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Introduction and Motivation

Using Information Chunking for Spatial Learning based on Augmented Reality

How to solve this problem?
3

This Photo by Unknown Author is licensed under CC BY-SA

Augmented Reality (AR) can carry 
virtual landmarks, which draws people’s 
attention and guide people.

This Photo by Unknown Author is licensed under CC BY-NC-ND

However, too many landmarks lead 
to information overload, decreasing 
learning efficiency – especially in the 
indoor environment.

Necessity to do indoors 
spatial learning – when 
facing daily and emergent 
situation.

https://geobrava.wordpress.com/2017/10/07/why-mobile-augmented-reality-has-huge-upside-potential/
https://creativecommons.org/licenses/by-sa/3.0/
https://harindabama.com/2014/12/17/revitalizing-a-haunted-building/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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How to solve: Chunking?

Using Information Chunking for Spatial Learning based on Augmented Reality

Divide items by some certain rules: 
colors, shapes, textures…

Apply to indoors environment: 
Reflect the internal relationship of 
indoor space structure 

4

This Photo by Unknown Author is licensed under CC BY-NC

http://flickr.com/photos/hippie/2465105227
https://creativecommons.org/licenses/by-nc/3.0/
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Our goals

Using Information Chunking for Spatial Learning based on Augmented Reality

• Create a kind of chunking method to balance the information

• Designing a kind of visual guidance to assist spatial learning

• Carrying out the control experiment to analyze the effect: we 
anticipate that our chunking system will be better than the one 
without chunking.

5



Motivation

Related 
Works

Design

Experiment

Analysis

Discussion

Related works

Using Information Chunking for Spatial Learning based on Augmented Reality6

AR cartography

•Use AR in 
cartography can 
increase user 
experience.

AR assisted 
learning

•AR can improve 
users’ learning 
efficiency.

Chunking assisted 
learning

•Chunking method can 
balance users’ work 
memory.

AR chunking spatial 
learning

•Combining AR and 
chunking: Quantitative 
Vs. Qualitative

Sketch map 
analysis

•Set a pivot to 
adjust the whole 
map structure to 
digitalize the sketch.

Images:
https://www.completebusinessnews.com/agricultural-drones-is-it-worth-getting-one/
https://edtech4beginnerscom.files.wordpress.com/2020/03/2.png?w=1140
https://s3-us-west-2.amazonaws.com/courses-images-archive-read-only/wp-
content/uploads/sites/902/2015/02/23224821/CNX_Psych_07_01_Concepts.jpg
https://claretscience5.weebly.com/uploads/1/2/3/7/123740240/gas_9_orig.jpg
https://cdn.pixabay.com/photo/2016/07/14/00/27/hand-1515895_960_720.png 
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Design principle: chunking methods

Using Information Chunking for Spatial Learning based on Augmented Reality

Information volume chunking: Split 
the inherent structure of space

Semantics chunking: Spatial semantics 
not continuous

Try to find a better and more flexible solution
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Design principle: how to chunk

Using Information Chunking for Spatial Learning based on Augmented Reality8

Use classification and hierarchy visualization to 
chunk:
👉 Indoors spatial design has certain connection and we 
need to visualize the potential relationship.

➢ Classification: classify indoors objects into several types.
➢ Hierarchy: highlight most important objects to reduce 

information overload.
➢ No rigid segmentation – more flexible.
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Design principle: classification

Using Information Chunking for Spatial Learning based on Augmented Reality

Using different colors to 
represent different kinds of 
targets:
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Design principle: hierarchy

Using Information Chunking for Spatial Learning based on Augmented Reality

Msc
Office

Phd B 
Office

Phd A 
Office

Prof. XX

Highlight the key points: hierarchy of 
primary and secondary landmarks, 
using the HSV color channel to 
control color prominence and guide 
visual attention.
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Platform and devices

Using Information Chunking for Spatial Learning based on Augmented Reality

Prof. XX

11

Unity serves as a cross-platform game engine and development 
environment. (Version 2020.3.15f2, education license)

MRTK is a Mixed Reality Toolkit that constitutes interoperability 
across a diverse spectrum of software and hardware platforms. 
(MRTK 3, MIT license)

HoloLens 2, a product of Microsoft, is a mixed reality head-
mounted. (Hololens 2, , Microsoft license)



Motivation

Related 
Works

Design

Experiment

Analysis

Discussion

Design visualization - simulator

Using Information Chunking for Spatial Learning based on Augmented Reality12

Control group model Experiment group model

Unity model
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Design visualization - realword

Using Information Chunking for Spatial Learning based on Augmented Reality13

Control group real scene

Experiment group real scene
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Participants

Using Information Chunking for Spatial Learning based on Augmented Reality14

Experimental group: 19 volunteers.

Control group: 19 volunteers.

Age mainly from 24 ~ 28: Participants are mainly male: 
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Study area

Using Information Chunking for Spatial Learning based on Augmented Reality15
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Experiment process

Using Information Chunking for Spatial Learning based on Augmented Reality

Introduce process to users

Mainly introduce process and 
devices, and the brief purpose 
of this experiment.

Pre-task questionnaire

Background information and 
sense of direction inquiry.

Experiment progress

Wear Hololens 2 to walk 
through the experiment ground, 
with normal speed.

Map sketch process

Everyone takes around 5 
minutes to draw the sketch 
map.

Post-tasks questionnaire

Investigate users' evaluation to 
devices & interfaces, and small 
item memory test.

NASA load test index

Investigate users' negative 
impression on the experiment 
and quiz section.
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2 min

5 min

3-6 min

3-6 min

5 min

2 min
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Questionnaire structure

Using Information Chunking for Spatial Learning based on Augmented Reality17

NASA load test Map Sketch

Small item memory Post-task questions Pre-task questions
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Data preparation: structured data

Using Information Chunking for Spatial Learning based on Augmented Reality

Make each question’s score into a vector:

18
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Data preparation: un-structured data
→ Sketch map

Using Information Chunking for Spatial Learning based on Augmented Reality

Quantitative Evaluation: Assign 
scores for each spatial object.

Spatial Evaluation: Using edit 
distance.

19

Important objects: rooms
Un-important objects: affiliated objects
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Background research

Using Information Chunking for Spatial Learning based on Augmented Reality

Aspect Levene P-Value Diff P-Value

SOD 0.796 0.632

Scene Familiarity 0.173 0.480

MR Familiarity 0.187 0.112

20

No significant difference 
about main background 
factors.
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Sketch map research: quantitative view - Overall

Using Information Chunking for Spatial Learning based on Augmented Reality

Experimental group acts better than Control group.
No significant difference between important landmarks and un-important landmarks 
recall in Control group.

21

T-test: *** 

T-test: ** 

T-test: *** 
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Sketch map research: quantitative view - Blocks

Using Information Chunking for Spatial Learning based on Augmented Reality

BLOCK 1

BLOCK 2

BLOCK 3

In any block, the experiment group 
acts better than the control group:

• Important landmarks: Exp. Group 
acts worse in Block 2; Con. Group 
acts worse in Block 1.

• Un-important landmarks: Exp. 
Group acts better in Block 2; Con. 
Group acts worse in Block 1.
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Sketch map research: spatial view - Overall

Using Information Chunking for Spatial Learning based on Augmented Reality

Experiment group shows better performance than Control 
group in the spatial relationship aspect, with significant 
difference.

23

T-test: *** 
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Sketch map research: spatial view - Blocks

Using Information Chunking for Spatial Learning based on Augmented Reality

1. Experiment group has better 
performance in each block;

2. Each block has comparable 
edit distance scores within 
Experiment group or Control 
group.

BLOCK 1

BLOCK 2

BLOCK 3

24
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Small items memory test

Using Information Chunking for Spatial Learning based on Augmented Reality

Experiment group acts better 
than Control group. However, in 
the absolute aspect, both 
groups don't achieve a high 
score in this part.

25

T-test: * 
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Post-task question analysis

Using Information Chunking for Spatial Learning based on Augmented Reality

We examine landmarks, labels and colors effects in four aspects: preference, 
memory, locating assistance and orientation assistance. Colors seem a relatively 
urgent part for further improvement (by Tukey HSD Test). It is caused by interference 
from natural light, device limitation, etc.
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NASA Task Load Index

Using Information Chunking for Spatial Learning based on Augmented Reality

Generally, Experiment group shows greater pressure than Control 
group, but feels better performance, which is corresponding to the 
analysis result (Dunning-Kruger effect).

27
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Correlation analysis: collinearity diagnosis

Using Information Chunking for Spatial Learning based on Augmented Reality

Scatter plot of variables Heatmap of variables

28
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Correlation analysis: classical models – EXP.

Using Information Chunking for Spatial Learning based on Augmented Reality

Model MSE R²

Linear 0.199 -3.508

Polynomial 1.039 -22.509

Ridge 0.188 -3.264

Lasso 0.112 -1.542

DT 0.134 -2.026

Model MSE R²

Linear 0.205 -2.582

Polynomial 0.456 -6.963

Ridge 0.184 -2.212

Lasso 0.069 -0.207

DT 0.235 -3.110

Model MSE R²

Linear 0.030 -0.779

Polynomial 0.170 -9.233

Ridge 0.028 -0.699

Lasso 0.018 -0.106

DT 0.029 -0.429

Experimental Group: important landmarks Experimental Group: un-important landmarks

Experimental Group: edit distance

The classical regression model 
shows no relationship between 
dependent and independent 
variables during the experimental 
group test.
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Correlation analysis: classical models – CON.

Using Information Chunking for Spatial Learning based on Augmented Reality

Model MSE R²

Linear 0.019 -3.170

Polynomial 0.017 -2.582

Ridge 0.019 -3.003

Lasso 0.011 -1.262

DT 0.031 -5.671

Model MSE R²

Linear 0.040 -7.722

Polynomial 0.075 -15.491

Ridge 0.038 -7.296

Lasso 0.018 -2.999

DT 0.079 -16.429

Model MSE R²

Linear 0.001 -2.274

Polynomial 0.002 -5.187

Ridge 0.001 -2.207

Lasso 0.001 -1.050

DT 0.001 -2.738

Control Group: important landmarks Control Group: un-important landmarks

Control Group: edit distance

The classical regression model 
shows no relationship between 
dependent and independent 
variables during the control group 
test.
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Correlation analysis: Spearman correlation

Using Information Chunking for Spatial Learning based on Augmented Reality

Group & Dependent Variable Scene familiarity SOD MR familiarity

Experimental & Important 0.240 0.213 0.384

Experimental & Un-important 0.895 0.767 0.936

Experimental & Edit distance 0.486 0.248 0.830

Experimental & Edit distance 0.146 0.491 0.715

Control & Un-important 0.362 0.810 0.422

Control & Edit distance 0.935 0.262 0.411

Spearman correlation p-values: as all the p-values > 0.05, therefore, 
it is not considered that there is a relatively significant monotonic 
correlation between independent variables and dependent variables.

31
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Discussion to the result

Using Information Chunking for Spatial Learning based on Augmented Reality

➢ Why better?
o NASA Task Load Index

• Control group with lower pressure: feel confusion and no motivation to 
remember things.

• Experiment group with higher pressure: get touch with organized 
information, with a motivation to remember things.

➢ Blockwise analysis: No great difference in edit distance, low score in Block 2.
➢ Small and un-important items: Experiment group is better than control group, 

however, the memory for un-important items still needs to be improved.
➢ Correlation analysis: Our system suits users from different backgrounds.

32

Design a kind of chunking method: classification and hierarchy visualization.

Use virtual guidance to help learning:
➢ The performance of Experiment group is better than Control group in many 

aspects.
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Scene transferability

Using Information Chunking for Spatial Learning based on Augmented Reality

⚫Museum of Art and History
• What → guide visitors through exhibitions
• How → using virtual landmarks and color coding 

to categorize art and historical periods

⚫Conference Center
• What → locate meetings or meeting rooms 
• How → with virtual signposts and color-coded 

schedules

⚫ Library
• What → find books and study areas
• How → using virtual landmarks and interactive 

sub-maps

⚫ Shopping Mall…
⚫ University Campus…

33

This Photo by Unknown Author is licensed under CC BY-NC: Museum

This Photo by Unknown Author is licensed under CC BY-SA: Conference center

https://austria-forum.org/af/Geography/Europe/Spain/Pictures/Guggenheim_Museum_Bilbao/Guggenheim_Museum_Inside_4
https://creativecommons.org/licenses/by-nc/3.0/
https://www.flickr.com/photos/museumfuture/5839105931
https://creativecommons.org/licenses/by-sa/3.0/
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Limitations

Using Information Chunking for Spatial Learning based on Augmented Reality

1.Limited participant pool: Future research should involve a more diverse set 
of participants.

2.Narrow experimental environment: diverse architectural contexts are 
needed.

3.Color design challenges: take care of actual visualization effect in the 
device.

4.Questionnaire refinement: improving the questionnaire design by 
incorporating a broader range of assessment methods.

5.Memory retention for inconspicuous landmarks.

34



Thanks for your participation and listening!

Feel free to raise any questions!
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Appendix: Quantify sketch map

This Photo by Unknown Author is licensed under CC BY-SA

Quantitative score assignment Edit distance

https://en.wikipedia.org/wiki/Levenshtein_distance
https://creativecommons.org/licenses/by-sa/3.0/


37 Using Information Chunking for Spatial Learning based on Augmented Reality

Appendix: Difference Testing

Levene test: Variance examination

P > 0.05

P ≤ 0.05

Student's t-test

Mann-Whitney U's test

Variance equal

Variance not equal

P ≤ 0.05

P > 0.05Un-significant Difference

Significant Difference
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