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Overview

« Bringing real-world data into introductory computing classes
« Via a new system that manages and produces datasets

e In order to motivate non-computing majors




Computer Science For All




Diverse Majors

English

Animal Sciences

Chemistry

Theater /
Arts

Building
Construction

... with Rich Knowledge

Biological Sciences

Education




(1) No Prior Background

“I've never done this before.”




(2) Low Self-efficacy

“| have no idea how to do this!”




(3) Unclear on Why

*Why am | doing this?”




MUSIC Model of Academic Motivation

Students are more motivated when they perceive that:
they are eMpowered,
the content is Useful to their goals,
they can be Successful,
they are Interested, and

they feel Cared for by others in the learning environment

B. D. Jones. Motivating students to engage in learning: The MUSIC model of academic motivation. International

Journal of Teaching and Learning in Higher Education, 21(2):272—285, 2009.
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Motivation 2 Engagement

eMpowerment Persistence

Usefulness Proactivity

Success Attendance

Interest Learning

Caring




A spectrum

FOR-EACH

Recursion Ilteration

IF Algorithms

Assignment Content

Data Structures
Dictionaries
Lists Arrays

Integers
Booleans

Games Websites

Development Mobile Apps

Images
Media

ContEXt Computation 4, 4io

Scientific Animations
Modelling Scientific
Computing
Math




Authenticity

e Situated Learning
« "Relevant”, “Real-world”

« Media Computation as an "
“Imagineered Authentic Experience” |

@)acr PFs SNER

l M AGI NEERING

*Mark Guzdial and Allison Elliott Tew. 2006. Imagineering inauthentic legitimate peripheral participation: an instructional
design approach for motivating computing education. In Proceedings of the second international workshop on Computing
education research (ICER '06). New York, NY, USA, 51-58
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Why are we teaching computing?

“A Tidal Wave of Data”




State of the Art

e Bart 2014 — Connecting to real-time APIs (RealTimeWeb)
« Hamid 2016 — More generalized framework for real-time APIs (Sinbad)

« Subramanian 2014 —Visualization of data structures with real data (BRIDGES)

e Anderson 2014 — Real world data in CSa

« Sullivan 2013 — Data Science for non-majors




Problem —We Need Data

 ICPSR -Tightly controlled datasets
« UCI Machine Learning — Only for machine learning

 Census.gov, Kaggle, etc. — Not ready for beginners




CORGIS

The Collection Of Really Great,
Interesting, Situated Datasets




Metrics

4,2 datasets
267 mB
420,672 rows

9,365,520 values




Datasets

1eaod renewable higher udu:ntlon job® Sun _infection ‘e‘t“t.'itﬁ‘ e"ﬂl‘on Jobal

ature Mstityg fossy p, wartare "bulldmg :u‘l‘““’ "esidengi,  Gme

iy Icglhmu:ye Uelg o 2 deye,o lalo Bh, Zon
wed ney, mmmkmder artenmt Pimeng ' hans

1ita™ shakespeare t i tex
nf:l:'ﬁamnnrull‘ 1""“‘“'Eq ylnll a “ g a g e p“ u ds g Y h::’:p:“t:::,k t
medal gmﬂ ﬁng ’n' dl:qster h “!‘ €ryy, n'wrltn:g"rt
ised arg °’Iut N ’ﬂl‘e honor

ok
u'-;,,..lef':';m m... 0 " «u,,,, l‘ltr'h eth mclty carrtp o shooting boy,
toy uxpurulltum fe' destroy "rb uake, supmme mb
ai I‘“"-'f‘" |nfrnsllu:tum °l‘fq.-n. .‘ﬂr.t de "“"'"’t"
industry jrion t en‘!‘ Weitg, theatre

bookﬁn?::;'iom o8 tio five ﬁlsrw“r‘ at
ending ity WV nd u:eﬂ

Hﬂtllm,'zq“

t“..mn.'l- un

irrigation b“;'“ p“" navy
l:.ﬂ" Iubol k‘ l!nt.l akes

it i, i o p o ltr t sa\@' glish =viis
Gﬂ jvi |ir.m Irg !'eno cew sta es -um‘mqtnhorl :::“u‘

c.k « als
""“ﬂ ‘t I nco me nlrful:n a publlc seller dueu:e

ﬂu 1,
;ln"“ m el an
awtﬂrd 1o ﬂtl.ld -
estate choard
“‘kil.r l.'ull enmﬁ'r

text gy prins h | gl I( 12°g @ robbery Leserc,iiira
Qk;::grllng V‘u“o“sae“d“g“ s ‘ “ I“YP:I:‘::‘““ ety I::E
£ bm yagrl:ulturu ‘t‘ 'ph ‘s Pl'oyed we

Ate druqbank lluvus s q GIGIItIYIl, :r:qlﬂlsr
0 availability €o,

ng, on
eig::"h m..,..:.:\'e IC es ;1:!-5’“'" ru s‘m“‘ho“buyur

& ropower
judge hydrop ml\l ‘t“‘ Io m tmugmludn""h'ds

5 Iu Yery “‘dus o
are gre
injury senlpture P fug; ‘"h Or dic ol

9
h“tarqr?du“hon ‘ u Og o™ @S services in, lion
norelfighi té"i:‘l'"hln ¢ wnNt  employment i,
‘;.,.,.m PUblicqpery | o PR S ey unemploywgn_'!:"z:::r;:;::m;‘. trade
P‘““b‘u hﬂﬂlthlﬂﬂ!wo op ' Ilte'ﬂt“re u‘iﬂ Fermﬂﬂﬂﬂ 3 l"nq e‘"ﬂ

aq o tions a tow,
eah't:fﬂwn “'ﬂ‘l‘uu",e artist® u"t mur d er ‘u' s‘ o r:} “““eﬁ nat e,ml"o’B rotei™ |tyleer




Aerospace =

Airlines

Cor "”’\»:"7; 4
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Arts
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Architecture

Raw Datasets Cleaned Data Final Datasets

<?xml ver
<catalog>
<book>

Manual

Preprocess

s

b

Never gonna Metadata:
give you coc
up, never Interfaces:
gonna let oo
you down. .. .. Databases:

Specification File




Gallery

# Python Datasets

The Collection of Really Great, Interesting, Situated Datasets

By Austin Cory Bart, Ryan Whitcomb, Jason Riddle, Omar Saleem. Dr. Eli Tilevich, Dr. Clifford A. Shaffer, Dr. Dennis Kafura

Filter

Keyword or phrase

Aids

Records of AIDS related statistics from several countries.

NISHERPOLIS

%

aids, death, disease, hiv, orphans, health, countries, world,
gender, united nations, un

Art Institute Metadata

A data set about the metadata associated with the collection
of the Minneapolis Institute of Art.

art, fine art, institute, artist, style, medium

Broadway

This library holds data about Broadway shows, such as
tickets sold.

broadway, musical, theatre, tickets

Airlines

Information about flight delays in major aiports since 2003.
airplane, airports, travel, plane, air, flights, delays, national,
united states, transportation

Billionaires

Information about over 2000 billionaires from around the
world.

money, rich, wealthy, people, person, billionaire

Cancer

Cancer crude rate totals for different ages, races, genders,
and geographical areas across the United States.

cancer, death, states, gender, race, population, crude rafe




Java, Python, Racket

// Java

import corgis.crime.StateCrimelLibrary;

import corgis.crime.domain.Report;

import java.util.ArraylList;

public class Main {

public static void main(String[] args) {

StateCrimelLibrary scl = new StateCrimelLibrary();
ArrayList<Report> reports = scl.getAll();

}

; Racket # Python
(require crime) import crime
(define reports (crime-get-all)) crime_reports = crime.get all()




BlockP

P
me 1o BockPy. Try run
Import Datasets

Pubishers
Construchon Spenaing
Sane Crime

Globat Development

Aunnes

Weather

E-DOOK 5aies On AMAZon, INCuaINg Gady and 1otal
Sanings for 54,000 sties

Estimates of the todal dollar value Of construchion
workdonenthe U S

Recores about e crime rates and totats for US
States over ume

ReEports of countty’s development oves ime
Information about fight delays In Major apaits since
2003

This Cataset 15 abowt the Tale art CoBeCHOn, Wit
metadata about panlings, drawngs, sCuplures, and
more

Weatha! recorads theough the monins of Apell and

i A SONE srrnes Iha 1| @

BlockPy: Scratch Canvas
Weicome to BlockPy. Try running the code below

Printer Feedback: [
ERLLY
10,000 Ran
9,000 No errors repo
8.000
7.000
6,000
5.000
4,000
3.000
2,000
1,000
0

T Y ™
500 550 600

B import Datasets

Properties
Decisions
Iteration

Calculation

m 88 Blocks | ' Text | O Reset @ import Datasets

import publishers
import matplotlib.pyplot as plt

books_sold = publishers.get("units sold”,"(None)","'")
» plt.hist(books_sold)
7 plt.show()




isualizer Demo

IﬁVisuaIizer Datasets

The Collection of Really Great, Interesting, Situated Datasets

By Austin Cory Bart, Ryan Whitcomb, Jason Riddle, Omar Saleem, Dr. Eli Tilevich, Dr. Clifford A Shaffer, Dr. Dennis Kafura

Filter

Keyword or phrase

%
Aids

Records of AIDS related statistics from several countries.
aids, death, disease, hiv, orphans, health, countries, world,
gender, united nations, un

Billionaires

Information about over 2000 billionaires from around the
world.

money, rich, wealthy, people, person, billionaire

Business Dynamics

The Business Dynamics Statistics (BDS) includes measures
of establishment openings and closings, firm startups, job
creation and destruction by firm size, age, and industrial
sector, and several other statistics on business dynamics for
the US.

govemment, united states, us, usa, business, businesses,

%
=

[ 4
i

Airlines

Information about flight delays in major aiports since 2003
airplane, airports, travel, plane, air, flights, delays, national,
united states, transportation

Broadway

This library holds data about Broadway shows, such as
tickets sold.

broadway, musical, theatre, tickets

Cars

This is a dataset about cars and how much fuel they use.
cars, vehicles, fuel

Classics
Records and computed statistics about the top 1000 books
on Project Gutenbera




Hypotheses

« Context provides motivation
» Students have some preference for Data Science

« The usefulness of the context connects to engagement outcomes as strongly as
the content




Interventions

« Computational Thinking Course
« Basic programming
« Social Impacts
« Data Science

« 6 semesters taught

o Audience
« Non-computing majors
e Freshmen -> Senior
« Gender balanced




Motivation x Course Components

Motivational Components

"I believe that I will have freedom to
explore my own interests when I...”

"I believe it will be useful to my long-
term career goals to...”

“| believe | will be successful in this
course whenl...”

"l believe it will be interesting to...”

"l believe that my instuctors and
peers will care about me when [...”

eMpowerment

Usefulness

Success

Interest

Caring

Course Component

"... learn to write computer
programs"

" .. learn to work with
abstraction"

"... learn about the social
impacts of computing"

"... work with real-world data
related to my major"

"... work with my cohort"

Programming
Content

Abstraction
Content

Social Ethics
Content

Data Science
Context

Collaboration
Facilitation

Likert
Strongly Disagree

Disagree
Somewhat

Disagree

Neither Agree nor
Disagree
Somewhat Agree

Agree

Strongly Agree




Context is Useful

Useful to their Goals

Program - I _ I |
|
postraction 1 |
|

Strongly Avoid

Avoid

Somewhat Avoid
Meither Prefer nor Avoid
Somewhat Prefer

Prefer

Strongly Prefer

|
oat |
|
conor ]
|

-100% -75% -50% -25% 0%  25% 50% 75% 100%
Percentage of Students

N = 85, 62% Female

Students’ sense of the usefulness of various course components was
highest for the context, lowest for the content.




Preference for Contexts

Preference for Contexts

“Working with data sets related to your ~ Data
major”

“*Working with pictures, sounds, movies” Media
“*Making games and animations” Games
“*Making websites” Web

“Making scientific models of real-world  Scientific
phenomenon”

“Controlling robots or drones” Robots

“Making phone apps” Mobile

Likert
Strongly Avoid

Avoid
Somewhat Avoid

Neither Prefer nor
Avoid

Somewhat Prefer
Prefer

Strongly Prefer




Preference for Contexts

Student Preference for Introductory Contexts
) ) ] I ] ] ] ]
|
|
|
Web B N
|

Strongly Avoid

Avoid

Somewhat Avoid
MNeither Prefer nor Avoid
Somewhat Prefer

Prefer

o |5 ctrongly Prefer

Mobile |

]
Robots | | B
B

Scientific |

i i i | i i i i
-100% -75% -50% -25% (% 25% 50% 75% 100%
Percentage of Students
N = 85, 62% Female

Students’ preferred a Data Science context over all others
* No significant difference with Media Computation according to KW test




Engagement (Intent to Continue)

Intent to Continue

*l will try to learn more about Learn
computing, either through a course
or on my own.”

“| will recommend this class to Recommend
others.”

*l will directly apply what | have Apply
learned in my career.”

Likert
Strongly Disagree

Disagree
Somewhat

Disagree

Neither Agree nor
Disagree
Somewhat Agree

Agree

Strongly Agree




Engagement (Intent to Continue)

Disagree
' Somewhat Disagree
|
Agree
Strongly Agree
ooy - .

Intent to Ci}r'ltlﬂl..IE with Cumputlng
Meither Diasagree nor Agree
-100% -75% -50% -25% EI% E% 51}% TS% 100%

- - Strgngly Digag reg
Somewhat Agree
Percentage of Students

N = 85, 62% Female

Although students would recommend the course, many did not intend
to continue learning more computing or applying what they learned.




Engagement vs. Components

Pearson correlation of “"Student’s intent to continue learning computing” with
students’ perception of each course and motivational component

Abstraction Not

Cohort — significantly
Data Correlated!

Ethics

Programming . 354

Y
Significant

N =85, 62% Female

Intent to continue seems to be correlated with the content, not the context.




Take-aways

« Data Science seems to be a preferable context for students, across genders.

« Context, and in particular Data Science, can seem to provide motivation in ways
that content cannot

« But some engagement outcomes might be more connected to content than
context




Future Work

e More Datasets
e Maintenance

« Connecting motivation to learning outcomes




Thanks!

Clifford A. Shaffer Dennis Kafura Eli Tilevich Ryan Whitcomb

We gratefully acknowledge the support of Virginia Tech and the National Science
Foundation under Grants NSF DGE 0822220, NSF IUSE 1624320, and NSF IUSE 479632.




Questions?

npsythink.cs.vt.edu/corgis

Artwork by Eleonor Bart



Trends in Motivation

Interesting/Program
InterestingfAbstraction
Interesting/Ethics
Interesting/Data
Interesting/Cohort
Useful/Program
Useful/Abstraction
Useful/Ethics
UsefuliData
UsefulfCohort
Successful/Program
Successful/Abstraction
Successful/Ethics
Successful/Data
Successful/Cohort
Empowerment/Program
Empowerment/Abstraction
Empowerment/Ethics
Empowerment/Data
Empowerment/Cohort
Caring/Program
Caring/Abstraction
Caring/Ethics
Caring/Data
Caring/Cohort
Continue/Learn
Continue/Recommend
Continue/Apply
Contexts/Data
Contexts/Media
Contexts/Games
Contexts/Web
Contexts/Scientific
Contexts/Robots

Contexts/Mobile
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eMpowerment

Intent to Continue vs. Usefulness

Intent to Continue vs. Success
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Continue
Empowerment/Cohort
Empowerment/Data
Empowerment/Ethics
Empowerment/Abstraction
Empowerment,/Programs
Caring/Cohort
Caring/Data
Caring/Ethics
Caring/Ahstraction
Caring/Programs
Successful/Cohort
Successful/Data
Successful/Ethics
Successful/abstraction
Successful/Programs
Useful/Cohort
Useful/Data
Useful/Ethics
Useful/Abstraction
Useful/Programs
Interest/Cohort
Interest/Data
Interest/Ethics
Interest/Abstraction
Interest/Programs

=
&

10% 20% 230% 40% 50% o0% 70% &80% S0% 100%

m Disagree m Somewhat Disagree m Neither Agree nor Disagree

Somewhat Agree m Agree m Strongly Agree




Other Component

Interesting

T T
1
1
|
1
1
1
|
1 i

S50 40 30 20 <10 0 10 20 30 40 50 60 VO BO 90 100 -50 40 30 -20 10 20 30 40 50 60 70 BO 90 100
Percent of Students Percent of Students

Caring Successful
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Abstraction and/or Recommend Course
N =36

Cohort 50% female

Data

Ethics 485 418

Programming  .437 _ .600




Structure

Ob ject:
'Sentiments', ' Di‘FFil:ul'I‘y' - Explore Structure Dictionary (4 keys)

Explore airlines data List D

Key Type Example Value Comment

Index Type Example Value “airport” dict {7

Object:
'Bibliography', "Metadata', 'Stats'

a dict {5y "statistics” |dict | {52}
a im: "time" dict {07
'Polarity', 'Subjectivity' : I |dGs

Dictionary (2 keys)

Key Type Example Comment
Value
Dictionary (5 keys)
"ATLY The 3 letter code for this
airport, assigned by IATA. For
more information, consult this
List of Airport Codes.

Key Type Example Comment
Value

"cancelled” int The number of flights that were cancelled in
str "Atlantz, GA: The full name of this airport. this month.

- Hartsfield-
ah Iﬂl"‘- Jackson Atlanta "on time" i The number of flights that were on time in

r.‘l.l'l"h.ﬂ" . ITH’hI . |&Jh'i‘=“| International” this month.

"total” i total number of flights in this month,

"delayed” number of flights that were delayed in
month

"diverted” || number of flights that were diverted in
month.




