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Exploration <-> Communication Spectrum
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[K. Quealy, 2013]
D. Koop, CSCI 627/490, Fall 2020
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Consecutive Starts by a Quarterback for a Single Team

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html
http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html


Static Visualization

3

[Rock 'N' Roll is Here to Pay, R. Garofalo, 1977 (via Tufte)]
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The Power of Interactive Visualization
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[Music Timeline, Google Research]
D. Koop, CSCI 627/490, Fall 2020
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Definition of Visualization

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively.” 

 — T. Munzner
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Why People?
• Certain tasks can be totally automated 
- Statistical computations 
- Machine learning algorithms 
- We don’t need visualization for these tasks (although perhaps for debugging 

them…) 
• Analysis problems are often ill-specified 
- What is the correct question? 
- Exploit human visual system, pattern detection capabilities 
- Goal may be an automated solution or a visual analysis system 

• Presentation 

8D. Koop, CSCI 627/490, Fall 2020



Why Computers?
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[Cerebral, Barsky et al., 2007]
D. Koop, CSCI 627/490, Fall 2020

http://www.cs.ubc.ca/labs/imager/tr/2007/barskya_cerebral_appnote/
http://www.cs.ubc.ca/labs/imager/tr/2007/barskya_cerebral_appnote/
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Administrivia
• Course Web Site 
• Syllabus 
- Plagiarism 
- Accommodations 

• Textbook: 
- Required: Munzner (VAD) 
- Recommend: Murray, 2nd ed. (IDV) 

• Assignments 
• Exams: Midterm (Oct. 15) and Final (TBA) 
• Registration

10D. Koop, CSCI 627/490, Fall 2020

http://faculty.cs.niu.edu/~dakoop/cs627-2020fa
https://www.cs.ubc.ca/~tmm/vadbook/
http://alignedleft.com/work/d3-book-2e
http://faculty.cs.niu.edu/~dakoop/cs627-2020fa
https://www.cs.ubc.ca/~tmm/vadbook/
http://alignedleft.com/work/d3-book-2e


Administrivia
• Undergraduate (CSCI 490) and Graduate (CSCI 627) 
- Graduate: Extra reading, exam questions, project emphasis 

• Research Topics: 
- Also investigate some topics in depth 
- Research papers as assigned reading (CSCI 627) 

• Project: Create an interactive visualization (or vis research) 
- Design 
- Data analysis 
- Insight 
- Presentations: Last week of class

11D. Koop, CSCI 627/490, Fall 2020



Online Synchronous Course
• Lectures will be given 9:30-10:45am TuTh 
- Better for learning if you are engaged 
- Ask questions 
- Please mute your microphone if you are not asking a question or discussing 
- Please advise me of any issues 

• Slides will be posted to the course website 
• Recordings will be made available on Blackboard

12D. Koop, CSCI 627/490, Fall 2020



Office Hours & Email
• Office hours will be held via Blackboard Collaborate 
• Scheduled office hours are open to all students 
- TTh: 11am-12pm, or by appointment 

• You do not need an appointment to stop in during scheduled office hours 
• If you need an appointment outside of those times, please email me with 

details about what you wish to discuss 
• Many questions can be answered via email. Please consider writing an 

email before scheduling a meeting.

13D. Koop, CSCI 627/490, Fall 2020
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About Me

D. Koop, CSCI 627/490, Fall 2020
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About You

D. Koop, CSCI 627/490, Fall 2020
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Questions?

D. Koop, CSCI 627/490, Fall 2020



Assignment 1
• Link 
• Write HTML, CSS, and SVG 
• Text markup and styling (information) 
• Drawing markup and styling (camera)

17D. Koop, CSCI 627/490, Fall 2020

http://faculty.cs.niu.edu/~dakoop/cs627-2020fa/assignment1.html
http://faculty.cs.niu.edu/~dakoop/cs627-2020fa/assignment1.html
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Do not cheat!

D. Koop, CSCI 627/490, Fall 2020



Do not plagiarize
• It is Academic Misconduct 
• Do your own work, do not copy anyone else's work, text, sentences, … 
- Anyone = another student, an internet source, book, blog, … 

• Never quote text unless there is a specific need. 
- Usually, only famous quotes or very specific definitions 
- "I think there is a world market for maybe five computers."  

              —Thomas Watson (1874-1956), Chairman of IBM, 1943) 
• Cite sources that back up your claims or reflect the origin of an idea 
- Vertex cover is an NP-Complete problem [1]. … 

[1] Garey, M. R., and Johnson, D. S., "Computers and intractability: a guide 
to NP-completeness." 1979.

19D. Koop, CSCI 627/490, Fall 2020



Do not cheat 
• Cheating on assignments, projects, and exams is not allowed 
• You will receive a zero on the assignment/project/exam 
• It will be reported to the department and university 
• If it repeats, you will fail the course 
• You can be kicked out of the university

20D. Koop, CSCI 627/490, Fall 2020
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Do ask questions
• If you are stuck on a specific issue with an assignment: 
- Do email me with specific questions 
- Do consult books, online documentation, tutorials 
- Do discuss that specific issue with a classmate 

• If you are asked about a question: 
- Do not share your code 
- If the questioner is trying to cheat, walk away 
- If you see an obvious mistake, kindly point it out 
- Suggest a specific function or library that may be useful

22D. Koop, CSCI 627/490, Fall 2020
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Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively”
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Why Graphics?
Figures are richer; provide more 
information with less clutter and in less 
space.
Figures provide the gestalt effect: they give 
an overview; make structure more visible.
Figures are more accessible, easier to 
understand, faster to grasp, more 
comprehensible, more memorable, more 
fun, and less formal.
          list adapted from: [Stasko et al. 1998]

Why do we visualize data?

26

[T. Nørretranders]
D. Koop, CSCI 627/490, Fall 2020

[via A. Lex]



Why Visual?

27

[F. J. Anscombe]
D. Koop, CSCI 627/490, Fall 2020

I II III IV
x y x y x y x y
10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 6.95 8.0 8.14 8.0 6.77 8.0 5.76

13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50

12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91
5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89
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I II III IV
x y x y x y x y
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13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 11.0 7.81 8.0 8.47
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6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
4.0 4.26 4.0 3.10 4.0 5.39 19.0 12.50
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Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816
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Mean of x 9

Variance of x 11

Mean of y 7.50

Variance of y 4.122

Correlation 0.816



Visual Pop-out

29

[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2020

http://www.csc.ncsu.edu/faculty/healey/PP/
http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2020

http://www.csc.ncsu.edu/faculty/healey/PP/
http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Pop-out
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2020

http://www.csc.ncsu.edu/faculty/healey/PP/
http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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[C. G. Healey]
D. Koop, CSCI 627/490, Fall 2020

http://www.csc.ncsu.edu/faculty/healey/PP/
http://www.csc.ncsu.edu/faculty/healey/PP/


Visual Perception Limitations
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http://www.csc.ncsu.edu/faculty/healey/PP/
http://www.csc.ncsu.edu/faculty/healey/PP/


Human Perception

34

[Inside NOVA: Change Blindness]
D. Koop, CSCI 627/490, Fall 2020

https://www.youtube.com/watch?v=VkrrVozZR2c
https://www.youtube.com/watch?v=VkrrVozZR2c
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Not Uncommon
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https://www.youtube.com/watch?v=VkrrVozZR2c


Other Human Limitations
• Visual working memory is small 
• Change blindness: A failure to notice a change in our view 
• Inattentional blindness: A failure to notice something else going on in our 

view while focusing on a particular task 
• "The goal of vision is not to build a complete photograph or model of the 

world in your mind. The goal of vision is to make sense of the meaning of the 
world around you." - D. Simons

36D. Koop, CSCI 627/490, Fall 2020



Definition

“Computer-based visualization systems provide visual 
representations of datasets designed to help people carry out 
tasks more effectively”

37D. Koop, CSCI 627/490, Fall 2020



Design Process: Iteration

38

[K. Quealy, 2013]
D. Koop, CSCI 627/490, Fall 2020

http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html
http://kpq.github.io/chartsnthings/2013/09/19-sketches-of-quarterback-timelines.html
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Design Process: Iteration
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Design Example
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[M. Stefaner, 2013]
D. Koop, CSCI 627/490, Fall 2020

http://well-formed-data.net/archives/972/where-the-wild-bees-are
http://well-formed-data.net/archives/972/where-the-wild-bees-are


Impact of Design Choices: y-axis scale
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[S. Hayward, 2015]
D. Koop, CSCI 627/490, Fall 2020

http://www.powerlineblog.com/archives/2015/10/the-only-global-warming-chart-you-need-from-now-on.php
http://www.powerlineblog.com/archives/2015/10/the-only-global-warming-chart-you-need-from-now-on.php


Impact of Design Choices: y-axis scale
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Impact of Design Choices: color

44

[A. Kitaoka]
D. Koop, CSCI 627/490, Fall 2020

https://twitter.com/AkiyoshiKitaoka/status/842556026142375936
https://twitter.com/AkiyoshiKitaoka/status/842556026142375936


Impact of Design Choices: color
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[A. Kitaoka]
D. Koop, CSCI 627/490, Fall 2020

Red,  
yellow,  
blue 

Purple, 
orange 
do not 
exist! 

https://twitter.com/AkiyoshiKitaoka/status/842556026142375936
https://twitter.com/AkiyoshiKitaoka/status/842556026142375936
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Analyzing Visualizations
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[Munzner (ill. Maguire), 2014]
D. Koop, CSCI 627/490, Fall 2020
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Data Exploration through Visualization

D. Koop, CSCI 627/490, Fall 2020



DYKER
BEACH
PARK

WESTCHESTER 

THE BRONX 

NA
SS

AU
 

Q
UE

EN
S 

NASSAU QUEENS 

QUEENS
BROOKLYN

J a m a i c a
B a y

H
a

r l e
m

 R
i v e r  

E
a s t  R i v e r  

E a s t  R
i v e r

L
o

n
g

 
I

s
l a

n
d

 S
o

u

n
d  

H
u

d
s

o
n

R
i

v
e

r

1
4

AirTrain stops/
terminal numbers

7

5
8

2/3

Q33 (ends Sep 7)

Q72Q47

M60

M60

M60
M60
Q47
Q48
Q70 Ltd
Q72

Q70 Ltd
(starts Sep 8)

Q4
8

Q10

Q10

B15
Q10

AIRTRAIN JFK

AIRTRAIN JFK

Q3

Q3

Q70 Ltd (starts Sep 8)

LIRR 

LIRR

LIR
R

LIR
R

LIRR

M
et

ro
-N

or
th

 

Metro-North 

M
etro-North 

M
et

ro
-N

or
th

 

LIRR

PATH 

PATH  

Amtrak

Am
tra

k 

Am
trak

Am
trak

NJTransit • Amtrak

PATH 

weekends

Bowling GreenBowling Green
44••55

Broad St Broad St 
 J J••ZZ

Rector StRector St
RR

World TradeWorld Trade
CenterCenter

E

DeKalb Av
B•Q•R  

Hoyt St
2•3

Clar
k S

t
2• 3

Union St
R    

Carr
oll S

t
F• G 

Berg
en

 St

F• G    

Broad St 
 J•Z

York St

F

City
Hall
R

Rector St
R

Franklin St
1

Canal St
1

Prince St
N•R

Houston St
1

14 St  
    A•C•E

50 St
1

50 St
C•E

59 St
Columbus Circle

A•B•C•D•1

66 St 
Lincoln Center

1

72 St
1•2•3

79 St
1

86 St
1

96 St
1•2•3

103 St
1

Cathedral
Pkwy

(110 St )
1

116 St
 Columbia
University

1

137 St
City

College
1

145 St
1

157 St
1

175 St
A

181 St
A 

190 St
A 

Dyckman St
                 A 

238 St
1

Norwood
205 St
D

Mosholu Pkwy
4

Bedford Pk Blvd
Lehman College

4

Kingsbridge Rd
4

Fordham Rd
4

Allerton Av
2•5

183 St
4

Burnside Av
4

176 St
4

Mt Eden Av
4

170 St
4

174 St
2•5

Bronx Park
East

2•5

Pelham Pkwy
2•5

Freeman St
2•5

Simpson St
2•5

E 180 St
2•5

West Farms Sq

E Tremont Av2 •5  

167 St
4

                161 St  

 Yankee Stadium

                     B •D •4  

Van Cortlandt Park
242 St

1

Lexington 

 Av/63 St     

F              

14
 St–U

nion Sq 

  L
• N• Q

• R• 4• 5• 6

    
   L

• N• Q
• R

3 A
v

   L 1 A
v

   L

8 St-NYU
N•R

Christopher St

Sheridan Sq
1

Canal St
J•N•Q
R•Z•6

Canal St
A•C•E

Spring St
6

Spring St
C•E

W 4 St
 Wash Sq
    A•B•C•D•E•F•M

8 A
v

L

Queens
PlazaE •M

•R

69 St
7

52 St
7 46 St

Bliss St
 740 St

Lowery St

7
33 St-Rawson St

7

61 St
Woodside

7 •Q70 Ltd LGA Airport

            (starts Sep 8)

36 StM
•R

90 St–Elmhurst Av
7

 Junction Blvd
 7•Q72 LGA Airport

103 St–Corona Plaza
7

 111 St
 7•Q48 LGA Airport

Elm
hurst

 Av

   M
• R

Grand Av

   N
ewtown

    
   M

• R Woodhave
n Blvd

    
 M

• R 63
 Dr–R

ego Park

    
 M

• R• Q72 
LG

A Airp
ort

Forest 
Hills

71
 Av

E• F• M
• R

75
 Av

   E
• F Bria

rw
ood

   V
an W

yc
k Blvd

 

    
    

E• F

Sutphin Blvd
F

  Parsons Blvd
  F

169 St
F

Ja
maica  

Van W
yc

k
E

Kew Gardens 

   U
nion Tpke

    
   E

• F67
 Av

    
 M

• R

21 St
Queens-

bridge
F

39 AvN •Q

Steinway StM
•R

46 St
 M

•R         

Northern Blvd

                    M
•R                

     65 St

     M
•R      

74 St–Broadway

Q70 Ltd LGA Airport     •       7 

82 St–Jackson Hts
7

36 AvN •Q

30 Av
N•Q

Astoria Blvd
N•Q

Astoria
Ditmars Blvd

N•Q

Court Sq-23 St
E•M

    6 Av  L         14 St
1•2•3

18 St
1 

14 St
 F•M

23 St
F•M

23 St
1

23 St
C•E

23 St
N•R

33 St
6

Hunters Point Av
7•LIRR

Vernon Blvd
Jackson Av

7

21 St
G

Queensboro
        Plaza

           N•Q•7  

Court Sq
G•7

68 St
Hunter College
6

77 St
6

86 St
4•5•6

96 St
6

103 St
6

110 St
6

Central Park
North (110 St)   
2•3

116 St
6

72 St
B•C

81 St–Museum 
of Natural 
History 
B•C

86 St 
B•C

96 St
B•C

103 St
B•C

Cathedral Pkwy
(110 St)
B•C

116 St
B•C

125 St
A•B•C•D

125 St
2•3 • M60 
LaGuardia 
Airport

125 St
4•5•6

135 St
B•C

135 St
2•3

116 St
2•3

3 Av
138 St
6

Brook Av

6

Cypress Av

6

E 143 St
St Mary’s St

 6145 St
A•B•C•D

191 St
1

Bedford Pk Blvd
B•D

Kingsbridge Rd
B•D

Fordham Rd
B•D

182–183 Sts
B•D

Tremont Av
  B•D

174–175 Sts
B•D

170 St
B•D

Morris Park
5

Pelham Pkwy
5

Burke Av
2•5

Gun Hill Rd
  2•5

219 St
 2•5

225 St
2•5

233 St
2•5

Nereid Av
2•5

Wakefield 
241 St
2

Gun Hill Rd
5

Baychester 
Av
5

Eastchester
Dyre Av
5

167 St
B•D

E 149 St
6

Longwood Av
6

Hunts Point Av
6

Whitlock Av
6

Elder Av
6

   Morrison Av
   Soundview
    6

St Lawrence Av
6

Castle Hill Av
6

Zerega Av
6

Middletown Rd
6 

Buhre Av
6

Pelham Bay Park
6

Parkchester
6

181 St
1

15
5 S

t

    
  B

• D
15

5 S
t 

C

163 St–Amsterdam Av
   C

145 St
3

14
9 S

t–G
rand

Concourse

2• 4• 5

Harlem
148 St
3

57 St
F

57 St-7 Av
N•Q•R

49 St
N•Q•R

7 Av
B •D

•E     

28 St
1

28 St
    N•R

28 St
6

23 St
6

Astor Pl 
   6

BoweryJ• Z
East

Broadway
F

2 A
v 

    
F

Bleecker S
t

6 B’w
ay–L

afaye
tte

 St 

   B
• D• F• M

Ess
ex

 St

    
   F

• J• M
• Z

Dela
nce

y S
t

Grand St
 B•D

Prospect Av
R

25 St
R

36 St
D•N•R

45 St
R

53 St
R

59 St
N•R

8 A
v

N

Fort H
amilto

n

Pkwy
N

New Utre
cht A

v
N 18

 Av
N

20
 Av

N

Bay P
kwy

N

Kings
Hwy

N

Avenue U 
N
86 St

N

62
 St

D 

71
 St

D 

79
 St

D 

18
 Av D

20
 Av D

Bay P
kwy

D 25 Av
D

Bay 50 St
D

Coney Island
Stillwell Av

D•F•N•Q

55
 St

D

50
 St

DFort H
amilto

n

Pkwy
D

9 A
v

D
Ditm

as A
v

F

18
 Av

F

Ave
nue I

F

Bay

Pkwy
F

Bay Ridge Av
R

77 St
R

86 St
R

Bay Ridge
95 St

R

Jay St    Jay St    
MetroTechMetroTech
AA••CC••FF••RR

Jay St    
MetroTech
A•C•F•R

Lafayette Av
C

Park
Pl
S  

   Fulton StG

Smith
  

9 S
ts 
F• G  

4 A
v–9

 St

F• G• R 7 A
v
F• G

15
 St

Prosp
ect P

ark
F• G

Fort Hamilton
Pkwy

F•G  

Church Av
F• G

Ave
nue N

F Ave
nue P

F
Kings H

wy

F

Ave
nue U

F

Ave
nue X

F
Neptune Av

F

West 8 St
NY Aquarium
F•Q

Ocean Pkwy
Q

Brighton Beach
B•Q

Sheepsh
ead Bay

B• Q

Neck Rd

Q

Ave
nue U

Q

Kings H
wy

B• Q

Ave
nue M

Q

Ave
nue J

Q

Ave
nue H

Q

Newkirk
 Plaza

B• Q

Corte
lyo

u Rd

Q

Beve
rle

y R
d

Q

Church Av

B• Q
Flatbush

 Av

Brooklyn
 Colle

ge

2• 5

Newkirk
 Av

2• 5

Beve
rly

 Rd

2• 5

Church Av

2• 5

Winthrop St

2• 5

Sterling St
    2•5

President St
   2•5

Canarsie
Rockaway Pkwy
L

East 105 St
L

Aqueduct   
North Conduit Av 

A

Aqueduct   
Racetrack
A

Van Siclen Av
CLiberty

Av
C

Ozone Park
Lefferts Blvd
A

111 St
A

104 St
A

Rockaway Blvd   
                A       

  88 St
  A

80 St
A

Grant Av
A

Euclid Av
A•C

Shepherd Av
C Howard Beach  

JFK Airport 
AAtlantic Av

L

Alabama Av
J

New Lots Av
  L B15 JFK Airport

Crescent St
J•Z

    Norwood Av
  Z rush hrs, J other times      

 Cleveland St
 J

Bush
wick Av

Aberdeen St

 L

Wils
on Av

L

DeKalb Av

   L
Je

ffe
rso

n St

    
L

Flush
ing Av

  J
• MLorim

er S
t

   J
• MBroadway

G

Nass
au Av

G

Greenpoint A
v

G

Lorim
er S

t

    
L Graham

    
Av

    
    

L Grand St

  L Montro
se

 Av

    
L Morgan Av

    
    

    
    

  L

Livonia Av
   L

Sutte
r

Av
L

Nostrand Av

A •CFranklin Av

   C •S

Kingston

Throop Avs

C

Utica Av
A •C

Ralph Av

C

Chauncey St

Z rush hours,   

    J other times       

 Myrtle
Wyckoff Avs
L•M

 Halsey St

J
     Gates Av

   Z rush hours,

J other times

Kosciuszko St

JMyrtle Av

J •M
•Z

Central Av
       M   

Seneca Av
M

Myrtle
Willoughby Avs
    G

Flush
ing Av

GMarcy A
v

J• M
• Z

Metropolitan Av
     G

Bedford Av

           L  

Fresh Pond Rd
M

Hals
ey

 St

 L

Rockaway

AvC

Bro
ad

way

Ju
nc

tio
n

    
   A

• C
• J• L

• Z

Parkside Av
Q

Prospect
 Park
  B•Q•S

Botanic
 Garden
  S

Clinton

Washington AvsG

Classon AvG

Hew
es

 St   
J• M

Bedford

Nostrand Avs
G

Clin
ton

Wash
ington Avs

    
    

 C

  Hoyt
Schermerhorn

A•C•G

Kingston Av
3

Franklin
 Av

2• 3• 4• 5

Broadway
N•Q

Knickerbocker Av
                      M   

Middle Village
Metropolitan Av
M

Forest Av
M

High St
A•C   

Atlantic Av–Barclays Ctr
     B•Q•2•3•4•5•LIRR

Whitehall St
South Ferry
R

Bowling Green
4•5

Wall St
4•5 Wall St

     2•3 

Fulton St

Chambers St
1•2•3

Park 
Place 
   2•3    

Chambers St
J•Z
Brooklyn Bridge
City Hall 4•5•6

Chambers St
  A•C

Atla
ntic

 Av–B
arc

lay
s C

tr

D• N• R• LIRR    
 

Berg
en

 St
2• 3

7 A
v

B• Q

Nevins St
2•3•4•5 

Borough H
all

    
    

2• 3• 4• 5

Court St
R

Gran
d Arm

y
Plaz

a
2• 3

Eas
ter

n Pkw
y

Brookly
n M

use
um

2• 3

34 St
Penn

Station
 A•C•E•LIRR

 42 St
Port Authority
Bus Terminal

 A•C•E
 Times Sq-42 St

N•Q•R•S•1•2•3•7
Grand Central
42 St
S•4•5•6•7•Metro-North 

47–50 Sts
Rockefeller Ctr
B•D•F•M

34 St
Penn

Station
1•2•3•LIRR

34 St
Herald Sq

B•D•F
M•N•Q•R

42 St
Bryant Pk
B•D•F•M

5 Av
    7

Lexington Av/53 St E•M

59 St   
4•5•6

51 St   
6

Lexington Av/59 St
N•Q•R

5 Av/53 St
E•M

 5 Av/
59 St
N•Q•R

125 St
1

168 St
 A•C•1 A•C

Dyckman St
1

Inwood
207 St

A

215 St
1

3 Av–149 St
2•5

Woodlawn
4

Marble Hill
225 St
1

231 St
1

      75 St–Elderts Ln   
   Z rush hours, 
   J other times

Cypress Hills
 J

85 St–Forest Pkwy
                          J   

Woodhaven Blvd
                   J•Z

   104 St
  Z rush hours,
  J other times

111 St
J

     121 St
   Z rush hours, 
   J other times

Sutphin Blvd
Archer Av
JFK Airport
E•J•Z•LIRR

Jamaica
179 St
F

Jamaica Center 
Parsons/Archer
E•J•Z   

  Jackson Hts

Roosevelt Av

E •F •M
•R •Q70 Ltd LGA Airport (starts Sep 8)

                 Q47 LGA Airport (Marine Air Term only) 

  Flushing
Main St  

            7      
 

Nostrand Av
3

   Crown Hts
Utica Av
3•4              

Saratoga Av
  3   

Rockaway Av
              3   

Junius St
       3   

Pennsylvania Av
3

Van Siclen Av
3

New Lots Av
3

Sutter Av–Rutland Rd
3

A•C•J•Z
2•3•4•5

  Westchester Sq
  East Tremont Av
   6

Intervale Av
             2•5  

Prospect Av
         2•5   

Jackson Av
      2•5       

  Mets–Willets Point
7•Q48 LGA Airport

     Van Siclen Av
    Z rush hrs,
    J other times

138 St–Grand
Concourse
4•5

M60 LaGuardia Airport

M60 LGA
Airport

M60 LaGuardia Airport

M60 LGA Airport  

Rector St
1

Cortlandt St
1

Cortlandt St
        R

South Ferry
1

World Trade
Center

E

  207 St
 1

rush
hours

rush
hours

S

Roose
ve

lt

    
Isl

and

    
    

F

Beach
44 St
A

Beach 36 St
A  

Beach 25 St
A 

  Far Rockaway
Mott Av

A  

Broad 
Channel

A•S

Beach 
67 St
A

Beach 
60 St
A

Beach 90 St
A•S

Beach 98 St
A•S

Beach 105 St
A•S

Rockaway Park
Beach 116 St

A•S

St
at

en
 Is

la
nd

 F
er

ry
 

     summer only 

QUEENS
MIDTOWN
TUNNEL

MARINE PARKWAY-
GIL HODGES
MEMORIALBRIDGE

C
R

O
S

S
 B

A
Y

VE
TE

R
A

N
S

’

M
E

M
O

R
IA

L

B
R

ID
G

E

HENRY H
UDSON 

BRID
GE 

HUGH L. CAREY TUNNEL 

BRIDGE 

VERRAZANO-NARROWS

 B
R

ID
G

E
 

R
O

B
E

R
T

 F K
E

N
N

E
D

Y
 

THROGS
  NECK
    BRIDGE

GEO. WASHINGTON
BRIDGE

LINCOLN TUNNEL 

HOLLAND TUNNEL 

         MANHATTAN BRIDGE 

BROOKLYN BRIDGE 

QUEENSBORO BRIDGE 

BRONX-W
HITESTONE

BRIDGE

M
A

L
C

O
L

M
 X

 B
LV

D
 (LE

N
O

X
 A

V
) 

NOSTRAND AV 

B
R

O
A

D
W

A
Y

 

BROADWAY BRIDGE 

S
T

 N
IC

H
O

LA
S

 A
V

 

B
R

O
A

D
W

A
Y

 

B
R

O
A

D
W

A
Y

 

BROADW
AY 

S
E

V
E

N
T

H
 A

V
 

VA
R

IC
K

 S
T 

L IV
ONIA

 A
V 

W
EST

CH
ES

TE
R

 A
V 

E 138 ST 

LE
X

IN
G

T
O

N
 A

V
 

P
A

R
K

 A
V

 S
 

LA
FA

Y
E

T
T

E
 S

T
 

EASTERN PARKWAY 

S
O

U
TH

E
R

N
 B

LV
D

 

W
ESTC

H
E

S
T

E
R

 A
V

 
S

O
U

T
H

E
R

N
 B

LV
D

 

E
S

P
LA

N
A

D
E

 W
H

ITE PLAIN
S R

D
 

JE
R

O
M

E
 A

V
 

MANHATTAN AV 

UNION AV 

LAFAYETTE A
V 

WEST END LINE 

DELANCEY ST 

BROADWAY 

FULTON S
T 

JAM
AIC

A
AV 

MYRTLE A
V 

VAN SINDEREN AV 

WYCKOFF AV 

BUSHWICK AV 

N 7 ST 

HOUSTON  ST 

R U TGERS ST 

JA
Y

 S
T 

S
M

ITH
        S

T
 

NINTH ST 

M
CDONALD AV 

CULVER LINE 

M
CDONALD AV 

FO
U

R
T

H
 A

V
 

86 ST 

N
EW

 U
TR

EC
H

T AV 

FO
U

R
T

H
 A

V
 

53 ST 

HIL
LSID

E A
V 

41 AV 63 ST 

S
IX

T
H

 A
V

 

FLATBUSH AV 

E 15 ST 

BRIGHTON LINE 

E 16 ST 

G
R

A
N

D
 C

O
N

C
O

U
R

S
E

 

QUEENS BLVD 

QUEENS BLVD 

ARCHER A
V 

LIB
ERTY A

V 

PITKIN AV 

FULTON ST 

FULTON ST 

C
H

U
R

C
H

 S
T 

S
IX

T
H

 A
V

 

GREENWICH     AV 

E
IG

H
T

H
 A

V
 

C
E

N
T

R
A

L P
A

R
K

 W
E

S
T

 
S

T
 N

IC
H

O
LA

S
 A

V
 

FO
R

T
 W

A
S

H
IN

G
TO

N
 AV 

  B
ROADW

AY
 

FO
U

R
TH

 A
V

 

61 ST SEA         BEACH LINE 63 ST 

W
EST 8 ST 

BROADWAY 

31 S
T

 

60 ST 

BROAD
W

A
Y

 

B
R

O
A

D
W

A
Y

 

B
R

O
A

D
W

A
Y

 

QUEENS BLVD 

ROOSEVELT A
V 

FLATBUSH           AV

WILLIAMSBURG BRIDGE

14 ST 

42 ST 

PA
LIS

A
D

E
 A

V
 

IN
D

E
P

E
N

D
E

N
C

E
 A

V
 

H
E

N
R

Y
 H

U
D

S
O

N
 P

K
W

Y
 

BRO
ADW

AY 

231 ST 

IRWIN AV 

VAN CORTLANDT         
     P

ARK SO 

M
O

SH
O

LU
            PKW

Y 

FORDHAM RD 

PELHAM PKWY 

C
R

O
T

O
N

A
         A

V
 

P
R

O
S

P
E

C
T

 A
V

 

E 169 ST 

180 ST 

TREMONT AV 

E TREMONT AV 

W
E

B
S

T
E

R
 A

V
 

B
A

IN
BR

ID
GE 

T
H

IR
D

 A
V

 

225 ST 

BRUCKNER EXPWY 

BRUCKNER    
    

    
    

 E
XPWY 

ELDER          AV 
ST LAW

RENCE AV 

W
HITE PLAINS RD 

W
HITE PLAINS RD 

SOUNDVIEW AV 

CASTLE HILL AV 

ZEREGA AV 
HUTCHINSON                  PKW

Y 

ALLERTON AV BURKE A
V 

222 ST 

233 ST 

MID
DLETOWN RD 

B
R

O
A

D
W

A
Y

 

A
M

S
T

E
R

D
A

M
 A

V
  

FT W
A

S
H

 A
V

 

R
IV

E
R

S
ID

E
D

R
 

R
IV

E
R

S
ID

E
 D

R
 

145 ST 

135 ST 

ST NICHOLAS AV 

A
M

S
T

E
R

D
A

M
       A

V
 FIFT

H
 A

V
 

5 A
V

 

M
A

D
IS

O
N

 A
V

 
M

A
D

IS
O

N
 A

V
 

P
A

R
K

 A
V

 

T
H

IR
D

 A
V

 
3 A

V
 

S
E

C
O

N
D

 A
V

 
 2 A

V
 

 2 A
V

 

1 A
V

 

FIR
S

T
 A

V
 

1 A
V

 

A
LLE

N
      S

T
 

Y
O

R
K

 A
V

 

W
E

S
T

            E
N

D
              A

V
 

72 ST 

C
O

LU
M

B
U

S
 A

V
 

66 ST 66 ST 

12 A
V

 

W
E

S
T ST 

W
EST ST 

53 ST 

E 8 ST 

FD
R

 D
R

 

GRAND ST 

E BWAY 

SOUTH S
T 

W
ATE

R S
T 

ASTORIA BLVD 

NORTHERN BLVD 

DITMARS BLVD 

111 ST 

112 ST 

S
T

E
IN

W
A

Y
 S

T
 

48 S
T 

LONG ISLAND EXPWY 

HORACE H
ARDIN

G EXPWY 

LONG  ISLAND       
       

       
       

       
       

        
        

        
        

  EXPWY 

36 S
T

 

30 AV 

G
R

EE
N

PO
IN

T 
AV

 

21 S
T

 

JUNCTION BLVD 

JEW
EL A

V 

UTOPIA PKW
Y 

PARSONS BLVD 

KISSENA BLVD 

MAIN ST 

HILLSIDE AV 

JAMAIC
A A

V 

SUTPHIN BLVD 

111 ST 

LIN
DEN B

LVD LEFFERTS BLVD 

M
ERRICK BLVD 

METROPOLITAN AV 

METROPOLITAN AV 

NASSAU AV 

BEDFORD AV 

FLUSHING AV 

FOREST AV 

WOODHAVEN BLVD 

MYRTLE AV 

JA
C

K
IE

 R
O

B
IN

S
O

N
 P

A
R

K
W

A
Y

 

WILSON AV 

BUSHWICK AV 

MYRTLE AV 

BERGEN ST 

BERGEN ST 

LIB
ERTY A

V 

H
IC

K
S

 S
T

 

H
E

N
R

Y
 S

T 

9 ST 

UNION ST 
CHURCH A

V 

PROSPECT AV 

OCEAN PKW
Y

CONEY ISLAND AV 

9 A
V

 

FO
R

T 
H

AM
IL

TO
N P

KW
Y 

PARKSID
E A

V 

W
IN

THROP S
T 

NOSTRAND        AV 

AV Z
 

EMMONS A
V 

AV U
 

FLATBUSH AV 

W
ASHINGTON 

U
TIC

A AV 

UTICA AV 

86 ST 

K
IN

G
S

 H
W

Y
 

FIFT
H

 A
V

 

39 ST 

REMSEN AV 

AV M
 

FL
A

TL
A

N
D

S 
A

V 

AV H
 

OCEAN AV 

B
E

D
FO

R
D

 A
V 

BEDFORD AV 

NOSTRAND AV 

VAN SICLEN AV 

PENNSYLVANIA              AV 

PO
RT W

ASH
IN

G
TO

N
 B

LVD
 

C
R

O
SS B

A
Y B

LVD

C
R

O
S

S
 B

A
Y

 B
LV

D

PARSO
NS BLVD

 

W
H

ITESTO
N

E EX
P

W
Y

 

M
ID

D
LE N

EC
K

 R
D

 

NORTHERN BLVD 

CANAL ST 

CANAL ST 
SPRING ST 

T R A M W A Y

HOUSTON ST 

  3 A
V

 

BOW
ERY W 4 ST 

E 4 ST 

BLEECKER ST 

BLEECKER     ST 

23 ST 

12 A
V 23 ST 

50 ST 50 ST 

59 ST CENTRAL                 PARK             SOUTH 

79 ST 

125 ST 

116 ST 

96 ST 

86 ST 

UNIVERSITY HTS BR 

UNIO
N TURNPIK

E 

CLEARVIEW EXPWY 

163 ST  

FR
E

D
E

R
IC

K
 

D
O

U
G

LA
S

S
 B

LV
D

 

A
D

A
M

 C
LA

Y
T

O
N

P
O

W
E

LL B
LV

D
 (7A

V
)

VAN      W
YCK EXPW

Y 

SEAGIRT  BLVD 

B
EA

C
H

 C
HANNEL D

R 

R
O

C
K

A
W

A
Y

 B
EA

C
H

 B
LV

D
 

KIN
G

S 
H

IG
H

W
A

Y
 

82 ST

V
E

R
N

O
N

 B
LV

D

B
E

A
C

H
 C

H
A

N
N

EL
 D

R
 

RO
CKAW

AY  P
T 

 B
LV

D
 

HAMILTON BRIDGE 

WASHINGTON BRIDGE 

CROSS BRONX EXPWY

BAYCHESTER AV

9 A
V

10 A
V

11 A
V

G
R

A
N

D
 A

V

Spuyten
Duyvil

Riverdale

University
Heights

Morris
Heights

Harlem
125 St

Melrose

Yankees-
E153 St

Tremont

Fordham

Botanical Garden

Williams
Bridge

Woodlawn

Wakefield

Long
Island
City

9 St

14 St

23 St

33 St

Christopher St

Hunterspoint Av

Woodside

Mets–Willets Point

Flushing

Forest
Hills

JamaicaKew
Gardens

Hollis

Auburndale Bayside Douglaston

Manhasset

Plandome

Port
Washington

Great
Neck

Little
Neck

Murray
Hill

Broadway

Queens
Village

Laurelton Rosedale

Woodmere

Cedar-
hurst

Lawrence

Inwood

Locust
Manor

Far
Rockaway

East NY

Nostrand Av

Marble
Hill   

WTC

VAN
CORTLANDT

PARK

BRONX
ZOO

PELHAM
BAY

PARK

ORCHARD
BEACH

CENTRAL
PARK

WASHINGTON
SQUARE PARK

METROPOLITAN
MUSEUM
OF ART

RANDALLS
ISLAND

JAVITS
CENTER

RIVERBANK
STATE PARK

INWOOD
HILL PARK

FORT TRYON
PARK

UNITED
NATIONS

WTC Site
9/11 Memorial

FLUSHING
MEADOWS
CORONA

PARK

PROSPECT
PARK

BROOKLYN
BOTANIC
GARDEN

FORT GREENE
PARK

GREEN-WOOD
CEMETERY

LAGUARDIA
AIRPORT

JFK
INTERNATIONAL

AIRPORT

JAMAICA
BAY

WILDLIFE
REFUGE

GATEWAY
NATIONAL

RECREATION
AREA–

JAMAICA BAY

EAST
RIVER
PARK

BROOKLYN
BRIDGE
PARK

KISSENA
PARK

CUNNINGHAM
PARK

MARINE
PARK

FLOYD
BENNETT

FIELD

JUNIPER
VALLEY

PARK
FOREST

PARK

RIVERSIDE PARK

HUDSON RIVER PARK

HIGHBRIDGE
PARK

JACOB
RIIS

PARK

LIBERTY
ISLAND

ELLIS
ISLAND

NEW YORK
TRANSIT MUSEUM

southbound only

except

n-bound

so
uthbound

6

Sexcept

south-
bound

4•5

7

2•3 and north-
bound 4•5

BROOKLYN

MANHATTAN

QUEENS

THE
BRONX

FINANCIAL
DISTRICT

BATTERY 
PARK CITY

CHINATOWN

LITTLE ITALYSOHO

TRIBECA

GREENWICH
VILLAGE

CHELSEA

WEST
SIDE

UPPER
EAST
SIDE

UPPER
WEST
SIDE

EAST
HARLEM

HARLEM

WASHINGTON
HEIGHTS

EAST
VILLAGE

LOWER
EAST SIDE

NOHO

RIVERDALE

KINGSBRIDGE

HIGH-
BRIDGE

FORDHAM

TREMONT

MORRISANIA

THE HUB

HUNTS 
POINT

RIKERS
ISLAND

MOTT HAVEN

SOUNDVIEW

PARKCHESTER

CITY
ISLAND

BAYCHESTER

CO-OP
CITY

EASTCHESTER

ASTORIA

LONG
ISLAND

CITY

ROOSEVELT
ISLAND

JACKSON
HEIGHTS

CORONA

FLUSHING

HILLCREST

FRESH
MEADOWS

JAMAICA
ESTATES

JAMAICA

HOLLIS

QUEENS
VILLAGE

KEW
GARDENS

KEW
GARDENS

HILLS

RICHMOND
HILL

FOREST
HILLS

REGO PARK

MIDDLE
VILLAGE

GLENDALE
WOODHAVEN

OZONE
PARK

HOWARD BEACHEAST
NEW
YORK

OCEAN HILL-
BROWNSVILLE

CANARSIE

EAST
FLATBUSH

MIDWOOD

BENSONHURST

FLATBUSH

PARK
SLOPE

RED
HOOK

GOVERNORS
ISLAND

CARROLL
GARDENS

FLATLANDS

ROCKAWAY
PARK

BREEZY
POINT

SHEEPSHEAD
BAY

BRIGHTON
BEACH

CONEY ISLAND

BAY RIDGE

BOROUGH
PARK

SUNSET
PARK

BROOKLYN
HEIGHTS

WILLIAMSBURG

FORT GREENE

GREENPOINT

BEDFORD-
STUYVESANT

CROWN
HEIGHTS

BUSHWICK

RIDGEWOOD

MASPETH

DUMBO

NAVY
YARD

M
TA

 S
ta

te
n 

Is
la

nd
 R

ai
lw

ay
 

Grasmere

St. George

Tompkinsville

Stapleton

Clifton
  S51

Old Town

Dongan Hills

Jefferson Av
Grant City

          S51/81  

New Dorp
 

Oakwood Heights
                          S57     

Bay Terrace

      Great Kills
S54 X7 X8   

Eltingville

Annadale
      S55  

     Huguenot   
S55 X17 X19   

Prince's Bay
           S56  

Pleasant Plains

Richmond ValleyNassau
S74/84

Atlantic
S74/84

Tottenville
      S74/84

RICHMOND TERRACE 

VICTORY BLVD 

V
A

N
D

E
R

B
IL

T
 A

V
 

ARTHUR KILL RD 

STATEN IS
LAND EXPRESSWAY              VERRAZANO-NARROWS BRIDGE

FOREST AV 

H
Y

LA
N

   
   

   
 B

L
V
D

 

HYLAN B
LVD 

A
R

T
H

U
R

 K
IL

L R
D 

W
E

S
T

 S
H

O
R

E
 E

X
P

W
Y

 

R
IC

H
M

O
N

D
 A

V
 

SILVER
LAKE
PARK

SNUG HARBOR
CULTURAL CENTER

COLLEGE OF
STATEN ISLAND

SEA
VIEW

HOSPITALSTATEN
ISLAND
MALL

NEW
SPRINGVILLE

PARK

LA TOURETTE
PARK

GREAT
KILLS
PARK

CLOVE
LAKES
PARK

STATEN
ISLAND

PORT
RICHMOND

WEST NEW
BRIGHTON

MARINERS
HARBOR

FOX
HILLS ROSEBANK

CASTLETON
CORNERS

BULLS
HEAD

CHELSEA

WESTERLEIGH

TODT
HILL

NEW
DORP
BEACH

WOODROWROSSVILLE

CHARLESTON

ARDEN
HEIGHTS

FRESH
KILLS

RICHMONDTOWN

TOTTENVILLE
BEACH

   tunnel closed
until fall 2014

 runs weekends via Manhattan Br 

The subway operates 24 hours a 
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more information in English or 
Spanish (24 hours) or ask an agent 
for help in all other languages (6AM 
to 10PM). 

To show service more clearly, geography 
on this map has been modified. 
© 2013 Metropolitan Transportation Authority

visit www.mta.info
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The subway map depicts weekday service. Service differs by time of day and is sometimes affected by 
construction. Overhead directional signs on platforms show weekend, evening, and late night service. 
Visit mta.info for detailed guides to subway service: click on Maps, then “Individual Subway Line 
Maps,” “Service Guide,” or “Late Night Service Map.” For construction-related service changes, click 
on “Planned Service Changes” in the top menu bar. 
On weekends, the Weekender website and app show construction-related scheduled service changes. 
This information is also posted at station entrances and on platform columns of affected lines.

Transportation Data - NYC MTA
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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MTA Fare Data Exploration
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Programming
• "Programming is blindly manipulating symbols." - B. Victor 
• "Code is often the best tool we have because it is the most general tool we 

have; code has almost unlimited expressiveness" - M. Bostock 
• You will write code in this class 
- Your assignments will involve code 
- Your project will involve code 

• JavaScript is the language of the Web 
- Somewhat forgiving, not always the easiest to debug 
- Lots of references out there 
- A quickly-changing environment of frameworks
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Languages of the Web
• HTML 
• CSS 
• SVG 
• JavaScript 
- Versions of Javascript: ES6, ES2015, ES2020… 
- Specific frameworks: react, jQuery, bootstrap, D3
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Web Programming Tools
• Basic: Text editor and Modern Browser 
• Developer Tools: Built in to browsers (e.g. Chrome Developer Tools) 
• Web Environments: CodePen, JSFiddle, Liveweave, CodeSandbox, etc. 
• IDEs: WebStorm, etc.
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Hyper Text Markup Language (HTML)
• Markup languages allow users to encode the semantics of text 
• Tags define the boundaries of the structures of the content 
- Tags are enclosed in angle brackets (e.g. <html>) 
- Most of the time, you have a start and end tag 
- End tags are just like start tags except that they have forward slash after the 

open bracket (e.g. </html>) 
- Tags may be nested but not mismatched 

• <p>A <strong><em>very</em></strong> cool example</p> 

• <p>A <strong>very <em>cool</strong></em> example</p> 

- What about <img src="mypicture.png" alt="My Image">?
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HTML Elements and Attributes
• Tags denote elements of the content (e.g. sections, paragraphs, images) 
• Each element may have attributes which define other information about the 

element 
- An attribute has a key and value (key="value") 
- e.g. <img src="mypicture.png" alt="My Image"> 

• Many different elements available 
- Common: headers (h1, …, h6), paragraph (p), lists (ul, ol, li), emphasis (em, 
strong), link (a), spans & divisions (span, div) 

- Lots more (e.g. abbr): see MDN Documentation 
• Many different attributes available 
- See MDN Documentation: note that some are legacy due to CSS
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https://developer.mozilla.org/en-US/docs/Web/HTML/Element
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HTML Element Structure & Naming
• Elements structure a document  
- Document Object Model (DOM) 
- We can visualize this information 
- More importantly, we can navigate this tree 

• Identifying and Classifying elements: id and class attributes 
- id identifies a single element—use for a unique case 
- class may identify multiple elements—use for common cases 
- Each element may have multiple classes, separate by spaces 
- Use normal identifiers: don’t start the name with a number
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Other HTML Trivia
• <, >, &, and " are special characters, escape with &lt;, &gt;, &amp;, and &quot; 

(note the semi-colon) 
• Comments are enclosed by <!-- and --> 

- <!-- This is a comment --> 

• HTML Documents begin with a DOCTYPE declaration 
- For HTML5, this is easier <!DOCTYPE html> 

• meta tag: <meta charset="UTF-8"/> 
• HTML has audio and video tags, math equation support, and more
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Basic HTML File
<!DOCTYPE html> 
<html> 
  <head> 
  <title>A Basic Web Page</title> 
</head> 
<body> 
  <h1>My Wicked Awesome Web Page</h1> 
  <p><em>This is <strong>cool</strong>. What about 
<u><strong>this?</strong></u></em></p> 
  <img src="https://upload.wikimedia.org/wikipedia/commons/thumb/9/9f/
Tom_Brady_2011.JPG/409px-Tom_Brady_2011.JPG"/> 
</body> 
</html> 

• https://codepen.io/dakoop/pen/PdRKEL
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