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Abstract 
After a discussion about the possibilities and status of augmented reality in education, a good 
practice example of an augmented reality application is presented. This case study examines the 
use of an augmented reality app in higher education to support abstract STEM content, such as 
vectors. Based on this example, the implementation of such apps in didactic concepts and self-
directed learning will be discussed. Furthermore, aspects of integration into digital learning and 
teaching will be addressed.  

German Abstract  

Nach einem Überblick über die Möglichkeiten und den Status von Augmented Reality im 
Bildungswesen wird ein Good-Practice-Beispiel einer Augmented-Reality-Anwendung vorgestellt. 
Dieses Fallbeispiel untersucht anhand dieser App die Verwendung von Augmented Reality in der 
Hochschulbildung zur Unterstützung abstrakter STEM-Inhalte, wie z.B. Vektoren. Mittels dieses 
Beispiels wird die Implementierung solcher Apps in didaktische Konzepte sowie ihr Nutzen unter 
dem Gesichtspunkt des selbstgesteuerten Lernens diskutiert. Darüber hinaus werden Aspekte der 
Einbindung in das digitale Lernen und Lehren adressiert. 

Keywords: Mathematics; e-learning; augmented reality, app based learning, mobile learning, 
eDidactics 

With the development of digital learning technologies and application, the media that are 
employed in teaching and learning mathematics at university levels started to change: There has 
been a noticeable shift towards digital tools and resources which also allow “different forms of 
interactions between user and medium” (Ruthven, 2018; p.261), for example by providing 
instantaneous feedback. Augmented reality (AR) emerged as one of the top educational trends as 
the technology became easily accessible via consumer grade devices such as smartphones and 
tablet computers (Yuen, Yaoyuneyong, & Johnson, 2011; p.120). Great hopes were placed in the 
AR technology: Not only did it offer students the opportunity to view the teaching content from 
different angles (Kerawalla, Luckin, Selijefot, & Woolard, 2006), it also supposedly provided the 
opportunity to intensify the cooperation between students and between teachers and students 
(Billinghurst, 2002). It was also believed that this would stimulate the creativity of the students 
(Klopfer & Yoon, 2004) who would be enabled to “see the world around them in new ways and 
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engage with realistic issues in a context with which the students are already connected.” (Klopfer 
& Sheldon, 2010; p.86). 

Although the use of augmented reality (AR) and virtual reality (VR) apps and software in secondary 
education has repeatedly been tested and documented (e.g. Osberg, 1997; Rizzo et al., 2000 with 
regard to students with learning disabilities), only relatively few research and development teams 
have explored how “mobile, context-aware AR could be used to enhance K-20 teaching  and 
learning” (Dunleavy & Dede, 2014; p.8) (the education descriptor K-20 denotes education levels 
from Kindergarten to graduate degree. (Wang, 2013)); there are only a few studies and a large-scale 
field experiment to test the effect of AR on learning performance in an informal learning 
environment (Sommerauer & Müller, 2014). 

“With an increasing amount of digital applications and Web 2.0 tools readily available, technology 
has a key role in the 21st century classroom” (Estapa & Nadolny, 2015; p.40). AR is “a virtual reality 
variation in which the user can see the real world with virtual objects mixed or superimposed upon 
it. In contrast to virtual reality, AR does not replace the real environment; rather, AR uses the real 
environment as a background. The final result is a file with data, static images, or a dynamic 3D 
virtual model superimposed onto a real-time video of the environment. This scene is shown to the 
user via a computer screen or other device, such as a projector, digital board, special glasses, 
smartphone, or tablet.” (Fonseca, Martí, Redondo, Navarro, & Sánchez, 2013; p.435). For further 
studies about AR technology and education see also Milgram, Takemura, Utsumi, and Kishino 
(1995), Carvalho and Lemos (2014), Wu, Lee, Chang, and Liang (2013) and Martin-Gutierrez, 
Guinters, and Perez-Lopez (2012). AR is an interactive technology whose contents can be watched 
and worked with in real-time (Zhou, Duh, & Billinghurst, 2008; p.193). 

While AR has increasingly been used in recent years for the presentation of basic school subjects 
of a more abstract nature such as Mathematics and Physics (see for example Lin, Chen, and Chang, 
2015, and Estapa and Nadolny, 2015), there is still a lack of corresponding offers for the higher 
education sector.  

Besides technical possibilities, the embedding in learning scenarios is key to success for every 
learning tool. The success of a learning scenario depends heavily on the commitment of the 
teachers. They need to receive training and support for the software and the associated learning 
techniques so that they can provide students with the best possible support (Fonseca, Martí, 
Redondo, Navarro, & Sánchez, 2013; p.435). 

The vector app project originated from the university lecturers’ demand for additional digital 
resources in order to lift complex mathematical contents in the field of vector computation in three 
dimensions from the limitations of the two-dimensional representation and thus be able to convey 
it adequately. In addition, the project meets the students’ needs for quality-assured, freely available 
learning materials. In 2019, the Teaching and Learning Centre and the Department of Applied 
Mathematics and Physics at the University of Applied Sciences Technikum Vienna developed the 
“Vektor AR3”-app, which demonstrates that AR as a technology is suitable for providing 
didactically meaningful support for basic STEM subjects in higher education. For this app, vector 
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analysis was chosen as a topic, because three-dimensional abstract concepts such as vectors and 
linear algebra are often difficult to grasp for pupils and students alike. The decision for an AR 
representation instead of a purely graphic solution as learning tool for the students was based on 
two fundamental assumptions:  

First, the basic understanding of three-dimensional aspects is facilitated by the reference to reality 
(Quintero, Salinas, González-Mendívil, & Ramírez, 2015; p.302). The use of AR makes it possible 
to switch between different, interactively linked representations of the mathematical content in 
order to facilitate better understanding (Hegedus, Laborde, Brady, Dalton, Siller, Tabach, Trgalova, 
& Armella, 2017; p.22). For sciences such as Mathematics and Physics as well as Engineering, 
spatial ability is a crucial skill (Quintero, Salinas, González-Mendívil, & Ramírez, 2015; p.301). 
Kaufman and Schmalstieg (2003) identify five elements that this ability consists of: spatial 
perception, spatial visualization, mental rotations, spatial relations and spatial orientation. Given 
that these competencies are taken for granted in the subsequent course of education, additional 
hurdles in the development of constructive content and competencies arise. Traditionally, these 
elements are taught in an analogue way, meaning that students are required to analyse and study 
pictorial and orthogonal views on a blackboard or on paper. This can impede the understanding 
the concept of space; also, the possibility for students to interact with their subject is limited as it 
can only be drawn or calculated but not for example be viewed from different angles. The 
development of spatial ability can be supported by the use of motor activity to help comprehend 
the concept of space (Onyancha, Derov, & Kinsey, 2009). With the help of AR, objects can be 
observed and (de)constructed from various different visual angles and positions (Quintero, Salinas, 
González-Mendívil, & Ramírez, 2015; p.302). Real-world depiction of vectors enables real-time 
interaction with these abstract elements (Sala, 2016; p.2). The experimental manipulation of all 
relevant factors such as coordinate system, direction, etc. helps to understand the basic concept of 
vectors as well how they work. 

Interactive visualisation (Preuß & Kauffeld, 2019; p.404) with the help of AR can not only help 
students to get a better grasp of abstract matters. AR also “allows for collaborative experiences in a 
real scene” (Fonseca, Martí, Redondo, Navarro, & Sánchez, 2013; p.436).  

Second, the app was chosen as a as learning tool due to its strong playful character caused by its 
reality reference (Quintero, Salinas, González-Mendívil, & Ramírez, 2015; p.302). The “Vektor 
AR3”-app allows for students to access Mathematics as part of the digital culture they are already 
used to, favouring visual perception as an additional approach to the standard depiction of 
algebraic symbols (Salinas, 2017). Being what Marc Prensky defined as “Digital Natives” (Prensky, 
2001) the students are used to technology pervading all aspects of their daily lives. The interactive 
nature of the application stimulates more active participation and collaboration of students 
(Mladenović, Kuvač, & Štula, 2012; pp.2-3). This hybrid learning arrangement (Kerres, 2018; p. 95) 
motivated test persons to deal with the subject matter independently and thus promoted interest 
in content as well as self-regulated learning. As described in the so-called discovery learning 
approach, students are encouraged to construct their knowledge by experimenting and also to 
deduce principles and rules from their interaction with the subject matter (Bruner, 1961; Ibáñez & 
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Delgado-Kloss, 2018). “Working with a collaborative interface, interactive discussions of the 
projects, and the capacity to generate physical and digital expositions are activities that have 
generated an active student, with significant improvements in spatial, research and interaction 
skills.” (Fonseca, Martí, Redondo, Navarro, & Sánchez, 2013; p.443) In a Taiwanese study from 
2015, it is reported that in thirteen to fourteen-year-old students, the use of information technology 
for the teaching of geometry not only enhances interest, but also helps them to understand abstract 
mathematical concepts, particularly those whose spatial sense is not as well developed as in others 
(Lin, Chen, & Chang, 2015; pp.800-801). The use of AR guarantees that each student can 
individually access the content in different environments at different time. With learning centred 
on the individual, students are encouraged to experiment and explore the abstract subject matter, 
observing and interpreting it in real time (Coimbra, Cardoso, & Mateus, 2015; p.333). 

In order to implement the goals of the National Strategy for the Social Dimension in Higher 
Education (BMWFW, 2017), the Teaching and Learning Centre (TLC) was implemented at the 
University for Applied Sciences Technikum Vienna as a service centre for all those involved in 
education. It supports prospective and current students by means of inclusive measures that are 
suitable for compensating for disadvantages caused by diversity. With the “Bridging Diversity”- 
program, the consistent implementation of the university’s “Gender Mainstreaming & Managing 
Diversity” strategy from 2016 is pursued. For this purpose, a broad repertoire of measures has been 
(and is being) developed and implemented, which can be used individually or combined according 
to individual needs (Lietze, Brezowar, & Krizek, 2019). This considers the fact that, on the one 
hand, students have different levels of mathematical knowledge. Some students at the University 
of Applied Sciences Technikum Vienna come to the university only after a longer period of 
employment, qualify through the qualification examination for university entrance or through 
subsidized pre-study programs. What they all have in common is that they must learn or reactivate 
independent learning. 

On the other hand, the students show a vastly different motivation to learn, which depends on 
various factors. These include among others their individual interest in the field, previous 
knowledge (Rach, 2014; pp.216-218), persistence, social background, and their varying degrees of 
knowledge in the mathematical field (Sullivan, Mousley, & Zevenbergen, 2004; pp.257-258).  

Many didactic inclusion activities target primarily female students (ITU, 2020a), whereas the TLC’s 
“Bridging Diversity”-activities address every member of the university’s heterogeneous group of 
students. That means establishing a learning culture that takes into account no only the diverse 
biographic, educational and cultural backgrounds, but also factors like age, varying language skills 
as well as disabilities and chronic illnesses. “Digital inclusion means ensuring all people have an 
equal opportunity to become empowered through ICTs and be part of digital society. To achieve 
this goal ICTs should be accessible, which means they are designed to respect the needs of all 
people – including those with disabilities. In doing so, we can ensure that future smart 
communities will be fully accessible to everyone and that digital societies benefit all people 
equally.” (ITU, 2020b). In fact, some subject areas, such as STEM or social sciences, are even less 
likely to attract all genders or minorities than other subjects (Furner & Gonzalez-DeHass, 2011; 
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Chestnut, Lei, Leslie, & Cimpian, 2018). In these fields, it is the responsibility of higher education 
institutions to identify intersectional diversity factors (UNTIL, 2019) and lower barriers for the 
underrepresented groups to take up these subjects, to provide a gender and diversity adequate 
education, and to offer intersectional services to prevent dropout. 

In cooperation with experts of digital teaching and implementations, the team developed and 
implemented an accompanying teaching concept for embedding the vector app in a learning 
arrangement (for an overview of learning arrangements see Chao and Chang, 2018). This didactic 
AR teaching concept is aligned with the in-house e-learning strategy. It is intended for students 
and lecturers of mathematical, technical and natural science studies (mainly on the bachelor level, 
but also useful to refresh basic competencies for master programmes) in curricular and non-
curricular programs. In addition, it targets secondary school pupils and teachers. As part of the 
University’s school cooperations, the application is introduced to teachers and students of partner 
schools. Both teachers and students were presented with milestones and intermediate stages of 
development. Based on their feedback, further developments were designed and the corresponding 
scenarios selected. 

Based on the teachers’ and students’ requirements, an app-supported teaching concept was 
developed, which makes the fundamentals of linear algebra and vector analysis comprehensible 
through three-dimensional imaging. After analysing different presentation approaches as well as 
suitable media, mobile devices were selected due to their wide availability. With this, a higher 
learning autonomy is granted (with regard to the positive effects of learning autonomy, see Rach, 
2014) and the concept of mobile learning, which has rarely been used in higher education, is added 
as an extra benefit to this approach (Kaliisa, Palmer, & Miller, 2017). In order to enable students to 
actively produce content themselves, it is necessary to transfer teaching from a traditional learning 
environment with frontal teaching to an extended learning environment (Fonseca, Martí, 
Redondo, Navarro, & Sánchez, 2013; p.435). For a similar but much more complex approach 
(requiring the hardware Kinect) see also Martin-Gonzales, Chi-Poot, and Uc-Cetina (2016). The 
“Vektor AR3”-app allows the hands-on use of AR in lecture halls and expands on existing methods 
and technologies in the field of digital teaching, such as online elements in courses (e.g. e-tests) or 
online lecture recordings. AR is a useful technology in its own right but works most effectively 
when embedded in learning arrangements tailored to its application. In such an arrangement the 
student is guided towards establishing a coordinate system, within which vectors may be created 
and manipulated. This fosters a basic understanding of the individual components through a 
learning by doing approach supplemented by explanatory comments, both for teachers and 
learners. 

The following contents of the vector calculation are made accessible interactively in the “Vektor 
AR3”-app: 

• Cartesian-based vectors and their components; 
• Vectors on a skewed base and their components; 
• Scalar product and geometric interpretation; 
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• Cross product and geometric interpretation; 
• Area normal vectors and vector fields. 

After a demonstration by lecturers in class, the application will be made available to students for 
self-study or tasks completion. This will bridge the gap between a predominantly theoretical 
approach, which has so far been the norm, and a style of learning focused on the practical 
application of learning content. This is achieved by means of visual interactive learning elements 
and three-dimensional imaging, supplemented with a suitable classroom teaching concept. Real-
world depiction of vectors enables interaction with these abstract elements. The experimental as 
well as targeted manipulation of all relevant factors such as coordinate system, basis, orientation, 
components, etc. helps to develop a basic understanding of the functioning of these and of the basic 
concept of vectors. The app allows to divide the learning content into small information units, 
which can then be structured and queried. The flexibility of learning independently of time and 
place is conducive to the learning and processing mechanisms of the students; problem-oriented 
action is supported, as is self-regulated learning.  

Here is an example of two tasks that students can work through with the help of the app (Robimo, 
2019): 

Task 1 – Creating a vector and reading its components 

The first task is to create a random vector in vector app and read its components. In the start screen, 
select the first menu item “Cartesian and Skew Coordinate System” and place the coordinate 
system as shown in Figure 1a. Now you can check or change the individual axes via a tab of your 
own. In this first task, we are satisfied with the fact that it is a Cartesian coordinate system whose 
axes correspond to the standard base unit vectors. 

 
 a) Information for x-axis b) Random vector  c) Manually changed vector 

Figure 1: Creating a vector and reading its components 

In the next step, you can create a random vector using the button “Create Vector” in the upper 
right-hand corner of the image. Figure 1b shows a randomly generated vector �⃗�𝑎 whose cartesian 
coordinates can be read directly in the tab of the vector.  
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This vector reads  

�⃗�𝑎 = 3.06 ⋅  𝑒𝑒𝑥𝑥 + 7.95 ⋅  𝑒𝑒𝑦𝑦 + 4.37 ⋅ 𝑒𝑒𝑧𝑧 

or as a column vector in the Cartesian base  

�⃗�𝑎 = �
3.06
7.95
4.37

� 

with the length (magnitude) |�⃗�𝑎| = 9.58 and the basis (see figure 1a for the x-axis) 

𝑒𝑒𝑥𝑥 = �
1
0
0
� , 𝑒𝑒𝑦𝑦 =  �

0
1
0
� , 𝑒𝑒𝑧𝑧 =  �

0
0
1
� 

each with the length |𝑒𝑒𝑖𝑖| = 1 for 𝑖𝑖 = 𝑥𝑥,𝑦𝑦, 𝑧𝑧. 

Up to three different vectors can be created at the same time, or the existing vectors can be deleted 
using the “Delete All Vectors” button. 

Tip: Vectors can also be edited. For example, you can change the length of the vector using the text 
box or the white slider in Figure 1b, without changing the direction of the vector. The direction of 
the vector can also be changed manually using the coloured text fields or sliders of the vector. 
Figure 1c shows a vector that was manually adjusted to the values 

�⃗�𝑎 = �
1

1.3
2.1

� 

with the length |�⃗�𝑎| = 2.66. 

Cartesian basis – task assignment for students: Students are given the Cartesian coordinates of a 
vector �⃗�𝑎 and are initially not allowed to use the app. Now they have to draw this vector on paper in 
a three-dimensional coordinate system and calculate its length |�⃗�𝑎|. When they are finished, 
students can compare their results with the output in the app. 

Task 2 – Vector fields and (surface) normal vectors 

This task differs from the first four tasks mainly in that it represents a coordinate system with a 
three-dimensional function 𝐹𝐹(𝑥𝑥,𝑦𝑦) = 𝑓𝑓(𝑥𝑥) ⋅ 𝑔𝑔(𝑦𝑦), which can be generated by an appropriate 
selection of 𝑓𝑓(𝑥𝑥) and 𝑔𝑔(𝑦𝑦). Via the menu item surface normal vector, the outline (box) of a 
coordinate system can be placed. Afterwards, the functions 𝑓𝑓(𝑥𝑥) and 𝑔𝑔(𝑦𝑦) are selected from three 
possible presets and the function 𝐹𝐹(𝑥𝑥,𝑦𝑦) = 𝑓𝑓(𝑥𝑥) ⋅ 𝑔𝑔(𝑦𝑦) is displayed within the box. Figure 2 shows 
all the corresponding steps. 



Vector AR3-APP – A Good-Practice Example of Learning with Augmented Reality 
Karin Langer, Stefanie Lietze, Gerd Ch. Krizek 

European Journal of Open, Distance and e-Learning – Vol. 23 / No. 2 58 
ISSN 1027-5207 
© 2020 EDEN 

 
 a) Coordinates box  b) Selection of 𝑓𝑓(𝑥𝑥) and 𝑔𝑔(𝑦𝑦)  c) 𝐹𝐹(𝑥𝑥,𝑦𝑦) = 𝑓𝑓(𝑥𝑥) ⋅ 𝑔𝑔(𝑦𝑦) 

Figure 2: Creating the three-dimensional function 𝐹𝐹(𝑥𝑥,𝑦𝑦) 

The function 𝐹𝐹(𝑥𝑥,𝑦𝑦) = 𝑓𝑓(𝑥𝑥) ⋅ 𝑔𝑔(𝑦𝑦) can be generated by selecting 𝑓𝑓(𝑥𝑥) and 𝑔𝑔(𝑦𝑦). The options 
predefined in vector app are: 

a) 𝑓𝑓(𝑥𝑥) = 0.25𝑥𝑥 + 0.375 

b) 𝑓𝑓(𝑥𝑥) = sin(𝑥𝑥) 

c) 𝑓𝑓(𝑥𝑥) = 𝑒𝑒−𝑥𝑥2 

The same selection applies to 𝑔𝑔(𝑦𝑦). With the combination of these three functions, a total of nine 
surfaces can be created. Figure 2c shows an example of 𝑓𝑓(𝑥𝑥) = 𝑠𝑠𝑖𝑖𝑠𝑠(𝑥𝑥) and 𝑔𝑔(𝑦𝑦) = 𝑠𝑠𝑖𝑖𝑠𝑠(𝑥𝑥). 

Creating a vector field: Now you can use the button “Create Vector Field” to create a linear vector 
field, which by default is defined as 

�⃗�𝑣 = �
0
1
0
� 

In the points 𝑃𝑃𝑖𝑖(𝑥𝑥,𝑦𝑦, 𝐹𝐹(𝑥𝑥,𝑦𝑦)) but can be manipulated manually with the button “Adjust Vector 
Direction”. The example in Figure 3a shows a vector field of vectors of length 1 with the direction 

�⃗�𝑣 =  
1
√3

 �
1
1
1
� 

Creating a (surface) normal vector: To create a normal vector, click on the surface of the function. 
With a curved surface (as in our example), the normal vector for the function 𝐹𝐹(𝑥𝑥,𝑦𝑦) at point 𝑃𝑃 = 
(𝑥𝑥0,𝑦𝑦0) is mathematically the normal vector of the tangent plane at this point.  

The tangential plane is the area that the function 𝐹𝐹(𝑥𝑥, 𝑦𝑦) best approximates in the vicinity of the 
point 𝑃𝑃.  



Vector AR3-APP – A Good-Practice Example of Learning with Augmented Reality 
Karin Langer, Stefanie Lietze, Gerd Ch. Krizek 

European Journal of Open, Distance and e-Learning – Vol. 23 / No. 2 59 
ISSN 1027-5207 
© 2020 EDEN 

 
a) Vector field �⃗�𝑣 =  1

√3
 (1; 1; 1) 

Figure 3: Vector field and normal vector 

Tip: The scalar product 𝑠𝑠�⃗ ⋅ �⃗�𝑣 between the normal vector (𝑠𝑠�⃗ 0) and the vector �⃗�𝑣 is formed and 
displayed for each point touched�𝑥𝑥0,𝑦𝑦0,𝐹𝐹(𝑥𝑥0,𝑦𝑦0)�. Both vectors and the scalar product are 
displayed.  

(Surface-)Normal Vectors – A Task for Students: The two functions 𝑓𝑓(𝑥𝑥) and 𝑔𝑔(𝑦𝑦) as well as the 
direction of the vector field are given to students. In addition, individual concrete points are 
specified for which the normal vector or the scalar product between vector field and normal vector 
is first to be calculated manually. Then the calculated values can be checked with the app. 

Here is an example for the two functions 𝑓𝑓(𝑥𝑥) = 𝑠𝑠𝑖𝑖𝑠𝑠 (𝑥𝑥) and 𝑔𝑔(𝑦𝑦) =  𝑠𝑠𝑖𝑖𝑠𝑠 (𝑥𝑥) , the concrete 
point 𝑃𝑃 = (𝑥𝑥0,𝑦𝑦0) = (−1,2) and the vector field �⃗�𝑣 from Figure 3a: The results of the partial 
derivatives are 𝐹𝐹𝑥𝑥(𝑥𝑥,𝑦𝑦) = cos(𝑥𝑥) ∙ 𝑠𝑠𝑖𝑖𝑠𝑠 (𝑦𝑦)  = 0,4913 and 𝐹𝐹𝑦𝑦(𝑥𝑥,𝑦𝑦) =⋅sin 𝑐𝑐𝑐𝑐𝑠𝑠 (𝑦𝑦)  = 0.3502 , 
respectively, resulting in a normal vector 𝑠𝑠�⃗  of 

𝑠𝑠1����⃗ = �
−0.4207
−0.2998
0.8562

� 

The next step is to calculate the scalar product between this normal vector and the vector field. The 
scalar product 𝑠𝑠�⃗ ⋅ �⃗�𝑣 can be calculated as follows  

𝑠𝑠�⃗ ⋅ �⃗�𝑣 = (−0.4207 ⋅ 0.5774− 0.2998 ⋅ 0.5774 + 0.8562 ⋅ 0.5774) = 0.0805 

Particularly noteworthy is the development of a low threshold open educational resource for the 
augmented presentation of abstract basic content at university level. The project result is 
deliberately designed as an Open Educational Resource (OER). This considers the responsibility 
for transferring knowledge and developments from the university to the general public. The basic 
nature of the content and the use of English as a scientific language make the application 
internationally interesting for different educational levels and disciplines. In order to provide the 
vector app for all students as open learning resource, it is compatible with all common operating 
systems. The app is available for AR-able phones under the name “Vektor AR3 by FHTW” via the 
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popular app stores. Special head-mounted displays (VR glasses) or additional modifications for 
smartphones (such as Google Cardboard or Gear VR) are not required. The technical 
implementation was carried out with VRSoft GmbH (senselab.io). Following the Open Access 
Policy for Scientific Information of the European Union, the application is made available to the 
general public free of charge and unrestricted to other institutions and individuals. The app is 
therefore available for private as well as institutional use and can be employed in the context of 
self-study or embedded in the didactic structure of an educational setting. Every expert is free to 
develop further augmented reality content and application scenarios in cooperation with the 
executing project partner based on the existing one. Thus, in addition to an example of good 
practice, the project also provides a technical framework for further developments.  

The development of the app is a good practice example of illustrating abstract mathematical 
content with the help of augmented reality, therefore acting according to the paradigm shift 
necessary to answer the students’ and teachers’ need for a more innovative way of teaching and 
learning STEM subjects. This app is intended to serve as inspiration as well as a technical basis for 
the development of further comparable scenarios in Mathematics, Physics and Engineering. 

Mathematical augmented reality content at university level represents an innovation that can set 
significant impulses for the digitalization of teaching. Embedding in a didactic concept for 
classroom use completes the whole as a learning arrangement. Therefore, the possibility of more 
up-to-date and interactive (high) school didactics is worth mentioning. The connection of a 
practical learning-by-doing approach under guidance with the possibility of exploring the teaching 
material independently and repeatedly, anytime and anywhere, and examining and deepening the 
acquired competences is an essential aspect of mobile learning. Although mobile learning was 
already identified as a logical next step in a digitalized teaching and learning culture a few years 
ago, the practical implementation still lags behind. Thus, this project represents another small step 
in closing the gap between theory and practice and reaches a milestone in the development of 
mobile educational resources in higher education. As such, it motivates the development of further 
applications and programs in topics that have been neglected in digitalization so far. 

The guided set-up of coordinate systems as well as manipulation of vectors promotes a basic 
understanding of the individual components through learning by doing with supplementary 
explanation. In addition, the app offers the opportunity to experiment with the components of the 
content independently and at any time in order to support the deep understanding of the issue. 
Therefore, the students not only acquire basic skills necessary for the further course of their 
education, but also develop a better grasp of abstract mathematical elements. In the short and long 
term, the use of such apps in the teaching context will encourage teachers and students to actively 
engage with digital learning material. 

The “Vektor AR3”-app has been rolled out in winter semester 2019/2020, but due to Covid-19 and 
its impact on teaching and learning organisation, the evaluation of the acceptance by the target 
groups has been postponed. . The feedback of the test persons from the different target groups was 
constructively critical and helped to enhance the previous versions. Especially with regard to the 
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current version the feedback was consistently positive. The app has recently won the eLearning 
AWARD 2020 in the category “University” and the International eLearning Awards (IELA) 2020, 
category “Mobile Learning”.  
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