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Abstract— In this paper, the roles of digital technologies as 

Virtual Reality (VR), and Augmented Reality (AR), are discussed 
to explore how biotechnology engineering students develop their 
spatial ability in organic chemistry. We have, through 
stereochemistry workshops, followed how students, in specific, 
visualise and rotate molecular representations and how the use of 
digital tools influences the students’ interest. 
 

Index Terms— Spatial ability, Visualisation, Virtual reality, 
Augmented reality, Organic chemistry, Lewis structures, 
Biotechnology engineering students  
 

I. INTRODUCTION 
igitalisation is an important part of higher education today, 
where different tools and technologies have been applied 

to both enhance cognitive thinking and affective learning, e.g., 
engagement and interest. For example, British undergraduate 
chemistry students have used Snapchat, a social media 
platform, to share media and network with others, thus 
enhancing engagement with chemistry [1]. Other British 
undergraduate students made chemistry videos on YouTube for 
outreach to inform and engage people in chemistry [2]. In this 
paper, we will discuss how two different digital tools, i.e., 
Virtual Reality (VR) and Augmented Reality (AR), can be 
applied to enhance affective and cognitive learning in organic 
chemistry.  
 In our project, the cognitive aspect of learning relates to 
spatial ability, that is, the mental move between 2D and 3D 
representations when visualising representations of atoms, 
molecules, and reaction mechanisms [3, 4]. Organic chemistry 
students have to practice this representational competence with 
molecular models. To fully understand how molecules react, 
the 3D visualisations are fundamental, not only working with 
2D representations. So far, the work with 3D representations is 
often done with plastic ball-and-sticks [5]. Here, we wanted to 
add two digital tools to give the students additional possibilities 
to experience and visualise the 3D representations of molecules 
and reaction mechanisms.  
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 In a theoretical framework presented by Buckley and 
colleagues [6], spatial ability is divided into several spatial 
factors, and they claim that the visualisation factor is closely 
correlated to spatial ability. Therefore, we wanted the students 
to practice their visualisation ability with an aim to improve 
their spatial ability. Rotation, i.e., how students rotate molecular 
structures, is a spatial factor possible to explore thorugh VR and 
AR.   
 The affective aspect of learning is in this study connected to 
students’ interest. The framework of situational and individual 
interest [7] have been applied to explore if students are 
influenced by the situation, in this case, the use of VR and AR 
in workshops to visualise chemistry, or if interest is only 
internal and individual.  
 The digital tools studied in this project is “Chemistry 
WebVR” (VR) and “HoloLens” (AR). Advantages with the VR 
technology is the availability since a smartphone easily can be 
converted into a VR headset [8], basically allowing anyone 
anywhere to use it. The AR technology is much more elaborate 
and technically demanding. However, the multiple sensory 
modalities makes AR interesting to study further [9, 10].  
 These immersive technologies have previously shown to 
increase students’ interest [11], and in a collaboration with a 
Swedish ed-tech company, EduChemVR (www.educhem-
vr.com), VR applications with 3D visualisations of 
stereochemistry and reaction mechanisms have been developed 
and used in a university organic chemistry course.  
 The aim of this on-going project is to explore how 
biotechnology engineering students develop their spatial 
ability, how the students value digital tools as VR and AR, and 
how these tools can influence students’ interest and learning. 

 

II. METHODOLOGY 
Through stereochemistry workshops, 40 engineering 

students (in year 2018 and 2019) practiced their spatial ability 
using plastic ball-and-stick models, VR, and AR, see Figure 1. 
They studied 3D objects of organic molecules, and were asked 
to draw 2D Lewis structures. We collected data through two 
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questionnaires, one on VR and one on AR, and notes of their 
drawn Lewis structures. In a pre-survey, students were asked to 
solve some non-chemistry spatial ability tasks, where they were 
asked to rotate objects in their mind, similar to Purdue Spatial 
Visualisation Tests [3]. After the course, 17 student interviews 
were conducted to get more in-depth information on how the 
tools influenced their interest and learning. 

 

 
 

 
 

 
 

Fig. 1. Stereochemistry workshop with plastic ball-and-stick models and VR 
where the students practice their spatial ability. The last picture shows how the 
Ibuprofen molecule is represented through the VR goggles; the arrows are used 
for rotation. 
  
 
 

III. RESULTS AND DISCUSSION 
The first results showed advantages with digital tools [12], 

the use of VR was in general perceived valuable, and students 
claimed to develop their spatial ability. Students appreciated to 
see the structures in 3D, and they found the workshops 
worthwhile. The students looked at molecules in 3D through the 
VR goggles and thereafter drew Lewis structures of the 
molecules. Most students wrote in the surveys that VR was 
helpful to visualise the molecules, and that this gave a deeper 
understanding of chemistry. Most students still preferred the 
combination of the analogue plastic models and digital VR, 
since there are advantages with both tools, indicating that 
learning through several tools (physical and digital) are 
complementary.     

During the VR workshops in 2018, some students found it 
difficult to rotate the molecules through head movements, and 
they asked if it was possible to move and rotate the molecules 
in an easier way, without head movements. This is possible to 
do with both VR and AR, but for reason of conveniance, we 
added HoloLens (AR goggles) at the workshop in 2019, where 
the students used hand movements to rotate the molecules. In 
2020, we will continue with the combination of physical models 
with VR and AR.  
 However, in the interviews after the course, more than half 
of the students emphasised that even though VR and AR were 
perceived helpful to develop their spatial ability, this part was 
described as an “add-on”, not important to pass the exam. 
Therefore, we have to consider further how to emphasise the 
importance of representations and visualisations in the 
examination. 
 

IV. OUTLOOK 
Today, digital tools are found all around us, and digitalisation 

is inevitable. The ed-tech industry is growing fast, and 
unfortunately, we realise that not all educational digital tools 
are helpful. In a Chinese study on chemistry and AR [13], we 
see a water molecule ill-represented by a straight, not bent, 
structure where hydrogens and oxygen are unconventionally 
color-coded in pink and green (instead of white and red). We 
think this is problematic, and will probably cause 
misconceptions about the structural formula of water. 
Therefore, we want to work together; chemistry researchers, 
chemistry education researchers, digitalisation researchers, and 
ed-tech companies. Through this collaboration, meaningful and 
relevant digital tools can hopefully be developed, with the aim 
to both enhance students’ cognitive chemistry learning, and at 
the same time, enhance students’ interest in chemistry.  
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