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Abstract  
The laboratory environment is a daunting place for students as it is full of equipment and unfamiliar 
practices. Students are bombarded with information which results in cognitive overload causing 
disengagement and a feeling of being ‘lost’. Enabling provision of ‘on-demand’ information and 
accessible support to each student encourages engagement and active learning. Technology provides 
a range of options to address this need. Augmented Reality (AR) is a form of virtual reality where 
digital information is added to the ‘real world’ providing additional active content and ‘just-in-time’ 
support.  

Two simple forms of AR were employed in a large level four science laboratory class and a clinical 
skills laboratory for nurse training at undergraduate level. The first involved the use of quick response 
(QR) codes. These 'barcode-like' patterns provide a door to digital content accessed by the student 
using a reader app on their mobile device. Secondly, Auras generated by the online and mobile device 
application Aurasma allowed students to discover additional content by simply pointing their mobile 
device camera at an image to reveal the linked video content. Codes and tags were added to 
equipment, documentation, chemical reagents and even laboratory learning spaces. These provided 
additional technical information, safety documents and tutor recorded demonstrations of techniques 
and equipment, allowing students to navigate their way through the previously uncharted environment. 

The practicalities and lessons learnt from the implementation of this intervention will be discussed, 
highlighting students’ perceptions of mobile technology, AR and its role in supporting the students’ 
laboratory learning experience. 
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1 INTRODUCTION  
The laboratory environment can be a daunting place for a student as it is full of equipment and 
practices that are unfamiliar. Students are bombarded with information that for them often has little 
context and this can result in a cognitive overload [1]. A range of approaches and methods utilising 
different technologies have been employed to support learning in the laboratory environment to 
encourage learning via active involvement whilst supporting motivation and engagement in the topic 
area. Examples include tutor-narrated videos [2] and a ‘flipped’ approach using tutor and peer videos 
[3] to support greater independent learning and help to maintain active cognitive engagement 
throughout laboratory sessions. Augmented reality (AR) is a form of virtual reality where digital 
information is added to the real world to aid in understanding [4]. A simple form of AR is the use of 
quick response (QR) codes. These barcode like patterns give access to digital content through a 
reader application (app) on a suitable mobile device. A second form of AR is exemplified by Aurasma 
(www.aurasma.com). The freely available mobile application (app) allows generation of dynamic AR 
content. A trigger image is linked to an overlay which may be static or audio visual using an online 
interface. The trigger image can be deployed and allows an individual to discover the content by 
simply pointing their mobile device running the app at the picture. The whole object once created and 
linked is then called an aura. An example of how this technology works is shown in Fig: 1.  
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Figure: 1. This image is AR enabled using Aurasma. To view the content enable the internet on your mobile 
device and download and install the app from your app store. Run the app, register as a user and by 

clicking the icon at the bottom of the viewer window search for the user2016 channel. After clicking ‘follow’ 
you can return to the viewer by clicking the bracketed box icon. Point the moving dots at this picture and the 

augmented content will be revealed. 

The use of AR in the class room has been shown to increase student motivation, understanding of the 
topic area and increase student satisfaction [5]. It then stands to reason that the use of an AR type 
intervention in other areas such as the laboratory may also promote these aspects in students which 
are all essential to better engagement and the success of science based courses provided by higher 
education institutions (HEIs).  

This paper discusses the issues and practicalities of implementing the use of AR into the practical 
laboratory class room and reports on the interim findings of an evaluation of the introduction this 
technology. The establishment of the rich technological environment required to support the use of AR 
based interventions for such a large group is not without a variety of logistical issues some of which 
we will report here. Analysis of interim findings suggest that the use of both QR codes and Aurasma is 
seen by students as a useful adjunct to their studies and aids in understanding of content but an issue 
of practicality remains with not all students able to utilise all aspects of the technology. 	  

2 METHODOLOGY 
This study is positioned within a constructivist epistemology and used a mixed methods approach. As 
practitioner researchers we drew on aspects of action research to answer the research questions set 
[6].  

2.1 Fact Finding Stage 

A focus group with student volunteers was used initially to identify the nature of the current situation 
that we wished to improve and how we could better support learning in the laboratory.  The focus 
group also allowed us to gather perceptions of barriers to learning experienced in the laboratory, 
levels of engagement and interest with content, and levels of enthusiasm of staff for teaching in the 
spaces. Additionally, students’ perceptions of AR and its potential value were gathered during these 
sessions to identify potential areas where AR may support both delivery of material and support for 
learning.  

2.2 Intervention Stage 
Thematic coding [7] of the focus group transcript informed the intervention stage which involved the 
development of a series of information keys in the form of QR codes and Aurasma auras that linked to 
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an item, object or video demonstration relevant to the equipment or space where they were situated in 
the laboratory environment. Aurasma trigger images were deployed in the form of a work book and 
supporting sheets that instructed students in simple laboratory techniques. These allowed students to 
access video demonstrations and explanations of the techniques. To allow for issues of health and 
safety experience in the laboratory QR codes were also made available that linked to the same 
demonstrations held on the lecture capture and video recording and streaming software, Panopto 
(www.panopto.com). Links to online QR code readers were installed on institutional Windows tablet 
devices available for student use in these spaces. Signage on entry and exit points informed students 
that the laboratory space is ‘QR code or Aurasma enabled’ and provided information about how to 
access the meta-information available. 

2.3 Evaluation Stage 
On completion of practical sessions in which the augmented content was used an electronic 
questionnaire was deployed to all students involved in the study to capture perceptions of the 
augmented environment and to allow comparison with the traditionally facilitated space previously 
used. The questionnaire was created and hosted on the Bristol Online Survey (BOS) tool 
(www.onlinesurveys.ac.uk) and distributed to students as a link in an email. Questions included Likert 
scale type questions to allow quantitative analysis of responses. It also contained free text boxes to 
allow deeper perceptions of students to be captured which could be evaluated qualitatively. 

3 RESULTS 
After the fact finding stage, interventions were deployed into a 90 seat undergraduate teaching 
laboratory within the Rosalind Franklin building the University of Wolverhampton’s £25 million 
revolutionary new science facility. Focus group discourse was also subsequently analysed 
thematically and a summary of the findings are given below. 

3.1 Initial focus group coding 
The focus group discussions were recorded and transcribed verbatim. Thematic coding was used to 
identify key themes within the data [7]. These key themes were then used to inform both the 
development of the QR codes and Aurasma auras as well as an evaluation questionnaire. For 
example, students suggested that additional information would be useful on certain pieces of 
equipment or for specific techniques used repeatedly in the laboratory to support autonomous learning 
and progression. Comments around ease of access, availability and length of video clips directed the 
questions posed in the post intervention electronic questionnaire.  

3.2 Electronic questionnaire 
Electronic questionnaires were distributed as a link in an email to all students who had experienced 
the AR laboratory learning intervention as a link in an email. Questionnaires provide an appropriate 
method for gathering data about abstract ideas or concepts that are otherwise difficult to quantify, 
such as opinions, attitudes and beliefs [8]. The data obtained was subsequently analysed 
quantitatively and qualitatively. 

3.2.1 Quantitative analysis of questionnaire responses. 
Responses to categorical questions were made on a 5 point Likert scale. The frequency of the 
responses for each category was then calculated and expressed as a percentage. To allow an easier 
visual comparison of responses to questions values for ‘Yes’ categories and ‘No’ categories were 
grouped together. The ‘No’ category values were also expressed as a negative number. Responses 
for ‘Neither’ were omitted. The data from this analysis is shown in Fig. 2. 
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Figure. 2. Cumulative frequency analysis of questions asked in the electronic questionnaire deployed to 

evaluate the experiences of those using the AR intervention.  

It is clear from the data presented in fig.1. that there was an overwhelmingly positive response to the 
use of AR in the laboratory. By being able to use Aurasma or links provided by QR codes to view 
videos to support their laboratory tasks students were more interested in what they were doing (78% 
positive) and were also more engaged with the module as a whole (71% positive). Finally, after using 
the technology to support learning in the laboratory students are over all more satisfied with their 
learning experience (80% positive). These observations mirror that of Serio and co-workers [5] and 
further support their observations that the use of AR can influence students perceptions of their course 
and promote engagement.  

3.2.2 Qualitative analysis of free text responses. 
To gain a deeper understanding of the students perceptions of the use of the intervention we had 
introduced into the laboratory, free text boxes were made available as part of the electronic 
questionnaire. Thematic analysis of responses to questions where participants were asked if there 
were any barriers to using AR or if they would like to comment further revealed one overriding code 
relating a large proportion of the responses; Accessibility.  

Students didn’t always have the correct technology to access the AR content and some didn’t even 
possess any kind of smart device that would be necessary to view embedded videos. Some students 
commented: 

‘I don’t have a phone which is compatible with the software programme therefore I 
couldn’t experience it’….. 

‘I don’t have a smartphone’!!!!!!…… 

The actual Aurasma app was sometimes seen as the barrier not the mobile technology itself. The 
provision of QR codes linked to videos that could be played through Panopto helped to ameliorate this 
potential accessibility issue. Some students even preferred to just use the QR codes to provide a 
simpler interface students commented that: 

[Aurasma app] ‘It doesn’t always work’….. 

‘when using Aurasma app one of the images didn’t show the video. I used the QR code 
alternatively instead so everything worked out in the end’….. 

‘Preferred to use QR code reader than Aurasma’….. 
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It is clear that although overall the response from students is a positive one as seen in the quantitative 
analysis there remains those students who find this technology difficult or impossible to use. As this is 
the case the level of inclusivity that can be achieved through the use of AR in the classroom must be 
questioned. If all students do not benefit and there are some in a deficit with regards to their learning 
experience then the use of AR should be evaluated further to improve these aspects and allow a more 
accessible platform for learning.  

4 CONCLUSIONS  
The interim findings of this study have so far revealed that AR can be used to effectively improve the 
laboratory learning environment for undergraduate scientists. It is an appropriate technology for many 
students and they see it as providing a more engaging experience that is more stimulating and overall 
more satisfying. However, there did seem problems in accessibility of the Aurasma app in particular.  
In an attempt to increase accessibility to content QR codes were provided for every trigger image that 
had an Aurasma Aura. This directed students to the same content which was held on Panopto. 
Tablets within the laboratories were enabled with a link to an online QR code reader which students 
could use to read codes embedded into their workbooks. This then off set the possibilities of a lack of 
accessibility to content via the Aurasma app or lack of a personal mobile device and any potential 
health and safety issues of students using their own device in the laboratory as we provided additional 
means of access to the content. It is clear from the student comments that this was an effective albeit 
low tech means of addressing these concerns.  

Through implementation of AR technology into a large teaching laboratory environment we have 
noticed a number of logistical and technological pitfalls which have hindered the deployment of our 
interventions. Dissemination of instructional material for the new way of working with the technology to 
support laboratory learning posed a particular issue. However, the greatest problem was that the 
institutional Microsoft Windows based infrastructure was generally unsuited to the use of AR. Readers 
for QR codes and apps needed for AR can be installed and run easily via an Android operating system 
but not on Windows for which only expensive specialist apps can be used. Hence, in this case the IT 
infrastructure did not offer appropriate flexibility for this project; the technology needs to be compatible 
to the ‘teachnology’ as without being able to accomodate research into these new ways of supporting 
students with technology in all learning environments old ways of working will prevail and institutions 
will be left behind as others move into a learning technology rich future.  
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