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“Mathematics is difficult to
understand” (71%)

“I am not able to understand the
meanings of mathematical

expressions” (70%)
Waswa, et al. (2023)

“Mathematics is important but 
boring”
Kislenko et al. (2007)
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𝑎 =
𝑣 − 𝑢
𝑡
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𝑎 =
𝑣 − 𝑢
𝑡

Acceleration is defined as the rate of change in velocity to the

change in time.



Enhancing the Understanding of Math Formulas using
Visual Design Patterns | Group 10 6/33

𝑎 =
𝑣 − 𝑢
𝑡

Final velocity
Initial velocity

Time taken
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RQ How do augmentations affect reading experiences?

RQ What is the maximum number of augmentations that 
can be added before it becomes overwhelming?
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First-order Logic
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First-order Logic

Extent 
Augmentation

Color 
Augmentation
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Online Survey

28 Participants
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RQ

H1

H2

How do augmentations affect reading experiences?

Mathematical formulas with augmentations are rated 
as easier to read compared to those without.

The use of colors is more effective than extents in 
improving readability and understanding.
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H1 Mathematical formulas with augmentations are rated 
as easier to read compared to those without.

H2 The use of colors is more effective than extents in 
improving readability and understanding.



How easy was this formula to read?
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There was a significant difference between how easy people 
perceived the formulas to read (Χ! 2 = 24.5; 𝑝 < 0.05).



How easy was this formula to read?

Post-hoc Analysis using Wilcoxon’s Matched-Pairs Signed Ranks Test: 

Enhancing the Understanding of Math Formulas using 
Visual Design Patterns | Group 10 15/33

H Augmentation Type Direction p-Value T-Value

H1

Color Plain Greater 𝑝 < 0.05 4.0

Extent Plain Greater 𝑝 < 0.05 13.0

H2 Color Extent Greater 𝑝 < 0.05 139.5



How easy was this formula to read?

Post-hoc Analysis using Wilcoxon’s Matched-Pairs Signed Ranks Test: 
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H Augmentation Type Direction p-Value T-Value

H1

Color Plain Greater 𝑝 < 0.05 4.0

Extent Plain Greater 𝑝 < 0.05 13.0

H2 Color Extent Greater 𝑝 < 0.05 139.5



Which augmentation do you prefer?
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H3

H4

RQ What is the maximum number of augmentations that 
can be added before it becomes overwhelming?

There is a threshold for how many colors can be 
added.  

There is a threshold for how many extents can be 
added.
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For the following formula, please select 
which version you prefer the most. 

Size 6 Size 34Size 16Color

Extent
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H3

H4

There is a threshold for how many colors can be 
added.  

There is a threshold for how many extents can be 
added.
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Q.

Q.

Please share any thoughts/ comments you have about 
the augmentations used in this survey.

Do you think augmentations in general can improve 
readability and understanding?
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“Yes, more colors please. Like in 
my IDE.”

“Sure, but I want to stress 
the principle form follows 

function.”

“Yes, to a limited extend. 
Too much augmentation 

can be confusing […] ”

“[…] Ideally, the user 
should be able to 
choose between 

different 
augmentations.”
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Discussion



Limitations
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Do we really test 
Understanding?

Ceiling Effect

Reliability of Self-Report



Limitations
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Future Work

Do we really test 
Understanding?

Ceiling Effect

Reliability of Self-Report

Other Performance Measures
Other Augmentations

Connection between 
Content & Augmentations

Test Augmentations in the 
Field with Real Work



Take-Aways
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Take-Aways
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Take-Aways
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Comprehension and as such the effect of 
augmentations is a difficult concept to test!



Appendix











Demographics
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How easy was it to solve the task?
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There was a significant difference between how easy people 
perceived the task to be solved (Χ! 2 = 16.8; 𝑝 < 0.05).



How easy was it solve the task?

Post-hoc Analysis using Wilcoxon’s Matched-Pairs Signed Ranks Test: 

Augmentation Type Direction p-Value T-Value

Plain Color Less 𝑝 < 0.05 0

Color Extent Greater 𝑝 < 0.05 85.5



How helpful was the use of …?

Wilcoxon’s Matched-Pairs Signed Ranks Test: 

Augmentation Type Direction p-Value T-Value

Color Extent Greater 𝑝 < 0.05 211



Quiz Results

* Excluded participants that answered only “x”

Plain Color Extent

Correct 0.83% 0.86% 0.80%

Correct* 0.89% 0.93% 0.85%
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