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Digital tools and technology can have five different functions 
(McKnight et al., 2016): 

(1) providing efficiencies, 
(2) giving students access to broader, deeper and “richer” 
learning resources, 
(3) personalising instruction to fit different learning needs, 
(4) connecting people to extend the learning community, and 
(5) transforming teachers’ role as educators

WHY DIGITALISATION?
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IMPORTANT!

The digital tools and 
techniques have to 

be helpful for 
learning (not just 

fun)!
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• Spatial ability, ”see” chemistry in 3D

• Move between 2D and 3D, both ways

LEARNING CHALLENGE IN 
CHEMISTRY
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Virtual reality (VR)

• Glasses without seeing the 
surroundings

Augmented reality (AR)

• Glasses where you also 
see the surroundings

DIGITAL TECHNOLOGIES FOR 
SPATIAL ABILITY
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Virtual reality (VR) Augmented reality (AR)

DIGITAL TECHNOLOGIES FOR 
SPATIAL ABILITY
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WHO SHOULD DEVELOP THE 
DIGITAL TOOLS?

Fig. 1. Hydrogen atom model.

Fig. 2. The electron revolves around the nucleus.

Fig. 3. Models of three atoms.

Fig. 4. Three atoms form a water molecule.

Fig. 5. The structure of a water molecule.

Fig. 6. Water molecules form a real water drop.

S. Cai et al. / Computers in Human Behavior 37 (2014) 31–40 35

Cai, S., Wang, X., & Chiang, F.-K. (2014). 
A case study of Augmented Reality 
simulation system application in a 
chemistry course. Computers in Human 
Behavior, 37, 31-40.
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TPACK model 
(www.tpack.org)

COLLABORATION NEEDED TO 
DEVELOP THE DIGITAL TOOLS
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Biotechnology engineering students (35+33+37 students), 
bachelor level

• 2018: one VR-workshop

• 2019: four VR-workshops & one AR-workshop

• 2020: eight VR-workshops & one AR-workshop

Design-based research, DBR 
(Wang & Hannafin, 2005). 

Cycles, develop solutions/
interventions to problems

UNIVERSITY ORGANIC 
CHEMISTRY (2018-2020)
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VIRTUAL REALITY WORKSHOPS
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AUGMENTED REALITY WORKSHOP
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• Questionnaires (pre/post) with all students (n=105)

• Observations 
(Karolina: chemistry education, Eva: use of digitalisation)

• Interviews (n=25)

Frameworks (affective and cognitive aspects)

• Individual and situational interest (Krapp & Prenzel, 2011)

• Value creation (Wenger et al., 2011)

• Spatial ability (Buckely et al., 2018)

METHODOLOGY
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SPATIAL ABILITY (BUCKLEY ET AL., 2018) 
WITH SPATIAL FACTORS

importance of spatial ability between STEM and non-STEM disciplines indicates a difference
in cognitive factors associated with educational performance between these areas. Understand-
ing this difference has the potential to aid in identifying why spatial ability is important in
STEM. This is analogous to a way in which the framework presented in this paper can be
beneficial. By scientifically identifying which factors are associated with specific STEM
disciplines and to what extent, common or underlying general cognitive processes could be
identified to support the determination of a causal theory.

Visualisation, Mental Rotations and Perspective-Taking Spatial Factors

The specific spatial factors which are known to be important in STEM education are typically
spatial skills. The visualisation (Vz) factor is known to be the highest loading factor on spatial
ability (Carroll 1993) and ‘almost all of the studies showing [spatial ability] has predictive
validity in forecasting important outcomes use measures of visualization as a proxy for [spatial
ability] as a whole’ (Schneider and McGrew 2012, p.129). The visualisation (Vz) factor in
particular has been used in most longitudinal studies identifying the importance of spatial
ability in STEM (e.g. Lubinski 2010; Wai et al. 2009). The evidence illustrating the importance
of the visualisation factor in STEM education is particularly strong; however, the reason for its
importance remains unknown. It may be that the nature of cognitive activity which represents
the factor, complex three-dimensional geometric manipulation, is similar to the cognitive
activity typically engaged with in STEM education. Alternatively, it may be due to its
relationship with fluid intelligence (Gf) with that being the causal factor. Furthermore, the
exact nature of this factor requires further specification. There are many psychometric tests
which have been used as indicators of this factor. These tests typically include paper folding,
surface development, mental cutting and mental rotations. In paper folding, surface develop-
ments and mental cutting, there is a commonality in that the stimulus undergoes a transfor-
mation where the geometry changes; however, this is not the case in mental rotations as the
geometry does not change but rather its position does. Tests of each of these skills have been
shown to correlate strongly with STEM performance (Harris et al. 2013; Lin and Chen 2016;
Olkun 2003; Sorby 2009). There are different strategies which can be used in these tests (e.g.
Heil and Jansen-Osmann 2008); however, this difference is foundational to the argument that a
spatial relations factor exists separately from the visualisation (Vz) factor. There is factor

Fig. 2 Theoretical extended framework of spatial ability

962 Educ Psychol Rev (2018) 30:947–972
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• High perceived situational interest and value 

• Raised perceived spatial ability throughout the course

• Difficult to measure spatial ability

• Add-on feeling problematic; “it’s not on the exam”

• Advantages AR: move with hands

• Advantages VR: put out everything around

• Bernholt, S., Broman, K., Siebert, S., & Parchmann, I. (2019). 
Digitising Teaching and Learning – Additional Perspectives 
for Chemistry Education. 
Israel Journal of Chemistry, 59(6-7), 554-564.

RESULTS IN SHORT



UMEÅ UNIVERSITY

Where do we 
go from 
here?
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• Chemistry course on master level, 2nd cycle

• Possible to be more active and create, not only watch

• VR: Oculus Quest, Nanome (https://nanome.ai) 

MEDICINAL CHEMISTRY

https://nanome.ai/
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Buprenorphine (Subutex) Sildenafil (Viagra) Quetiapine (Seroquel) Methylphenidate (Ritalin) Mometasone (Nasonex)
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• Build molecules

• Interactions between molecules, for example a drug and a 
protein

NANOME
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THANK YOU! TODA!
COMMENTS/QUESTIONS?

Can you see any need to practice spatial 
ability in your course/program/teaching, 

or do you want to try the tools?

karolina.broman@umu.se
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