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INTRODUCTION  of*

e MAJOR: BUSINESS INFORMATION SYSTEMS
« GRADUATION DATE: MAY 2022

 PoOST-GRADUATION PLANS: FINANCIAL ANALYST, FDP PROGRAM AT W.W.
GRAINGER, JuLY 2022

e WHY | CHOSE TO PURSUE THIS RESEARCH?

e | WANTED TO EXPLORE FURTHER AFTER MY INFS360 COURSE, WITH AN INTEREST
IN BIOMETRICS. THIS FELLOWSHIP PROVIDED THE RESOURCES TO PURSUE THIS
PROJECT AND SEE WHAT OPPORTUNITIES ARE AVAILABLE BEYOND MY CURRENT
CAREER INTERESTS!

* FUN FACT: | CAN PLAY GUITAR AND AM CURRENTLY SELF-LEARNING DRUMS.

GRAINGER

 FOR THE ONES WHO GET IT DONE



4: ABSTRACT

PIE CHARTS ARE AMONG SOME DOMINANT WAYS TO PRESENT INFORMATION, ESPECIALLY
IN A BUSINESS DASHBOARD CONTEXT. THIS HAS LED TO SEVERAL STUDIES ATTEMPTING TO
ASSESS THE IMPACT OF PIE CHART USE ON DECISION SPEED, ACCURACY, AND EASE OF
INFORMATION INTERPRETATION WITH INCONCLUSIVE RESULTS.

OUR RESEARCH WILL EXPLORE SOME OF THE PREVIOUS RESEARCH STUDIES’ QUESTIONS, AS
WELL AS THE IMPACT OF PIE CHART DATA REPRESENTATION ON USERS BY FOCUSING ON
ASSESSING USERS' COGNITIVE EFFORT AND VISUAL ATTENTION WHILE EMPLOYING NOVEL
EYE-TRACKING TECHNOLOGY. OUR RESEARCH WILL BE FOCUSING ON ONE OF TWO
QUESTIONS THAT ARE CENTERED AROUND A DIFFERENCE IN USERS’ VISUAL ATTENTION AND
COGNITIVE EFFORT BETWEEN A PIE CHART AND DATA REPRESENTATION ALTERNATIVE AND
VISUAL PROPERTIES.

THE RESULTS WE FOUND SHOWED A RELIANCE ON VISUAL PROPERTIES USED TO ESTIMATE
THE SIZE OF UNDERLYING DATA DOES IMPACT USER EXPERIENCE AND PERFORMANCE. WE
FOUND AMONG OUR CHOSEN DESIGN VARIATIONS, THE TRADITIONAL 2-D PIE CHART
OUTPERFORMS THE TESTED VARIATIONS; IN COMPARISON, 3-D AND DONUT CHARTS HAD
SIGNIFICANT ABSOLUTE ERROR VALUES (20% & 30%), WHICH FURTHER AMPLIFIES OUR
CONCLUSIONS FROM EXPERIMENT 1, SUGGESTING A POSSIBLE CONNECTION BETWEEN
ACCURACY AND FIXATION DURATION.



Figure 1: Business Dashboard

i ey BACKGROUND - PIE CHARTS & B.LV %
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Corporate Summary YT

= * (GRAPHICAL INFORMATION HAS BEEN AROUND FOR
- -orr ' THOUSANDS OF YEARS, BEGINNING WITH DISCOVERY OF
e ;I'-jf HIEROGLYPHS IN CAVES

SA

" uz e PIE CHARTS BECAME POPULAR AFTER WILLIAM PLAYFAIR'S
- hem FIRST OFFICIAL RECORD OF THE GRAPHIC PUBLISHED IN 1801
(STATISTICAL BREVIARY)

Customer Satisfaction 2016 Order Quantity Comparison 000s

piiipiiiitiiiiiiiivivi ﬁﬁ II. B M KN = * IN SIMPLE TERMS, A PIE CHART IS A SIMPLE INFORMATION
GRAPHIC WHOSE PRINCIPAL PURPOSE IS THE SHOW THE

RELATIONSHIP OF A PART TO THE WHOLE"*

* BUSINESS INFORMATION VISUALIZATION (B.l.V) IS A
2012 PRESIDENTIAL RUN

"SUBFIELD IN DATA VISUALIZATION THAT ENCOMPASSES
R COMPUTER INTERACTIVE VISUAL REPRESENTATIONS OF
European \ 70%’ BUSINESS DATA FOR BETTER DECISION-MAKING ™ ***
ﬁl,.,.‘"*‘:’;- r T ey e A SERIES OF STUDIES HAVE BEEN CONDUCTED TO TEST HOW
dralec BACK HUCKABEE  'BACK ROMNEY USERS READ PIE CHARTS AND HOW DESIGN CHOICES
4 IMPACT USER PERFORMANCE ** Q'g
“\_/ : R)! SOURCE:OPINIONS Y
Turkith Empire el “Spence, 1. & Lewandowsky, 5. (1991). Displaying proportions and percentages. Applied Cogrifive Psychology, (1), 61~
**Kosara, R., & Skau, D. (2016). Judgment Error in Pie Chart Variations. Proceedings of the Eurographics/IEEE VGTC
Figure 2: The First Pie Chart Figure 3: Pie Chart Misuse Symposium on Visualization (EuroVis), 91-95.
(via William Playfair, 1801) ****Bacic, D., & Fadlalla, A. (2016). Business information visualization intellectual contributions: An integrative framework

of visualization capabilities and dimensions of visual intelligence. Decision Support Systems, 89(July), 77-86.



42 BACKGROUND- COGNITIVE EFFORT

COGNITIVE EFFORT HAS BEEN DEFINED BROADLY AS
“COGNITIVE RESOURCES NEEDED TO COMPLETE A TASK"'*

A PREDOMINANT WAY TO MEASURE COGNITIVE EFFORT HAS
BEEN THROUGH USER PERCEPTION

MORE RECENTLY, ADVANCES HAVE BEEN MADE, AND 5 Figure 4: Example of Eye Tracking Device
RESEARCH FOUND NUMEROUS WAYS TO MEASURE COGNITIVE S (via YouTube//Tobii Eye Tracker 5 technology)
EFFORT PHYSIOLOGICALLY THROUGH FMRI, EEG, AND EYE-
TRACKING.
EYE-TRACKING IS THE MOST POPULAR PHYSIOLOGICAL SENSING
TECHNOLOGY USED IN VISUAL STIMULI, AND HAS BEEN USED _
WIDELY TO MEASURE THE DISTRIBUTION OF VISUAL ATTENTION
OUR MEASURE OF PERFORMANCE: ACCURACY, TIME, FIXATION N
DURATION/COUNT
*  FIXATION: EYE MOVEMENTS THAT STABILIZE THE RETINA OVER A ’
STATIONARY OBJECT OF INTEREST
Figure 5: Gaze Heat Map Figure 6:

*Cooper-Martin, E. (1994). Measures of cognitive effort. Marketing Letters, 5(1), 43-56.

Fixation Count
& Duration



{2 EXPERIMENT 1: DO THE PIE CHART'S VISUAL PROPERTIES IMPACT
USERS’ VISUAL ATTENTION, PERFORMANCE, AND COGNITIVE EFFORT?

Figure 7: Stimuli in Experiment 1

Baseline Pie

L -

Task: Estimate the size of the orange Task: Estimate the size of the orange Task: Estimate the size of the orange area in Task: Estimate the size of the orange
slice inrelation to the whole (%) arc in relation to the whole (%) relation to the whole (%) angle in relation to the whole (%)

o PROCEDURE
WHAT ARE WE LOOKING AT? 4 CHART TYPES, 4 VARIATIONS
PIE CHART VISUAL PROPERTIES (ARC, AREA, ANGLE, *  A-D VARIATION CHOICES
REGULAR PIE) e 4 DIFFERENT PERCENTAGE OF ORANGE SLICE DISPLAYED
USER PERFORMANCE (TIME AND ACCURACY) AND o S4% TR A% 117
EFFORT WERE MEASURED o PARTICIPANTS WERE SHOWN ONE OF EACH CHART TYPE, ASKED TO
MEASURE THE SIZE OF THE ORANGE SLICE
30 PARTICIPANTS «  FIXED RANDOMIZATION

BASELINE VS ANGLE, BASELINE VS ARC, BASELINE VS AREA




EXPERIMENT 2: DO PIE CHART DESIGN VARIATIONS IMPACT USERS'
Q::-, VISUAL ATTENTION, PERFORMANCE, AND COGNITIVE EFFORT?

Figure 8: Stimuli in Experiment 2

Exploding

=

Baseline 2-D Pie

 _

Task: Estimate the size of the orange

Task: Estimate the size of the orange slice Task: Estimate the size of the orange Task: Estimate the size of the orange
slice in relation to the whole (%)

in relation to the whole (%) slice in relation to the whole (%) slice in relation to the whole (%)

PROCEDURE

WHAT ARE WE LOOKING AT? e 4 CHART TYPES, 4 VARIATIONS
A-D VARIATION CHOICES

* PIE CHART DESIGN VARIATIONS (3D, EXPLODING SLICE,
DONUT, REGULAR PIE) * 4 DIFFERENT PERCENTAGE OF ORANGE SLICE DISPLAYED

e IMPACT ON USER PERFORMANCE AND EFFORT IMPACT 64%; 72%; 41%; 11%
WAS MEASURED «  PARTICIPANTS WERE SHOWN ONE OF EACH CHART TYPE,
ASKED TO MEASURE THE SIZE OF THE ORANGE SLICE
e 30 PARTICIPANTS

*  FIXED RANDOMIZATION
» BASELINE VS 3D, BASELINE VS DONUT, BASELINE VS EXPLODING



EXPERIMENT PROCEDURES ¢

— 2. Demographic S
7.." 1. Consent Form | Survey =~ 4 Cadlibrafion

| CONSENT TO PARTICIPATE IN RESEARCH Undieria
inder 18

Faculty Sponsor: Dinko B,

Introduction:

You are beis
attention whil
sol

Please read this form carefully and ask any ques
study.

4. Data
Collection




RESULTS: EXPERIMENT 1 «{%

Accuracy/Error® Time*** (seconds) Fixation Count*** Fixation
Duration®**{m/s)

ABS VAR %)

Fla.87 ].— 2 H2 H2.87)=4.08 H_; B7)=2700
p= 0.0550 P=0.0031 p=0.0942

Table 1: ANOVA Experiment 1

266.7 265.4
16.05 244.5
19.37 11.26 29.07
Angle Baseline Areda Baseline Area Angle Area Angle  Baseline
Absolute Error % Time(in seconds)) Fixation Count Fixation Duration (m/s)
(Accuracy)

Figure 9: T-test (only for p<0.05)

« ANOVA AND T-TESTS WERE CONDUCTED

* ANOVA REVEALED THERE WAS SIGNIFICANCE
BASED ON STIMULI PROPERTIES

» T-TESTS REVEALED WHICH PAIRS WERE
SIGNIFICANT

 MOST ERROR WAS REPORTED AMONGST
ANGLE CHARTS

* |FPEOPLE ONLY USE ANGLE PROPERTY,

THEN THEIR ERROR RATE DOUBLES DOUBLES
RELATIVE TO BASELINE PIE CHART

e |F AREA PROPERTY IS USED ALONE, THEN
OVERALL TIME IS REDUCED IN TASK
SOLVING COMPARED TO BASELINE

e  FIXATION COUNT & DURATION

e NUMBER OF FIXATIONS GOES DOWN IF
USING AREA CHART

* DURATION DECREASES FROM BASELINE PIE
TO AREA CHART

e RESULTS INDICATE PROMISE FOR FURTHER TESTING
AND EXPLORATION



ANOVA AND T-TESTS WERE CONDUCTED

 ANOVA REVEALED THERE WAS
SIGNIFICANT DIFFERENCE BASED ON STIMULI
PROPERTIES FOR ACCURACY AND FIXATION
DURATION ONLY

e T-TESTS REVEALED WHICH PAIRS WERE
SIGNIFICANT

MOST ERROR WAS REPORTED AMONGST
3-D AND DONUT CHARTS

ERROR RATE (ACCURACY) WAS HIGHEST
AMONGST 3-D AND DONUT CHARTS,
WITH 20% AND 30% VERSUS 9% ERROR
RATE (ACCURACY) FOR BASELINE PIE

* FIXATION DURATION RESULTED IN THE
BASELINE PIE HAVING THE HIGHEST
DURATION WHILE THE SHORTEST
DURATION WAS DONUT CHART

RESULTS INDICATE PROMISE FOR FURTHER
TESTING AND EXPLORATION

{2 RESULTS: EXPERIMENT 2

_ Accuracy Time Fixation Count Fixation Duration
B S A L L O .
i J 25684 | B.056¢
tl'l‘:.l (-2.7135),
p=0.0071

t(18)=-1.9940, t(18)=(-0.4487),
p=0.0308 p=0.3205

054 0638 7.8836
t(18)=1.0891, p=0.03 t{18)=(-0.1676),
P=0.4344

Table 2: Experiment 2 T-Test Resulis

30.99 240.93
20.94
9.12
H
Baseline Donut Baseline 3D Donut |
Absolute Error % Fixation Duration
(Accuracy)

Figure 10: Experiment 2 Charts of Results



RECOMMENDATIONS & NEXT STEPS oz

EXPAND POPULATION OF PARTICIPANTS FOR
FURTHER ANALYSIS

FIXED RANDOMIZATION WITHIN SOFTWARE

» ENSURE EACH PARTICIPANT RECEIVES ONE
TYPE OF EACH CHART AVAILABLE WITHOUT
REPEATING IN A GIVEN SEQUENCE

EXPLORE PIE CHART DIRECT COMPETITORS IN
NEXT STUDY

EXPLORE PIE CHART DESIGN OPTIONS

FINDINGS DID HELP UNDERSTAND WHICH PIE
CHARTS ARE MORE ACCURATE IN READING

* (CERTAIN VARIATIONS CREATE DIFFICULTY IN
COMPREHENSION AND OVERALL MORE
DISTRACTION

Figure 11: Pie chart competitors

Figure 12: Pie chart
Design Options



SUMMARY & CONCLUSION 4z

e THESE EXPERIMENTS REVEALED SOME PROMISING RESULTS.
* THE MOST ACCURATE OF CHARTS WAS THE 2-D BASELINE PIE CHART

e 3-D PIE CHART, DONUT CHARTS, AND ANGLE CHARTS PERFORMED THE WORST
» RELIANCE ON VISUAL PROPERTIES EXISTS!

 NEW QUESTION: WHAT ARE USERS REALLY EVALUATING WHEN GIVEN AREA?
* AREA CHART COMPETITORS- TREEMAP, BAR CHART, ETC

» DO THESE TYPES FARE BETTER AND YIELD FASTER RESULTS THAN AN AREA PIE CHART?
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