models and flipped classrooms can be useful in the 
development of such educational processes. 

C. RQ3: How Have AR Apps Been Assessed in Engineering 
Education? 

Another concern of the research has been whether the impact 
of this technology has been evaluated in realistic educational 
situations. The assessment criteria documented in the 
publications are students’ and instructors’ perceptions and 
students’ performance. Perceptions are subjectively scored 
using surveys, while academic performance is mostly evaluated 
using controlled experiments with pretest and posttest designs. 

In general, it seems that AR increases students’ interest and 
motivation and promotes active participation in learning 
situations. Academics also have positive opinions regarding the 
aspects consulted. 

Students find apps useful to improve their academic 
performance and undertake autonomous work. However, they 
consider it necessary to have a theory explained prior to using 
the app to autonomously reinforce such knowledge. This 
opinion contrasts with academics’ beliefs that it would be useful 
to use it at an early stage by students to learn new concepts. 

A negative aspect indicated by students is the technical 
problems (e.g., stability, flickering, and lag in the apps), which 
may be due to the novelty of the underlying technology or 
insufficiently elaborated prototypes. 

Some variables can be studied using more elaborated 
instruments than subjective surveys. A representative example 
is usability, where the lack of studies with standard approaches, 
such as the SUS or ISO 9241-11, does not provide adequate 
information about the most common pitfalls in the user 
interfaces of AR apps. Several technologies, such as eye-
tracking services, could also be used to analyze user interaction 
with the app, obtain feedback, and support designers and 
programmers in improving this type of app. Another example 
is motivation, wherein validated questionnaires exist based on 
psychological theories, such as self-determination theory. 

Similarly, more structured variables can provide deeper 
information on different aspects of the educational process. One 
representative example is technological acceptance, of which 
only one study has been documented [62]. Research on 
acceptance shows the factors that influence the adoption of this 
technology in educational settings. 

Perception has been evaluated much more often for students 
than for instructors. Conducting more studies on instructors is 
recommended, as they are key agents in the adoption of 
educational technologies. 

Regarding the impact on academic performance, the most 
often measured criterion is spatial skills. In general, AR has 
shown a positive impact on academic performance. In 
particular, all the studies show an improvement in the 
development of spatial abilities. However, the number of 
studies on other skills and/or concepts is small. More controlled 

evaluations are necessary to obtain more representative and 
generalizable results. AR should also be evaluated in additional 
subjects and educational approaches. 

D. RQ4: What Are the Main Characteristics of the AR Apps 
Used in Engineering Education? 

The apps’ characteristics are analyzed with respect to two 
different classifications. The first classification identifies five 
enabling technologies. Most apps use 3-D representations, with 
a growing tendency to use animation. Most apps are found to 
run on desktops or laptops. However, their use in mobile 
devices is growing. Most AR apps simultaneously use monitor-
based displays, marker-based tracking, and movement of 
devices as input means. 

Concerning the second classification, functional 
characteristics, the most frequently used attribute is augmented 
visibility, using 3-D elements to support spatial skills training.  

Future AR apps could be improved by enhancing their 
sophistication based on several characteristics. Thus, designers 
should study the incorporation of the functional features of 
perceptual association with the integration of virtual objects to 
obtain virtual elements that interact more naturally with the 
environment. It would also be desirable to further explore 
markerless tracking systems, thus achieving a more fluid 
interaction with the environment without the need for markers.  

E. RQ5: What Is the Degree of Interactivity of AR Apps Used 
in Engineering Education? 

Only about one quarter of the studies’ apps have some degree 
of interactivity. Furthermore, their degree of interactivity is 
relatively low, and customization of the learning experience is 
minimal. Therefore, more efforts should be devoted to 
developing apps that allow for higher levels of interactivity. 
The resulting educational activities would be richer, and 
students could play an active role. 

F. Relation with Previous Reviews 
Although no systematic reviews on educational AR have 

been found for engineering, the results can be compared with 
previous studies in other educational areas (education [7], [8], 
[10], [11] and science education [9]). An interesting finding is 
that the most recurrent educational settings found in this review 
are laboratory activities and exercise classes, as opposed to 
other studies, where the main focus is on explaining specific 
topics. This may be due to the nature of the subjects and 
educational level. In engineering subjects, such as electronics 
and technical drawing, skills training is performed more 
efficiently. This differs from other areas and educational levels 
wherein AR mainly serves to deliver knowledge [9]. Regarding 
the assessment of AR use, most studies assess students with 
respect to either their perception of technology or the 
measurement of improvement in their academic performance. 
For the former criterion, most engineering studies that address 
perception use surveys, while in other areas, it is common to 
use other qualitative methods, such as case studies [8], [10].  

All studies agree that technology generally leads to improved 
learning achievement and promotes better academic 
performance. They also agree that they improve certain aspects, 
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such as learning motivation, student engagement, and positive 
attitudes, among others [7], [8]. This is because of the 
interaction and graphical content used. However, they also 
warn that their positive impact may be due to the novelty of the 
technology. Furthermore, these are mainly cross-sectional 
studies. They also concur with the incorporation of longitudinal 
studies to determine if the results are maintained over time. 

Regarding the technical characteristics of the apps used, 
marker-based AR technology is the most commonly used, as 
well as their use in desktop computers and mobile devices [7], 
[8], [11]. Desktop computers have been used, especially as 
educational establishments have computer laboratories. Mobile 
devices are used because a large number of students have them 
more frequently. 

The studies also agree on the lack of interactivity or 
customization of the apps. For example, Bacca et al. [7] find 
that only 2 of 32 studies report personalized processes. 
Generally, the apps show predetermined situations, with a low 
degree of customization for the construction of new educational 
scenarios. 

G. Threats to Validity 
Three main threats to validity can be identified. First, a 

systematic review is created by searching four databases that 
are highly relevant in engineering education [22], [94]. 
However, conferences or journals that are not recorded in such 
databases may contain additional interesting articles on AR 
apps and engineering education. Second, the number of papers 
that address some issues is minimal (most notably, instructors’ 
perceptions, Table VII). Therefore, these issues have hardly 
been researched, and the conclusions obtained may not be 
representative of reality. Third, the research can be expanded 
with additional strings. 

Regardless of these limitations, the study is conducted using 
a well-defined process, finding a high number of publications, 
and the analysis is highly informative. 

V. CONCLUSION 
This article presents a systematic review of the state of the 

AR technology applied to engineering education. It has been 
found that AR has not been intensively used in most 
engineering areas; thus, its potential has not yet been fully 
exploited. The findings reported can be useful to educators, 
developers, and researchers to improve AR apps and their 
educational use in different ways. Educators interested in AR 
can be aware of different aspects of apps, which can be useful 
in decision-making, from their educational uses to more 
technical issues or ways and variables to evaluate their impact 
on students. More AR apps with more advanced features are 
necessary to foster instructors’ adoption. Accordingly, 
developers and researchers should make an effort to construct 
apps with more sophisticated characteristics to fully exploit the 
potential of AR. Researchers should also persist in using more 
objective measures, elaborated constructs, and validated scales 
in evaluations. 
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