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ABSTRACT 

One of the concerns in service mathematics courses, such as calculus for 
engineering, is students’ interest in these studies. Research suggests that 
engineering undergraduates’ lack of awareness about the importance of 
mathematics for their study success and for their careers contributes to their 

increasing student motivation is 
to take advantage of technological tools to provide students with more engaging 

owed that augmented reality (AR) 

lication 
was designed and developed using WebXR, in the context of a service 

level curves and the visualization of a volcano and the flow of lava to support 
students’ learning of 
examine engineering undergraduates’ perceptions of using AR for learning 

Results show that students perceived using AR for learning math 
Students reported that AR content adds value to 

their classes by making the mathematical concepts clearer and helping them 

d 
from the design and development of AR using WebXR as well as 

 

 

1 INTRODUCTION 

1.1 Service Mathematics in Higher Engineering Education  

Mathematics is often service-taught by mathematicians to students who are not 
majoring in mathematics as a foundation for science, technology, and 
engineering in higher education. Research shows that engineering students’ 
motivation to study mathematics is low and many perform poorly in service 
mathematics courses, despite the importance of mathematics for academic 

engineering students do not perceive mathematics as their primary interes
T  Another reason is that 
students are not aware of the importance of mathematics as the foundation of 
the subjects in their field of study, nor are they familiar with how mathematics is 
applied in their subject of inter  

At the Delft University of Technology, the Program of Innovation in 
Mathematics Education (PRIME, -

- ) was introduced in 

improve study results, enhance the connection between mathematics and 
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engineering, and increase students’ active participation and motivation. Over 
the years, a number of innovative practices, such as pre-lecture videos, 

 and online exercises
the needs of engineering students, PRIME continues to examine ways in which 

teaching and learning of mathematics in higher engineering ed  

1.2 Using AR to Support Learning of Mathematics 

The technology of Augmented reality (AR) gives users the opportunity to see 
digital information superimposed onto the real world, and hence, offers a novel 

education has been rising over the last 25 years and one of the trending topics 

recent systematic review on the use of AR for learning mathematics [5], AR was 
shown to be an effective tool for learning mathematics by increasing confidence 
and understanding, enhancing visualization, and making learning interactive 

mathematics learning in the context of higher education is relative  

 
environments, and 3D printing) was used in the process of mathematics 

study showed that students in the experimental group who took the 
multivariable calculus course under the new methodology scored seven points 

experimental group’s failure rate. Furthermore, the new methodology helps 
students to improve the way they described objects in space using 

 In another study [7], AR content was integrated into the 

study perceived the AR tool as a way to better understand and access 

 

More recently, a “Vector AR3” app was developed as a means to shift 
from a theoretical approach to teaching math to an approach that focuses more 

International eLearning award 2020, the impact of the app on teaching and 
learning has yet to be evaluated due to Covid-
section suggest the potential of AR to enhance mathematics teaching and 

at universities, it is important to explore ways to ease the use of AR for the 
growing student populatio  

1.3 Current Study: Using WebXR to  
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e 
AR tool to be  embedded into the learning management systems and can be 

app store via Google or Apple, bypassing the procedure of downloading and 

examine the feasibility of using WebXR to develop an AR tool for learning 

 

2 DESIGN AND DEVELOPMENT  

2.1 Designing the AR tool 

When designing the AR tool, meetings were conducted between the developer, 

meetings, the team members brainstormed ideas for the math topics and ways 

at was already covered in the existing math lecture as a 
wo 

design features were proposed to deliver the math application in the AR tool: 

1) Drawing level curves that will be trans  
2)  

 

Figure 1. Mathematics application taught in the course 

2.2 Developing the AR tool  

that has been developed through a 3D JavaScript library, ThreeJs, was 

WebGL API, which support
an empty drawing screen where students can draw the outline and level curves 

an outline of how the 3D volcano should be sha
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organic volcano formation from an outline, multiple points are scattered 
randomly inside this outline and Delaunay triangulation [10] is performed to 

curves on top of the triangulated mesh which is used to calculate how the mesh 

the AR view, where the tool will calculate the final shape of the 3D volcano by 
combining all drawn level curves and taking account of a set of parameters; 

volcano is displayed in AR and follow

Gradient descent is used to calculate the path of the lava and is then projected 

hosted online to be accessed through a 

Figure 2. The technical infrastructure of the AR tool 

3 PILOT STUDY

3.1 Method

The aim of the pilot study was to examine how students perceive the utility of 
Calculus I in Applied Earth 

s
( -test ) that enabled them to use the AR tool 

their exploration of the AR 

After exploring the AR tool, students were asked to complete a survey 
consisting of 14 Likert- -
Likert- student satisfaction with the 
AR tool, 3 items measuring engagement in learning concerning whether the AR 
tool promotes active learning, 3 items measuring enhancement of learning 

estion of whether the AR tool helps to enhance their 
understanding, and 3 items measuring the extension of learning concerning 

Operating system

Browser
ThreeJ

AR Tool 
(HTML + WebXWebGL 

OpenG OpenGL Hardware 
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survey items were adapted from [11], [12], and [13
respond to each item on a 5-point Likert scale from 1 (strong disagree) to 5 

-ended questions were used to gather students’ 
perspectives on what they liked or disliked about the AR tool and how the AR 
to

3.2 Results

Table 1 provides an overview of students’ satisfaction ratings of the AR tool. 
The results show that students generally agree that using the AR tool was 

-friendliness, students’ ratings varied. 
This reflected the instability of the AR tool and the challenges of making the AR 

measuring satisfaction with the AR tool as a study tool and overall satisfaction 
with the AR tool

Table 1. Students’ satisfaction rating of the AR tool
Strongly 
disagree disagree neutral agree

Strongly 
agree

I was satisfied with the AR 
1 3 4 1 -

I found the AR application 
- - 3 4 3

I enjoyed using the AR 
- - 1 7 1

I found the AR application user-
1 1 1 3 2

Overall, I am satisfied with the 
- 3 1 3 1

Mean scores and standard deviations were obtained for engagement 
(M SD M SD
(M SD )
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learning, almost all of the students (8 out of 9) agree or strongly agree that the 
AR tool motivates them to start learning and causes a passive to active 
behavioural 

 

For enhancement of learning, students felt rather neutral about whether 
the AR tool allows them to demonstrate their understanding of learning better 

a better understanding of the learning content and makes it easier to 
understand concepts  For extension of learning, three-
(6 out of 8) agree or strongly agree that the AR tool creates opportunities for 
them to transfer learning to other contexts, creates a bridge between 
mathematics and engineering, and allows them to develop skills that they can 
u  

When asked about what they liked most about using the AR tool and to 
what extent the AR tool contributes to their learning, students mentioned that 
the AR tool makes learning fun and helps them to apply what they have learned 
to a real-

student reasoned that if the AR tool can be implemented in a good way in the 

 

 “It is very interactive. You can make your own volcano and then get your 
own equation.” 

“It's fun to use and I understand the concept of level curves better with it, it 
helps visualize the whole thing.” 

Through the survey, we also received feedback on what students disliked 
l did not seem to work very well and did not run 

Students also experienced difficulties 

when the wifi is good and another student was not able to get the drawing tool 

 

“It doesn't work very well yet, which makes it frustrating to use. This would 
make me distracted from my learning.” 

4 DISCUSSIONS AND CONCLUSION 

The results of the pilot study show that the AR tool has the potential to enhance 
learning of math for applications Students 
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a scoping review of augmented reality in K-12 and higher education [13], 
technical thresholds and design considerations are major limitations in studies 

may lead to student frustrations when using the app and reduce learning 

Developing the AR tool with WebXR is a compromise for the lack of support of 

WebXR API and its features are yet to be fully supported on existing browsers 
or standardized in the WebKit platform (see  for a list 

-platform web applications 
involve risks around having to implement specific solutions for different 
browsers and devices
technic  

One of the strengths of the current study is the participation of the math 

complementary to the learning c
demonstrated by the results of the pilot study, students perceived the learning 
content as helpful, particularly the visualization of the math concepts that were 

 [15] reasoned that the benefits to 
manipulate, visualize and use authentic contexts make AR a natural fit for 
mathematics instruction
results suggest that implementing AR in the math course could potentially have 
a 
not measured in the pilot study, it is not clear if and how the AR tool increases 

need to use multipl
learning effectiveness) [16 Also, future research with a bigger sample size and 
using randomized controlled trials is needed to further investigate the effect of 
scalable AR tools on learning mathematics, student engagement, and 

 

In conclusion, our study demonstrates the benefits of involving teachers and 
students in the design and development of an AR tool using WebXR for 

itical role in ensuring 

students’ perceptions and feedback that we have gathered in the pilot study will 
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