INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

Examples of some cool HCI projects

by Pooya Khaloo
November 21th 2019

University of Massachusetts Amherst



INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

« Human-Computer Interaction (HCI) is the study of how people
use computers throughout their lives.

* HCI research seeks to develop user interfaces that are useful,
usable, and enjoyable.

* It focuses on activities ranging from design to development to
evaluation of computer systems, with a goal of understanding
how computers and technology affect people and society.
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Outline

« My masters project — Code Park

* My PhD project — CommunityClick
- Math Boxes

* Electrick

* LumiWatch
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Purpose of showcasing Code Park

* How you can improve a project through an iterative design process?

* How to design a user study to evaluate your system?
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Problem

* IDEs have been around for decades and they are all
Inherently 2D
* Writing code
» Learning new language
« Understanding a new codebase

- Not an issue for expert users
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BUT

How about the novice users?
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Code Visualizers

* Assist developers in gaining insights into a codebase

- Make learning and understanding code easier
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Design Process
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Each class is attached to wall as a wallpaper

Each wallpaper is syntax aware

User explicitly define location of each wallpaper

User can freely walk in the house environment



The House is fixed model
HEEE Iamm — -

Each room has different color and furniture
EEEE NNl ~

It helps user remember where they are and

location of each wallpaper
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Why we started with house?

Can the users remember where they placed class X
In this code-filled house, similar to the way they
remember where they left their toothbrush in real
life?
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Navigation

« Mini Map
* Follow Path
* Follow Path, automated

* Teleport
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Can users remember where they put their specific code In
the house and which navigation methods is better to help
them remembering?
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User Study

« 5 participants (all male ranging in age from 22 to 28)

Reach classes with

Attach 8 different : different
30 mins break : :
classes on wall navigation

method

Asked if they

2 hours break remember Post questionnaire
location of each

classes
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Result

 3/5 remembered the location of all 8 classes
» Other 2 forgot location of classes they reached with Teleport

* They scored each navigation method between 1 - 10



Average Score
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Teleport Follow path Auto Follow Path Minimap
Type of Navigation

Post questionnaire result
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Discussion

* Positive answer to our main question

* Appealing and fun (Based on participants’ opinions)
* Not easy to use

* Not expandable

e | eads to next version ...
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Code Park: 3D Visualization Tool




CardRandomPosition

‘(E CardFace \ o £

This Version supports C# 4

Rooms create automatrcally _(A\ 4

VJ
Each room represents a class -

".;- 'o‘i ,}..

Files in a same drrectory resulted In adjacent rooms

Size & color of each room represent size of the class

MainFolder

’;,1"..

g




INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

Code Park supports different views



I

God View
Vector2 : Vecjor3
) wi
| -l

Users can see all the classes

Users can choose each class for more details

Transfer user to Player View by selecting each room
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[Serializable]
public class GameEngine

{

Il

const int maxLevel = 3;

const int point = 2; :
public CardBack[, ] CardBack { get; set; } Code View
public CardFace[,] CardFace { get; set; }

public Player Player { get; set; }
public List<CardPosition> Check { get; set; }

public int Level { get; set; }

DUblic GameEngine(cardBaCk[,] cardBaCk, cardFa\-Cl,j AL LA | ILGJCI PLU,CI ) Al &

{

this.CardFace = cardFace; ] = e
this.CardBack = cardBack; A o
this.Player = player; = =
this.Check = new List<CardPosition>(); = ==
this.Level = level; = 0
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All transition between God View, Player View and Code
View is animated to maintain the users’ sense of spatial
awareness



CardFace(

oid PrintCardFour(CardPosition to

id PrintCardNine(CardPosition top

Use syntax parsing to get list of methods

“5 cardName)
- DrowSelf( 1t row, 1t col)
prlnt(Cardposnmn ‘topLeft) Show these methods both on top of classes
bool Equals(object obj) In God View
GetHashCode()

- PrintCardOne(CardPosition top And on wall in the room in Player View
- PrintCardTwo(CardPosition top

. PrintCardThree(CardPosition t

o1 PrintCardFive(CardPosition to
.« PrintCardSix(CardPosition topl
<\ PrintCardSeven(CardPosition to

- PrintCardEight(CardPosition to

CardFace



using Systen;

using Sysu-,mlh(tlnns Generic;

Using Systen, Threading;

using Systen. Ling;

using Systen. untine.Sertalization

using Systen,Runtine. su'hlhmm Formatters, Binary;

ranespace Nenoryanes.

[Serializable]
nualic class Ganeknglne
{

const dnt naxLevel = 3;

canst irt pojat = 2;

public CandBack!, ] CardBack { get;

public CardFace[,] CardFace { get; set; }
oualic Player Player { get; s

sublic ListeCandPosition Check { get; set; }
public int Level { get; set; }

piblic GaneEgine(CaniBack{, ] cardBack, Candracel, ] candrace, Player player, int level)
{
this.CardFace = cardFac

player;
. au ListCardposition();
this.Level = level;

1
public void infa, antext)
{

Anfo.Addvalue(*CardFace’, this.CardFace);
info.AddValue(*(andBack’, this.CardBack);
info. AddValue("Player”, this,Player);
info.Add¥alue("Chec ", this,Check);
info.AddValue("Level®, this,Level];

i
public void Run()
int dinertionzero

this. CantFace[secondCard.X, second(ard.¥] IsVisible » true;

s (»mu secandCard.X, secondtard ] sVisible = fzlst;

e

i (tMs c:rdnu[msl:wx Firstcard,¥] =
this.CardFace]sectnCard X, secondCand.¥])

this.CardFace[firsteard.X, firstcard.Y]. IsVisible = false;
this.CardBack[firstcand X, Firstcard.Y].Isvisible = true;
this.[ardFace[secondCand.X, secondCard.¥].IsVisible = false;
thxs.(arﬂhri[mamcavd.x, secondCard. Y} IsVisible = truej
this.Player, SuccessCoefficient--;

PrintPlayerInfo( ‘Fail’);

else
this.Player.Score 4= this.Player.SuccessCoefficient > 8 2
point * tais.Player.SuccessCoefficient : point;
PrintPhy!rIlfn( Sicress");
if (CheckForGaneEnd())
1 (this. Level < maxlevel)
Level();
GaneBackground .Cleanackground();
mmh%
Grid();
else
aneBackground, ClearBackground();
caneNenager. SaveScare{ {115 Player); /fnoved fron run
GaneNanager . WinGane();

}

Check.Clean();
Thread. Sleep (§68);

it direntiondne » 8 Refresh(];

}
wiile (trie) private

PrintPlayerinfo(" o this,Le

void Nextlevel()

)i Levelw;
Pointer¥isualisation(ConsoleColor. lack, direntiontne, dinertionzers); this. (aNBick CardRananPasition.GetCardBack(Level);

1f (Console.KeyAvailable) ‘this.CandFace = CandRanconPosition. iammmtwaze(tns CandBack.GetLength(8), this.Card
{

var teylnfa = Console. Readey ) )
f (keyxnfo Key. Equals(Consolexey. Uparron)) zmm

it
i€ (dimentionZerc > 8) fare:

dinentionZero--;

Af (keyInfo.Key,Equals(CansoleKey . DounArron))

Hrertiorderar; i
IF (KeyInfo.Key. Equals(ConsaleKey. Leftirro))

if (dinentionne > @)

else
dinentionGne--;

1F (keyTnfo.Key, Equels (Cansaleey. Righthr o))
dinertionness;

}

yrivite
if (keyInfo, ey. Equals(Consoletey. Spacebar)) {

boal CheckForGavend()

sundPyisibletant = 8
ach (var element i CardFace)

if (elenent.Isvisible == true)
sunfvisitleCandes;

sunfVisioleCard ==
CardFace, GetLength(B) * CardFace.Getlength(1))

return true;

return false;

void PrintPlayerIrfo(strirg nessage)

const iat half = 2;

1f (1CardFacel¢inentionzera, dinention0re].Isvisible) Cons

ale.! sntrur-swusltlun(rnnsola Ilumldtn 1 half -

Consale.NriteLine(this, Pl

Theck,Ada(nex Cardposition(dnestionzera, dimentiondre)}; consi

half, 18);
Cors:
1F (keyInfo.Key. Equals(ConsaleKey. Escape))
Cons
foreach (var positian in this,Check) Cons
this.CardFace[pesition.X, position,Y], Isvisible = fzlse; )
this,Carddack [position.X, position.¥].Isvisible = true;

Ganetarager. vwlne(this trnmk this CartFace,
Player, this.Check, this.Lavel); Prin
Ganehanage. Exhim(],

1

dinentianZera % CardFace Getlength(8);

dinentionDne X= CardFace.Getlength(1);
Nello, tinent onne,

if (Check.Count = 1)

1le. sururswvosltlan(tnnsula st 1l -
ole MriteLine("Score: (8], this.Player.Score);

Console. S:tmrsanusltfnn{Cnnsnle Windouwidth / helf - nessage.length / half, 12);

ole.kriteline (nessage);
ole. ResetColor();

private vole Polntertisue dsation(ConsoleColor eonsoletolar, it dinentiontne, int dinentionzerc)
CardPosition posftion = Candpusition Generatefosition{dinentionZero, dinentiondne);

tointer(position, cansaleColon);

geivate vold PrintPointen(CardPosition position, ConsoleColor cansaleColor)

Gl etCrarusitonusition - A 1);
eground( l

iColor = (unsnl

thecksortquls(); e
pasition. Y,
e a:i«.Xe;(ln(‘sar?nsmw(nnsltlﬂn X - 1, gositian. - 1);
5 Console. SetCursorPosition(position.X - 1 + 9, position. - 1);

private vole CheckForéquals()

Cansole.Nrite(" ");

Lorsole. iel(ursﬂmxltlnn[uulﬂunK 1, osition.y - 1);
2 18));

i Cansole.irite(ne stri
1 (Check.Count == 1) consaleAesetolar();

CandPosition Firsteart = Check[a];
this.CardFace[firsteard X, Hrstcand.¥], IsVisible = tru;
this. CardBack(firsteard X, flrstcand.¥].Isvisible = false;

1f {Check,Count == 2)

for

Cardpositinn fircteard « [harklal

Vold Refresh()
(49t row = 8; row < this.CardBack.GetLength(@); rowss)

:nr (int cal = & col ¢ this.CandBack.Getlength(1); colss)

this.Player Mane, Length / helf, 8);
<his.Player Scare, Tosteing(). Length

}
?rime void Grid()

const int gridRightihitespace » 2;
const int gridoowNbiteSpace = 1;
Console. FaregroundColor = ransnlAColw Red;

for (int elenent = 8; elenent ¢ this.CardBack,GetLength(1) - 1; elenenter)
{

it ol o this Cntick, elenent].Topleft.X + tfis.CandBack[B, elenent] Midit + gr'ldll;htIMb!Spate.
{1t start0frid = 11is CandBack(, elenent].Topleft. - this,Candsack[B, elevent] Mi

15t i i c:mn:k[:m; CardBact.GetLength(e) - 1, elenent].Topleft.V;

for (it t0u = StartORGrid; rou < endOfGrid; rowes

Console.SetCursorPosition{col, row);
(Consale. ler-wnd(ulw = ConsoleColor. Red;
Console.krite("|");

For (int elenert = 8; elenent ¢ this.Cand3ack.GetLength(@) - 1; elenents+)

iat row = thi 8).TopLeft.Y + gr
l‘vt startofrid = this. (irdhl:kl!!!l!ﬂt. 8].Topl. e
endOfGrid = this, CandAack(elenent, 411< CardBack. Setlen(th(l) 1), Topleft X + this.CandBack[elenent,
this.[:!‘ﬂxk.ﬁﬂm tl(i) - 1].Nidht;
for (int col = startofGrid; col ¢ end0férid; cols+)

Console,SetCursorfosition(col, row);
Console.ForegroundColor = ConsoleColar. Red;
Console.Nrite("-");
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Code Park Evaluation
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Code Park Goals

* Ease of use
 Help with code understanding

* Being fun and engaging
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Comparing Visual Studio with Code Park
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User Study

¢ 28 part|C| paﬂtS (22 males and 6 female ranging in age from 18 to 31 with a mean age of 22.8)

Pre Questionnaire C# Skills Test

Post Task Post Study
Questionnaire Questionnaire
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User Study

 To avoid learning effect we used two different codebases

» Therefore we had four groups:

Group First First Second Second
Name Tool Code Base Tool Code Base
A Visual Studio LM Code Park MG
B Code Park MG Visual Studio LM
C Visual Studio MG Code Park LM
D Code Park LM Visual Studio MG
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Tasks

* T1: Find a valid username to login into the program.
* T2: Find an abstract class in the code base.
» T3: Determine the relationship between classes A and B.

 T4: Find a designed bug that causes a program crash.

* T5: Pinpoint a reasonable location in the code for adding
the necessary logic to support feature X.
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Metric

* Quantitative:

 Each task was timed

* Qualitative:
* Post Task Questionnaire (Likert scale 1 - 7)
» Post Study Questionnaire (Choose between VS/CH)
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Result (Quantitative)
‘I L b i II

W Beginner M Expert

* Beginners took more time 300
to finish their tasks >

o
o

Average Time(s)
= RN
o (O]
o o

Ul
o O

Mean time to task completion by experience level
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Result (Quantitative)

» Task took more time to 300
complete with Code Park .

o
o

* Code Park has animation

Average Time(s)
= RN
o (0]
o o

Ul
o

* 3D Interaction Is slower

o

T1 T2 T3 T4 15

mCP mVS

* First time using Code Park

Mean time to task completion based on the tool used
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Result (Qualitative)

Post Task Questionnaire

Q1
Q2
Q3
Q4
Qs
Q6
Q7
Q8

I found it easy to work with Code Park/Visual Studio.
I found it easy to become familiar with Code Park/Visual Studio.
Code Park/Visual Studio helps me become familiar with code base’s structure.

It was easy to navigate through the code with Code Park/Visual Studio.

It was easy to find the definition of some variable with Code Park/Visual Studio.

How much did you like Code Park/Visual Studio?
How did you feel when using the tool?

It was easy to find what I wanted in the code using Code Park/Visual Studio.

Likert Scale

O B N W » 00 O

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8

mCP mVS

Mean responses to the post task questionnaire for Code Park and Visual Studio

47



INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

Result (Qualitative)

Post Study Questionnaire Question Visual Studio Code Park
SQ1  Which tool is more comfortable to use? SQ1 21 7
SQ2  Which tool is more likable? 5Q2 8 20
SQ3  Which tool is more natural? 5Q3 16 12
SQ4  Which tool is easier to use? SQ4 17 I
SQ5  Which tool is more fun to use? 5Qs 0 28
5Q6  Which tool is more frustrating? SQ6 1 13
SQ7  Which tool helps you more in remembering the code base structure? 5Q7 5 23
SQ8  Which tool do you prefer for learning a code base? SQ8 7 21
SQ9  Which tool do you prefer for a code base you are already familiar with for additional work? SQ9 19 9
SQ10 Which tool do you prefer for finding a particular class/variable? SQ10 15 13
SQ11 Which tool do you prefer for tracking down a bug? SQ11 19 9
SQ12 Overall, which tool is better? SQ12 16 I

All participants unanimously agreed that Code Park Is 7. to use
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Participant 1: 'l enjoyed a lot as it was the first time | was
viewing the code in 3D environment.”

Participant 6: “It is much easier to understand the overall code
sfructure.”

Participant 17: “It is very friendly and easy.”

Participant 19: “We could easily access classes and methods.”

Participant 26: “The use of spatial representation was well used.”
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Discussion

* We achieved our goals

- Ease of use
« Help with code understanding
» Being fun and engaging

» Users ask for two important features
- Editing code
« Compiling code

e | eads to next version ...



u have successfully borrowed * + titie);

}else {
System.out.printin("Sorry, this book is already borrowed.");
}
}else {
System.out.println("Sorry, this book is not in our catalog.");

}
}

AN Innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnniinan

public void returnBe
{
If (books.contains
If (books.get(i
books.get{fitle).returnBook();
System.out.printin("You have successfully returned " + fitie);

[ ala o |




Quatermion

VVector4




}
public void borrowBook(String title)

intin("Yo

System.out.printin("Sorry, this book is already borrowed
}
}else {
System.out.printin(*Sorry, this book is not in our catalog.");

}
}

public void returnBook(String title)
{
If (books.containsKey(title)) {
If (books.get(title).isBorrowed()) {
books.get(title). returnBook();
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Terminal

Close

Book.java:20: error: ;' expected
return this.isBorrowed
A

1 error




Close Close
Book.java: 20: error: ;' expected

return this.isBorrowed
A

Compile Complete without error

1 error

Compiled without error Compiled with errors

Close

Book Test

Title (should be The Da Vinci Code): The Da Vinci Code
Rented? (should be false): false

Rented? (should be true): true

Rented? (should be false): false

Library Test
Library addresses:
10 main St.

228 Liberty St.

Borrowing The Lord of the Rings:

Compiled program’s output




PpULIL Cldss DUUR

{
private String title;

private boolean isBorrowed;

public String title()

{
@ return this title

}

public boolean isBorrowed()

{

return this.isBorrowed:

}

public void borrow()

{




""""""

u have successfully borrowed * + titie);

}else {
System.out.printin("Sorry, this book is already borrowed.");
}
}else {
System.out.printin("Sorry, this book is not in our catalog.");

}
}

AN Innnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnniinan

public void returnBe
{
If (books.contain
If (books.get(tit
books.get(tit'c) ciumzoo ),
System.out.printin("You have successfully returned " + fitie);

[T ala o |
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User Study Goal

* Evaluate our two new features

 Evaluate usability of this version
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User Study

* 9 participants (8 males and 1 female ranging in age from 18 to 29 with a mean age of 22.8)

Tutorial & Develop an
Pre Questionnaire Install Code Park assignment within
on their laptop a week

Organize an
Post Questionnaire existing project in
Code Park

Explain their
(sleNelg




All the participants finished the assignment
\ A

Some of them finished with three classes and organize them as a triangle shape

Other finished it with only two classes and organize them in a line



Post Study Questionnaire

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9
Q10

I found it easy how to use Code Park.
I found it easy how to learn using Code Park.

I think that I would like to use Code Park frequently.

I found the various functions in Code Park were well integrated.

It was easy to navigate through the code with Code Park.
It was easy to write code in Code Park.

It was easy to work on a project with Code Park.

How much did you like the Code Park?

How did you feel when using the interface?

It was easy to find what I wanted in the code using Code Park.

Except Q3, Q6 and Q9 all the other answers are

beyond the average scale

The results are similar to previous study
Easy to learn and use Code Park (Ql & Q2)
Easy to work on the project (Q7)

All features integrated well in Code Park (Q4)

Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10

Likert Scale
w N

N

[

o
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Organizing Existing Project

* The project contains 33 classes

* Divided participants into two groups
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Group 1

Given project that are already organized into directories



Participant 1: “Folders were arranged spatially in groups. Classes that appeared
related by name were sub-grouped.” 64




Vector2

Vector3d

Vectora

~ Matrix

- Matrix3a

Participant 2: “[| kept] directories grouped fogether.”



Matrix

Vector2

Vector3

Participant 3: “/ just arranged classes of a particular folder in each row.”



Nector2

\Nectord

Neckorh

Participant 4: “The classes were arranged alphabetically for each folder and |
arranged the classes in the same folder in the same line.” 6/




Quaternion

Matrix

Matrix3 Vector3

Vector4

Participant 5: “I fried to group the related class fogether based on the usefulness
and field.” 68
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Group 2

Given project that are not organized in any particular manner



\Neclord

\NeckorA

] ‘ | /-'
Matrix JQuaternion

Matrix3

Participant 6: “When arranging the classes my first concern was to group similar
classes together.” /0



Neclor2

Neckord

N eckotA

e

Matrix

Matrix3 Quaternion

Participant 7: “l tried to place the rooms in the chunk of similar classes. My priority
was to place them in such a way that they are easy to find again.” /1




Vectord

Vectord

Vector2

Participant 8: “| grouped the rooms based on their classes' name.”



Quatermion
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Participant 9: “Big models fogether. Smaller ones in the middle so | can find them
easier.” 7S
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Discussion

* There Is a possible relation between the user's cognitive
understanding of the codebase and their decisions In
organizing building block

* The users mostly chose to organize the constituent parts
of the project based on their relationship with respect to
each other
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CommunityClick

- /6/73
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Problem

* Notetaking Is distracting during a meeting

» Collecting all the ideas in a meeting Is hard

: | 77173



INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

Phasel: Recording ] A Phase3: User Interface
. [ the Meeting ] FERanss s [ Phase2: Data Pipeline ] ................... [ nd Interaction }

O
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Meeting Attendees

Feedback

Transcript
Segmentation
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Available Online

Organizer

Automatic ] Topic
Speech Extraction

Meeting Recorded Audio Recognition




i il

l iClicker 2 iClicker 2

|

o ! -
&,

«aED' e
A/

MAIN ISSUE

A

B

SUPPORTIVE

C

CONCERNED
D
GOOD POINT




INININNNNInNninnnnnnnnnnnnnnnnnnnnnnnnnnniannniannnannan

Demo

- 80/73
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User Study

Study Objective

Method

Participants

Needfinding Understating domain problem

Field observation and Survey

20 organizers

66 community members

Study 1 - Controlled Lab Experiment
Phase 1: Meeting Simulation  Simulating meeting and utilizing iClicker
Phase 2: Report Creation Comparing CC with G-Doc

Phase 3: Report Evaluation Evaluating reports

Observation and Survey
Within-subject comparison

Blind review

8 participants
2() participants

5 participants

Study 2 - Expert Feedback Collecting overall feedback and
adoption possibility

Demo and Phone interview

6 civic leaders

In-Class Deployment Exploring real-world usage

Field observation and Survey

18 students
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Other cool Projects
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Math Boxes 2015

Taranta, E. and LaViola, J. "Math Boxes: A Pen-Based User Interface for Writing Difficult Mathematical Expressions”, (IUl 2015), March 2015.
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Electrick 2017

Carnegie
Mellon :
University www.figlab.com

34
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LumiWatch 2018

LumiWatch

On-Arm Projected Graphics and Touch Input

Robert Xiao
Teng Cao
Ning Guo
Jun Zhuo
Yang Zhang

Chris Harrison

Carnegie Mellc
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Thank you



