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Abstract 
Teaching and learning practical concepts are frequent challenges for both teachers and students in 
areas like Physiotherapy. Many teachers often add visual notes like photos to make easier for students 
to prepare practical exams during non-classroom work. However, the static characteristics of this media 
difficult students to learn relevant details, which increase their frustration and the necessity of assistance 
from individual tutoring with teachers. In this sense, new technologies are increasing the possibilities to 
create visual dynamic notes based on augmented reality (AR) as innovative technology that may offer 
additional advantages for the teaching and learning process. However, very few teachers take 
advantage of AR for creating learning material in practical areas of Physiotherapy. Our study aimed to 
evaluate the influence of resources based on AR in the satisfaction, usage and learning of 
undergraduate Physiotherapy students acquiring practical skills during out-of-class work. For this end, 
seventeen resources based on AR were created for a practical subject of the Physiotherapy degree. All 
the students had access to these resources three weeks before the practical exam. After the exam, all 
the students were asked to reply an anonymous survey about level of satisfaction with the resources, 
level of use during non-classroom work (utility and frequency of use) and learning results (qualifications). 
Also, number of individual tutoring regarding these practical contents was counted during these three 
weeks and the general level of satisfaction of students with this part of the subject was considered. Fifty-
seven (23 males and 34 females; 23.4 ± 6.9 years) students voluntary fulfilled the web survey. All the 
aspects regarding the AR resources reported high scores (mean > 4.0), with the satisfaction with the 
AR resources showing the highest score (4.7 in a 0 to 5 scale). The mean of qualifications obtained in 
the practical exam was 7.6 ± 1.5 points (0 to 10 scale) and no individual tutoring was registered after 
creating and publishing the AR resources. Consequently, the general satisfaction with the subject was 
9.6 ± 0.6 (0 to 10 scale). As a conclusion, resources based on AR are useful material to support non-
classroom work of students that learn practical contents, raising the level of satisfaction among students 
and decreasing the necessity of individual tutoring from teachers prior practical exams.  
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1 INTRODUCTION 
Most areas of Health Sciences have key practical concepts that future health professionals should 
perfectly acquire. Physiotherapy is one of these areas in which teaching and learning practical skills are 
frequent challenges for both teachers and students, respectively. In this sense, despite showing how to 
develop a key technique in class and practicing it several times, students often need additional support 
when they study this practical concept out of the class. Although teachers try to include visual notes like 
photos to make easier this task, its static characteristics make these resources insufficient to clarify the 
frequent doubts that students have. Therefore, teachers search additional resources like video-tutorials 
on internet or even create their own video-tutorials to facilitate students acquire the most difficult 
practical concepts.  

Despite using personal computer and tablet has become in a normal practice during university classes, 
students affirm to prepare exams in a more efficient way when they employ paper media compared to 
digital one [1]. In this sense, if students print their digital notes to use paper media to study, the use of 
links to access to the aforementioned video-tutorials is not possible while studying. 

This preference for the printed notes has scientific support. Previous studies have demonstrated that 
paper media reported better results regarding comprehension and memorization, recalling more 
information with paper interface compared to tablet [2], and needing less hours to memorise a determine 
text compared with digital notes. Among the reasons to explain it, paper media allow to create locational 
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references in the paper due to the different organization of the information [3]. Also, paper media makes 
possible to handwrite while studying, which has demonstrated to be involved in the process of 
memorising [4] and help students to better focus on the incoming information [5]. Besides, reading and 
writing on paper offers a much more multi-sensorial experience, with a stronger emotional and sensorial 
component compared to digital media [1]. Additionally, authors often suggest that digital notes facilitate 
the distraction and increase the visual fatigue. Although these results may vary when readers are “digital 
innovators” [2], creating and/or linking video-tutorials only for digital media is not the best option. 

However, digital media offers advantages over the paper that justify its use in education and learning 
contexts. Among some of these reasons, digital media allows storing huge amount of information, 
facilitate to disseminate and share resources, may include high variety of interactive and multimedia 
elements, permits immediate updates and does not require that teacher and students employ the same 
day of time and location for the communication [6].  

For these reasons, some teachers are using an optional tool to combine advantages from digital and 
paper media: the augmented reality (AR). These resources are used not only as education and learning 
tool but also as material to help and motivate students. One of the main advantages of this type of virtual 
material is that may be included in the subjects’ notes and be activated even when these notes have 
been printed, apart from improving the communication between teachers and students thanks to the 
engaging experience teaching and learning experience [7]. Besides, when video-tutorials are linked to 
the subjects’ notes as AR resources, it allow increase the multi-sensorial experience and even interact 
with the resource. The emotional response of students when they activate the hidden AR contents helps 
memory process because attention is focused on this information and it is market as significant by the 
brain [8, 9]. 

Based on the aforementioned arguments, studies involving physiotherapy undergraduate students often 
use AR for biomechanical or anatomical concepts [9, 10]. However, very few teachers include these 
resources to facilitate students the acquisition of practical skills out of class [11]. For this reason, the 
influence of using this tool for practical concepts in physiotherapy students is unclear. Therefore, this 
study aimed to evaluate the influence of AR resources in the satisfaction, usage and learning of 
physiotherapy students acquiring practical skills during out-of-class work. 

2 METHODOLOGY 
This study was developed during the first part of the 2018-2019 academic course, in the Faculty of 
Nursing and Physiotherapy of the University of the Balearic Islands. Sixty-two students (26 males and 
36 females) were intentionally recruited from the second course of Physiotherapy degree. As eligibility 
criteria, all students should be signed up for the subject “Procedimientos Generales de Fisioterapia I” 
from academic planning of 2016. This subject was chosen due to the difficulty of its practical contents. 

Three weeks before the practical exam of this subject, a total of seventeen AR resources based on 
video-tutorials to explain the most difficult practical skills were created and included in the material that 
was given to the students (Fig. 1). To link and activate these resources, the easy-to use and free 
software HPReveal® (New York, USA) was employed, with AR based on image recognition. Since this 
is a multiplatform software, the AR resources could be activated from any type of device if the 
HPReveal® application was previously installed.  

During a general class of the course, students received a detailed explanation about the functioning of 
the AR resources and the software to activate it, apart from having permanent access to a video-tutorial 
specifically created to explain it. At the end of the explanation given during this general class, a practical 
example was developed to ensure that all students understood the entire procedure. The explanation 
was given by the same teacher for all the students. In order to evaluate the students’ perception of the 
educational value of the AR tool, researchers developed and administered a web survey that all students 
anonymously replied one week after the practical exam. We decided not to apply the survey just after 
the practical exam to avoid being influenced by the exam’s results. In the web survey, students were 
asked about the level of satisfaction with the resources, usage of the AR resources during the non-
classroom work (grade of utility and frequency of use), quality of the AR resources, learning results 
(numerical qualifications) and personal opinions about those aspects that could be improved in the AR 
resources (Table 1). The web survey was compounded by Likert Scale and open-ended questions and 
was designed based on previous similar studies [11]. As additional data, number of individual tutoring 
regarding these practical contents was counted during these three weeks prior the practical exam and 
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the general level of satisfaction with the subject with optional anonymous comments was also 
considered.  

 
Figure 1. Example of an augmented reality resource activated with HPReveal®. 

3 RESULTS 
Descriptive statistics were used to interpret the web survey data. During the period of study, five students 
dropped out: two of them leaved the subject due to personal issues, and three students did not want to 
fulfil the survey and refuse to participate in the study because they could not attend classes. Therefore, 
fifty-seven undergraduate physiotherapy students (23 males and 34 females; 23.4 ± 6.9 years) voluntary 
fulfilled the survey and completed the entire study. 

Table 1 shows means, standard deviations and distribution of the questionnaire data. All the aspects 
related with the AR resources in this web survey obtained a high punctuation (mean > 4.0), with the 
highest scores observed in satisfaction. Concretely, the level of satisfaction of students regarding the 
AR resources showed a punctuation of 4.7 ± 0.6 points (0 to 5 scale). Regarding the level of use of the 
AR resources, students replied that these resources had an utility of 4.4 ± 0.7 points (0 to 5 scale) for 
acquiring practical concepts. The mean frequency of use was (1 to 5 scale). The quality of the AR 
resourced was qualified with 4.6 ± 0.6 points (0 to 5 scale). The mean of qualifications obtained in the 
practical exam was 7.6 ± 1.5 points (0 to 10 scale). No individual tutoring was registered after creating, 
including and linking the AR resources in the subject’s material. The general level of satisfaction with 
the subject was 9.6 ± 0.6 (0 to 10 scale). Qualitative anonymous comments about the aspects to improve 
in the AR resources and optional comments about the level of satisfaction with the subject are collected 
in the supplementary file. 

Table 1. Anonymous web survey and results from students’ replies. 

N = 56 Options to choose Mean  ± 
SD 

Sex 
Male Female 

n/a 
23 (40.4%) 34 (50.6%) 

Age (years) “include your birthdate” 23.4 ± 6.9  

Are you satisfied 
with the AR 
resources?  

(0 to 5 points) 

Totally 
unsatisfied  

0 

Very 
unsatisfied 

1 

Unsatisfied 
2 

Satisfied 
3 

Very 
satisfied 

4 

Extremely 
satisfied 

5 
Dk/Da 

4.7 ± 0.6 
0  

(0%) 
0  

(0%) 
0  

(0%) 
3  

(5.3%) 
12 

(21.1%) 
42 

(73.7%) 
0  

(0%) 
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What frequency 
have you used 

the AR 
resources?  

(1 to 5 points) 

Never 
used 1 

Very few 
times used 
during non-
classroom 

work  
2 

Sometimes 
used during 

non-
classroom 

work 
3 

Almost 
always 
used 

during non-
classroom 

work 
4 

Always 
used 

during 
non-

classroom 
work 

5 

 

4.3 ± 0.9 

1  
(1.8%) 

1  
(1.8%) 

9  
(15.8%) 

17 (29.8%) 29 
(50.9%) 

 

Do you think that 
AR resources 

have been useful 
to acquire 
practical 

concepts?  
(0 to 5 points) 

Totally 
useless 

0 

Useless  
1 

A little bit 
useful 

2 

Useful  
3 

Very 
useful 

4 

Extremely 
useful 

5 
Dk/Da 

4.4 ± 0.7 
0  

(0%) 
0  

(0%) 
0  

(0%) 
6  

(10.5%) 
22 

(38.6%) 
29 

(50.9%) 
0  

(0%) 

What do you 
think about the 

quality of the AR 
resources?  

(0 to 5 points) 

Extremely 
low quality 

0 

Low quality  
1 

Fair quality 
 
2 

High 
quality  

3 

Very high 
quality 

4 

Extremely 
high quality 

5 
Dk/Da 

4.6 ± 0.6 
0  

(0%) 
0  

(0%) 
0  

(0%) 
2  

(8.8%) 
18 

(31.6%) 
37 

(64.9%) 
0  

(0%) 
What 

qualification 
have you 

obtained in your 
practical exam?  
(0 to 10 points) 

“include your practical exam’s numeric qualification” 7.6 ± 1.5 

What would you 
improve from the 
AR resources? 

“add your opinion” (supplementary file) n/a 

Dk/Da = do not know/do not answer; n/a = not applicable; SD = standard deviation. 

4 DISCUSSION AND CONCLUSIONS 
This study aimed to evaluate the influence of AR resources in the satisfaction, usage and learning of 
physiotherapy students acquiring practical skills during out-of-class work. The main findings showed 
that 60% of students affirmed to use the AR resources always or almost always during the non-
classroom work, grading the utility of this tool with a punctuation between “extremely useful” and “very 
useful” for acquiring practical skills.  

In reference of the quality of AR resources that students perceived, the punctuation was close to the 
maximum (4.6 to 5). In the same line, the level of satisfaction with the AR resources showed a 
punctuation also close to the maximal: “extremely satisfied” (mean = 4.7). This item represented the 
highest score of the questionnaire, in a similar way to the recent study by Kelly et al, which also shown 
satisfaction as the best mean after developing the Augmented Studio as AR tool to teach human 
anatomy [7]. In our study, satisfaction with the AR resources helped raise the general satisfaction with 
the subject near the peak (9.6/10). If we compare this general score with the previous academic year, it 
reported considerably better results (7.4/10 for the previous academic year), although many additional 
aspects are involved to obtain this score apart from the use of AR resources. Our results are in the same 
line than those reported by Garret et al. in 2018 [11]. These authors used AR resources to enhance 
clinical practice skills based on image recognition and geolocation in physiotherapy, nursing and 
occupational therapy students. Their results showed that students considered AR resources useful to 
learn the skills and knowledge required for clinical practice, although the mean punctuation for this item 
was lower than our results (3.2 vs 4.4). In that study, students also graded quality of the AR resources, 
reporting a mean punctuation of 3.3 that contrast with higher punctuation observed in our study (4.6 
points). However, the nature of AR resources created for these authors considerably differed from the 
present study. While our study included video-tutorials that showed the teacher developing a practical 
technique as AR resource, images of the Garret et al. study activated tag to use a electrotherapy 
machine or to geolocalize different part of the physiotherapy lab [11]. 
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In reference of other important aspects, no individual tutoring was needed to clear doubts regarding the 
practical concepts that were explained in the AR resources. Although it cannot be directly compared to 
other academic years, a reduction in the number of individual tutoring was observed compared to the 
two years before: in the 2016-2017 and 2017-2018 academic years, six and ten individual tutoring were 
registered related to practical concepts, respectively. This reduction is coherent with results observed 
in the frequency and level of utility of the anonymous questionnaire of this study.  

On the other hand, qualitative responses of the survey regarding aspects to improve of the AR resources 
often mentioned the necessity of more AR resources in other practical subjects (supplementary file). 
This fact highlights the level of utility reported in the survey, which showed high grades from students. 
Another aspect to improve according to the students is the possibility of zooming the video-tutorial or 
including object persistence to the software. Both aspects were related to the characteristics of the 
software employed for this study. As additional aspects to improve, some students referred to the 
difficulty to scan some images mainly when notes were printed, which could diminish functionality to the 
AR resources.    

Also, it is needed to highlight some of the optional qualitative comments from students, who 
congratulated the teachers’ work and appreciated their effort (supplementary file). These comments 
reflected an improved academic environment that facilitated the learning and teaching process [7]. This 
fact agrees with previous studies that observed the facilitation of communication between teachers and 
students due to the AR experience. More concretely, Kelly et al., employed AR projection maps to 
display different anatomical parts over the students’ body in real time to learn human anatomy. In the 
same line that our results showed, the level of satisfaction of students was close to maximal punctuation, 
which facilitated the teaching and learning process.   

Our study had some limitations. First, some of the images employed as trigger for the AR resources had 
some shadows that made difficult to scan and action the AR resource when notes were printed. This 
limitation has been also observed in previous studies [11]. Thus, we recommend to use image with 
contrast colours to facilitate and ensure its well-functioning even with paper media. Second, the software 
used for this study has not image persistence. Therefore, if the image employed as trigger to activate 
the AR resource was lost from the device screen, the AR resource turned off. This situation diminished 
the possibilities for interacting. We recommend employ other software that include object persistence 
as main characteristic to work with AR in educational and learning contexts. Finally, sample recruited 
for this study was small and specific for physiotherapy degree, which mean that results are not 
generalizable. 

As a conclusion, undergraduate physiotherapy students consider AR resources as a very useful tool to 
acquire practical concepts, complementary to their subject’s notes. This tool may help reduce individual 
tutoring prior to practical exams and increase the level of satisfaction of students with the practical notes 
and the subject in general. 
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