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African-American Middle School Girls: Influences on Attitudes toward
Computer Science

Ashley Robinson, Manuel A. Pérez-Quifones, and Glenda Scales

‘The number of women in computing is significantly lower than the number of

men, with African-American women making up an even smaller segment of this
population. A recent study reveals that African-American middle school girls
generally have negative attitudes toward computer science, but that those feelings can
change through intervention.

Lesbian, Gay, Bisexual, Transgender, and Queer Students’ Sense of Belonging
in Computing: An Intersectional Approach

Jane G. Stout and Heather M. Wright

The field of computing is rapidly developing, requiring a strong and diverse labor
force. However, the results of two studies indicate that LGBTQ undergraduate and
graduate students think about leaving computing degree programs due to a low sense
of belonging in the computing community.

Julian Scholars: Broadening Participation of Low-Income, First-Generation
Computer Science Majors

Gloria Childress Townsend and Kay Sloan

Using funding from the US National Science Foundation, DePauw University
launched a program for low-income, first-generation scholars in STEM fields.
Cornerstones of the Julian Scholars program include a week-long summer research
experience bridging high school and college, common classes for each cohort,
mentoring, one-on-one resume and internship/research counseling, and scholarships.

STARS Computing Corps: Enhancing Engagement of Underrepresented
Students and Building Community in Computing

Jamie Payton, Tiffany Barnes, Kim Buch, Audrey Rorrer, Huifang Zuo, Kinnis
Gosha, Kristine Nagel, Nannette Napier, Ebrahim Randeree, and Lawrence
Dennis

A study on the impact of participation in a national community for broadening
participation in computing found many benefits for undergraduate computing
students who engage in related projects, including academic, career, and personal
benefits, with students who are underrepresented in computing experiencing the most

benefit.

Enacting Agency: The Strategies of Women of Color in Computing

Apriel K. Hodari, Maria Ong, Lily T. Ko, and Janet M. Smith

Research on marginalized groups in STEM fields commonly overlooks those who
persist and succeed, characterizing groups such as women of color as passive victims
instead of active agents in their own achievements. Focusing on women of color who
are successfully staying in STEM helps us focus on the ways they enact that agency.

For more information on these and other computing topics, please visit the

IEEE Computer Society Digital Library at www.computer.org/esdl.
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The Periodic Table of Elements,
an Early Example of “Big Data”

he latest fad in computing seems to be “big data.” I got an email ad today that

proclaimed, “Last Chance: Fast Data—The New Big Data.” It’s only one of

the many ads that most of us get every day from conference organizers, con-

tractors, and others implying that our company/university/laboratory—and
we personally—will miss out on the latest “gold rush” unless we come to their confer-
ence or engage their services to learn: “What is ‘big data What can we do with it?
Why we can’t afford to ignore its potential. How it will revolutionize our world. How
we can make a lot of money with it.” And so on. Much of this is about social media
data, credit card fraud detection, polling data, machine learning, or making money off
other people’s data. But it has a great deal of promise for scientific research. Given the
deluge of data that is becoming available due to ever-better sensors, the rapidly declin-
ing cost of data storage, and the exponential growth in computing power since World
War 11, analyzing and mining data collections to provide information to guide deci-
sions has become important and even potentially lucrative.

However, a great deal of caution is necessary. I don’t think it’s true, as someone
remarked, that “we no longer need to understand what’s going on, we only have to look
it up with a search engine.” One drawback of relying on data analysis alone without
understanding the underlying scientific principles is that it’s very easy to confuse cor-
relation with causation. Type “Correlation does not imply causation” into your favorite
search engine, and the Wikipedia article that comes back describes a number of exam-
ples of current medical and social science experiments in which correlations were used
to support actions that turned out to be counterproductive once further experiments
were conducted that proved that the correlations were spurious. However, a reasonable
sense of perspective is needed. The correct analysis of valid data can lead to useful deci-
sion data, but until the underlying processes and causes are identified, those decisions
can only be viewed as tentative, subject to further revision. Truly reliable predictions
can only be made from an understanding of the basic principles of nature, not from
raw data.

An early example is the cholera epidemic in London in 1854. The prevailing med-
ical understanding was that disease was caused by miasma (bad air), which didn’t
suggest any actions could be taken to stop the epidemic. John Snow suspected a causal
relationship between poor sanitation and cholera, but he couldn’t prove it. He sup-
ported this theory by taking a map of London and drawing a point on it at the loca-
tion of each known cholera case. This way of plotting the data showed that a large
portion of the cholera victims were located in an area where people drew their water
from the Broad Street public water pump. The pump was padlocked shut, and the
epidemic was stopped, although the outbreak might have been in decline by then.
This action, though effective, was highly controversial at the time. The data supported
it but didn’t directly prove that polluted water was the cause of the epidemic until
1886, when the discovery of the bacterium Vibrio cholerae confirmed Snow’s theory.
The statistical data was suggestive (and highly useful) but not conclusive. Snow was
initially severely criticized at the time but is now viewed as one of the founders of epi-
demiology. His methods weren’t generally adopted until after the identification of the
cholera bacterium.

While big data analysis is being used for fraud detection, the identification of
cultural trends and potential customers, predictions of credit worthiness, and so on

Computing in Science & Engineering 1521-9615/16/$33.00 © 2016 IEEE  Copublished by the IEEE CS and the AIP May/June 2016
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1 18
1 2
H He
1.01 2 13 14 15 16 17 4.0
3 4 Atomi b L5 6 7 8 9 10
Li | Be A °”E)'C| (EMBEL B [ C | N | O | F | Ne
6.94 | 9.01 Bl - 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
11 | 12 Atomic weight 13 | 14 | 15 | 16 | 17 | 18
Na | Mg Al Si P S Cl Ar
22.99 | 24.31 3 4 5 6 7 8 9 10 11 12 | 26.98 | 28.09 | 30.97 | 32.07 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr | Mn Fe | Co Ni | Cu | Zn | Ga | Ge | As Se Br Kr
39.10 | 40.08 | 44.06 | 47.88 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.39 | 69.72 | 72.61 | 74.92 | 79.96 | 79.90 | 83.80
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb |[Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn | Sb | Te | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 [ 95.94 | 98 | 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 | 126.9 | 131.3
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba | 7; | Hf | Ta | W | Re | Os Ir Pt | Au | Hg | Tl | Pb | Bi | Po | At | Rn
132.9 | 137.3 178.0 | 180.9 | 183.4 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | 209 | 210 | 222
87 88 - 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | 103 | Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn |Uut | FI |Uup | Lv |Uus |Uuo
223 | 226 267 | 268 | 271 | 272 | 270 | 276 | 281 | 280 | 285 | 289 | 289 ? 293 ? ?

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La Ce Pr Nd | Pm | Sm | Eu | Gd Tb Dy Ho Er | Tm | Yb Lu
1389 | 140.1 |140.9 | 1442 | 145 |150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 | 100 | 101 | 102 | 103

Ac Th Pa U Np Pu | Am | Cm Bk Cf Es | Fm | Md | No Lr
227 | 2320 | 231.0 | 2383 | 237 |244 |243 |247 |247 |251 |252 |257 258 |259 |262

Figure 1. Dimitri Mendeleev’s periodic table of elements. Sc, Ga and Ge, missing in Mendeleev’s original table, are highlighted in yellow.

that don’t have much to do with science and engineering, data analysis (big and small)
plays a key role in the scientific method. For the rest of this essay, I'll concentrate on
the analysis of scientific data. After all, this is an issue of Computing in Science ¢ Engi-
neering, not a discussion of social networks or fraud detection. CiSE has even devoted
several special issues to the topic (such as our “Science Data Management” special
issue in May/June 2013).

All of this attention and promotion tends to evoke healthy skepticism, but as I
watched a PBS series entitled 7he Mystery of Matter, which aired on 19 August 2015,
I realized that a good example of a small-scale version of big data is familiar to all of
us, namely, the periodic table of elements (Figure 1). The video was about the history
of Dimitri Mendeleev’s invention of the table, the chart that hangs on the wall of ev-
ery chemistry lab and classroom in the world (and probably in the universe). To me,
the periodic table offers several interesting lessons about data and its value and impact
that are relevant to today’s big data. Science and engineering are, at their core, based
on the analysis of data whose goal is the identification of the underlying causes of the
phenomena being studied. It’s not sufficient to see patterns in the data and act on them.
A scientist or engineer uses the patterns in the data to develop a hypothesis for the
causes that lead to the observed patterns in the data. This understanding is captured in
scientific theories that have predictive power, something that the history of the periodic
table shows eloquently.

Discoveries in the 19th Century

Mendeleev was a chemistry professor at St. Petersburg University who was writing a
chemistry textbook for his courses. He wanted to present the 63 known elements (circa
1869) in a coherent and structured way for his students. Earlier in the 19th century,
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FROM THE EDITORS

From the chemical and physical properties of the
neighboring elements, Mendeleev was able to
predict the density and many other physical and
chemical properties of the elements that would fill
those gaps.

chemists had identified several organizing principles for the elements, including their
atomic weight (a measure of their weight compared to hydrogen), their reactivity, the
temperatures at which they melted and boiled, and their density. Elements with similar
chemical properties could be grouped together and ordered by atomic weight. Building
on earlier work, John Newlands organized 62 elements into 8 groups (circa 1863), but
he included some non-elements and some inaccurate atomic weights, and he didn’t al-
low room for undiscovered elements.

In 1869, Mendeleev’s periodic table corrected the earlier work in several fundamen-
tal ways. His periodic table was more complete and more accurate than prior tables.
Even more importantly, he put the elements in the right places in the table, organizing
them as an ordered system that motivated chemists and physicists to ask fundamental
questions about why the elements were related this way. And best of all for his cred-
ibility, his table had predictive power: it had gaps where there was no known element.
From the chemical and physical properties of the neighboring elements, Mendeleev
was able to predict the density and many other physical and chemical properties of the
elements that would fill those gaps. In particular, he predicted that there should be ele-
ments that corresponded to silicon, aluminum, and boron. He called them eka-silicon
(germanium), eka-aluminum (gallium), and eka-boron (scandium) and left space for
them in his chart.

There were other missing elements as well, but by 1886, these three elements had
been discovered and their properties measured. Gallium was discovered by Paul-
Emile Lecoq de Boisbaudran in 1875. However, Lecoq de Boisbaudran’s measured
density and atomic weight differed significantly from Mendeleev’s predictions. Men-
deleev had the confidence to suggest that Lecoq de Boisbaudran repeat his measure-
ments, which he did (the new measurements agreed with Mendeleev’s predictions),
and gallium’s density at room temperate has remained at 5.91 g/cm3 ever since. Scan-
dium was discovered in 1879 and germanium in 1886. The later discovery of the
noble gases appeared at first not to fit into the periodic table’s organizational scheme.
However, they soon found a home to the right of the halogens completing each row

of the table.

Moving Forward in the 20th Century and Beyond

In 1913, Henry Moseley used X-ray spectroscopy to point out that the elements were
ordered by atomic number (the positive charge in the atomic core), a more tidy and sug-
gestive scheme than atomic weight. The periodic table focused attention on the ways
that atoms could combine to form molecules, leading to a much deeper understanding
of the role of valences in bonding. With the discovery of the electron by J.J. Thomson
in 1897 and the nucleus by Ernest Rutherford in 1911, the nuclear and electronic struc-
ture of atoms became clearer.

The invention of quantum mechanics in the early 20th century led to further ad-
vances in the understanding and application of atomic and molecular physics. Several el-
ements on the periodic table that were still missing were identified as radioactive isotopes,
leading to the development of nuclear physics and eventually nuclear power. The focus on
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the properties of the nucleus led to investigations of its structure and to the investigation
and discovery of the constituent particles of protons and neutrons (quarks, and so on).
In the 1940s through the 1960s, Glen Seaborg and others pioneered the extension of the
periodic table focusing on the creation and understanding of the transuranic elements.
The final result is that the seventh row of the periodic table has recently been filled out by
joint experiments in laboratories at Dubna, Livermore, and Oak Ridge.

he periodic table has played a major role in motivating and inspiring research

and discovery about the materials the world is made of since Mendeleev first
published it in 1869. Our understanding of materials is greatly advanced over
Plato’s original concepts of earth, water, air, and fire as the fundamental ele-
ments of matter. Mendeleev’s table has clearly played an important role in that
advancement.

Beyond its original purpose, we can take some points away from its history for big
data as it relates to science and engineering:

m  The data collection should be as complete as possible. Mendeleev’s periodic table
was more complete than prior tables.

m  The data must be correct, which might require some flexibility. Measurements can
be wrong or incomplete—Mendeleev took into account the uncertainties of the
atomic weight measurements and didn’t always follow the recommended atomic
weights when he thought they weren’t consistent. As a result, he was able to put the
data in the right places and thus see important patterns more easily.

m It helps to group items with common properties together. Mendeleev’s grouping
elements together with common chemical and physical properties facilitated the
identification of key features of atomic and molecular structure.

m  Sequence the data where possible. Sequencing the elements in atomic weight
turned out to be a good start; sequencing by atomic number was even better.

m  Identify gaps in the data that suggest the possibility that new important data could
exist. Mendeleev predicted the properties of undiscovered elements that were in
the gap. When they were discovered, the credibility of his arrangement of the ele-
ments was solidly established.

m  Bealert for emergence of new data. Modify your data arrangement to include it in
your scheme. If you can’t, maybe you need a new scheme.

m Look for patterns that suggest research questions whose answers can improve our
understanding of the causes of those patterns. The periodic table was a key mo-
tivator of research that led to the understanding of chemical bonding, quantum
mechanics, atomic and molecular structure, materials science, nuclear physics, and
particle physics, all key elements of our understanding of the material universe in
which we live.

Above all, look for patterns that suggest research questions whose answers can
lead to understanding the causes of those patterns. The periodic table was a key
motivator of research that led to the understanding of chemical bonding, quantum
mechanics, atomic and molecular structure, materials science, nuclear physics, and
particle physics, all key elements of our understanding of the material universe in
which we live. B

Douglass E. Post is an associate editor in chief of Computing in Science & Engineering. His day
job is associate director for CREATE with the DoD High Performance Computing Moderniza-
tion Program. He is on loan to the DoD as an IPA from the Carnegie Mellon University Software

Engineering Institute. Contact him at post@ieee.org.
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Python and Physical Modeling

By Kevin Thielen and Vivienne Tien

rogramming has rapidly become an essential tool ~with a strong background in mathematics. After working
for nearly all students in the physical sciences. One  through the chapters and their accompanying exercises, read-
of the most widely used languages in this realm is  ers can expect not only to know how to write and read Python
Python, which has swiftly gained popularity due to  but also to achieve a thorough understanding for developing
its readability and intuitive syntax. The core philosophy or  complex physical models and calculations.
“Zen of Python” dictates, “simple is better than complex,
complex is better than complicated” (https://www.python. ~Approachability and Organization
org/dev/peps/pep-0020/). Because of this motto, learning  From the get-go, this aptly named “scudent’s guide” presupposes
how to use Python effectively on your own is a very doable no prior knowledge of programming. Appendix A contains

task, given the right resources. instructions on how to install, launch, and set up everything
This is where A Student’s Guide to Python for Physical Mod-  Python that you'll need for this book, including the suggested
eling by Jesse M. Kinder and Philip Nelson comes in. The text ~ development environment (Spyder) and relevant packages (such
serves as an excellent stepping stone into the world of using  as Anaconda). For slightly more experienced users, the text
Python in computational science for undergraduate students  offers advice and information on extensions for auto updat-
ing, acceleration, and FFmpeg. The book accounts for back-
J.M. Kinder and P. Nelson, A Student’s Guide to Python for ward incompatibility (Python 2 and 3) in Appendix B, shed-
Physical Modeling, Princeton Univ. Press, 2015. ding light—in simple terms—on how the reader can overcome
errors raised by this issue.

8 Computing in Science & Engineering 1521-9615/16/$33.00 © 2016 IEEE  Copublished by the IEEE CS and the AIP May/June 2016
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Much of the first chapter, “Getting Started
with Python,” is written for those who have little
or no background in programming in general. It
establishes basic ideas such as algorithmic think-
ing, clarifies the use and nature of algorithms by

comparing and contrasting them with mathemati-
cal proofs, and discusses and demonstrates the use
of common mathematical symbols in Python. In
the last few pages, it succinctly introduces the use
of modules, error resolution, variable creation, and
functions through try-it-yourself snippets of code.
Learning through experimentation is highly
emphasized in this book, which states outright that
“reading this tutorial won’t teach you Python. You
can teach yourself Python by working through all
the examples and exercises here, and then using
what you've learned on your own problems.” New
concepts are almost always introduced first through
coding exercises, then explained and elaborated
upon afterward. The authors also provide and en-
courage readers to use online resources such as
stackoverflow.com, where Python programmers go

to resolve errors, find more efficient methods, and
learn new methods.

The language used throughout the book is sim-
ple and conversational, with concepts presented and
explained in a much less intimidating manner than,
say, that used in a conventional textbook. The text
is very thoughtfully organized and covers the essen-
tials for physical modeling. Sometimes, examples of
the application of new concepts appear before their
explanation, helping students develop intuition to
better understand Python constructions. The chap-
ters are organized so that structure and control are
covered first, then data handling (calculations and
graphics) and functions, before using these basic con-
cepts as a gateway to more complex Python construc-
tions (such as contour plots, numerical solutions to
nonlinear equations, vector fields, image processing,
and animation).

However, in contrast to how approachable the
authors make programming in Python, the rather
complex physics and math models in later chap-
ters could be confusing for undergraduate students
lacking this same background, as the knowledge of
these topics are assumed to be a priori.

Insights and Analysis

One of the inconveniences (probably intentional)
in this book is how some chapters are challenging
to follow and learn from without actively work-
ing through the examples in a Python integrated
development environment (IDE) as you read. In
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particular, examples within chapters lack line
numbers, but the text still refers to line numbers
in the example, which makes it hard to follow
unless you have the IDE open with the example
loaded. Moreover, the text doesn’t always reveal
what to expect after running an example code and
instead encourages readers to make the discovery
themselves.

Although the book is intended for students
with some or no experience with computer science,
the potential for a more technical understanding
of programming, and some of the more technical
aspects of Python, are made available through the
appendices as well as the supplied online materials.
As students with some experience with Python, we
found the appendices to be some of the more inter-
esting parts of the book. Here, the authors briefly but
thoroughly go over topics such as debugging as well
as the more mysterious, less intuitive, but still preva-
lently encountered “inner workings” of Python. The
appendix section on debugging categorizes and inter-
prets some of the most common errors that Python
programmers come across. Some errors of particular
interest include topics such as ZeroDivisionError
versus RuntimeWarning, and the manipulation of
AssertionError.

Appendix D, titled “Under the Hood,” takes a
straightforward and practical approach to explor-
ing the mystifying topic of how Python handles
variables and objects internally in light of excep-
tion handling and interacting with more advanced
code. This section, in layman terms, sheds light on
how assignment statements for arrays when used
incorrectly can sometimes result in perplexing
results. Kinder and Nelson also touch on memory
management, the interaction between variables and
objects within functions, and finally how Python
keeps track of variables using namespaces.

We found the examples and problems extreme-
ly constructive and relevant to the text. The greater
than 10 lines of try-it-yourself code snippets sprin-
kled generously throughout the chapters is as essen-
tial as the text itself. These small test codes encourage
readers to not only learn new concepts but also gain
intuition on how to effectively communicate with
Python. They also help build confidence by letting
students write, run, and successfully debug small
fragments of code. A total of 17 problems (referred
to as “your turn”) appear over the five chapters, with
an additional three “computer lab” chapters sand-
wiched between sections. The difficulty of the “your
turn” questions ranges from array creation and writ-
ing simple functions to multipart word problems;
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Appendix E holds the answers to these problems.
The computer labs are much more complex, walk-
ing readers through the creation of a physical model.
They reinforce and put learned concepts from pre-
vious chapters to use for creating a more complex
model.

In fact, some of our favorite models were from
the second and third computer labs. The first part of
the second computer lab dealt with various compu-
tations, trajectory plots, and displacement distribu-
tions for 2D random walks. The lab is structured
so that assignments lead the reader through these
tasks while the text sandwiched between them ex-
plains the theory, meaning, and significance of the
results. The third computer lab focuses on image
manipulation and explores local averaging, decreas-
ing noise, and feature amplification through filters.
We thought this was a great final lab because image
distortion and editing is very familiar to the audience
that the book is intended for. It’s exciting to be able
to create programs and explore the mathematical and
computational side of science that’s so relevant and
prevalent in this day and age.

verall, we feel the text offers a great primer for
mathematically inclined undergraduate stu-
dents (potentially advanced high school students as

well) to get started in Python, programming, and
physical modeling. For a full semester-long course,
the book might fall somewhat short on material
and rigor if used as the sole material. However, if
it’s used along with instructor exercises or other
surplus material, the text could become a starting
point from which to branch out to more sophisti-
cated topics or augment the proffered topics with
increased complexity. H

Kevin Thielen is an undergraduate student at Eckerd
College majoring in mathematics and physics. He has
been exposed to using Python for physical modeling
through school courses as well as through several

research projects. Contact him at kdthiele@eckerd.edu.

Vivienne Tien is an undergraduate student at Eckerd
College at St. Petersburg in Florida majoring in math-
ematics and minoring in physics. She has learned and
used Python through research projects and courses.
Contact her at wtien@eckerd.edu.

Selected articles and columns from IEEE Computer
Cn Society publications are also available for free at
hitp://ComputingNow.computer.org.

AMERICAN
INSTITUTE
OFPHYSICS

The American Institute of Physics is an organization
of scientific societies in the physical sciences,
representing scientists, engineers, and educators. AlP
offers authoritative information, services, and expertise
in physics education and student programs, science
communication, government relations, career services

for science and engineering professionals, statistical
research in physics employment and education,
industrial outreach, and the history of physics and
allied fields. AIP publishes PHYSICS TODAY, the most
closely followed magazine of the physical sciences
community, and is also home to the Society of Physics
Students and the Niels Bohr Library and Archives. AIP
owns AIP Publishing LLC, a scholarly publisher in the
physical and related sciences.

Board of Directors: Louis J. Lanzerotti (Chair), Robert
G. W. Brown (CEO), Judith L. Flippen-Anderson
(Corporate Secretary), J. Daniel Bourland, Charles
Carter, Beth Cunningham, Robert Doering, Judy
Dubno, Michael D. Duncan, David Ernst, Kate Kirby,
Rudolf Ludeke, Kevin B. Marvel, Faith Morrison, Dian
Seidel.
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GUEST EDITORS’ INTRODUCTION

Best of RESPECT, Part 2

Tiffany Barnes | North Carolina State University
Jamie Payton | University of North Carolina, Charlotte
George K. Thiruvathukal | Loyola University

Kristy Elizabeth Boyer | University of Florida

Jeff Forbes | Duke University

ere delighted to bring you this special issue on the best of RESPECT, part 2! As we stated

in part 1, the IEEE Special Technical Committee on Broadening Participation conference,

Research on Equity and Sustained Participation in Engineering, Computing, and Tech-

nology (RESPECT), was founded on the belief that engaging diverse groups of people
in computing is a matter of equity—all people deserve the opportunity to solve increasingly complex
global challenges. The inaugural RESPECT 2015 conference, held 13-14 August 2015 in Charlotte,
North Carolina, was co-organized by the STARS Computing Corps BPC Alliance and collocated with
the STARS Celebration to leverage and engage the existing activist-oriented community in broadening
participation (BP) research. The RESPECT and Celebration conferences shared a joint theme, “RESPECT
for Diversity,” that you will find throughout this two-part special issue. The five articles in this second
part of the two-part series include the remaining best papers from RESPECT 2015.

May/June 2016 Copublished by the IEEE CS and the AIP 1521-9615/16/$33.00 © 2016 IEEE Computing in Science & Engineering 11
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The articles in this two-part series highlight the ways diverse
populations experience and perceive computing, along

with some ways to encourage engagement. These results
are critical to the success of CS for All and for the field of

computing in general.

The first two articles look at individual
perceptions in an attempt to understand the lack of
participation for diverse groups: African-American
girls and Lesbian, Gay, Bisexual, Transgender, and
Queer (LGBTQ) students. While women of color
comprise 35 percent of the general US population
(www.catalyst.org/knowledge/women-color-united-
states-0), fewer than 10 percent of bachelor’s in
computing degrees are awarded to them (http://cacm.
acm.org/magazines/2011/7/109907-the-status-of-
women-of-color-in-computer-science/fulltext#UT1).
The article by Ashley Robinson, Manuel Perez-
Quinones, and Glenda Scales, “African-American
Middle School Girls: Influence on Attitudes toward
Computer Science,” explores the factors that impact
the attitudes of African-American middle school
girls about computing. The authors found that, in
line with other broader studies of middle school
girls, the African-American girls participating in
this study had a negative perception of computing,
citing common negative stereotypes about the work
and the people that perform it. Importantly, the
work points to four factors that can have a positive

influence on attitudes of African-American middle
school girls toward computing: participation in a
computing intervention, such as a workshop; the
intervention content domain; the facilitation of
performance accomplishments; and participant
characteristics.

In further studies of individual perceptions of
computing, Jane Stout and Heather Wright found
that LGBTQ students with a low sense of belonging
in the computing community were more likely to
consider leaving the field in their article, “Lesbian,
Gay, Bisexual, Transgender, and Queer Students’
Sense of Belonging in Computing: An Intersectional
Approach.” As the theory of intersectionality would
predict, women LGBTQ students reported the
lowest sense of belonging among all student groups
in the study samples. These results highlight the
need to promote a stronger sense of community and
inclusitivity in computing, which is particularly
important for students who are members of more
than one underrepresented group.

Minority status can negatively impact per-
ceptions of and sense of belonging in computing,
but there are promising approaches for keeping
diverse groups engaged in STEM degree programs.
In “Julian Scholars: Broadening Participation of
Low-Income, First-Generation Computer Science
Gloria Childress Townsend and Kay
Sloan study Julian Scholars, a scholarship program

Majors,”

designed to recruit and retain low-income, first-
generation college students into STEM degrees.
Seventy-nine percent of the participating Julian
Scholars have completed an undergraduate degree
in a STEM discipline, and many chose to major
in computer science. The authors’ findings show
that the program of a week-long summer research
experience bridging high school and college,
common classes for each cohort, mentoring, one-
on-one resume and internship/research counseling,
and scholarships were highly effective at engaging
these students with computing.

The STARS Computing Corps has applied a
community-building approach as well. In “STARS
Computing Corps: Enhancing Engagement of
Underrepresented Students and Building Community
in Computing,” Jamie Payton and her colleagues
reported on the STARS Computing Corps, a
national community that develops college faculty and
students as leaders who work to broaden participation
in computing. The key finding is that undergraduate
computing students felc that STARS positively
impacted them in their academic, career, and
personal lives, with students from underrepresented
groups experiencing the most benefit.

In addition to motivating women of color to
pursue the study of computing, RESPECT authors
address the issues these women face once they enter
computing degree programs. In “Enacting Agency:
The Strategies of Women of Color in Computing,”
Apriel Hodari and her colleagues examine how
women of color employ their agency to apply
strategies that have a direct impact on their own
success in computing degree programs. Narrative
analysis of interviews and case studies reveals
four navigational approaches that women of color
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have employed to find the motivation and courage

to persist in computing: acknowledging barriers
to success, connecting their technical computing
work to their unique personal experiences, developing
soft skills and using them to address diversity and
race, and creating technology to promote social
activism.

n January 2016, President Obama called on

Congress to fund the “CS for All” initiative that
would provide all K-12 children with access to
high-quality education in computing. The articles
in this two-part series highlight the ways diverse
populations experience and perceive computing,
along with some ways to encourage engagement.
These results are critical to the success of CS for All
and for the field of computing in general. We invite
you to attend or present your work at RESPECT
2016, which lasts from 11-13 August 2016 in A
lanta, Georgia. Find out more at http://respect2016.
stcbp.org and help us develop interdisciplinary part-
nerships to promote CS for All. Bl
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2016 B. Ramakrishna Rau Award
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Honoring contributions to the computer microarchitecture field

New Deadline: 1 May 2016

Established in memory of Dr. B. (Bob) Ramakrishna

Rau, the award recognizes his distinguished career in

promoting and expanding the use of innovative comput-

er microarchitecture techniques, including his innovation
in complier technology, his leadership in academic and
industrial computer architecture, and his extremely high
personal and ethical standards.

WHO IS ELIGIBLE? The candidate will have made an
outstanding innovative contribution or contributions to microarchitecture,
use of novel microarchitectural techniques or compiler/architecture
interfacing. It is hoped, but not required, that the winner will have also
contributed to the computer microarchitecture community through
teaching, mentoring, or community service.

AWARD: Certificate and a $2,000 honorarium.

PRESENTATION: Annually presented at the ACM/IEEE International
Symposium on Microarchitecture

NOMINATION SUBMISSION: This award requires 3 endorsements.
Nominations are being accepted electronically: www.computer.org/web
/awards/rau

CONTACT US: Send any award-related questions to awards@computer.org
www.computer.org/awards
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African-American Middle School Girls:
Influences on Attitudes toward Computer Science

Ashley Robinson | Virginia Tech
Manuel A. Pérez-Quinones | University of North Carolina at Charlotte
Glenda Scales | Virginia Tech

The number of women in computing is significantly lower than the number of men, with African-
American women making up an even smaller segment of this population. A recent study reveals
that African-American middle school girls generally have negative attitudes toward computer
science, but that those feelings can change through intervention.

here’s a lot of interest in increasing the number of women in computer science. According to the

US National Science Foundation,' there were 47,960 computer science BS degree recipients in

2012, yet women only accounted for 18.2 percent (8,730) of the students earning those degrees.

Of these women, only 1,460 were Black or African-American, adding up to just 3 percent of com-
puter science BS degree recipients. Not only are African-American females underrepresented in computer
science, increasing their numbers in computer science is an understudied topic (see the “Related Work in
Camps and Workshops” sidebar). The research reported in this article helps cover this gap and can play a
role in gaining insight into the attitudes of African-American middle school girls toward the field.

Study Participants

We selected participants from two national outreach organizations in the Southeast Hampton Roads area
of Virginia because they represent a diverse population and already planned for summer day programs
for the target age group with a non-computing-based focus. This provided the unique opportunity to
gain access to females who might not be initially interested in computer science, rather than those who

Computing in Science & Engineering 1521-9615/16/$33.00 © 2016 IEEE  Copublished by the IEEE CS and the AIP May/June 2016
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voluntarily sign up for computing-based activities.
Five Boys & Girls Club sites and two YMCA
sites participated in the study. The research study
participants consisted of 37 primarily African-
American middle school females, ages 11 to 13,
who attended the summer camps of the two
aforementioned national outreach organizations.
Among the participants, 81.1 percent were African-
American, 2.7 percent were Native American,
2.7 percent were Asian, and 13.5 percent were of
multiple ethnicities.

Instructional Intervention

We designed and implemented an instructional
intervention consisting of two types of work-
shops to introduce computer science to primar-
ily African-American middle school girls. The
workshops lasted one hour per day for five days.
Building on existing literature,” we created a user
interface design and evaluation workshop (called
the human-computer interaction [HCI] workshop
from here forward). We also created a second type
of workshop (algorithms) to represent the tradi-
tional approach to computer science and expand
the breadth of data collected from the interven-
tion. We incorporated computational thinking
and problem-based learning into the instructional
design of both workshops (see Figure 1 for a sum-
mary). Twenty-three girls participated in the HCI
workshop, and 14 girls participated in the algo-
rithms workshop.

Data Collection
We collected data from the participants through
a background questionnaire, surveys, and focus
group interviews.

Participant Background Information
Participants’ parents/guardians completed a
background questionnaire prior to the study.
It contained one fill-in-the-blank question request-
ing the child’s age and eight multiple-choice
questions asking for the child’s grade level, the
child’s ethnicity, types of computer devices in
use at home, availability of Internet access at
home, the highest education level completed
by the child’s mother and father, the child’s
free/reduced lunch status, and the child’s school
grades.

Computer Confidence Survey
We used a subscale of Brenda Loyd and Douglas

Loyd’s Computer Attitude Scale’ to measure com-

www.computer.org/cise

Related Work in Camps and
Workshops

Previous research has shown that interventions at the middle school
level can positively influence interest in computer science. S. Khoja
and colleagues1 conducted a four-week long, four-hour per day, computer
science camp for middle school girls.1 Participants learned about a
different topic every week, including robotics, programming, and hardware.
The results showed that attending the camp increased student confidence
and skills in using computers. E. Ashby Plant and colleagues exposed
middle school girls to a 20-minute narrative delivered by a computer-
generated female agent.2 This narrative included positive statements

and counteracted negative stereotypes of engineering, and the girls who
watched the video reported an increased interest in engineering. Neither
study controlled for ethnicity.

In Sarita Yardi and colleagues’ study, 10 students, ages 11 to 13,
designed a digital desktop prototype and evaluated it through user
studies and heuristic evaluations. Their results revealed that practicing
human-computer interaction increased the participants’ interest in
taking future computer-related courses, raised awareness of the role that
computers plays in their everyday lives, and influenced their perceptions of
computing. This study didn’t control for gender or ethnicity.

Two of the authors of the main text conducted an interactive prototyping
workshop with 19 minority middle school girls and found that the ability to
visualize computer applications via prototyping positively influenced the girls’
perceptions of computer science and reduced stereotypes.4

References
1. S. Khoja et al., “Changing Girls’ Attitudes towards Computer Science,”
J. Computing Science in Colleges, vol. 28, no. 1, 2012, pp. 210-216.
2. E.A. Plant et al., “Changing Middle-School Students’ Attitudes and
Performance regarding Engineering with Computer-Based Social Mod-
els,” Computers & Education, vol. 53, no. 2, 2009, pp. 209-215.
3. S. Yardi et al., “An HCI Approach to Computing in the Real World,”

ACM J. Educational Resources in Computing, vol. 8, no. 3, 2008; http://

dl.acm.org/citation.cfm?id=1404938.

4. A. Robinson and M.A. Pérez-Quifiones, “Underrepresented Middle School
Girls: On the Path to Computer Science through Paper Prototyping,” Proc.
45th ACM Tech. Symp. Computer Science Education, 2014, pp. 97-102.

puter confidence. The Computer Attitude Scale
consists of 40 items divided into four subscales:
computer anxiety, computer confidence, computer
liking, and computer usefulness. Each subscale
consists of 10 items rated on a 4-point Likert scale,
ranging from “strongly agree” to “strongly disagree.”
The items of each subscale include both positively

and negatively worded items distributed throughout
the instrument. Loyd and Loyd? indicated that the
high reliability subscales for each coeflicient suggest
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HCI

Day 1
Day 2
Day 3
Day 4
Day 5
Algorithms
Day 1
Day 2
Day 3
Day 4
Day 5

Introduction to computer science and related careers
HCI and user interface evaluation introduction

Paper prototyping social networking app

Digital prototyping with iPads and group presentations
Workshop wrap up and focus group interviews

Introduction to computer science and related careers
Algorithm design and evaluation introduction

Deeper look into algorithm design through iPad gaming
Algorithm design through gaming and group presentations
Workshop wrap up and focus group interviews

Figure 1. HCI and algorithm workshop summaries.
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that the subscales are sufficiently stable enough to be
used as separate scores. When administered to 37
sixth- through eighth-grade girls, Cronbach’s alpha
for the 10 items were .75, indicating reasonable in-
ternal consistency. Both this survey and the compu-
tational thinking survey were conducted on the first
and last days of the workshop.

Computational Thinking Survey
Albert Bandura’s social cognitive theory* is the
overarching theoretical framework used in this
study. Specifically, we used the theoretical com-
ponent of self-efficacy as a lens through which to
design the instrumentation and interpret results.
Self-efficacy, the belief in one’s capabilities to
achieve desired outcomes, influences persistence as
well as other psychological processes. Interest, con-
fidence, and self-efficacy are closely related. A loss
of confidence and self-efficacy often leads to a loss
of interest.” Self-efficacy has an even deeper influ-
ence, often affecting performance, personal goals,
expended effort, perseverance, resilience to failures,
and career choice.®

The ratings for the computational thinking
survey’s 30 items use a 4-point scale ranging from
“strongly agree” to “strongly disagree.” We based
the phrase structure of the survey items on Bandu-
ra’s framework.® To ensure that capability was mea-
sured rather than intention, the items were phrased
in terms of “can do” rather than “will do,” as rec-
ommended by Bandura.® We used computational
thinking practices’ for the survey domain to mini-
mize the technical details of computer science in the
items and focus on computer science concepts to
which middle school students can relate. Each com-
putational thinking practice (for example, connect-
ing computing, developing computational artifacts,
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abstracting, analyzing problems and artifacts, com-
municating, and working effectively in teams) was
represented by five items on the survey to make it
specific to the computational thinking domain.
When administered to 37 sixth- through eighth-
grade girls, Cronbach’s alpha for the 30 items were
91, indicating good internal consistency.

Focus Group Interviews

We conducted focus group interviews with par-
ticipants on the last day of the workshop. With the
standardized open-ended interview approach, we de-
termined in advance the interview questions. We also
subsidized the standardized open-ended interview
with an informal conversational interview approach
to improve flexibility and contextual relevance. Par-
ticipants voluntarily answered focus group questions;
therefore, every participant didn’t respond to each
and every focus group interview question. We used
content analysis to analyze the transcribed data ob-
tained from 26 focus group interview participants.
We calculated Krippendorfl’s alpha with a reliability
of a=0.7213.

Results
We analyzed quantitative data through inferential sta-
tistics and qualitative data through content analysis.

Pre- and Postworkshop Survey Score
Comparisons

We used paired sample #-tests to see if there was
a significant difference between the pre- and post-
workshop survey scores for the computer confi-
dence (CC) and computational thinking (CT)
instruments. The overall preworkshop CT survey
scores were significantly less than (p < 0.01) the
postworkshop survey scores. To further investi-
gate the main effect, we ran separate paired sample
t-tests for both the HCI and algorithms groups.
The preworkshop CT survey scores for the HCI
group were significantly less than (p < 0.05) the
postworkshop survey scores. Both significant pairs
represent a moderate practical significance (4 = 554
and 4 = .605, respectively). There was no signifi-
cant difference between the pre- and postworkshop
CC survey scores.

Participant Characteristics and Survey Score
Predictions

We performed stepwise multiple regression for four
cases. Each of the preworkshop and gain survey
scores were the dependent variables, and the four
cases used the participant characteristics as the
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independent variables (see Table 1). We calculated the
gain survey scores by subtracting the postworkshop

survey scores from the preworkshop survey scores.

Computer confidence. In case 1, we conducted step-
wise multiple regression to evaluate whether any
participant characteristics could help predict pre-
workshop CC survey scores. The prediction model
contained 2 of the 11 predictors and was reached
in two steps with no variables removed. The model
was statistically significant, F(2, 28) = 7.666, p <
.01, and accounted for approximately 31 percent
of the variance in preworkshop CC survey scores
(adjusted R? = .308). Preworkshop CC survey
scores were predicted by a lower socioeconomic
status and higher school grades. Socioeconomic
status accounted for approximately 27 percent of
the variance in preworkshop CC survey scores be-
yond the variance accounted for by school grades,
which accounted for approximately 26 percent of
the variance in preworkshop CC survey scores be-
yond the variance accounted for by socioeconomic
status.

In case 2, we conducted stepwise multiple re-
gression to evaluate whether any participant char-
acteristics could be used to predict gain CC survey
scores. The prediction model contained 3 of the 11
predictors and was reached in three steps with no
variables removed. The model was statistically sig-
nificant, F(3, 22) = 9.943, p < .001, and accounted
for approximately 52 percent of the variance in
gain CC survey scores (adjusted RZ = .518). Gain
/lin?// CC survey scores were predicted by a higher
socioeconomic status, lower school grades, and the
use of a smartphone at home. Socioeconomic status
accounted for approximately 30 percent of the vari-
ance in gain CC survey scores beyond the variance
accounted for by the other two predictors. School
grades accounted for approximately 23 percent of
the variance in gain CC survey scores beyond the
variance accounted for by the other two predic-
tors. Smartphone use at home accounted for ap-
proximately 17 percent of the variance in gain CC
survey scores beyond the variance accounted for by
the other two predictors.

Prior to the workshop, the participants’ socio-
economic statuses and school grades influenced
computer confidence scores. Participants from low
socioeconomic backgrounds were predicted to have
greater CC survey scores before the workshop. This
finding is consistent with the participant statements
in the focus group interviews. In the postwork-
shop focus group interviews, participant responses
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Table 1. Stepwise multiple regression analysis variables.

*

Dependent variable Independent variables

1 Preworkshop computer Desktop, laptop, tablet,
confidence smartphone, videogame
. ) console, other device, home
2 Gain computer confidence _ ° raev
internet, father’s education,
3 Preworkshop computational mother’s education,
thinking socioeconomic status,
4 Gain computational thinking Sl AR

about perceptions of computer science before the
workshop were primarily divided along the lines of
socioeconomic background. Participants from low
socioeconomic backgrounds generally thought that
computer science was boring or admitted to not
knowing what it was, whereas several participants
from medium/high socioeconomic backgrounds
believed that computer science was hard before the
workshop. Participants with higher grades were pre-
dicted to have greater computer confidence before
the workshop. Good grades are evidence of perfor-
mance accomplishments. Bandura® states that past
successes or performance accomplishments posi-
tively influences how people feel about themselves
and approach situations.

Computational thinking. In case 3, we conducted
stepwise multiple regression to evaluate whether any
participant characteristics could be used to predict
preworkshop CT survey scores. There was no dis-
cernible linear relationship between preworkshop
CT survey scores and any of the participant charac-
teristics; F(11, 19) = 1.153, p = .378, accounting for
approximately 5 percent of the variance of prework-
shop CT survey scores (adjusted R? = .053).

In case 4, we conducted stepwise multiple re-
gression to evaluate whether any participant char-
acteristics could help predict gain CT survey scores.
The prediction model contained 2 of the 11 predic-
tors and was reached in two steps with no variables
removed. The model was statistically significant,
FQ2, 23) = 6.717, p < .01, and accounted for ap-
proximately 31 percent of the variance in gain CT
survey scores (adjusted R2 = .314). Gain CT survey
scores were primarily predicted by a higher mother’s
education and the use of a videogame console at
home. Mother’s education accounted for approxi-
mately 11 percent of the variance in gain CT survey
scores, beyond the variance accounted for by vid-
eogame console use at home, which accounted for
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Most of the participants had positive perceptions of computer science
after the workshop, describing the workshop as “fun,” “cool,”
“exciting,” “easy,” “Iimportant,” and “not boring.”
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approximately 21 percent of the variance in gain
CT survey scores beyond the variance accounted
for by mother’s education.

The workshop participants’ mother’s educa-
tion and whether participants used a videogame
console influenced the gains in CT survey scores
after the workshop. Participants whose mother
had a higher level of education were predicted to
have greater gains in CT survey scores after the
workshop, demonstrating the significant role that
parents, especially mothers, play in the lives of
adolescents. Participants who used a videogame
console at home were predicted to have greater
gains in CT survey scores after the workshop.
Literature states that African-Americans spend
more time playing videogames than nonminori-
ties.” The data collected from the focus group in-
terviews reflect the influence of videogame con-
soles with statements such as, “I can make a dance
game” when asked if she wanted a computer sci-
ence career and why.

Emerging Themes

Through content analysis, six themes emerged that
provide insight into the attitudes of primarily Afri-
can-American middle school girls and how the work-
shop influenced these attitudes. The themes are per-
ceptions of computer science, collaboration, work-
shop activities, computer science and the real world,
empowerment, and future plans in computer science.

Perceptions of computer science. Eighteen par-
ticipants expressed the perceptions they had about
computer science before the workshop, report-
ing either a negative perception of it or not really
knowing what it was. Differences in the types of
opinions participants had tended to be based on
socioeconomic backgrounds. Participants from low
socioeconomic backgrounds generally considered
computer science to be boring before the workshop,
with one participant stating that it was for “geek
people.” Participants from higher socioeconomic
backgrounds also believed that computer science
was boring, but they made additional statements,
such as computer science being “nerdy” or “for
nerds,” “hard,” and “pretty stupid.” One participant
said, “At first, I thought computer science was going

to be really hard and you have to be super smart
and stuff for it.”

Before the workshop, seven participants mis-
understood or didn’t know what computer science
was. Four participants from low and medium/high
socioeconomic backgrounds associated computer
science with doing the traditional sciences, such as
life sciences, on the computer, and also associated
it with math. One participant stated, “I thought it
was going to be a bunch of math and junk, and like
you gotta type it into a computer and make some
stuff” Of the participants who misunderstood
what computer science was about, two stated that
computer science was “boring” and “pretty stupid.”
A few participants from low socioeconomic back-
grounds admitted to not knowing anything about
computer science.

Most of the participants had positive percep-
tions of computer science after the workshop,
describing the workshop as “fun,” “cool,” “excit-
ing,” “easy,” “important,” and “not boring.” Three
of the seven participants who didn’t know about
computer science or misunderstood it indicated
that they knew what it was about postwork-
shop. One participant stated, “I think of it as do-
ing programs and stuff and getting to know the
computer.”

Three participants had a negative perception
of computer science after the workshop, with
two saying that it can “sometimes be hard.” One
participant from the algorithms group thought
that computer science was too rigid, stating, “I
just don’t want to hear people telling me, ‘you
have to do this, you have to do that,” in order to
be right. I don’t want nobody telling me that.”
However, all participants who had negative per-
ceptions of computer science after the workshop
indicated that they also had positive percep-
tions. Those who said that computer science can
sometimes be hard also made comments such as,
“Some stuff is easy.” While participants admitted
that they had fun, they feared that their friends
who didn’t attend the workshop would think it
was “nerdy and boring.” These participants were
also interested in learning more about computer
science or were interested in a computer science
career.
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Eight participants had negative opinions of the workshop activities, with

most saying they didn’t like the research aspect (completing surveys
and writing for data collection) or the activities that weren’t very

interactive (the introduction, looking at the screen).

Collaboration. Twenty participants spoke of their
experiences working in a group with their peers.
Most of them enjoyed it, saying that it was “help-
ful,” “fun,” “great,” “awesome,” “encouraging,” and
“a good experience.” Those who thought it was
helpful referred to the work getting done quicker
with statements such as, “You can get more work
through faster and quicker, and it won’t be no
rush.” Others who thought it was encouraging ex-
plained how they supported one another: “We all
listened to each other and supported each other
and helped each other if we had bad answers,”
and “When I didn’t know the answers, I could al-
ways like ask someone for the answers.” While one
participant had fun working in a group, she stated,
“At the same time, if they don’t cooperate, we not
[gonna] have the team effort.”

Four participants indicated a lack of team ef-
fort or displeasure with team members. Social
dynamics were the reasons for the negative col-
laboration experiences in the HCI group, with one
participant saying, “My partner, she tried to hold
my iPad ... and she didn’t think I could use it so
she had hauled the iPad from me, but I had got
it back,” while the partner stated, “Most people
got annoying.” The lack of ability for teammates
to work together appears to be the primary rea-
son for the negative collaboration experiences in
the algorithms group. One participant stated, “My
partner didn’t help me none at all,” while another
participant stated, “People didn’t catch up quick
enough.”

Workshop activities. Twenty participants stated
their opinions about workshop activities, with 17
rating them positively. They enjoyed looking at
the videos, using the iPad, playing the Cargo-Bot
game (the assigned task for the algorithms group),
taking pictures (a component of the activity for the
HCI group), answering questions, and viewing a
PowerPoint slideshow that was used to introduce
the lessons. Ten of the participants with positive
opinions of workshop activities revealed feeling a
sense of accomplishment. Participants spoke of
how they “made their own apps,” “made a social

www.computer.org/cise

network,” “put programs together,” “controlled the
robots,” “handled computers,” and “told the com-
puter what to do.”

Eight participants had negative opinions of the
workshop activities, with most saying they didn’t
like the research aspect (completing surveys and
writing for data collection) or the activities that
weren't very interactive (the introduction, looking
at the screen). Others didn’t like some activities,
such as “writing because I don’t know how to draw”
or the algorithm design activity on day two of the
algorithms workshop. Both activities involved writ-
ing. Five participants who had negative opinions
also had positive opinions, with two indicating a
sense of accomplishment.

Computer science and the real world. Eight par-
ticipants indicated that they were able to connect
computer science to the real world. After the work-
shop, participants thought that computer science
was useful, as revealed in the following statements:

m  “Tt helps scientists, and it helps firefighters, and it
helps police officers, and other people in the world.”

m  “If you have a job, and it’s really important,
and you gotta give a presentation, you can do
visual aid; like you can touch it and make sure
that it’s professional and stuff.”

m  “Itis a way to chat and communicate with oth-
er people.”

m  “It can get us farther places in life, and we can
go to better colleges and stuff.”

They also made references to robots helping peo-
ple with statements such as, “It [computer science]
helps us go back into the past in some ways and it
can always help with things in the future like robots
pads and stuff, and mechanical houses and stuff; and
robots that can do everything for you that might
take over the world.”

Empowerment. Eight participants revealed a sense
of empowerment after the workshop. Most be-
lieved they could create something after the work-

shop, as indicated by the following statements:
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Our research findings indicate that the intervention positively
influenced the attitudes of African-American middle school girls toward
computer science along with several other factors.
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m “You can create a lot of things for other people
to use like for school, and you can create apps
and stuff.”

m ‘T can make a dance game: Michael Jackson—
owww!”

m ‘I can download this on my iPad at home and
make my own apps, and maybe one day will
come true.”

m  “I think one day I might make another Face-
time—Facetime 2.”

s “T want to make something like all the kids,
all like the preteen kids and all, just like Face-
book, but it’s more like you can endure more
like you can, like everybody experiencels] it.”

Some participants spoke about the ability to do
computer science, stating that they “learned that
anybody can do computer science” and “you can
actually want to be a computer science technologist
and try to make some more apps and more things.”
Other participants spoke about being able to trouble-
shoot computer problems on their own, with state-
ments such as, “If you need help with computers you
just can do it on your own,” and “Now when I go
home, if T ever have trouble on the computer, I have
more of a feeling of what to do.” Other participants
referenced learning, saying, “If you want to learn
about computer science, you can do it now,” and “If
they have a class about computers at my school, I am
definitely going to sign up for it. ... If they don’t have
a class, I am going to make them give us a class.”

Future plans in computer science. Seventeen par-
ticipants expressed their willingness to learn more
about computer science or have a computer science
career. Of those 17 participants, 10 indicated that
they were interested in learning more about com-
puter science and 6 participants indicated they
might be interested in learning more about com-
puter science. When asked if they wanted a com-
puter science career, four participants said yes,
three participants said they were considering a ca-
reer in computer science, and two participants said
they didn’t want a career in computer science. Both
of the participants who didn’t want a computer
science career said they still wanted to learn more
about computer science.

Discussion

Our research findings indicate that the interven-
tion positively influenced the attitudes of African-
American middle school girls toward computer
science along with several other factors, including
the intervention content domain, the facilitation
of performance accomplishments, and participant
characteristics such as socioeconomic status, moth-
er’s education, school grades, and the use of smart-
phones and videogame consoles at home.

Participating in an intervention. In this study, we
found that participation in an intervention (the
workshop) positively influenced the participants’
attitudes toward computer science and reduced
the negative stereotypes, also found in the litera-
ture,'” they had prior to participating. Exposure to
computer science through the workshop balanced
perceptions about computer science between the
participants from different socioeconomic back-
grounds, with most participants indicating that
they had positive perceptions afterward. All the par-
ticipants who had negative perceptions of computer
science after the workshop indicated that they also
had positive perceptions, were interested in learning
more about computer science, or were interested in a
computer science career. Participants were also able
to make a connection between computer science
and the real world, which empowered and inspired
them to do independent computer science work.

Intervention content domain. The intervention con-
tained two different content domains, HCI and
algorithms, which tended to differ in terms of their
influence on the participants’ CT survey scores
and in the challenges to collaboration that partici-
pants experienced. The HCI user interface design
and evaluation domain had a positive significant
influence on participants’ CT survey scores, while
the algorithms domain did not significantly influ-
ence those scores. Although participants in both
domains had challenges in collaboration, the chal-
lenges in the algorithms content domain were di-
rectly related to the workshop activity. On the
other hand, the challenges in the HCI content
domain appeared to be primarily related to social
dynamics. The differences in the survey results
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Participants’ existing knowledge and interests. Participants were
already users of mobile devices, knew how to draw, were familiar
with recording homework assignments, and were interested in social

networking. The interface design and evaluation activities taught them
a new way to combine and utilize their existing skillsets.

and collaboration experiences of participants in
the HCI and algorithms content domains could
be attributed to the domains’ abilities to facilitate
the use of existing skillsets. In the HCI group,
participants could utilize preexisting skills, such
as drawing, and their familiarity with technology.
Although the algorithms group was also familiar
with the technology, applying algorithmic think-
ing to a computer device is a skill that many had
not been introduced to prior to the workshop.

Facilitation of performance accomplishments. Accord-
ing to Bandura, successfully completing assigned
tasks can be the most influential source of self-effica-
cy information. Within the context of this research,
the tasks were creating a prototype of a social net-
working application and solving problems in the
Cargo-Bot game. The main task for the HCI group
was to create a low-fidelity prototype of a social net-
working app using the Prototyping on Paper (POP)
app (https://popapp.in). The algorithms group
played the Cargo-Bot game (http:/twolivesleft.com/
CargoBot), where they had to duplicate a goal pat-
tern by providing the robot with the appropriate in-

structions for moving colored boxes on a platform.

Several factors can facilitate or hinder perfor-
mance accomplishments, including the adequacy
of the resources available and assistance provided
by others. In this research, performance accom-
plishments were facilitated by technology resources
provided to do the assignments (iPads) and by as-
sistance from others (by working in groups).

Most of the participants mentioned how much
they enjoyed using the iPads, with some indicating
that it was their favorite part of the workshop. One
participant stated, “I didn’t even like [the work-
shop] until we got on the iPads,” while another
participant stated, “[ The workshop] started getting
fun ‘cause we started working with the iPads.” The
iPads made the workshop “fun,” “nice,” and “excit-
ing,” according to participants.

The technology enabled participants to con-
nect design to computer science. This was revealed
when participants referred to the activity as “putting

www.computer.org/cise

programs together” and to their user interfaces as so-
cial networking “apps” rather than just drawings on
sheets of paper or a collection of pictures. In the al-
gorithms group, participants not only enjoyed using
the iPads, they also believed that the iPad technology
could be used as a motivator to get their peers inter-
ested in the workshop.

The technology helped participants visualize
the robot receiving and following instructions.
Participants were able to understand concepts of
the game, such as “how you pick up the block and
move it to the next” and “how we really had to be
specific on how we did the game.” They were also
able to translate the concept of controlling the ro-
bot to “handling computers” and “telling the com-
puter what to do.” The use of the iPads enhanced
the participants’ abilities to understand concepts
and accomplish the assigned tasks in both groups.

We instructed participants to work in small
groups, where they could receive assistance from
peers. Most of the participants enjoyed working in
groups, describing the experience as “fun,” “good,”
“great,” “awesome,” and “encouraging.” Partici-
pants also thought collaborating with their peers
was very helpful, realizing that it assisted in their
performance accomplishments. One participant in-
dicated, “When I didn’t know the answers, I could
always like ask someone for the answers.” Group
members “listened to each other,” “supported each
other,” “shared ideas,” “helped each other if we had
bad answers,” and made “something with all of our
ideas.” This enabled participants to “get stuff done
quicker,” get “a lot done,” and do “a good job.”
However, collaborating with peers didn’t always fa-
cilitate performance accomplishments. There were
instances when “people got annoying,” “partners
didn’t listen to ideas,” and when partners didn’t
provide assistance when needed. In these instances,
the lack of assistance from peers might have hin-
dered performance accomplishments.

Participant characteristics. Some participant character-
istics, including socioeconomic status, mother’s educa-

tion, school grades, and the use of smartphones and
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In order to attract this demographic to computer science, the exact
type of device used doesn’t seem to be so important; what does matter
is that the device is one that participants often interact with and enjoy
using.
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videogame consoles at home, influenced participants’
attitudes toward computer science through their CC
and CT survey scores. Additionally, socioeconomic
status influenced the participants’ perceptions of
computer science before the intervention, as indicated
by the focus group interview analysis results. The per-
ceptions of those from low socioeconomic backgrounds
before the intervention were either nonexistent or
negative; however, they weren’t as critical as those from
medium/high  socioeconomic backgrounds. Those

from low socioeconomic backgrounds might have also
1

had a more positive approach to the intervention.
O ur research study revealed that introduc-

ing African-American middle school girls
to computer science through user interface design
and evaluation produces good outcomes. The user
interface design and evaluation activities built on
participants’ existing knowledge and interests.
Participants were already users of mobile devices,
knew how to draw, were familiar with recording
homework assignments, and were interested in so-
cial networking. The interface design and evalua-
tion activities taught them a new way to combine
and utilize their existing skillsets. With a founda-
tion based on preexisting skills, performance ac-
complishments were obtainable for participants.
These performance accomplishments are a source
of self-efficacy that can, in turn, lead to increased
interest in computer science.

The home life of African-American middle
school gitls is influential in their attitudes toward
computer science. The factors of socioeconomic
background and mother’s education influencing
attitudes are consistent with existing literature.'>'?
These factors can be equated to degrees of exposure
to different experiences. Although we would expect
those with more experiences to initially have more
positive attitudes toward computer science, that
isn’t necessarily the case with this demographic,
which is inconsistent with literature that states that
those from high socioeconomic backgrounds are
more likely to choose male-dominated occupations

and have high self-efficacy expectations.'?

At home, computer science might not nec-
essarily be encouraged in the homes of African-
American middle school girls from privileged
backgrounds. However, this group does benefit the
most from computer-related interventions. Perhaps
this is because they began with more negative at-
titudes initially when compared to their counter-
parts from underprivileged backgrounds. School
grades also were a factor and consistent with cur-
rent literature.

The use of videogames and smartphones at
home positively influences African-American
middle school girls’ attitudes toward computer
science. Smartphone use appearing as a factor is
consistent with the literature stating that women,
regardless of race, are the most intense cell phone
users.”” Because the literature states that males
are the most intense videogame players regardless

of race,”

it was a bit surprising that videogames
were also revealed as an influencing factor for the
African-American middle school female study
participants. This could indicate that African-
American females play videogames more than
their Caucasian female counterparts. Additional-
ly, playing videogames was found to be a negative
predictor of academic performance in the litera-
ture.”” However, playing videogames were benefi-
cial to the self-reported beliefs of the participants
in this study.

Videogames and smartphones were key to at-
tracting African-Americans girls to computer sci-
ence in our study. In order to attract this demo-
graphic to computer science, the exact type of
device used doesn’t seem to be so important; what
does matter is that the device is one that partici-
pants often interact with and enjoy using. Using
devices in our intervention aided in the scaffolding
process where new skills were learned within the
context of existing skillsets. B!
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Lesbian, Gay, Bisexual, Transgender,
and Queer Students’ Sense of Belonging
in Computing: An Intersectional Approach

Jane G. Stout and Heather M. Wright
Computing Research Association

The field of computing is rapidly developing, requiring a strong and diverse labor force. However,
the results of two studies indicate that LGBTQ undergraduate and graduate students think about
leaving computing degree programs due to a low sense of belonging in the computing community.

ueen Elizabeth II recently pardoned Alan Turing after he had been convicted of “gross
indecency” with a man in 1952. A key figure in the development of computer science, Turing
died in 1954 at the age of 41; his cause of death is widely believed to have been suicide." This
regrettable historic event illustrates untapped potential in the field of computing from an
individual in the lesbian, gay, bisexual, transgender, and queer (LGBTQ) community. Six decades later,
most cultures no longer publicly persecute individuals due to sexual orientation, as was the case with
Turing, but bias against LGBTQ individuals persists. Biases can be subtle (perceptible glances or usage
of dysphemisms such as “that’s so gay”) or explicit (heterosexist/homophobic harassment, institutional
discrimination, or hate crimes).” In either case, bias is likely to make LGBTQ individuals feel as
though they do not “belong” in the social milieu, which can have damaging effects on the self-concept,
motivation, and achievement.
The need to belong is widely theorized to be a fundamental necessity for psychological and physical
well-being.>* When individuals do not feel a secure sense of belonging in academic settings, which are the
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We expected that LGBTQ undergraduate and graduate students
would show a stronger relationship between thoughts about leaving

computing and a low sense of belonging in the computing community

than their heterosexual peers.

milieus of interest in our current work, individuals’
motivation, achievement, and persistence tend to
suffer.® Moreover, LGBTQ students report more
instances of harassment than heterosexual students
on college campuses,” even though LGBTQ
students tend to choose to attend institutions that
have reputations for being supportive of the LG-
BTQ community.® In addition to overall campus
climate, some specific academic settings can unin-
tentionally foster a particularly low sense of belong-
ing among LGBTQ students. For instance,
computing departments tend to foster a het-
eronormative social environment, in which hetero-
sexuality is assumed to be the norm, such that insti-
tutions and policies are aligned with a heterosexual
lifestyle.” Consistent with this, an interview study
revealed that LGBTQ faculty members in comput-
ing departments perceived that heterosexuality was
the assumed norm among colleagues.'® Thus, exist-
ing theory and interview data among individuals in
computing suggest that LGBTQ students pursuing
postsecondary computing degrees have reason to
feel a generally lower sense of belonging in their de-
gree tracks than heterosexual students.

Within computing, women are also considered
a marginalized group and are known to feel a lower
sense of belonging therein than men.'>'? Thus,
our expectation was that women in the LGBTQ
community would feel a particularly low sense
of belonging compared to their peers, given that
LGBTQ women belong to two social groups that
are underrepresented and even stigmatized in
computing. Such a hypothesis is consistent with
intersectionality theory, indicating individuals’
subjective experiences are subject to multiple (that
is, intersecting) social identities."?

Importantly, extant theory and research suggest
a thwarted sense of belonging among LGBTQ stu-
dents in computing should increase their inclination
to leave a computing career track.>* Systematic at-
trition from computing among LGBTQ students is
suboptimal for several reasons. For one, a dearth of
LGBTQ individuals in computing means that this
group of individuals’ needs and interests become un-
derrepresented in computing innovations. Moreover,

www.computer.org/cise

this group of individuals brings a diverse perspective
to the computing enterprise, which is associated with
high innovation and productivity.“’15 Finally, high
dropout rates among whole subgroups of students
will result in a low volume of qualified workers, im-
peding society’s ability to build a strong computing
labor force.

Assessing Belonging in Computing

Despite the implications of understanding LGBTQ
students’ sense of belonging in computing settings,
to our knowledge, this topic has not yet been
formally studied. In this article, we assess LGBTQ
versus heterosexual students’ sense of belonging in
computing and its relation to students’ intentions
to persist in a computing career track. We also take
an intersectional approach in our work by looking
at whether and how students’ gender interacts with
their LGBTQ identity to influence their sense of
belonging in computing. We collected data from
undergraduate and graduate students, which allowed
us to assess whether our findings replicate across two
samples and generalize across individuals at different
stages of their computing career preparation. We
expected that LGBTQ undergraduate and graduate
students would show a stronger relationship between
thoughts about leaving computing and a low sense
of belonging in the computing community than
their heterosexual peers.

Study 1

We invited undergraduate computing students to
complete an online survey sent to a national sample
of colleges and universities during the fall academic
semester of 2013.

Method

We recruited 857 undergraduate students major-
ing in a computing field from a sample of com-
puting departments across the US to complete
an online survey in exchange for being entered
in a raffle to win a US$100 gift card. We define
“computing field” as computer science, comput-
ing engineering or electrical and computer en-

gineering, computing information systems, or
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another computing-related field including inter-
disciplinary fields with a strong computing com-
ponent (such as computational biology or digital
media). At the end of the survey, we asked stu-
dents to provide demographic information such
as sexual orientation, race, and gender. Eighty-six
students self-identified as LGBTQ (7 = 9 lesbian;
n = 28 gay; n = 45 bisexual; » = 1 transgender;
n = 3 queer), and 771 students self-identified as
heterosexual.

Of the students in our sample, 63 percent at-
tended institutions where the highest computing
degree offered in their department was a PhD, 15
percent where the highest degree available was a
terminal MS, and 20 percent where the highest de-
gree available was a BS; 2 percent of students did
not provide institution information. Twenty-five
percent of our sample was women and 75 percent
was men. The racial and ethnic makeup of the
sample was 4 percent African-American, 12 per-
cent Asian-American, 61 percent Caucasian, 9 per-
cent Latina/Latino, 12 percent more than one race,
and 2 percent other.

Students completed an online survey that in-
cluded questions pertaining to students’ thoughts
about leaving their academic program and rea-
sons for doing so. The following item assessed
students’ thoughts about leaving their major:
“Since declaring or planning to declare your
computing major, have you seriously considered
changing to a noncomputing major?” Response
options were yes or no.

Students who had thought about leaving their
major were asked the following two follow-up
questions: “How much do you disagree or agree
with the following statements: I have considered

50% 1
40% A

30% A

Considered
changing to a noncomputing major

20% 4 18%

- -l
0%- T

LGBTQ
women

15% 15%
10%

AN

LGBTQ  Heterosexual Heterosexual
men women men

Figure 1. Percent of undergraduate students who
thought about changing to a noncomputing major:
LGBTQ x gender.
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changing to another major because “... I do not feel
welcomed in the computing community” “I do
not feel like I ‘i’ in the computing community,”
using a scale ranging from 1 (strongly disagree) to
5 (strongly agree). Items had good internal reliabil-
ity (a0 = .89),16:17
of the two items and used this composite variable

SO we created an average score

to assess students’ endorsement of low belonging as
an explanation for why they’ve considered leaving
their program.

Finally, we asked students to report their cur-
rent GPAs for their computing majors using a 4.0
scale, which served as a covariate in the following
analyses.

Results

Regarding students’” thoughts about leaving, we first
assessed whether LGBTQ students were more likely
to think about leaving their major than heterosexual
students and whether thoughts about leaving were
particularly high among LGBTQ women. To do
this, we ran a multiple logistic regression in which
we regressed whether students had thought about
changing to a noncomputing major (0 = no; 1 = yes)
on LGBTQ (-1 = heterosexual students; 1 = LGBTQ
students), gender (-1 = women; 1 = men), and their
interaction term (LGBTQ x gender). We found that
LGBTQ group identification, gender, and students’
interaction terms were not significant predictors
of students’ thoughts about changing their major,
ps> .23 (see Figure 1).

Although LGBTQ students did not consider
leaving their program to a stronger degree than
heterosexual students, we expected that among stu-
dents who did consider leaving (» = 101), LGBTQ
students would be more likely than heterosexual
students to indicate that their reason for doing so
was due to a low sense of belonging in the com-
puting community. Moreover, we expected that fe-
male LGBTQ students would be particularly likely
to report having thought about leaving due to a
low sense of belonging.

To test these hypotheses, we ran a LGBTQ x
gender analysis of variance (ANOVA) on the de-
gree to which students’ thoughts about leaving
were related to a low sense of belonging in comput-
ing. We found that, indeed, LGBTQ students were
more likely to have thought about leaving their
major due to a low sense of belonging in comput-
ing than heterosexual students, F (1, 97) = 6.85,
p < .05. Furthermore, a main effect of gender in-
dicated that women who had considered leaving
their major were more likely to do so than men due
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to a low sense of belonging, F (1, 97) = 13.60, p <
.001. We did not find a significant LGBTQ x gen-
der interaction, F (1, 97) = 2.89, p = .093, but we
suspected that this lack of an interaction was due
to few LGBTQ women and men in this particular
analysis ( = 7 women; # = 7 men), resulting in

low statistical power to detect this specific effect.
Although this interaction effect was not signifi-
cant, we opted to test our a priori hypothesis that
LGBTQ women would be more likely than their
peers to think about leaving their computing major
due to low belonging in computing by way of a se-
ries of post hoc Dunnett t-tests, where we compared
LGBTQ women’s responses to those of the remain-
ing three student groups. In doing so, we found
that, indeed, LGBTQ women were significantly
more likely than their peers to report thinking
about leaving their major due to a low sense of be-
longing in computing, ps < .05 (see Figure 2).
Because students’ undergraduate GPA tends
to be positively related to sense of belonging in

> we reran our analysis, this

achievement settings,
time statistically controlling for students’” reported

major GPAs. Doing so did not change our results.

Discussion

Study 1 provided empirical support for our hy-
pothesis that LGBTQ students’ thoughts about leav-
ing are more strongly related to a lower sense of “fit”
in computing compared to heterosexual students.
Furthermore, this explanation for wanting to leave
their major was most prevalent among female LG-
BTQ students who belong to two minority groups
within computing. In a second study, we sought to
conceptually replicate these findings among graduate
students in computing using a slightly modified ana-
lytic design. An added benefit of focusing on gradu-
ate students in study 2 was that we could observe
belonging and persistence intentions further into the
computing career pipeline and note whether and to
what degree LGBTQ graduate students might “leak”
out of the academic pipeline relative to heterosexual
students.

Study 2

We invited graduate students in computing programs
to complete an online survey sent to a national
sample of universities during the fall academic
semester of 2013.

Method
We asked 45 LGBTQ (7 = 5 lesbian; » = 12 gay; n
= 25 bisexual; # = 3 queer) and 899 heterosexual
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Figure 2. Undergraduate students’ indication that
thoughts about changing to a noncomputing major were
due to a low sense of belonging in computing: LGBTQ
x gender. Bars indicate mean responses for each
group. Group means are displayed above each bar, and
standard errors are displayed at the top of each bar.

graduate students pursuing either an MS or a PhD
in a computing field from a sample of computing
departments across the US to complete an online
survey in exchange for being entered in a raffle to
win a $100 gift card. The total number of students
in this sample was 944.

Of the students in our sample, 85 percent at-
tended institutions where the highest computing
degree offered in their department was a PhD and
8 percent where a terminal MS was the highest
degree offered; 7 percent of students did not re-
port institution information. Fifty-eight percent
of our sample was in terminal MS programs and
42 percent was in PhD programs. Thirty-eight
percent of the sample was women, 61 percent
was men, and 1 percent did not specify gender.
The racial and ethnic makeup of the sample was
3 percent African-American, 48 percent Asian-
American, 38 percent Caucasian, 3 percent La-
tina/Latino, 5 percent more than one race, and 3
percent other.

Students completed a survey containing ques-
tions pertaining to students’ sense of belonging in
the computing community and thoughts about
leaving their graduate degree programs. The fol-
lowing question assessed students’ thoughts about
leaving their degree programs: “During your aca-
demic career, have you ever seriously considered
leaving your graduate program?” Response options
were “I have never seriously considered leaving”
and “T have seriously considered leaving.” Four
questions assessed students’ sense of belonging in
computing: “I feel like I belong in computing,” “I
feel like an outsider in the computing community”
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Figure 3. Percent of graduate students who thought
about leaving their degree program: LGBTQ x gender.

(reverse scored), “I feel welcomed in the computing
community,” and “I do not have much in common
with the other students in my computing classes”
(reverse scored), each using a scale ranging from 1
(strongly disagree) to 5 (strongly agree). These four
items have good internal reliability (o = .73), so we
aggregated them and used their average as an index
of belonging in the computing community.

Results
We first assessed whether LGBTQ students were
more likely to think about leaving their graduate
program than heterosexual students. Then we as-
sessed whether thoughts about leaving were par-
ticularly high among LGBTQ women. We regressed
whether students had thought leaving their degree
program (0 = no; 1 = yes) on LGBTQ group (-1
= heterosexual students; 1 = LGBTQ students),
gender (-1 = women; 1 = men), and their interac-
tion term (LGBTQ x gender) via multiple logistic
regression. We found that LGBTQ students were
significantly more likely to have thought about leav-
ing their degree program than heterosexual students,
B = .62, SE = .16, x* (1,944) = 14.65, p < .001.
However, neither gender nor the LGBTQ x gender in-
teraction were significant predictors of thoughts about
leaving a degree program, ps > 41 (see Figure 3).

Because terminal MS programs versus PhD
programs have important experiential differences
(for example, given their shorter duration, MS pro-
grams offer less time to think about leaving), we re-
ran our analysis, this time controlling for the type
of degree program in which students were enrolled.
The pattern of results did not change.

We next ran an LGBTQ x gender ANOVA
on students’ sense of belonging in computing and
found that LGBTQ students reported a lower sense
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Figure 4. Graduate students’ sense of belonging in computing:
LGBTQ x gender. Bars indicate mean responses for each
group. Group means are displayed above each bar, and
standard errors are displayed at the top of each bar.

of belonging than heterosexual students, F (1, 935)
= 11.16, p < .01. We also found that women report-
ed a lower sense of belonging than men, F (1, 935)
= 14.56, p < .001. Although there was not a sig-
nificant LGBTQ x gender interaction, p = .31, we
ran follow up Dunnett t-tests comparing LGBTQ
women’s sense of belonging to that of each of the
three remaining student groups. Consistent with
our a priori prediction, LGBTQ women reported
a lower sense of belonging than LGBTQ men,
2 < .05, heterosexual women, p < .05, and hetero-
sexual men, p < .05 (see Figure 4).

We next explored a possible explanation for
LGBTQ students’ greater tendency to think about
leaving their degree program than heterosexual stu-
dents: low belonging. Extant research and theory have
found that feeling a secure sense of belonging in aca-
demic settings is associated with persistence therein.’
We found that this was also the case in our data: stu-
dents who felt a stronger sense of belonging were less
likely to think about leaving their degree program, B
—59, SE = .09, \3(1,944) = 41.49, p < .00L.

Having established that LGBTQ graduate students

felt a lower sense of belonging in computing than their

heterosexual peers and that feeling a secure sense of be-
longing in computing is associated with a lower tendency
to think about leaving a degree program, we then tested
whether LGBTQ students’ lower sense of belonging
might partially explain their comparatively greater over-
all tendency to think about leaving their degree programs
than heterosexual students. Indeed, the original group
disparity in thoughts about leaving a program (8= 1.22,
SE = 31, X2 (1,944) = 15.61, p < .001) decreased in

size after statistically controlling for students” sense of
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belonging (B = 1.04, SE = .32, X2 (1,944) = 10.68,
2 < .01). This indirect effect was significant, Sobel
Z=3.09,SE= .08, p< R indicating that LGBTQ

students” greater tendency to think about leaving was

partially statistically explained by their lower sense of
belonging in the computing community than that of
heterosexual students (see Figure 5).

General Discussion

Our current work suggests that LGBTQ students
are more likely to think about leaving computing
because they feel a lower sense of belonging com-
pared to heterosexual students. Although we found
that LGBTQ women were no more likely to report
thinking about leaving their program than their
peers, this group of women showed the lowest sense
of belonging in computing compared to other stu-
dents. Thus, our data suggest that whereas all mem-
bers of the LGBTQ community might be at higher
risk of leaving computing compared to heterosexu-
al-identifying students, women within the LGBTQ
community are particularly at risk, perhaps due
to the fact that they belong to two marginalized
groups: women and non-heterosexual individuals.

One puzzling finding in the current work is that
whereas LGBTQ graduate students reported that
they had seriously considered leaving their program to
a greater degree than heterosexual peers, this pattern
did not occur among undergraduate students. Note
that while approximately 12 percent of all undergrad-
uate students indicated that they had considered leav-
ing their major, 28 percent of all graduate students
considered leaving. Greater variability in graduate
students’ thoughts about leaving might have revealed
sexual orientation disparities that were too difficult to
detect in study 1 due to low variability in thoughts
about leaving among undergraduate students.

In this work, we focused solely on LGBTQ
students’ sense of fit and thoughts about leaving
within the context of computing. It is possible that
LGBTQ students feel a more secure sense of belong-
ing in fields such as the social sciences and humani-
ties, which focus on understanding social issues
(sexuality) in the curriculum.” Future work should
compare LGBTQ students’ sense of belonging and
persistence across many different disciplines in or-
der to assess whether LGBTQ students’ sense of
belonging is localized to specific disciplines or wide-
spread across the academy. Such findings would help
administrators and educators target their efforts to
create inclusive environments for all students.

Our work does not pinpoint the vehicles be-
hind LGBTQ students’ low sense of belonging

www.computer.org/cise
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Figure 5. Indirect effect of “belonging” on LGBTQ versus heterosexual

students’ greater tendency to think about leaving their degree programs.
Regression coefficients are unstandardized. Coefficient in parentheses is
the effect of sexual orientation on thoughts about leaving, controlling for

belonging, where *p < .01 and **p < .001.

in computing—for example, does the comput-
ing culture subtly transmit a blanketed message
that the LGBTQ community does not belong in
computing via a lack of LGBTQ role models?
This is one explanation for women’s low sense of
belonging in many STEM fields*® and could
be one mechanism behind LGBTQ students’
tendency to feel as though they do not “fit” in
computing as much as heterosexual students. Fu-
ture research should explore these and other pos-
sible explanations for low belonging among the
LGBTQ community in order to develop clear-
cut intervention strategies to achieve greater in-
clusivity in the academy.

t is in the field’s best interest to ensure that a

broad array of individuals with a diversity of
experiences and perspectives contribute to comput-
ing. To attract and retain a breadth of talent, com-
puting must foster a safe and inclusive environment
for all individuals. In this way, the computing field,
and society more generally, can benefit from a
sturdy, innovative computing labor force. Equally
important, all individuals would be free to pursue
a career in the financially and personally rewarding
field of computing. B
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Julian Scholars:
Broadening Participation of Low-Income,
First-Generation Computer Science Majors

Gloria Childress Townsend | DePauw University
Kay Sloan | Rockman et al

Using funding from the US National Science Foundation, DePauw University launched a program
for low-income, first-generation scholars in STEM fields. Cornerstones of the Julian Scholars
program include a week-long summer research experience bridging high school and college,
common classes for each cohort, mentoring, one-on-one resume and internship/research
counseling, and scholarships.

n 2009, DePauw University received a four-year Scholarships in Science/Technology/Education/Math-
ematics (S-STEM) grant from the US National Science Foundation (NSF) to initiate the program
“Julian Scholarships: Recruiting, Retaining and Supporting Local, First-Generation Undergraduate
Scientists” (Julian Scholars). The project tapped a new pool of high school students for DePauw and
provided a more diverse set of future STEM professionals. Project principal investigators (Pls) selected
Julian Scholars with demonstrated financial need from high school students in rural counties surround-
ing DePauw University’s campus in West-Central Indiana and from a nearby urban county that includes
Indianapolis. The S-STEM scholarships completed a package of tuition, room, and board supplied by
DePauw.
Percy Lavon Julian, a prominent African-American chemist and 1920 DePauw graduate, accomplished
many things in his career, including the synthesis of cortisone; the synthesis of physostigmine, a glaucoma
drug; and the creation of aerofoam, a flame retardant that saved many lives during World War II. As a

32 Computing in Science & Engineering 1521-9615/16/$33.00 © 2016 IEEE  Copublished by the IEEE CS and the AIP May/June 2016
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The program’s director did not access students’ private financial
information, and her database doesn’t distinguish between parents’
having some or no college experience, so it is impossible to compare
statistics using exactly the same first-generation and low-income

definitions.

first-generation student who overcame great odds
to obtain his education, Julian is an exceptional
role model for first-generation students today.

Underrepresented in STEM: Low-Income,
First-Generation Computer Science Students
Reliable sources for data about low-income, first-
generation students define terms differently from the
Julian Scholars” definitions. The program’s director
did not access students’ private financial informa-
tion, and her database doesn’t distinguish between
parents’ having some or no college experience, so it
is impossible to compare statistics using exactly the
same first-generation and low-income definitions.
Similarly, sources break down categories differently
for criteria such as institutional description, student
race, age, and marital status. The sources? draw
data from either the Postsecondary Education Tran-
script Study of the National Education Longitudinal
Study of 1988 or the National Center for Education
Statistics’ Beginning Postsecondary Study.

In Table 1, column one displays explicit defini-
tions of low-income, first-generation, institutional
type, and major subject (along with sources of the
definitions); column two contains the sources’
graduation rates; and column three lists graduation
rates for Julian Scholars. Although the column one
definitions don’t match perfectly, including Table 1
darta is important: the Julian Scholars’ percentages
regarding both STEM and computer science ma-
jors exceed (by a large margin) each of the cited
STEM and computer science rates for first-genera-
tion and low-income students, regardless of nuanc-
es in definitions of the two terms. Furthermore, the
cited percentages for low-income and first-genera-
tion students provide documented ballpark ranges
for comparing the Julian Scholars” percentages.

The last three rows of Table 1 reveal that all
24 of the Julian Scholars graduated from four-year
colleges or will soon. Rounding errors account for
the fact that the last three rows sum to more than
100 percent. Of the original 24 students, one grad-
uated from DePauw with a degree in English, one
is predicted to graduate with a degree in English

www.computer.org/cise

from a nearby public institution, one earned a psy-
chology degree from a large research university in
Indianapolis, one earned a degree in biology from
another private Indiana college, and one earned
an engineering degree from a prestigious private
school close to DePauw. Nineteen of the 24 fin-
ished the Julian Scholars program by graduating
from DePauw with a STEM degree (79 percent).
Of these 19, 12 are pursuing computing careers in
industry or are in graduate school studying com-
puter science, cyber law, or computer engineering
(63 percent). Nine of the 12 work in industry, and
the remaining three attend one of the three gradu-
ate school categories listed above. Ten of the 12 re-
ceived DePauw degrees in computer science. Three
of the 12 are female, and of those three, one is
Asian, a minority for STEM majors but not a tradi-
tional minority for computer science.

Again, all Julian Scholars must display signifi-
cant financial need and have parents who didn’t
complete an undergraduate education themselves.
However the terms for low-income and first-gen-
eration are defined (and all definitions appear in
column one of Table 1), the graduation rates for the
Julian Scholars program (in column three) are larg-
er than the percentages in column two—in most
cases, much larger. In particular, the graduation
rate for Julian Scholars who are now employed in
the computing field or are enrolled in a computing-
related graduate school program is 50 percent (50
percent of the Julian Scholars graduated or will
graduate soon with majors that are not computing-
related), while national computer science gradua-
tion rates (two different definitions, also in bold)
for low-income, first-generation students are both
less than 10 percent.

Description of the Julian Scholars Program

The Julian Scholars program operated from 2009—
2015, with NSF funding in the years 2009-2013.
The program’s success in graduating STEM stu-
dents and computer science students, in particu-
lar, suggests a closer investigation of the program’s

components.
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Table 1. National-level and Julian Scholars’ percentages of low-income, first-generation scholars.

Definitions of low-income, first-generation students,
institutional types, and major subjects Other (%) Julian Scholars (%)

Graduate from four-year institution and parents have some college 62.7
experience!

Graduate from a four-year institution and parents have no college 46.7
experience!

Graduate from a four-year institution and parents’ income < $25,000" 52.3

Graduate from a four-year institution and parents’ income between 62.1
$25,000 and $49,999, inclusive!

Graduate from a four-year institution majoring in a STEM field or 16.0
architecture and parents have some college experience?

Graduate from a four-year institution majoring in a STEM field or 13.1
architecture and parents have no college experience!

Graduate from a four-year institution majoring in a STEM field or 20.5
architecture and parents have bachelor’s degrees or higher!

Graduate from a four-year institution majoring in computer 3.7
science and parents have some college experience!

Graduate from a four-year institution majoring in computer 2.0
science and parents have no college experiencel

Graduate from a public four-year institution and parents 34.0
have no college experience and parents’ income < $25,000?

Graduate from a private nonprofit four-year institution and parents 43.0
have no college experience and parents’ income < $25,000?

Graduate from a four-year institution with a degree in a 19.0
STEM field and parents have no college experience and parents’
income < $25,0002

Graduate from a four-year institution with a degree in computer 10.0
science or engineering and parents have no college experience
and parents’ income < $25,0002

Graduate from DePauw with a STEM degree and parents’ income 79.0
qualifies them for financial aid (N = 19)

Graduate from DePauw to enter computing career or computing- 50.0
related graduate degree program and parents’ income qualifies
them for financial aid (N = 12)

Graduate from a four-year public or private institution with 92.0
a STEM degree and parents’ income qualifies them for financial

aid (N = 22)

Predicted to graduate from a four-year public institution with 4.2

an English degree and parents’ income qualifies them for
financial aid (N = 1)

Graduate from a four-year nonprofit private institution with 4.2

an English degree and parents’ income qualifies them for
financial aid (N = 1)
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For each of the three recruiting years, the list of students meeting the

grant’s criteria contained about 50 names.

Recruiting the Julian Scholars

DePauw recruited students to be Julian Scholars
from high schools in Indianapolis (a 40-minute
drive from the university) and from the six coun-
ties that surround Putnam County (where DePauw
resides) and Putnam County itself, in West-Cen-
tral Indiana. Guidelines for selection included an
established aptitude and interest in science and
mathematics, an unweighted GPA of 3.7, and
combined mathematics and critical reading SAT
scores of 1200 or higher. All students displayed sig-
nificant financial need and had parents who didn’t
complete an undergraduate education. We chose to
target these two populations based on studies sug-
gesting that first-generation students prefer to at-
tend undergraduate institutions in close proximity
to their homes.? In addition, the preceding year’s
graduation roster included no first-generation stu-
dents from half of the surrounding counties, two
each from two targeted counties, and five from the
remaining county, for a total of only nine gradu-
ating, first-generation students representing all
the students living within a few miles of DePauw.
Julian Scholarships helped correct the shortfall.

The Office of Admission sent a Julian Schol-
ars brochure during its general recruitment of new
students (from a purchased mailing list) in the
targeted Indiana counties. For each of the three
recruiting years, the list of students meeting the
grant’s criteria contained about 50 names. The
grant’s PI then ranked the students by GPA and
SAT scores, personally recruited admitted students
in rank order by telephone, and then interviewed
them on campus. Many of the contacted students
declined an interview. The interview questions
purposely included conversational explorations
of students’ intellectual liveliness and curiosity
and deflected more stressful inquiries common
in highly selective honors programs, such as De-
Pauw’s Honor Scholar program. For each of the 3
recruiting years, the PI chose 8 qualified students
from approximately 10 after campus interviews,
choosing students on a rolling basis.

The NSF provided US$10,000 per year in
scholarship funding for each Julian Scholar during
the first and second years of college; DePauw Uni-
versity funded $20,000 per student in years three
and four. The scholars maintained a general GPA

www.computer.org/cise

of 2.5 or higher in a STEM major to remain in the
program. DePauw continued to pay the scholar-
ship funding for the lone student who dropped out
of the Julian Scholars program to major in English
and remain at DePauw.

Bridge to Science

After being accepted into the program, Julian
Scholars spent one week in the summer preceding
each cohort’s fall matriculation conducting sci-
ence research in one of three project groups: Sci-
ence Research Fellows (SRF; an honors program
for STEM students), internal grants, and external
grants. The eight Julian Scholars in each year’s
cohort divided into two groups of four for their
bridge to Bridge to Science (B2S) research proj-
ects. The groups included university students and
professors already involved in laboratory and field
studies, with the college researchers (students and
professors) serving as informal peer mentors. One
study evaluated summer programs for graduating
high school seniors (such as the Drexel Univer-
sity Computing Academy), finding that students
“enter fall with confidence, knowing how to get
things done.” Another source similarly advocated
programs such as B2S: “Summer bridge programs
helped students gain experience with registering
for classes, finding classrooms on campus, and go-
ing to the bookstore.”

The Julian Scholars met the science profes-
sors and their upper-class science student re-
searchers (who acted as role models) in a relaxed
and intimate environment. The SRF assistant di-
rector provided social event programming in the
form of picnics, movies, and so on for the entire
summer research community of approximately
100 students. The university community, fami-
lies, and friends attended the poster session held
at the conclusion of each B2S week. The poster
sessions instilled confidence and communication
skills, while providing line items for students’ re-
sumes. Professors displayed the posters in their
respective science suites. Some students were
able to attend discipline-specific conferences to
present their posters a second time. All Julian
Scholars presented their posters again in Novem-
ber in the school-wide poster session for summer

research.
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Panels of older first-generation students (including the mentors)
explained how they obtained their research and internship
experiences and described typical days doing research or working
iIn an internship.

36

Registration Counseling, Common Classes,
and Professor Selections

During B2S, whose timing was chosen to precede
summer registration, Julian Scholars met with the
PI as a group, and individually, to receive regis-
tration counseling. Ordinarily, first-generation
students list online preferences for their first fall’s
classes during June’s online registration—an un-
fortunate course-selection mechanism for students
with parents who have little or no college experi-
ence. The PI stressed the importance of careful
course selection and steered students toward an
appropriate science class and additional courses
based on their high school subject matter prefer-
ences as well as her knowledge of DePauw class
content. In addition, communication with the De-
Pauw registrar placed students in common science
classes with instructors known to be especially
helpful and outgoing with students. The study cited
earlier® supported the methods described here by
recommending an “intrusive advising process ...
in participants’ initial course selection” for students
in a project involving “pre-freshmen,” low-income,
first-generation scholars.

Julian Mentors in Addition to Regular
DePauw Mentors
The PI chose (based on faculty members’ recom-
mendations and her own interviews) two student
mentors for each cohort: upper-class DePauw
STEM students to live with the Julian Scholars and
provide evening activities (sports, movies, hiking,
and so on) during the summer week. The mentors’
demographic profiles matched Julian students’ pro-
files, and during the academic year, they continued
to informally monitor their four cohort members
(meeting individually for coffee once a month and
discussing items from a list provided by the director
while chatting extemporaneously) and composed
notes from each meeting, reporting back to the PI.
Once the fall school year began for first-year
students, the university supplied additional student
mentors (1 or 2 for each group of 12 to 14 first-year
seminar students) and a well-coordinated series of
social and academic activities with these mentors.

DePauw requires each firstyear students to enroll
in a first-year seminar. Two or three student mentors
(plus the PI) served each Julian Scholar, resulting in
“intrusive mentoring,” as described in 2 2008 presen-
tation.® The presentation concerned a study conduct-
ed with 205 Indiana 21st Century Scholars and 76
support staff members and administrators, and it rec-
ommended intrusive mentoring, a summer bridging
experience, and learning communities, each of which
was a component of the Julian Scholars program.

A Comprehensive Advisor

Julian Scholars received advising through their firse
year seminars and in most cases changed advisors after
declaring a major at the conclusion of their sophomore
years. The Pl maintained access to all electronic
advising records for each student, acting as a second,
comprehensive advisor for the Julian Scholars by
communicating with the standard advisor, the career
center, the financial aid office, students’ instructors,
and so on, as advocated in the literature.”

Tutors Who Are Also Mentors or

Julian Scholars

The literature about first-generation students™®? calls
for “strong tutorial and supplemental instruction.”
The PI added to the literature’s commonsense advice
by hiring tutors for the Julian Scholars, people who
were also Julian student mentors or current Julian
students themselves after they became upper-class
students.

Personal Resume Consultation and Editing
The PI asked the Julian Scholars to visit the career
center to write initial drafts of their resumes.
During a fall meeting in their first semester, she
then helped them craft line items for their resumes,
including selection for the Julian Scholars program,
B2S, and their two poster presentations. Following
the group meeting, the PI held individual
meetings with each Julian student to help the
student perform final resume edits. Researchers
recommend this sort of collaborative planning for
all career transition processes that first-generation
students undergo.'
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Participants shared how they had used the various resources and
support mechanisms and how these items had steered them through
coursework, college life, and summer and semester research

experiences.

Counseling for Research and Internship
Opportunities

The PI held two separate seminars for the Julian
Scholars, during each cohort’s initial fall semester,
to discuss both summer research and summer in-
ternship opportunities and to hand out written in-
formation and lists of STEM websites about those
opportunities. Panels of older first-generation stu-
dents (including the mentors) explained how they
obtained their research and internship experiences
and described typical days doing research or work-
ing in an internship. The director volunteered to
write recommendations for each Julian Scholar
based on B2S research and poster presentations, and
all of the students successfully obtained internships
and/or research opportunities, such as Research Ex-
periences for Undergraduates from the NSF.

Community Building

One of the most important components of the
Julian Scholars project sought to build community
among its members. As one study pointed out,
“first-generation students tended to report lower
ratings of belonging,”"' and another researcher
wrote that “extracurricular activities bond students,
faculty, staff, and the institution.”® “Representing
the university culture in terms of interdependence
(i.e., being part of a community) reduced [the]
sense of academic difficulty and eliminated the
performance gap” between first-generation and
continuing-generation students.'”> Each of the
preceding research studies encouraged the PI to
design social activities for the Julian Scholars and
mentors. A recurring favorite of the students was
the “science ice cream party,” featuring ice cream
made with liquid nitrogen.

Although frequent participation in social activities
might be one avenue for integrating students into
campus life, one study’s results® suggested that
participation and involvement in academic activities
could be just as (or more) important to first-
generation students than social activities, especially
those involving interactions with faculty members.
The literature also indicates that “first-generation
students tend to be less engaged than other

www.computer.org/cise

students, perhaps in part because they know less
about the importance of engagement or how to get
involved in productive activities.”'? Parents of first-
generation students might not understand the im-
portance of engagement and find many activities
“off-putting.”'4

Accordingly, the Julian and SRF directors
worked together to share programming for students
in both programs (mainly STEM speakers) when
appropriate, taking advantage of the SRF budget.
The PI also encouraged all 11 of the female Julian
Scholar to attend the Women in Science monthly
lunches (with speakers). Additional communities
that the Scholars were urged to join included the
Underrepresented in Science club, the robotics
club, the programming team, and computing
organizations such as ACM, ACM-W chapters,
and Students in Technology, Academia, Research,
and Service (STARS) Alliance.

The Julian Scholars as a group seemed proud
of their community, electing to wear graduation
cords in the colors of Indiana’s flag to represent
their program. A large contingent spoke to a new
first-generation scholars group at an ice cream
social to give their advice for success at DePauw.

Evaluation

A two-year external study conducted by independent
research and evaluation firm Rockman et al used
both quantitative and qualitative methods to gauge
the program’s success in recruiting and supporting
Julian Scholars. Although the report focuses largely
on feedback gathered in year two, it also draws on
the results from the year-one background and follow-
up surveys to gauge changes from year to year.

Anonymous Student Surveys

The external study began in fall 2011, two years into
the project, with an online presurvey completed by
83 percent of the 24 Julian Scholars (V= 20; 4 first-
years, 8 sophomores, and 8 juniors). The survey,
which gathered data on students’ confidence,
research experiences, and career aspirations, served
as a baseline for cohort 3 students, then DePauw

first-year students; a retrospective survey served as a
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Julian Scholars also find the research, internship, and career
opportunities open to them invaluable, but emphasize that without
help managing their time, preparing resumes, and meeting application
deadlines, they would have taken advantage of fewer opportunities.
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baseline for the sophomores and juniors in cohorts
2 and 1, respectively. As part of the year-one data
collection, students also completed a follow-up
postsurvey in spring 2012 (N = 20; 4 first-years, 8
sophomores, and 8 juniors). For year two, students
completed the same postsurvey in spring 2013
(V = 17; 6 sophomores, 5 juniors, and 6 seniors).
The respondent groups varied slightly from survey
to survey. (Nonrespondents included students who
had graduated early or were studying abroad.)

Focus Groups

At the ends of both academic years (2012 and
2013), a sample of Julian Scholars took part in
focus groups. Seven students, whose comments
and quotes are included in this report, took part
in the 2013 discussions, elaborating on some of the
same questions asked in the surveys and providing
more in-depth information about their experiences
as Julian Scholars. Participants shared how they
had used the various resources and support
mechanisms and how these items had steered them
through coursework, college life, and summer and
semester research experiences, ultimately helping
them prepare for and transition to careers and
postgraduate work. Students also shared personal
experiences and observations about how their
experiences differed from other students’.

Interviews with the Project Director

Over the course of the two-year study, the evalu-
ator conducted several informal interviews with
the Julian Scholars program director about the
program’s evolution. The interviews helped the
evaluator understand the program’s components.
As an example, she learned about extensive resume
preparation help and subsequently designed survey
questions to allow Julian Scholars to rate the re-
sume aid they received.

Data Analysis

For a subset of scaled items pertaining to students’
ratings of the importance of program components,
their confidence in skills and knowledge, and their
views on careers in science, the evaluator ran paired

sample #tests to look for statistically significant
differences between the 2012 and 2013 (IV = 16)
results. In the findings reported here, the means
vary slightly because the respondent pairs differed
from analysis to analysis.

For the more qualitative data from open-
ended survey questions and focus groups, the
evaluator reviewed responses for emerging themes
and developed coding systems based on recurrent
comments or topics. The small numbers of Julian
Scholars and focus group participants limited the
analysis somewhat, but there were some clear and
consistent trends across questions, years, and groups.

Evaluator’s Summary

Scholarships made it possible for Julian students
to attend DePauw, but the less tangible forms of
support have enabled them to succeed. Julian
Scholars indicate that they would not likely have
attended or even considered DePauw University
had it not been for the scholarship. They also say
that the guidance they received, primarily from the
director but also from student mentors and peers,
is what helped them successfully steer through
their undergraduate years and emerge with the
confidence and research experience that will make
them attractive candidates in competitive job
markets and for graduate school admissions.

Julian Scholars also find the research, internship,
and career opportunities open to them invaluable,
but emphasize that without help managing their
time, preparing resumes, and meeting application
deadlines, they would have taken advantage of fewer
opportunities. Whether they chose computer science
or other STEM areas, Julian Scholars feel that the in-
sistence, again from the director, that they start con-
sidering internships and other research opportunities
early in their programs and each academic year gives
them an advantage over other applicants. They also
believe that, compared to other DePauw students,
they have a stronger support system.

The Julian Scholars have gained confidence in var-
ious skills during their undergraduate programs, in-
cluding the 21st-century skills routinely listed as those
needed to succeed in the workplace. Comparisons
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Table 2. Students’ ratings of Julian opportunities and support, by year.

2012 2013 Standard | Statistical significance
Julian Scholars program opportunities mean mean deviation | (p value)

Scholarship and financial aid

Career preparation 3.45
Director’s resume preparation help N/A
Opportunities for undergraduate research 3.85

and internships

Being part of a learning community 3.60
Mentoring from the director N/A
Future job placement 3.40
Support from older students and tutors 3.50
Summer research experiences 3.20
Access to university resources 3.5

between 2011 survey responses and those from 2013
show statistically significant gains in confidence in
time management, presentation, and collaboration
skills, as well as in academic skills, especially math-
ematics. Computer science majors reported greater
confidence in presentation skills than biology/bio-
chemistry majors. Changes in confidence from 2011
to 2013 were smallest for writing skills.

Julian Scholars often have double majors, in
the sciences and in the humanities, and consider
having a science scholarship to a liberal arts college
one of the most enriching (and least expected) ben-
efits of the program. Both computer science and
other science majors have taken advantage of what
a liberal arts institution offers, with second ma-
jors in history, music, and political science. Even
those with a single major have taken advantage of
humanities offerings in the form of classes in areas
such as studio art, women’s studies, Africana stud-
ies, art history, and creative writing.

The perception of community among Julian
Scholars contributes to their sense of confidence
and success. Julian students have formed strong
bonds not just with the director but with each other
and peer mentors. Bonds with student mentors
appear to be strongest when Julian Scholars are in
the same field, and often in the same lab.

Support and Success
The Julian Scholars program provides wide-ranging

support for students, and during focus groups and

www.computer.org/cise

4.00 0.250 0.333
3.82 0.775 0.216
3.76 N/A N/A

3.71 0.750 0.333
359 0.574 0.669
3.59 N/A N/A

3.9 0.885 0.111
3.47 0.719 0.497
3.24 1.181 0.835
2.82 1.147 0.008

in response to open-ended questions, students
described the benefits of what one student called
his “supporting cast.” Some of the support is fairly
structured, such as the summer bridge program,
and some is more fluid, such as the ongoing
interactions with peer mentors and community-
building activities. The discussion below shares
the 2013 survey ratings for the various support
mechanisms, comparing some to the 2011 and
2012 ratings and describing differences based on
students’ choice of major.

Julian Scholars’ feedback about the importance
of the support they receive is consistent and posi-
tive. In both the 2012 (N = 20) and 2013 (V= 17)
follow-up surveys, students assigned ratings of 3 or
higher to almost all the forms of support listed (on
a 4-point scale, where 1 was not very important, 2
was somewhat important, 3 was reasonably impor-
tant, and 4 was very important). Table 2 shows the
ratings in descending order, based on the means
for the 2013 responses. The table also includes the
standard deviations and significance levels from
comparisons of the 2012 and 2013 responses.

The most highly rated form of support across

years and majors was what brought students to
DePauw in the first place: financial aid (M = 3.95
in 2012 and 4.00 in 2013). In 2013, students, re-
gardless of major, assigned higher ratings to career
preparation (overall, M = 3.82 versus M = 3.45) and
future job placement (M = 3.59 versus M = 3.40)
than they had in 2012, which is not surprising,
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Julian Scholars highly value the internship and career opportunities
they are introduced to through the program, including opportunities to
secure summer employment.
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given that students were a year further along in
their programs and closer to making career deci-
sions or entering their chosen fields. Support mech-
anisms that received consistently high ratings across
years, and majors, were the undergraduate research
opportunities and internships (M = 3.85 and 3.71),
experiences that create bonds among students
(M = 3.60 and 3.59), and support from older stu-
dents and tutors (M = 3.50 and 3.47).

When students elaborated on their ratings and
experiences on the survey and during annual focus
groups, they insisted that certain things be clear:
first, that they wouldn’t have attended DePauw or
anywhere else had they not received the scholarship.
Second, they feel strongly that “it’s more than just
money. It’s almost like a club, where we all share
something in common and help each other out.”

Individual Support Activities

Tests for significant differences between the admin-
istrations of the survey showed only one difference
was statistically significant: the drop in the rating
for “access to university resources” (M = 2.82 versus
M =3.55; p = .008; see the last row in Table 2.)

The drop might be due to a change in the sur-
vey itself and an opportunity to specifically rate the
support from the Julian Scholars program director.
The 2012 focus group participants pointed out that
they relied more on the program director than other
university resources for support and advice, so a sepa-
rate option was added to the 2013 survey. Responses
reflected the importance of the director’s guidance,
which the 2013 focus group participants described
as not only making the process more personal but
also as giving Julian Scholars an edge in the very
competitive process of securing research or intern
positions. They noted, for example, that the director
“gets students thinking about internships as soon as
they arrive on campus” and encourages them to “get
summer plans in place during winter term.” She also,
according to students, shows them how to craft their
resumes to make themselves “stand out among other
students looking to attend grad school” or re-cast
certain skills and experiences. She also suggests they
apply for positions they might not have considered.

The Julian Scholars believe that they feel a
greater sense of connection with the director than

friends have with their advisors. According to several
students, they go to her not only for questions about
research opportunities and classes but about social
matters. As one noted, “We talk about everything,
even my roommate.” More than one Julian Scholar
also noted that friends or roommates who were not
in the program had turned to the director for advice
or requested that she be their official advisor.

One 2013 focus group participant noted
that although they rely on the director for many
things, it’s their student mentors who are “on cam-
pus when we are freaking out in the middle of the
night.” When the need is not so dire, the mentors
are there to “break up the monotony of studying.”
One student explained that her mentor not only
helped her with a challenging class but also “taught
me how to study.” Student mentors also share an
honest opinion of professors when students are
choosing classes. They often serve as role models,
inspiring students to join a lab or research group or
become a mentor or resident assistant.

Student mentors also play a key role in fostering
a sense of community among the Julian Scholars.
According to one, his mentor helped him establish
an initial network of friends during his first semes-
ter on campus. This network, and the friendships
made among Julian Scholars during bridge week,
made the transition to college smoother.

During the 2012 focus groups, students
mentioned that they would like the Julian brand
to be more visible on campus. Other students
knew the name because of the prominent Julian
Science Building but not of the Scholars program.
In 2013, students seemed less bothered by this lack
of recognition. Some noted that because the Julian
program is new and different from other scholarship
programs, they feel a special bond, and believe they
have a more close-knit group than other scholarship
recipients whose programs “have been around forever.”

During both the 2012 and 2013 focus groups, a
few students said that they would like to have more
opportunities to interact and share experiences with
the other Julian Scholars, more frequent social get-
togethers. They tend to see students who take the
same classes or share majors more than those in other
departments or fields and know those in their cohorts
better than they know older or younger students.
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Table 3. Comparison of 2011 and 2013 survey results for self-assessment of skills.
Self-assessment 2011 mean m Statistical significance p
3.27 3.50

Your science skills and knowledge

Not significant

Your mathematical skills and knowledge 2.82 3.31 p< .05

Your research skills and knowing your way 3.05 3.25 Not significant
around a lab

Your collaboration skills or comfort in 3.36 3.81 p< .05

working on a team

(&)

Your interactions with professors and staff 3.64 3.81 Not significant
members

Your ability to plan and organize reports 3.32 3.62 Not significant
Your writing skills 3.14 3.25 Not significant
Your presentation skills 291 3.38 p<.10

Your time management skills 2.86 3.44 p< .05

Your ability to balance academic work and 3.09 3.44 Not significant

extracurricular activities

Finally, the Julian Scholars highly value
the internship and career opportunities they are in-
troduced to through the program, including op-
portunities to secure summer employment. They say
that what might be as valuable as the opportunities
themselves is the insistence, from the director and stu-
dent mentors, that they take advantage of them. Julian
Scholars also noted that their peers are less aware of
these opportunities and thus less likely to take advan-
tage of them.

An Analysis of Skills and Confidence
Results from the spring 2012 follow-up survey
showed higher levels of confidence in science, math-
ematics, and research skills among college juniors
than among first-years and sophomores. The finding
wasn’t surprising, given that undergraduates might
still be adjusting to university life and discovering
where their strengths lie. What was noteworthy was
that older students’ confidence extended to other
skills likely needed for successful science careers,
such as the ability to manage their time, collaborate
and work comfortably on a team, interact with pro-
fessors and staff members, and make presentations.
To further explore changes or differences in
levels of confidence across years, the evaluator
conducted a series of comparisons with the datasets
from the 2011 background survey and 2013
follow-up survey. About a third of the gains were

www.computer.org/cise

statistically significant at the p < .05 level, and all
means increased. Table 3 shows the means by year,
along with the standard deviations and levels of
significance for each category.

All three surveys (2011, 2012, 2013) also asked
students where they saw themselves in a few years,
after they had graduated from college. Again, plans
or visions did not vary greatly from year to year (ex-
cept for less tentativeness and the word “hopefully”
was less present in the 2013 survey), and students
seemed to have set their sights high and retained
their optimism. They either wished to be in gradu-
ate school or gainfully employed. Those envision-
ing the latter typically saw themselves “owning
their own software company” or “at a big tech
company.” By 2013, those plans had materialized:

I have already been hired as a full-time software
developer. I plan to work at the company for a
year and then attend graduate school for a mas-

ter’s in computer science, specifically, robotics.

Some trends or progressions did emerge from
year to year in how students described the Julian
Scholars program’s impact on their schooling and
career plans. In the 2011 survey, students were more
likely to mention the scholarship itself or the financial
assistance and explain that it had made attending
DePauw, taking advantage of liberal arts offerings,
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and pursuing a degree and career in science possible.
Some referenced the summer bridge program, the
potential for other research experiences, and the
way the program had given them the confidence to
pursue their interests and goals:

The Julian Scholars program helps with fi-
nancial problems that I would potentially
face. It also helps build a small network
with the professors of my intended major.
The Julian Scholars program also helps [me]
discover other students in [my] major and en-
courages [me] to work together with them.

In 2012, students talked more about the
support they had received and opportunities to
work with professors and other students, explore
study or career options, and make connections.
Some also mentioned that the program had
stretched them and, again, built their confidence:

It has provided me with the opportunities that
I am interested in. Also, it has provided me
with different opportunities (research, classes)
that many of my peers have not been presented
with. Most importantly, the Julian Scholars
program has provided me with an ability to
explore many different ways to learn and grow.

In 2013, closer to realizing their goals but
with a broader perspective, students referred to the
foundation the program had given them, what a
student quoted called the “backbone to my goals.”
Students were also more specific about the practical
benefits of the program, such as the “incredibly
helpful” resume assistance and the “soft skills for the
real world”™:

It has allowed me to lay a foundation to grow
from. I cannot tell you the amount of times I
have relied on tools taught through the program
to succeed as I look for internships [and] summer
research, or just be a student. I honestly don’t
know where I would be without this program.

W e emphasize that 23 of the 24 Julian Scholars
recruited using the methods outlined earlier
stated that they wished to become physicians or
dentists as they interviewed for the program. One
lone student indicated that he wanted to pursue a
career in a computing-related field. The director
speculates that first-generation students are less fa-
miliar with diverse STEM career options than oth-
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er students are and that they (as the vast majority
of the Julian Scholars) often enter college express-
ing interest in a career with which they are already
familiar, typically in the health sciences. Having
expressed interest in preparing for a health sciences
career (in most cases) due to familiarity instead of
enthusiasm, first-generation students with STEM
aptitude can be easily recruited to a computer sci-
ence major within a department composed of
strong teachers and a welcoming Computer Science
1 (CS1) course. Without suggesting cause and ef-
fect, the project did attain a rate of 50 percent of its
original students in computing careers or in com-
puting-related graduate school degree programs.

If the director’s speculation is accurate, then
duplicating the program could increase participa-
tion in computing for low-income, first-generation
students in a school setting where students declare
majors after matriculation. A more practical and
cost-free idea lies in creating an environment similar
to that experienced by the Julian Scholars at prereg-
istration. One paper describes a project in which all
first-year women are invited to a “content preview”
of CS1 at the beginning of the registration cycle
each semester.® Role-modeling female computer
science students talk very briefly to the attendees
about their opportunities in computing; then, they
sit with the first-year students and teach them on-
on-one about the rudiments of the first laboratory
in CS1, working through the entire laboratory. The
experience dispels myths about computing, causes
women to feel that they have a “head start” for CS1,
and gives the first-year students familiarity with the
laboratory environment, a computer science profes-
sor, the content of the class, and opportunities in
computing.

Connecting the “content preview” concept
and structure to the Julian Scholars discussion,
a potential plan could include obtaining a list of
all first-generation students or first-year students
(and possibly sophomores) who expressed interest
in premedical/predental programs on their school
applications and inviting them to a preview of
CS1. A key detail lies in sending the invitation
immediately prior to registration, as in the in-
stances of both the existing “content preview” and
the director’s counseling of the Julian Scholars—
a point in time, when many students who aren’t
experiencing success or satisfaction with a major
related to their incoming career choice are par-
ticularly receptive to new ideas.

The “content preview” requires only the coop-
eration of the registrar to deliver a distribution list

May/June 2016
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of email addresses plus an hour’s time from sev-
eral students and a professor. The potential benefit
from such a simple plan to the underrepresented

community in computing is enormous, as the ex-
perience at DePauw University indicates. B!
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A study on the impact of participation in a national community for broadening participation
in computing found many benefits for undergraduate computing students who engage in
related projects, including academic, career, and personal benefits, with students who are
underrepresented in computing experiencing the most benefit.

he Students & Technology in Academia, Research, and Service (STARS) Computing Corps is
a nationally connected system of regional partnerships among higher education, K-12 schools,
industry, and community organizations with a mission to broaden the participation of women,
underrepresented minorities, and persons with disabilities in computing. The STARS approach
is based on research that has shown the value of community and identity on fostering innovation,' in-
creasing student learning outcomes,”™* and improving student retention and satisfaction, particularly for
women and minorities.””~ STARS creates a community of practice across multiple institutions with
a shared interest in developing college students and faculty into leaders who use computing to benefit
society and seek to broaden participation in computing. Formed in 2006 by 10 colleges and universities,
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with funding from the US National Science Foun-
dation’s Broadening Participation in Computing
Alliance program, STARS has become part of a
national movement to democratize the computing
field by increasing the pipeline and providing equi-
ty of access to computing education.® Since its in-
ception, the STARS Computing Corps has grown
to include 52 institutional members, including his-
torically Black colleges and universities (HBCUs),
women’s institutions, undergraduate-focused insti-
tutions, and research-intensive universities. Com-
puting Corps students have conducted more than
1,600 outreach events with more than 108,000
participants; these efforts have focused on extend-
ed interactions and mentoring, with STARS Corps
students engaging in approximately 500,000 total
contact hours with outreach attendees.

The goals of the STARS Computing Corps
include recruiting, bridging toward professional
and academic development, and retaining students,
particularly those from underrepresented groups,
in undergraduate and graduate computing degree
programs. Figure 1 gives an overview of the STARS
model. Within the STARS community of practice,
each regional community is led by a STARS
member university. Regional studentled activities
are designed to advance the STARS central values of
developing technical excellence, leadership, a sense
of belonging to a computing community, and a sense
of responsibility to use computing to benefit society
through service and civic engagement. The national
community convenes each year at the STARS
Celebration, an annual conference that has been
attended by more than 2,600 faculty and students
from across the country in its 10-year history. The
STARS Celebration offers student-focused sessions
on developing leadership skills, technical skills, and
preparing for graduate study or career advancement,
as well as professional development sessions that
focus on career advancement for faculty. At the
Celebration, students and faculty also present the
results of their STARS service and civic engagement
projects, attend workshops on best practices and
curriculum for computing outreach and service,
and build community centered around common
interests in civic engagement and broadening
participation in computing.

Although each STARS institution shares the
same goals and values, there’s considerable diversity
across institutions in how the STARS Computing
Corps model is implemented. The Corps model
ensures that each institution’s intervention incor-
porates best practices in student engagement, as
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identified by several previous studies.””'* STARS
students apply discipline-specific knowledge in

service projects, beyond the scope of a traditional
classroom experience,11 enabling a dual focus on
service to others as well as to their own personal

2

and academic clevelopment.1 Gains associated

with service learning outcomes are greatest when

they’re discipline specific’™"!

and engage students
in preparation and reflection.”!” These gains can
be obtained across a variety of implementation
strategies.“
learning have been demonstrated in academic

performance,”'? self-efficacy,”'® leadership,” and
9,11,12

Outcomes derived from service

career preparation.

STARS students are provided opportunities
for training in preparation of their service projects
and for reflection of their experiences in multiple
touch points throughout their Corps experience,
both of which are shown to be critical components
for enhancing academic outcomes.”'® For example,
the STARS Celebration introduces new Corps
students to service projects, provides them with
structured training and planning, and gives veteran
STARS students a platform for sharing successful
service projects and discussing lessons learned.

The interventions of the STARS Computing
Corps—specifically, service learning and community
building—are designed to provide participants
with a meaningful and impactful experience.
In this article, we report the results of a study of
the personal, academic, and professional benefits for
students participating in these kinds of activities,
as demonstrated by postintervention perceptions
of their experience in the STARS Computing
Corps.

Service Leadership Project Exemplars

Three examples of STARS cohorts showcase the
range of institutions, implementation strategies,
and service activities that can be derived from the
STARS model. The common threads across all
STARS Computing Corps are its implementation as
a repeatable one-year program that begins and ends
with an alliance-wide annual leadership conference
(STARS Celebration). The Celebration inducts
students, faculty, and partners into the Corps and
provides support for guided planning of regional
cohort activities built around the STARS central
values. At some institutions, STARS operates as
a co-curricular activity or club; at others, it’s a
curricular intervention incorporated into existing
service learning programs or as a new credit-
bearing computing course or seminar. Regardless
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Team leadership projects:
K-12 & peer outreach
community service

research experiences
professional or academic service

Figure 1. The STARS Computing Corps model. The STARS central values
form the outer ring, student-led Corps activities that advance these values
fall in the middle ring, and expected outcomes form the inner ring, as
measured by leading (bottom) and lagging (top) indicators
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of the institutional implementation mechanism,
tiered mentoring is deployed throughout the Corps,
and members engage in a minimum of five hours
per week during each semester of participation.
Local Corps meet weekly or biweekly, with goals
of tiered mentoring, project planning, discussion,
and reflection. Service projects apply computing
principles in K-12 outreach, peer outreach and
mentoring, community service, or research and
internship opportunities. Each Corps selects the
service areas that leverage theirs strengths and are
compatible within their institutional contexts. The
three types of STARS implementation featured
in this section serve as exemplars, highlighting
organizational flexibility in implementing service
learning and engagement in a national community
for broadening participation in computing.

Near Peer Mentoring

Georgia Gwinnett College (GGC) is a public,
four-year access institution that opened its doors
in 2006; since then, it has quickly grown from
118 to more than 11,000 students. The college is
a minority-majority institution with one of the
most diverse campus populations in the southeast
region. Gwinnett County has the largest number
of Hispanics and Asians in Georgia, and first-
generation students make up 33 percent of the
student population. GGC began implementing

g Previous Page | Contents | Zoomin | Zoom o

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page \‘o(‘l‘
ENGINEERING

the STARS model through a co-curricular
mechanism and recently received approval to
integrate elements of the STARS model into a new
service learning course. STARS project teams at
GGC primarily conduct tiered mentoring through
K-12 computing outreach, with programs that are
designed to engage, excite, and introduce youth
to computing concepts and potential careers.
For example, the GGC STARS’s Super Saturday
series is a hands-on workshop designed to expose
and inspire middle school girls to age-appropriate
technology through creative and fun computing
and science activities in a welcoming college
setting. In 2014-2015, the GGC STARS Corps
students and faculty hosted five Super Saturday
events, reaching 181 middle school girls. The
Super Saturday program represented GGC in the
White House Near Peer Mentoring Challenge,
part of First Lady Michelle Obama’s Reach Higher
Initiative, which aims to encourage all students
to pursue education beyond a high school degree.
The GGC STARS Corps entry (https://vimeo.
com/120834578) was presented at the STARS
Celebration and Research on Equity and Sustained
Participation in Engineering, Computing, and
Technology (RESPECT) 2015 conferences as a
way to encourage other STARS cohorts to connect
their local outreach efforts to national and global
initiatives.

Since 2012, GGC has engaged 44 college
students to conduct outreach and service projects
focused on tiered mentoring. Additionally, the
GGC STARS Corps encourages and supports
research, conference, and internship experiences.
In the 2014-2015 academic year, three GGC
STARS Corps students participated in research
experiences for undergraduates (REUs), three
received internships, and more than a dozen were
financially supported to attend various research
and student leadership conferences.

STARS provides opportunities and builds
capacity for students to become more aware,
committed, and involved in advanced computing-
related extracurricular activities. For example,
STARS evaluation assistants participate in a
year-long distributed course in which they collect
local STARS data and receive training in research
methods. One GGC STARS evaluation assistant
earned independent study credit for her qualitative
study of female student perspectives in computing
majors. This research experience was a direct
result of this student’s STARS evaluation assistant
training and her access to STARS data.
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Leadership Development through Outreach
Florida State University (FSU) is a public land-grant
research university located in a state capital. The
STARS Computing Corps at FSU operates as an
institutionalized student leadership course, which
provides fulfillment of education requirements for
a leadership certificate available to undergraduate
students. In addition, FSU STARS also operates as
a registered student organization. With oversight by
one faculty advisor and a university administrator,
the student organization serves as the impetus for
executing outreach projects, while the leadership
course facilitates transferability of outreach and
project management—students in the leadership
course plan and drive the projects, with support
from club members in carrying out activities.
This tiered approach has enabled the FSU STARS
Computing Corps to manage approximately 100
outreach events annually each year from 2010 to
2016, including coding camps and on-campus
game design camps for middle school students
and high school recruiting events across the region.
FSU STARS has established a regional brand, with
Corps students leading outreach and recruiting
events in Orlando, Tampa, Jacksonville, and
Pensacola.

The FSU STARS model uses a tiered approach
to fulfill the mission of the STARS Computing
Corps, with a core STARS leadership organization
and a staggered launch of six partner subgroups that
focus on various aspects of STARS and operate as
independent student organizations. FSU STARS has
reported that this approach has resulted in attracting
a wider audience and generates more participation
from the student body. An example of an FSU
STARS subgroup is the Women in IT Sharing
Experiences student organization, which focuses
on mentoring and growing the female population
in FSU computing degree programs. FSU credits
this group with increasing the female representation
in its IT courses from 18 to 45 percent of the
student population. Another subgroup example is
the Community Outreach Group, which focuses
on holding computing-related community events,
K-12 camps, and other civic engagement activities.

The STARS Computing Corps at FSU has
been successful in building strong community and
industry partnerships. Partnering with the Florida
Technology Student Association, a group with more
than 52,000 STEM-focused high school students,
the FSU STARS Computing Corps received a
new grant from the Florida Board of Governors to
promote information technology, computer science,

www.computer.org/cise

and computer engineering in the state. It now has
relationships with 35 high schools, 6 community
colleges, 2 universities, and 75 industry partners.
The Florida IT Career Alliance (FITC) grant is
built on the STARS model of outreach, and while
there are only 12 STARS ambassadors at FSU, the
FITC operates with 45 ambassadors at FSU and
Florida A&M University, allowing for a wider reach
to promote STEM.

One of the original STARS Alliance schools,
FSU has had more than 90 students in its Corps
since 2007. To date, the majority of the FSU
STARS Computing Corps alumni have completed
their college degree programs and are currently
employed in computing in both industry and
academia with companies that include Microsoft,
Disney, Google, Cerner, Florida A&M University,
and FSU.

Undergraduate Research

Morehouse College is an HBCU that provides
liberal arts education to African-American males
in the Atlanta, Georgia, area. At Morehouse, the
STARS Computing Corps operates as an informal
co-curricular experience where students meet
regularly throughout the academic year with a
faculty advisor to collaborate and develop their
outreach roles. The primary activities for the
Morehouse STARS Corps are peer mentoring
and engagement in REUs. During the 2014-2015
academic year, Morehouse STARS research and
outreach activities were culturally relevanc—for
example, working with a faculty mentor to advance
research on the use of embodied conversational
agents (also called avatars or virtual humans)
to combat bullying in schools. Specifically, the
STARS students developed the BullyShutdown
Web application (www.bullyshutdown.com),

which allows people to simulate the experiences of
common bullying scenarios through conversations
with avatars in an attempt to reduce the incidents
of bullying in K-12 schools. Students, teachers,
and administrators will embark on training each
year via Bullyshutdown.com to change attitudes

and behaviors, with emphasis on reducing bystander
apathy.

The faculty Corps leader at Morehouse College,
Kinnis Gosha, is a STARS Computing Corps

alumnus, having participated in the Corps while

a graduate student at Auburn University. Since
the establishment of a STARS Computing Corps
at Morehouse in 2012, Gosha has mentored 53
Corps students, 12 of whom have decided to pursue
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doctoral degrees in computing. This phenomenal
achievement of recruiting young African-American
men into graduate computing programs was
featured on the HBCUbuzz.com website in June
2015 and on the HBCU Digest Website in August
2015.1 Its particularly significant because only
93 African-American men participated in computing
PhD programs in the US in 2014.

At Morehouse College, STARS provides
opportunities for students who might not otherwise
be selected to work on undergraduate research or be
selected for internship opportunities. Nationally,
freshman STEM majors can be divided into three
groups: those with a GPA of less than 2.0, who are
unlikely to graduate despite substantial support
efforts from their colleges; those with a GPA greater
than 3.0, who graduate in high numbers and
receive disproportionately high academic support;
and freshmen who end the year with a 2.0 to 3.0
GPA, who make up almost half the total dropouts,
and haven’t traditionally been the target of support
programs. According to Charlie Tyson, this 2.0—
3.0 GPA group is at-risk and offers a high return-
on-investment opportunity for colleges (https://
www.insidehighered.com/news/2014/09/10/
maximize-graduation-rates-colleges-should-focus-

middle-range-students-research-shows). Emerging

research suggests that targeting students with
a 2.0 to 3.0 GPA could, in fact, provide the best
strategy to increase institutional retention.!® Many
of the students selected at Morehouse College for
participation in the STARS Computing Corps
aren’t typically considered to be high performers
(most had GPAs between 2.7 and 3.2). The
Morehouse STARS Computing Corps provides
exposure for these often undersupported students
to collaborate with others in computing, learn
about emerging areas of computing, meet research
faculty who can assist them in entering graduate
computing programs, and talk to recruiters about
internship and job opportunities by attending the
national STARS Celebration as a cohort.

Study Method
The overarching research questions that helped
guide our study are as follows:

m  Does participation in studentled computing-
related service projects as part of a national
community have a positive impact on student
participants?

m Do outcomes differ based on gender and
ethnicity?

m Do outcomes differ based on role and time
commitment to service projects?
What factors correlate with outcomes?
Does attending a national conference for broad-
ening participation aid in forming a sense of
community?

Here, we describe our approach to answering
these questions by measuring the outcomes for

STARS Computing Corps students.

Measures and Procedures

The STARS evaluation team developed a survey to
measure the impact of participation in the Corps.
The full postsurvey consisted of 47 demographic,
Likert scales, and open response items that asked
students to report how they perceived their
participation in the Corps—how it impacted them
personally, academically, and professionally.

Another set of items asked students to use a
Likert scale (1 = strongly disagree to 6 = strongly
agree) to rate specific aspects of their Corps project
experience, which were classified as Corps process
variables. These included student perceptions of
the goals, as well as support for and success of their
Corps projects. Demographic items asked students to
indicate the type of Corps project they participated
in, their class standing, their ethnicity, their gender,
whether their Corps role was as a project leader or
member, the amount of time spent weekly on their
Corps project (more or less than three hours), and
the total number of semesters they had participated
in the Corps. Electronic surveys were administered
to participants at the beginning of each academic
year (presurveys) and again at the end (postsurveys).
The average response rate across the five years of
data collection was above 90 percent.

The STARS Celebration survey was developed
by the STARS evaluation team to measure the
impact of the annual STARS conference on students
and faculty with questions relating to overall
satisfaction, sense of belonging, and community.
The current survey has been in use since 2012 and
consists of a 23-item community scale, 14 items
about conference experience, 2 gender and ethnicity
demographic items, and 3 open-ended comment
items. Rating scales are Likert-type, with a four-
point scale for the community items and a six-point
scale for the conference experience scale.

Participants
Although 943 total students completed the
Corps postsurvey between 2009 and 2014, only
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undergraduate students (/N = 811) who had
participated in a Corps experience classified as
outreach to K-12 (IV = 326) or peer ambassadors
(V = 106) were included in the current analysis.
This excluded all graduate student participants
(V = 132) and all undergraduates whose primary
Corps projects were classified as research (N =
100), internship (V = 43), mentoring (N = 178), or
other (N = 71). Of these 432 students, 262 were
female and 228 were from underrepresented groups
(African-American, Hispanic, American Indian or
Alaskan Native, multiracial, or other).

Students who attend the STARS Celebration
conference can participate in the postevent
survey. The majority of event participants are
students, with attendance ranging from 96 in
one year to more than 240 in subsequent years.
The evaluation team developed and deployed
the survey in 2007, and revised the survey
substantially in 2012. (Results from cumulative
survey responses from 2012 through 2015 are
discussed in the following section.) A total of
266 students have participated in the surveys
in the past four years, 52 percent female, and
55 percent from underrepresented minority
groups. Response rates have been between 25
and 40 percent for student responses. Surveys
are distributed via email on the last day of the
Celebration to all student attendees.

Results and Discussion

First, we calculated descriptive statistics for the
subsample of interest (undergraduates classifying
their primary Corps projects as K-12 outreach or
peer ambassadors) for survey items asking students
to rate their perceptions of the benefits of Corps
participation. As Table 1 shows, students reported
many positive effects of the Corps experience on
a range of academic, personal, and professional
outcomes.

We then calculated descriptive statistics for
the survey items asking students to rate their
perceptions of their Corps project process; Table 2
shows very favorable perceptions. Overall, students
felc they had the support, time, and resources
needed and acted in a way that enabled them to
complete their projects successfully. Students also
felt overwhelmingly positive about their Corps
project experience, with 95 percent agreeing that
their Corps project experience was meaningful, and
88 percent rating it as intellectually challenging.
These findings support our first hypothesis and offer
strong support that participation in a Corps outreach
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project to K-12 or peer students is perceived as a
positive experience in terms of both process and
outcome. This is consistent with previous research
examining the impact of the STARS Corps model
on participant attitudes, which found positive
outcomes for self-efficacy, GPA, perceived social
relevance of computing, and commitment to
remain in computing disciplines."” These findings
also corroborate with research that explores the
benefits of other models of civic engagement and

service lealrninglg’19

that have shown significant
gains in attitudes pertaining to academics, civic
engagement, and skill development. Additionally,
research has shown that these gains are enhanced
when the service component is intentionally and
directly connected to the academic field,"®" as it is
via the STARS Computing Corps model.

Next, we used rtest statistics to compare
subgroups of the sample on each of the items
reported above, starting with an exploration of
possible differences in perceptions between male (V
= 161) and female students (N = 262). As Table 3
shows, several significant differences (p < 0.5) were
observed, with females rating several Corps outcome
and process items more positively than male
students. These findings are consistent with previous
research showing that female STEM students respond
more positively than males to team-based activities,
especially those they perceive as socially relevant.*”

Similar comparisons examined subgroup dif-
ferences based on ethnicity, and significant differ-
ences in student perceptions were again observed.
As Table 4 shows, students underrepresented in
computing (N = 228) rated several Corps outcomes
significantly more favorably than majority (White
and Asian or Asian-American) students (/N = 194).
However, there were no significant differences in
how the two groups perceived the Corps process.
Again, these findings support the viability of the
Corps model for engaging underrepresented stu-
dents and extend previous work suggesting that
civic engagement is a particularly effective peda-
gogy for underrepresented students.'”

Next, #-test comparisons were made between
students who served as leaders of their Corps proj-
ects (IV = 138) and those serving as Corps project
members (V= 294). Again, there were several Corps
outcome and process ratings on which the two
groups significantly differed, as Table 5 shows. These
differences support the Corps peer leadership model
and extend previous research about the positive ef-
fects of team-based projects on the development of
important “soft” skills for STEM students.!

*
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Table 1. Descriptive statistics for postsurvey items.
“The Corps .. Percentage agree m

Increased my collaboration with faculty.

Increased my work with peers. 94 5.2
Gave me more opportunities to work with people like me. 91 5.1
Provided me the chance to network professionally. 88 4.8
Allowed me to help others understand the value of computing. 94 5.2
Increased my interest in graduate education. 83 4.7
Increased my commitment to a computing major. 93 5.1
Allowed me to develop my computing skills and knowledge. 88 4.8
Made me feel more confident in my computing abilities. 88 4.9
Increased my awareness of career opportunities. 90 4.9
Made me feel more committed to a career in computing. 90 5.0
Made me feel more satisfied with my computing major. 93 5.1
Exceeded my expectations, with regard to its benefits. 86 4.8
Improved my leadership skills. 80 5.1
Was personally rewarding. 94 5.2
Helped improve my academic performance in computing. 76 4.4

*Note that “percentage agree” includes all respondents rating each item as slightly agree, moderately agree, or
strongly agree.

Table 2. Descriptive statistics for postsurvey items.

My Corps project team was responsible. 96 5.3
The goals of my Corps project were met. 94 5.2
The goals of my Corps project were unrealistic. 26 2.7
| was able to commit the necessary time to my project. 91 4.9
My project was intellectually challenging and stimulating. 88 4.8
My project enhanced my passion about computing. 89 4.9
| believe my project was meaningful. 95 5.3
| had the resources needed to complete my project. 94 5.2

| had the support needed from my Corps faculty advisor to complete

. 94 5.2
my project.

To explore the possible impact that time in-  #-tests to compare perceptions of students spending
vestment in the Corps project might have on both  more than three hours per week on their projects
Corps outcome and process variables, we used (V= 73) and those spending three or fewer hours
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Table 3. Gender differences in perceptions of Corps outcomes and process.

Increased my work with peers

Gave me more opportunities to work with people like me. 4.9 5.2 0.03
Exceeded my expectations, with regard to its benefits. 4.6 5.0 0.01
Improved my leadership skills. 4.9 5.3 <0.01
Was personally rewarding. 5.1 5.3 0.04
Was intellectually challenging and stimulating with regard to my project. 4.6 4.9 0.05
Gave me a project that | believe was meaningful. 5.l 5.4 0.02

Table 4. Differences in perceptions of Corps outcomes and process by ethnicity.

“The Corps .. Majority Underrepresented n

Provided me the chance to network professionally.

Increased my interest in graduate education.

Increased my commitment to a computing major.
Increased my awareness of career opportunities.

Made me feel more committed to a career in computing.
Exceeded my expectations, with regard to its benefits.

Improved my leadership skills.

Helped improve my academic performance in computing.

(V = 359). As Table 6 shows, significant differences
were observed, indicating that students benefited
the most when they invested more time and effort
into the project. It's important to note that all Corps
projects require a semester—long time commitment,
which exceeds the minimum recommendation of 25
hours for maximum benefits to accrue from a service
learning experience,22 but our findings suggest in-
cremental gains as time investment increases beyond
this minimum level. Overall, these results suggest
that participation in the Corps increases academic
performance as well as female and underrepresented
minority students’ sense of belonging, leadership
skills, professional networking, and interest and
commitment to computing.

Next, we used correlational analyses to explore
possible relationships between perceived benefits
and characteristics of the Corps experience. As
Table 7 shows, significant correlations indicate that
characteristics of the Corps project process were as-

www.computer.org/cise

<0.01
4.5 4.9 <0.01
5.0 5.2 0.02
4.7 5.0 0.01
4.8 5.1 0.02
4.7 5.0 0.02
5.0 5.2 0.05
4.2 4.5 0.04

sociated with perceived benefits. Among the most
important characteristics were having faculty sup-
port for the project and having adequate resources
and time to complete the project. A less important
buc still significant characteristic was having realis-
tic project goals.

We did a final correlational analysis to examine
the relationship between the number of semesters
spent in the Corps (ranging from 1 to 7, with a mode
of 2) and the perceived benefits of the Corps expe-
rience. Modest but significant correlations between
semesters in the Corps and the following outcomes
were observed: improved academic performance
(r = .11, p = .01), improved leadership skills (r = .15,
2 =.003), and benefits exceeded expectations (r= .10,
2 =.03). No other outcomes were significantly cor-
related with the number of semesters a student spent
in the Corps, but the lack of significance could be
linked to range restriction (70 percent of the sample
had one or two semesters in the Corps).
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Table 5. Differences based on project leadership.

Increased my work with peers.

Gave me more opportunities to work with people like me.
Exceeded my expectations, with regard to its benefits.
Improved my leadership skills.

Was personally rewarding.

Gave me a project that was intellectually challenging and stimulating.

Gave me a project that | believe was meaningful.

5.2 4.9 0.03
4.6 5.0 0.01
4.9 8.3 <0.01
5.1 5.3 0.04
4.6 4.9 0.05
5.1 5.4 0.02

Table 6. Differences in perceptions of Corps outcomes and process by time investment.

Increased my work with my peers.

Gave me more opportunities to work with people like me.
Increased my commitment to a computing major.

Made me feel more committed to a career in computing.
Exceeded my expectations, with regard to its benefits.
Improved my leadership skills.

Was personally rewarding.

Helped improve my academic performance in computing.

Gave me a project that was intellectually challenging and
stimulating.

Gave me a project that enhanced my passion about computing.

Gave me a project that | believe was meaningful.

Celebration survey responses were first com-
bined across 2012-2015, the years in which the
items are consistent, to calculate comprehensive
descriptive statistics for survey items asking stu-
dents to rate their perceptions of the benefits of
Celebration participation. Of the 266 students
who completed the survey, 52 percent were female,
and 55 percent were from underrepresented minor-
ity groups. As shown in Table 8, students reported
an overall positive experience in attending the con-
ference, stating that they were able to connect with
others like themselves, learn about research, and
understand the social relevance of computing.

The sense of community scale shows a moder-
ate to strong community of practice and sense of

5.5 5.1 <0.01
5.3 5.0 0.01
5.2 4.9 0.03
5.2 4.7 <0.01
5.4 5.1 <0.01
5.5 5.2 0.01
4.8 4.3 <0.01
5.0 4.7 0.05
5.1 4.8 0.02
5.4 5.2 0.05

belonging. Table 9 presents the means and standard
deviations of the items pertaining to community on
a four-point scale. Students rated their bond and at-
tachment to the STARS community positively.
Next, we performed a gender comparison on
each of the Celebration survey items reported earlier.
T-test statistics were calculated to investigate possible
differences between male (/V = 114) and female (V =
131) students. Table 10s results indicate significant
differences (p < .05) between males and females on
sense of community, but no significant gender dif-
ferences in overall conference experience or in how
much men and women identify as being part of the
STARS community. Females rated enjoyment and
commitment to the Celebration community higher

May/June 2016

| Front Cover | Search Issue | Next Page R¥3

mags



http://www.computer.org/cise
http://www.qmags.com
http://www.qmags.com
http://www.computer.org/cise

c !) tl“g Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page
inSCIENCELIEN

Table 7. Correlations between perceived benefits and characteristics of Corps experience.

Improved my leadership skills. .54 (p=.001) .57 (p=.001) 49 (p=.001) .08 (p=.066)

Was personally rewarding. .53 (p=.001) .56 (p=.001) 45 (p=.001) .09 (p=.067)
Improved my academic performance. 44 (p=.001) 42 (p=.001) 40 (p=.001) .23 (p=.001)
Enhanced my passion for computing. .65 (p=.000) .60 (p=.000) .59 (p=.001) .22 (p=.001)

Gave me a project that | believe was

meaningful. 72 (p=<.001) .70 (p=<.001) .60 (p=<.001) .10 (p=.029)
Exceeded my expectations, with regard

to its benefits. .54 (p=.001) .57 (p=.001) 44 (p=.001) .19 (p=.001)
Met project goals. .63 (p=<.001) .59 (p=.001) .55 (p=.001) .70 (p = < .001)

Table 8. Celebration satisfaction items (six-point Likert-type scale).

“At the Celebration ...” Percentage agree m

| learned about current computing research. 90 4.9
| learned about undergraduate research opportunities. 82 4.7
| learned about graduate school programs and opportunities. 82 4.7
| learned about how to fund graduate school. 71 4.2
| was able to connect with peers. 94 5.2
| was able to connect with faculty. 88 4.8

| was provided with adequate opportunity to connect with
students like me. 92 5.0

| was provided with adequate opportunity to learn about graduate school. 78 4.5

| was provided with adequate opportunity to learn about computing
research. 90 5.0

It was emphasized how computing and IT professionals can use their
skills to improve the collective quality of life in society. 95 5.2

| received training that discussed the disparity in representation of
women in computing careers. 91 5.0

| received training that discussed the disparity in representation of people
of color in computing careers. 89 4.9

| received training that discussed the disparity in representation of people
with disabilities in computing careers. 79 4.5

Overall, | felt welcomed. 96 5.4
than males, yet rated trust and identification with  they also report lower ratings of the community’s
community symbols lower than males. An interest-  ability to influence, an indication that women feel

ing observation is that while women report higher empowered in the STARS community but recog-
ratings of their own influence in the community, nize the challenges STARS faces in making a global
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Table 9. Celebration community index items (four-point Likert-type scale).

Percentage
agree

| expect to be with this community until | graduate. 92 3.66
Being a member of this community makes me feel good. 91 3.56
| have influence over what this community is like. 61 2.89
It is very important to me to be a part of this community. 82 3.35
| am with other community members a lot and enjoy being with them. 73 3.16
| get important needs of mine met because | am part of this community. 73 3.03
This community has been successful in getting the needs of its members met. 82 3.09
When | have a problem, | can talk about it with members of this community. 77 3.14
| can trust people in this community. 83 3.26
| can recognize most of the members of this community. 68 2.99
This community has symbols and expressions of membership such as clothes, signs,

art, architecture, logos, landmarks, and flags that people can recognize. 70 2.87
| put a lot of time and effort into being part of this community. 74 3.09
Fitting into this community is important to me. 75 3.05
This community can influence other communities. 91 3.40
| care about what other community members think of me. 73 3.01
Members of this community have shared important events together, such as holidays,

celebrations, or disasters. 59 2.75
Community members and | value the same things. 86 3.23
People in this community have similar needs, priorities, and goals. 88 3.36
Most community members know me. 53 2.72
If there is a problem in this community, members can get it solved. 83 3.22
This community has good leaders. 91 3.43
Being a member of this community is part of my identity 63 3.48

impact. Because 52 percent of women responding to
the Celebration surveys also reported minority eth-
nicity status, we believe these gender differences pro-
vide support for the complications inherent in being
both female and from a minority ethnic group; this
“double bind” has also resulted in women of color
struggling for recognition and identification within
STEM discipline communities,” further suggesting
the need to consider the intersectionality of identities
(such as female and minority) when building a com-
munity to broaden participation in computing.

Student comments about Celebration partici-
pation reflect an overwhelming sense of commu-
nity and benefit. Emergent themes in open-ended
comments demonstrate a strong peer bond formed
at the conferences, and students continue to report
the primary benefit as meeting friends and sharing
ideas. As one student noted, “[The Celebration]
connects us and allows us to learn and grow in a
tangible way.” Similarly, others have noted that the
Celebration “fostered friendship and understand-
ing” and provided an opportunity to “meet students
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Table 10. Gender difference in community index (four-point Likert-type scale). All rows are
significantly different by gender, except those that are italicized.

| expect to be with this community until | graduate. 0.000
Being a member of this community makes me feel good. 3.45 3.56 0.000
| have influence over what this community is like. 2.77 2.89 0.000
It is very important to me to be a part of this community. 3.25 3.35 0.001
| am with other community members a lot and enjoy being with them. 3.04 3.16 0.004
| get important needs of mine met because | am part of this

community. 3.04 3.03 0.000
This community has been successful in getting the needs of its

members met. 3.23 3.09 0.003
When | have a problem, | can talk about it with members of this

community. 3.18 3.14 0.010
| can trust people in this community. 3.37 3.26 0.014
| can recognize most of the members of this community. 3.03 2.99 0.023

This community has symbols and expressions of membership such
as clothes, signs, art, architecture, logos, landmarks, and flags that

people can recognize. 3.14 2.87 0.048
| put a lot of time and effort into being part of this community. 3.15 3.09 0.015
Fitting into this community is important to me. 3.15 3.05 0.000
This community can influence other communities. 3.47 3.40 0.000
| care about what other community members think of me. 3.05 3.01 0.000

Members of this community have shared important events together,

such as holidays, celebrations, or disasters. 2.89 2.75 0.006
Community members and | value the same things. 3.19 3.23 0.129
People in this community have similar needs, priorities, and goals. 3.33 3.36 0.208
Most community members know me. 2.67 2.72 0.059
If there is a problem in this community, members can get it solved. 3.30 3.22 0.305
This community has good leaders. 3.52 3.43 0.058
Being a member of this community is part of my identity. 2.86 2.89 0.476

and faculty that understand the issues I face and
providing [sic] possible solutions.”

Another prevalent theme from student com-
ments is feeling inspired by the Celebration and
the community. One student noted, “I liked the
speeches because they were inspirational.” Another
commented, “Members encourage each other and
share information to support each other.”

www.computer.org/cise
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he STARS Computing Corps model follows
the central tenets of quality service learning
engagement, especially those that have demon-
strated greater gains in student outcomes such as
providing discipline-specific projects with formal-

ized training, reflection, and discussion with peers
and faculty.** Participation in STARS also empha-
sizes student membership in regional cohorts and a
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national community. Our study suggests that the
use of student-led service learning and civic en-
gagement projects as part of a national community
can help achieve educational equity and potentially
support the long-term goal to increase diversity in
computing-related disciplines.

Our findings offer empirical support for the
STARS model of engagement, a model well-
grounded in theory and research, with flexible ele-
ments that are easily adaptable by others secking
to enhance student outcomes, particularly students
who are traditionally underrepresented in comput-
ing. However, further work is needed to address
some of the limitations in this initial study. To ad-
dress the issue of self-report bias and lack of com-
parison group, the STARS research team plans to
embark on a comparison of student outcomes at
the local and national levels. Selected STARS in-
stitutions will be equipped to conduct institution-
al-level comparisons of student outcomes with
propensity matching. STARS will continue com-
paring graduation outcomes to national samples. B!

Acknowledgments

This material is based on work supported by the US
National Science Foundation under grant number
CNS-1042468. Any opinions, findings, and conclusions
or recommendations expressed in this material are those
of the authors and do not necessarily reflect the views of
the National Science Foundation.

References

1. J.S.BrownandP.Duguid, “Organizational Learning
and Communities-of-Practice: Toward a Unified
View of Working, Learning, and Innovation,”
Organization Science, vol. 2, no. 1, 1991, pp. 40-57.

2. F.A. Hrabowski III and K.I. Maton, “Enhancing
the Success of African-American Students in the
Sciences: Freshman Year Outcomes,” School Science
and Mathematics, vol. 95, no. 1, 1995, pp. 19-27.

3. J.M. Cohoon, Women and Information Technology:
Research on Underrepresentation, MIT Press, 2005.

4. M. Hezemans and M. Ritzen,
Environments and Responsibility: Three Types of
Learning Environments,” Proc. IFIP 17th World
Computer Congress, 2002, pp. 19-27.

5. J.BlumandL. Frieze, “In a More Balanced Computer

“Learning

Science Environment, Similarity Is the Difference
and Computer Science Is the Winner,” Computing
Research News, 17 May 2005; http://archive.cra.org/
CRN/articles/may05/blum.frieze.heml.

6. N. Thomas, “The Effects of an Ethnic-Based
Mentoring Model on College Adjustment, Grade

10.

11.

12.

13.

14.

15.

16.

17.

18.

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page B>See
ENGINEERING Q

Point Average, and Retention among First Year
African American College Students Attending
White PhD
dissertation, Dept. Psychology, Michigan State
University, 2005.

R. Sellers, T. Chavous, and D. Cooke, “Racial
Ideology and Racial Centrality as Predictors of

a  Predominantly Institution,”

African American College Students’ Academic
Performance,” J. Black Psychology, vol. 24, no. 1,
1998, pp. 8-27.

J. Margolis et al., “Beyond Access: Broadening
Participation in High School Computer Science,”
ACM Inroads, vol. 13, no. 4, 2012, pp. 72-78.

AN. Astin et al., “How Service Learning Affects
Students,” Higher Education Research Inst., Univ.
California, Los Angeles, 2000.

E.J. Coyle, L.H. Jamieson, and W.C. Oakes,
“EPICS: Engineering Projects in Community
Service,” Int’l . Eng. Education, vol. 21, no. 1 2005,
139-150.

G. Madey, C. Friedland, and P. Brenner, “A Service
Learning Program for CSE Students,” Proc. ASEE/
IEEE Frontiers in Education, 2005, pp. F2F1-F2F6.
P. Sanderson and K. Vollmar, “A Primer for Applying
Service Learning to Computer Science,” Proc.
SIGCSE Tech. Symp. Computer Science Education,
2000, pp. 222-226.

J. Carter Jr, “HBCU Digest Podcast Series:
Morehouse Professor Kinnis Gosha,” HBCU
Digest, 25 Aug. 2015; hetp://thehbcudigest.cumblr.
com/post/126757893466/hbcu-digest-podcast-
series-morehouse-professor.

C. Tyson, “The ‘Murky Middle,” Inside Higher
2014;
com/news/2014/09/10/maximize-graduation-

Education, hetps://www.insidehighered.

rates-colleges-should-focus-middle-range-students-

research-shows

S. Zweben and B. Bizot, “2014 Taulbee Survey:
Relentless Growth in Undergraduate CS Enrollment;
Doctoral Degree Production Remains Strong, but
No New Record,” Computing Research News, vol. 27,
no. 5, 2015, pp. 2-51.

E. Venit, “What Can We Learn from First Year
GPA?,” Education Advisory Board, 2014; https://

www.eab.com/technology/student-success-

collaborative/student-success-insights/2014/04/

what-can-we-learn-from-first-year-gpa.
T. Dahlberg et al, “The STARS Alliance:

Viable Strategies for Broadening Participation in

Computing,” Trans. Computer Education, vol. 11,
no. 3, 2011, pp. 1-25.

C.L Celio, J. Durlak, and A. Dymnicki, “A Meta-
analysis of the Impact of Service-Learning on

May/June 2016

g Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

*

>
*

A "\
E WO Q

RLD'S NEWSSTAND®


http://archive.cra.org/CRN/articles/may05/blum.frieze.html
http://thehbcudigest.tumblr.com/post/126757893466/hbcu-digest-podcast-series-morehouse-professor
http://www.eab.com/technology/student-success-collaborative/student-success-insights/2014/04/what-can-we-learn-from-first-year-gpa
https://www.insidehighered.com/news/2014/09/10/maximize-graduation-rates-colleges-should-focus-middle-range-students-research-shows
http://www.computer.org/cise
http://www.qmags.com
http://www.qmags.com
http://www.computer.org/cise

inSCIENCE

Students,” /. Experiential Education, vol. 34, no. 2,
2011, pp. 164-181.

19. G.D. Kuh and C.G. Schneider, “High-Impact
Educational Practices: What They Are, Who Has
Access to Them, and Why They Matter,” Assoc. Am.
Colleges and Universities, 2008.

20. M. Buckley et al., “Benefits of Using Socially-
Relevant Projects in Computer Science and
Engineering Education,” Proc. SIGCSE, 2004, pp.
482-486.

21. M.A. Holliday and D.R. Luginbuhl, “Peer-Centered
Service Learning,” Proc. ASEE/IEEE Frontiers in
Education, 2004, pp. F3E-1-F3E-(].

22. B. Jacoby, Service-Learning Essentials: Questions,
Answers, and Lessons Learned, Jossey-Bass, 2015.

23. M. Ong, L.L. Espinosa, and G. Orfield, “Inside the
Double Bind: A Synthesis of Empirical Research
on Undergraduate and Graduate Women of
Color in Science, Technology, Engineering, and
Mathematics,” Harvard Educational Rev., vol. 81,
no. 2, 2011, pp. 172-208.

24. 7. Payton et al., “The Effects of Integrating Service
Learning into Computer Science: An Inter-
institutional Longitudinal Study,” Computer Science
Education, vol. 25, no. 3, 2015, pp. 311-324.

Jamie Payton is an associate professor of computer
science at the University of North Carolina at Char-
lotte. Her research interests include pervasive com-
puting, smart and connected health, and broadening
participation in computing. Payton received a D.Sc. in
computer science from Washington University in St.

Louis. Contact her at payton@uncc.edu.

Tiffany Barnes is an associate professor at North Car-
olina State University. Her research interests include
artificial intelligence in education, broadening par-
ticipation, and serious games. Barnes received a PhD in
computer science from North Carolina State University.
Contact her at tiffany.barnes@gmail.com.

Kim Buch is a professor at the University of North Caro-
lina at Charlotte. Her research interests include work
redesign, participative management, and scholarship of
teaching and learning. Buch received a PhD in psychol-
ogy from Iowa State University. Contact her at kkbu-

ch@uncc.edu.

Audrey Rorrer is a research associate at the University
of North Carolina at Charlotte. Her research interests
include culturally responsive computing education,
evaluation capacity development, and assessment. Ror-
rer received a PhD in counselor education from the Uni-

www.computer.org/cise

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page B>See
ENGINEERING Q

versity of North Carolina at Charlotte. Contact her at

Audrey.rorrer@uncc.edu.

Huifang Zuo is a doctoral candidate studying educa-
tional research methodology at the University of North
Carolina at Charlotte. Her research interests include
neighborhood analysis in education, self-efficacy, and
educational evaluation. Zuo received an MS in geogra-
phy information sciences from the University of North
Carolina at Charlotte. Contact her at hzuo@uncc.edu.

Kinnis Gosha is an assistant professor at Morehouse
College. His research interests include conversational
agents, broadening participation, and virtual mentoring.
Gosha received a PhD in human-centered computing
from Clemson University. Contact him at kinnisgosha@

gmail.com.

Kristine Nagel is an associate professor of information
technology at Georgia Gwinnett College. Her research
interests include ubiquitous computing, technology out-
reach, and computing education. Nagel received a PhD
in computer science from Georgia Institute of Technol-

ogy. Contact her at knagel@ggc.edu.

Nannette Napier is an associate professor of manage-
ment information systems and decision sciences at
Georgia Gwinnett College. Her research interests in-
clude software development, project management, and
requirements engineering. Napier received a PhD in
computer information systems from Georgia State Uni-

versity. Contact her at nnapier@ggc.edu.

Ebrahim Randeree is an associate dean at Florida State
University. His research interests include technology
adoption, health informatics, and educational manage-
ment. Randeree received an MBA from the University at
Buffalo in MIS/health administration. Contact him at

eranderee@cci.fsu.edu.

Lawrence Dennis is dean of the College of Com-
munication & Information at Florida State Univer-
sity. His research interests are in experimental nuclear
physics, scientific computing, online learning, infor-
mation technology, and IT education and diversity.
Dennis received a PhD in nuclear physics from the
University of Virginia. Contact him at larry.dennis@
cci.fsu.edu.

Selected articles and columns from IEEE Computer
Cn Society publications are also available for free at
hitp://ComputingNow.computer.org.

*

57

*

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page BSee
ENGINEERING Q

inSCIENCE

THE WORLD'S NEWSSTAND®


http://www.computer.org/cise
mailto:payton@uncc.edu
mailto:tiffany.barnes@gmail.com
mailto:kkbuch@uncc.edu
mailto:Audrey.rorrer@uncc.edu
mailto:hzuo@uncc.edu
mailto:kinnisgosha@gmail.com
mailto:knagel@ggc.edu
mailto:nnapier@ggc.edu
mailto:eranderee@cci.fsu.edu
mailto:larry.dennis@cci.fsu.edu
http://ComputingNow.computer.org
http://www.computer.org/cise
http://www.qmags.com
http://www.qmags.com
http://www.computer.org/cise

c !’ g Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page BSee
inSCIENCE HG'NEEI'HG :

BEST OF RESPECT, PART 2

58

Enacting Agency:

The Strategies of Women of Color in Computing

Apriel K. Hodari | Eureka Scientific Inc.
Maria Ong, Lily T. Ko, and Janet M. Smith | Technical Education Research Centers Inc.

Research on marginalized groups in STEM fields commonly overlooks those who persist and
succeed, characterizing groups such as women of color as passive victims instead of active agents
in their own achievements. Focusing on women of color who are successfully staying in STEM
helps us focus on the ways they enact that agency.

t’s in the national interest to ensure that women who identify as Asian-American, Black, Latina, Na-
tive American, and mixed race/ethnicity—women of color—are well represented in science, technol-
ogy, engineering, and mathematics (STEM), especially in computing. As US colleges already enroll
a majority of women (57 percent) and an increasing population of minorities (44 percent), women of

color live at the intersection of these growing populations (www.nsf.gov/statistics/srvyipeds/#overview).
Yet, the promise of this growth remains unrealized, particularly in computer science. According to Edie
Fraser, director of STEMconnector.org, 71 percent of new jobs will be related to computing (www.us-
news.com/news/articles/2013/11/13/behind-americas-decline-in-math-science-and-technology); yet, in
2012, women of color earned fewer than 7 percent of BS degrees in computer sciences (www.nsf.gov/
statistics/'wmpd). In fact, the past decade has witnessed a general decline in the proportion of computer
sciences degrees awarded to all women, especially to those who belong to underrepresented minority

groups (Black, Latina, and Native American). Research shows that attrition of women of color from pre-
dominantly White, male STEM contexts such as computer science departments can be largely attributed
to the feeling of isolation they experience.! However, research has also suggested that through agentic
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The institutional culture of many STEM disciplines presents formidable
barriers for women of color that can significantly contribute to their
sense of isolation.

strategies, in which women of color take direct ac-
tion via their own agency, some women of color
have successfully demonstrated resilience in the
face of institutional and social barriers.>

Previous studies have demonstrated how policy
and practice that promote the success of underrep-
resented groups in STEM also promote the success
of all STEM participants.4’5 For example, Christi-
anne Corbett and Catherine Hill point to Romila
Singh and Nadya Fouad’s study, which found that
the primary difference between women who persist-
ed in engineering and computing careers and those
who did not was the workplace environment.* In
fact, research on men in these fields showed that the
same factors (“excessive and ill-defined work goals,
and various kinds of incivility”) motivated men to
leave as well. Thus, Corbett and Hill concluded,
improving the workplace environment for women
could make the experience better for everyone.
Similarly, our work—examining how individual
and institutional strategies affect the retention and
success of one of the most marginalized groups in
computing, women of color—has the potential to
increase awareness of what supportive, productive,
and fully inclusive environments entail.

Conceptual Framework

The challenges facing women of color in STEM
were first brought to national attention in 7he Dou-
ble Bind: The Problem of Being a Minority Woman
in Science.® Since that seminal report, research into
the types of barriers women of color face pursu-
ing STEM training and careers have pointed to
environments in which the women felt isolated,
engendered by factors such as “challenging inter-
personal relationships with professors, supervisors,
and peers, low expectations from others, lack of
mentoring and support,” which threaten their per-
sistence and advancement in STEM disciplines.”
Indeed, studies also found that many women of
color in STEM education experienced feeling un-
welcome and being treated differently from peers,'
and in some cases were the only women of color
in their departments.’ In formal and informal set-
tings in STEM departments at universities, women
of color often faced subtle offenses (micro-aggres-
sions) that were racist and/or sexist.”® Additionally,
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sites from which women of color felt isolated or
excluded included classrooms, laboratories, and
informal after-work interactions where discussions
about their field of study occurred.>” In short,
many women of color identified isolation as a com-
mon and significant barrier to their advancement
in STEM fields.

The institutional culture of many STEM
disciplines presents formidable barriers for women of
color that can significantly contribute to their sense
of isolation. Historically dominated by White males,
STEM disciplines reflect at an institutional level an
undervaluing of femaleness and non-Whiteness."’
Indeed, the intersectionality’' (the simultaneous
experiencing) of gender and race/ethnicity is
experienced by women of color in certain STEM
disciplines as a double bind,® magnifying barriers
and impeding their efforts and successes in ways not
experienced by their White female and all male peers."
As a result, to persist in STEM fields, women of color
must work to unravel the double bind, expending “time
and energy that could have been spent doing science.™

The role of institutional culture in discouraging
women of color in STEM can be obscured by
discussions of the “leaky pipeline.”'* This metaphor
describing the attrition of women of color during
their pursuit of STEM education and careers
places blame on the women themselves rather
than focusing on specific practices of institutional
culture that can affect their persistence or attrition.
Moreover, the notion of a leaky pipeline can falsely
depict women of color as being passive rather than
demonstrating agency and making choices as they
traverse their paths through STEM.>!

In spite of the many barriers women of color
face, many “persist and thrive in STEM.”* Indeed,
although the agency of women of color in STEM
is a largely unexplored area, a few studies have
documented ways in which they’ve actively developed
and demonstrated strategies by which to cope
with and navigate STEM environments."*™ For
example, when faced with barriers in their STEM
discipline, some women of color focused instead on
identifying themselves as what Heidi Carlone and
Angela Johnson call “altruistic scientists,” women
who use science to serve humanity. Laying claim to
and prioritizing an identity that mattered to these
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What agentic strategies do women of color use to persist and succeed
in computing education and careers?
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women allowed them to cope with and redefine the
unsupportive, marginalizing identities that others in
their discipline created for them.!®

Carlone and Johnson'® and Johnson and
colleagues® have described the processes women of
color use to create science identities in the face of
others’ projections. However, the success of authoring
a science identity as a strategy for persisting in STEM
careers depends on recognition of that identity by
the people in power.” A strong science identity was
found to be especially important for women of color
who were students majoring in STEM fields. Their
persistence in their studies was attributed to several
agentic strategies, including exploring course content
with their peers, being part of research activities, and
participating in student organizations, all of which
were critical to their STEM success.”

There presently exists scant empirical literature
7 and

even less exists about how they employ agentic

about women of color in computer science,

strategies to persist and succeed in their chosen
field. To help fill this gap, we present firsthand
accounts of navigational strategies enacted by
women of color who are succeeding and persisting
in computing education and careers.

Data and Methods

Our data come from a US National Science Foun-
dation-funded research study, “Computing beyond
the Double Bind: Women of Color in Computing
Education and Careers” (CBDB). This empirical
research study has goals of advancing knowledge
about women of color in computing by analyzing
their navigation strategies through higher educa-
tion and professional careers. CBDB has additional
goals of studying programs that have successfully
served women of color in computing and of creating
a mentoring intervention for young women of color
in computing based on our findings.

In this article, we focus on a single question:
What agentic strategies do women of color use
to persist and succeed in computing education
and careers? Data for this article are a subset
from the larger study described above; data
sources include case study data and interviews
that, together, help reflect the lived experiences
of successful women of color in computing
education and careers.

Data Sources

We gathered data on 17 women of color in computing
through two primary sources: case study data and
interviews.

Our analysis includes case study data from one
national student support community, Coalition
(@ pseudonym). This community serves a diverse
population (by race, gender, class, immigrant status,
physical ability, and family educational background).
Participants, including students and professionals in
computing, come from many different educational
and geographic settings. The programs, events, and
other opportunities provided within this community
promote computing excellence for students and
increase participation of underrepresented students in
cutting-edge computing organizations. We conducted
a three-day site visit of a Coalition event in 2013. Our
data collection methodology included ethnographic
field notes in various contexts (community spaces,
meetings, conferences, classrooms, and collaborative
spaces). For this article, the ethnographic field notes
helped contextualize the lived experiences of some of
the women of color in our study.

We also interviewed Coalition members, gathering
a limited but in-depth set of contemporary, discipline-
specific experiences and viewpoints (see Table 1).
Eleven interviews were conducted in person during
the Coalition event described above, with six more
handled later by phone. Interviews were conducted
with eight Coalition students in higher education and
three Coalition-affiliated faculty or other professionals.
All interview participants self-identified as women of
color. Additionally, we later selected five other non-
Coalition women of color professionals in computing
to interview. To achieve a wide range of perspectives in
the professional realm, we selected the five additional
participants by using a nonrepresentative stratified
sampling technique'® from a pool of candidates who
were recommended to us through broad professional
networks and via email solicitations to professional
organizations serving women or minorities in STEM.
(The study is ongoing; more interviews are planned.)
All interviews were semistructured, open-ended, and
between one to two hours in duration. Participants
were asked a broad set of questions about their
academic background and interests, a challenging
time and how they overcame it, factors that promote
their success, mentors and role models, and advice for
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Table 1. Interview participants’ characteristics.

Race/ethnicity Coalition affiliation?

Francesca Undergraduate Asian American

Sarah Undergraduate Black Yes
Miranda Undergraduate Latina Yes
Kathy Undergraduate Latina Yes
Corinda PhD student Black Yes
Sadie PhD student Native American Yes
Jade PhD student Black Yes
Daria PhD student Arab Yes
Serena Professional Asian American No
Hasina Professional Black Yes
Christy Professional Arab Yes
Georgette Professional Latina Yes
Josie Professional Black No
Julia Professional Latina No
Karina Professional Asian American No
Lucy Professional Black No
Sierra Professional Black No

institutions and individuals like themselves. Coalition-
affiliated interviewees were also asked a set of questions
regarding their experiences as part of the Coalition
community. All interviews were audiorecorded and
transcribed for coding and analysis.

Data Analysis

To analyze the narratives collected during the
interviews, we employed narrative analysis.
Catherine Riessman'? states that narrative analysis,
a method of seeing beyond individual life stories
to broader patterns, is especially effective for
understanding the experiences of those who are
traditionally marginalized. For our study, narrative
analysis required transparent processes of laying
out stories, identifying codes, entering codes into a
matrix, and then inductively creating conceptual
groupings and orderings from the data. Building
categories of themes from the bottom up,”® we
coded and discussed the data until we established a
comprehensive set of themes. The data coding process
included individual coding, paired consensus, and
routine team calibrations to ensure that all members

www.computer.org/cise

were applying established and emergent codes in
similar manners. We then individually assigned a
set of related codes to detect emerging themes. Team
members exchanged their work with one another,
and everyone then analyzed the themes to confirm
or reconstruct the themes. By combining these
systematic methods and utilizing constellations of
multiple researchers, the project team created a form
of triangulation to develop an understanding of the
experiences of women of color.

Positionality and Limitations

To help clarify any bias that might influence our
interpretation of the study results, we describe our
own positions here. We're all women. Two of us
have been researchers of, and advocates for, women
of color in STEM for more than 10 years. We rep-
resent multiple races (Asian-American, Black, and
White) and career stages (early and mid-career).
None of us hold computing degrees, although
one of us, a Black woman, has received advanced
degrees in science and engineering; another, an

Asian-American woman, currently serves as a social
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We seek to identify policies and practices enacted by institutions and
other individuals that could promote the persistence and success of
women of color in computing.
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science advisor to the National Center for Women
and Information Technology; and another, a White
woman, worked as an instructional designer for a
large multinational computer hardware and soft-
ware corporation. Inevitably, our backgrounds in-
fluence how and why we share participants’ stories
and our interpretation of these stories. We recog-
nize our positionality and strive for trustworthiness
with a goal of presenting the data to authentically
represent the participants’ lived experiences.

Note that the racial demographics in our
study are not meant to reflect the current repre-
sentation in US computer science. We aimed to
have a purposive sample that included women of
various races and ethnicities, as well as women in
differing career stages. Our sample only included
one Native American woman, in part because of
the limitations of our team’s recruiting abilities,
and in part because there currently exists a dearth
of Native American women in computing.' We
will increase our recruiting efforts as the
project progresses. Individuals and programs self-
selected into the study and could differ from those
who didn’t volunteer to participate.

Findings

This article focuses on the navigational strategies that
17 women of color in our study took to advance in
computing. They engaged these strategies in the con-
text of isolating science environments such as those
identified in other literature and earlier findings from
our study."™”™ In their narratives, many conveyed
their sense of isolation relative to and entwined with
the strategies they used to change it. For example,
Serena (not her real name; we use pseudonyms
throughout), an Asian-American postdoctoral schol-
ar in computing education research, provided a vivid
illustration of the abilities of women of color to rise
above their isolation and succeed where so many
around them do not?":

In my computer science class, a lot of the projects
were group [work], and so I found two ... [minority]
groupmates, who were heaven-sent. And we stuck
by each other and actually, after we found each
other, planned all of our schedules in sync with

each other, so we took the same classes in order

to get through the undergraduate experience
together. Because a part of being a minority is
that people don’t want to work with you. They
don’t look at you and sense that you are a smart
person they want to work with. So finding
people who believe in you and you believe in,
and then sticking together, was really important.

Although we focus here on women of color’s own
agentic strategies, we seek to identify policies and
practices enacted by institutions and other individu-
als that could promote the persistence and success of
women of color in computing. Among the strategies
that women of color employed to successfully navi-
gate and persist in computing education and careers,
some—confronting challenges and developing and
using “soft” skills—were a response to the isolation
the women felt in their learning and work environ-
ments. Alternatively, others looked within and pulled
strength and strategies from the unique experiences of
their own lives to persist in computing.

Being Motivated by Challenges

The women who participated in our study described
strategies they employed to confront challenges to
their merits, to their comfort (in a field with few
gender or racial/ethnic peers), and to their progress
(because of unhelpful teachers). Miranda, a Latina
undergraduate computing student, described how she
used encounters with peers who questioned her merits
in racist and sexist ways to motivate her to “do better”™:

I was kind of being accused of having my merits
be because of my ethnicity and my gender. Really
I don’t let that stop me ... but it does encourage
me to do better for fear of not being competent
compared to everybody else. It’s a bad feeling
but at the same time it yields good results.

Christy, an Arab professional in computing,
and someone who admittedly gravitates toward
things that make her nervous, used the challenge
of small numbers of women in computing to

persist in the field:

So that was sort of like, “Okay, there are not many
females in there, so I like it.” So like I said, anything
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Other women of color in computing drew from their personal histories
and unique experiences to help them shape the route they took in
computing.

that makes me nervous, go for that: ... “Not many
females in this classroom. ... I like the challenge.”

While Miranda and Christy used challenges
to motivate their own performance, Francesca,
an Asian-American undergraduate student in
computer science, was inspired to provide better
instruction to others than she had received:

I'm not saying I had horrible teachers back then,
but [ had] teachers that weren’t really helpful.
[So] T wanted to be the type of instructor
maybe to help those who were struggling or
who think that they can’t really do anything
right, those kinds of stereotypes with students.

Georgette, a Latina professional in computing,
reflected on the nature of failure in all of our lives
and how she was able to take inspiration from
stories of others’ struggles to persist toward her own
goals and keep the pressures of earning tenure in
perspective, relative to her own definition of success:

Everyone has run into failure. Everyone has
had challenges that they have overcome and
so when we learn more about the challenges
that people have overcome, that inspires us
because it’s just like, “Well, if they did it, I
can do it.” [When] I was graduating with my
PhD from [institutional name], 1 took ... a
very senior, incredibly well-respected member
of the National Academy professor to lunch,
and he told me, “You know, I didn’t make
tenure.” I was like, “What? That person did not
make tenure?” He was very quiet about it, and
he didn’t want to talk about it. He was kind
of embarrassed about it. ... It’s important to
know that you can have an amazing impact.
And whether some people like you or don’t or
think you've done enough to warrant tenure or
not, it has nothing to do with whether or not
you'll be successful. But when this professor
told me that, it gave me such courage because
I thought, “If he didn’t make tenure and he’s
been as successful as he can, then if I don’t
make tenure, I'm going to be okay. And if I
don’t make tenure, maybe it’s because that

www.computer.org/cise

wasn’t the right place for me and the good
Lord above wanted me to go elsewhere.” And

that was wonderful because I was like, “It’s

okay to fail” So that’s really empowering.

In each of these cases, the women described
situations or conditions that challenged their success,
yet they demonstrated agency in confronting those
challenges and turning them around to motivate
success. Indeed, these strategies were powerful
motivators in these women’s successful navigations
of their computing education and career experiences.

Drawing on Unique Experiences

Other women of color in computing drew from
their personal histories and unique experiences to
help them shape the route they took in computing.
They applied insights from those experiences—
some specifically about being a woman of color—
to their research and practice of computing.
Hasina, a Black postdoctoral scholar in computer
engineering, described how her childhood experi-
ence motivated her choice to focus on energy con-
sumption in low-income neighborhoods for her
dissertation research:

I don’t know if it’s my race that influenced
my research or knowledge of injustice because
of social economic status. My dad was really
rich when I was younger and I didn’t ... really
know the value of money. But real estate is one
of those things that is cyclical. So when I was
old enough to understand the value of money,
he wasn’t rich anymore. He was struggling.
And T guess I realized how not having money
could hold you back. And at that point, it
wasn’t about race. It was about access and
I believe a part of that experience led me to
looking at low income [populations]. T didn’t
say, “Well, [I’/l study] energy consumption in
African-American neighborhoods.” 1 said,
“[I’ll studly) energy consumption in low-income
households.” So I think it was social economic
status and people not having a level playing
field when it really came down to it. It wasn’t
about race anymore. I mean, if you look at the
numbers, yeah...many African-Americans are
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low income, but sometimes it’s really about
. money. ... I think that drives my research

in ways that I may not even be aware of.

Hasina went on to talk extensively about not
only the computing tools she developed in her
research, but what she learned about community
cohesion and how to make technical tools work in
communities not usually addressed in mainstream
conversations about energy conservation.

In another example, Jade, a Black doctoral
student in computing, describes how she based her
dissertation project on both her origins in an urban
Black community and her observations of her
younger cousin’s struggles to learn to read. In a very
personal way, Jade has integrated her experiences of
being a woman of color with secking solutions to
issues of esteem for girls of color, which she suggests
inhibit their participation in computing education
and careers. She was confident that insights from
her own experiences provided a perspective on
Black gitls that a White man, for example, would
not have. Jade suggested that her experiential
perspective would lead to more effective technology-
related solutions to self-esteem issues of Black girls:

I want my dissertation work to be in the area of
reading. I have a younger cousin who is in the
fourth grade, and she cannot read. Not to say
that there aren’t White kids who can’t read, but
being a Black woman from an urban area, this
is something that I see that is a problem and
I think needs to be addressed. I think being
a Black woman opens my mind to problems
that technology can help solve. Somebody else
who hasn’t experienced that kind of thing a
lot won’t see that problem, and they’ll go off
and solve another problem, leaving this huge
issue that is reading that affects everybody.
They might not see it the way I see it. ...
Being a Black woman ... I know that there
are problems that affect a young Black girl’s
self-esteem: body image, the whole hair issue.
Those kinds of things, the fact that Black girls
don’t go into computing, that’s a problem.
Those are problems that I can specifically solve
because I have those experiences. ... I can put
my experiences into the solution whereas a
White man doesn’t know how it feels to have
those emotions. His solution is going to come
from, “This is what I think will work for them.”
My solution [comes from], “This is what I
know helped me so it'll help somebody else.”
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Jade identified possible barriers to the aspira-
tions of girls of color relative to reading and
computing education and careers and to the
development of their self-esteem. Her experiences
as a woman of color fed empathetic design solutions
in a way not possible for others in computing
who might have had similar technical expertise
but who came from different gender and racial
backgrounds. Jade’s history gave her motivation
and confidence to meet technical challenges, to
know that she could overcome them, and to create
innovation that will help others.

Kathy, a Latina undergraduate student in
computer engineering, described a different kind
of integration of her uniqueness, using her interest
in psychology to help her decide the kinds of

problems she wanted to tackle in her research:

Psychology is my hobby away from computing. I
want to integrate it into my computing later on,
which is why rather than just being interested in,
say, attacks and defenses for network security,
I'm actually interested in the psychology of the
people constructing attacks, their motivation
and ways of identifying their personality, the
way they code or the way they construct a piece
of software. That sort of thing just interests me.

In each of these examples, our participants
displayed how incorporating unique experiences
and interests help them engender their own success
by motivating them beyond a simple interest in
technology for its own sake. These findings align
well with our earlier work?®* that shows that women
of color are often motivated by applications of
technical expertise that help others or connect to a
broader societal benefit.

Developing and Using “Soft” Skills

Several women of color in the study reported de-
veloping or using nontechnical (“soft”) skills to ad-
dress potential barriers and support their own suc-
cess. Sarah, a Black undergraduate computer sci-
ence student, applied her social skills to ameliorate
the competitiveness she sees preventing good rap-
port and productive communication between her-
self and men in her computer science department:

In my department, they are mostly males. ...
Being a female, I try to use that as a way to just
be able to use my female instincts as far as just
being more aware of personal things, you know,

seeing how you're doing. I try to use that when I
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communicate with people or professors, ... so they
won't feel like I'm just coming to take something
from them or I just need something. I want
them to understand it’s a two-way relationship.
So I use that, not saying that males don’t do
that, but generally, females are more inclined to
be more nurturing or things like that. So T try
to use that to my advantage and build lasting
relationships with people, men and women.

In contrast, Daria, an Arab doctoral student in
information technology, focused on how she used
her extroverted personality to introduce herself to
experienced computing professionals, explaining
that taking the initiative helped her in both
corporate and academic settings:

Everywhere I go, I pretty much look for
mentors. When I was at [corporation namel, 1
found a few that mentored me. ... [You] go out
and you’re like, “Listen, 'm new here.” And

you just kind of put yourself out there, right?

Josie, a Black computing professional, explained
how maintaining a good rapport with her White
male manager, coupled with his valuation of her
technical expertise, allowed her to have frank conver-
sations about issues related to diversity and inclusion
in their workplace. She described a conversation she
had with her manager following a news organiza-
tion’s profile of their workplace in which all of the
employees interviewed were White men, something
she characterized as “a missed opportunity™

I'was actually brought into this particular position
as the right hand, the second brain, if you will,
to the [manager]. So there is certainly a rapport
there, and we certainly respect each other and
there is a level of rapport that I think is important
because we work together so often. ... So it’s very
much a close relationship and one that we have
to trust each other, especially given that I bring
a level of expertise and experience that he doesn’t
have. ... But we have a really great relationship
and it helps that he respects what I have to offer
and what I bring to the table. ... [When explaining
the news story,] he couched his comments with,
“You're not going to like this,” right? And I said,
“That’s a missed opportunity.” ... So I think my
comments and his wanting to share that with
me came from a place where we both believe
that there was more to be done about the current
state of affairs [regarding diversity and inclusion).

www.computer.org/cise
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Similarly, Sadie, a Native American doctoral

student in computer science, explained how she worked
for a full year on establishing good communication
between herself and her advisor. She felt that it was
worth the time to build her advisor’s understanding of
the different, and sometimes competing, perspectives
she brought to their shared work:

Is been this process of learning how to
communicate most effectively with him. ...
That has taken effort to get him to consciously
think about, as a Native American woman, this
is how I would think about it, but as a graduate
student, this is how I think about it. Then, as a
cultural ambassador, this is how I think about
it. We went through this whole year of that
process where I was like, “Yo, dude, time out.
We have to work on your Navajo etiquette.”

In each case described above, the women
explained how developing soft skills is key to any
successful computing career. They felt this was
a skillset often overlooked in the quest for better
technical skills, and that neglecting these skills
creates an unnecessary additional barrier to success.

ur findings inform an understanding of the

ways in which the experiences of women of
color are shaped by the intersection of race and
gender and how this intersection influences their
success in computing. We have described a range
of agentic strategies women enacted to engender
their own success, ones that confront challenges,
draw on their unique experiences, and develop or
use soft skills. When considering the implications
to these findings, again we found wisdom in the
voices of the women themselves.

While we can be inspired by the way women
used challenges as motivation, including the
challenges of outright failure, the energy they
employed could be focused more productively if
some of the challenges were removed, including
those posed by the isolation of small numbers or
perception that any failure is career-ending. Julia, a
Latina computing professional involved in STEM
education, advised that this could be helped by

departments creating a more inclusive culture:

[Hidden] biased training would be wonderful
for work places, especially in [47] engineering
department, because the work can be very
heads down. ... [7he¢] more awareness you have
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of maybe hidden biases or stereotypes, the more
inclusive a person can be at the workplace.
And if everyone is inclusive then it’s going

to have an inclusive culture, which is great.

Georgette also advised an inclusive culture
through working with her institutions to find the
brilliance and uniqueness of students that don’t fit

the standard model:

As the women in our study demonstrated, a rich
source of motivation and inspiration came from
the backgrounds of the women themselves. Efforts
should be made to expand the kinds of problems

computing expertise can contribute to solving, in-

[Zhere] is a student [at my former institution)
who walks around with a cane and always has
someone walking him to class, even with a cane.
... I bent over backwards to help him succeed
in the class, but he worked hard. He was so
smart. He’s smarter than any other student I've
ever, ever met, which makes it all that more
enjoyable to help a student like that flourish.
Meanwhile, I get to [my current employer],
and I understand that there is a blind student
who is having all kinds of problems with
accessibility, whereas [my previous employer]
saw the student, realized how brilliant he
was and ... employed him to help him fix
systems. And so, I'm hoping now I can do
something like that for [my current employer].

While Georgette described here how an in-
stitution can learn from the seeing “brilliance” of
students with physical disabilities, her advice could
apply to many aspects of students’ backgrounds.

cluding those that have greater societal aims.

that employers allow students and professionals to
see the impact of their work in other units or in the

Hasina extended this advice when she suggested

world beyond the organization:

66
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I feel like [my previous company] may have it
down in terms of ... any product that you help
with ... it’s going to go to millions or billions
of people. You already have an impact, right
away. They have products to scale, and they pay
their engineers well. When I was at [different
corporation name], when 1 was a software
engineer, I didn’t see an impact. ... I'm really
close friends with a guy at [university], we're in
the same [subdiscipline], who looks at different
ways of interacting with devices. Like, you

Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page

can scratch the table as a piece of inpug; ...
you know, he does this thing with skin, you
can use your skin as an input to a device. I
mean, I think that’s really exciting. I think
the companies that have the pipelines, where
they’re like visionary ... I think that’s great.
But if you listen to what [recruiters] were telling
students ... they’re like, “Here’s what we need
to solve the problem.” They were saying, “We
need people. We need people that can code.”
I just feel like that’s shallow. ... I feel like you
have to do more than code to make a difference.

Hasina’s advice was against keeping computing
professionals in a closed coding box, but to make
the impact of their work more visible. Our findings
show that such information can be a strong source
of motivation.

While women cited soft skills as tools they
develop to overcome barriers, Josie suggested that
institutions create spaces where subgroup members
can support one another and have opportunities to
develop both soft and technical skills:

[4] lot of these organizations ... release their
numbers on diversity and they’re dismal,
and companies now are trying to better
understand how can we attract more? Well,
it’s not about attracting [people of color], you
have to keep them there. You have to ensure
that there is upward mobility for people of
color, that there are not just communities or
subcommunities in your organization that
When 1 was at

there were these affinity

support diverse groups. ...
[corporation name] ...
groups like Hispanics in computing or like
Black [corporation nameler’s. ... So those are
really great opportunities for connection and
for camaraderie. But what’s really important is
that you're developing them, these communities
technically—are you providing for, again,
upward mobility? Are you providing or
engaging in practices and developing policies
that are inclusive? Those are really important.

. You have to change business as usual.

This recommendation also pointed to the
need for managers in computing organizations
to develop their own abilities to engage regarding
issues of diversity and inclusion. As Josie’s story
in the last section illustrated, the ability to simply
have the conversation contributed to building
effective rapport with colleagues.
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By contributing to the knowledge base about

success factors for retaining women of color in
computing, we aim to support and enhance efforts
of the STEM community to broaden overall
participation rates of women of color in computing
professions and transform understanding of the
challenges they face as they work toward their
educational and career objectives. B
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CALL FOR NOMINEES

Education Awards Nominations

Taylor L. Booth Education Award

A bronze medal and US$5,000 honorarium are awarded
for an outstanding record in computer science and
engineering education. The individual must meet two or
more of the following criteria in the computer science and
engineering field:

e Achieving recognition as a teacher of renown.

¢  Writing an influential text.

¢ Leading, inspiring or providing significant education
content during the creation of a curriculum in the field.

e Inspiring others to a career in computer science and
engineering education.

Two endorsements are required for an award nomination.

See the award information at:
www.computer.org/web/awards/booth

Deadline: 15 October 2016

Nomination Site: awards.computer.org

Computer Science and Engineering
Undergraduate Teaching Award

A plaque, certificate and a stipend of US$2,000
is awarded to recognize outstanding contributions
to undergraduate education through both teaching
and service and for helping to maintain interest,
increase the visibility of the society, and making a
statement about the importance with which we view
undergraduate education.

The award nomination requires a minimum of three
endorsements.

See the award details at:
www.computer.org/web/awards/cse-undergrad-teaching

’ I E E E .compg(t)%rety

c !’ g Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page
inSCIENCE ENG'NEEI'HG


http://awards.computer.org
http://www.computer.org/web/awards/booth
http://www.computer.org/web/awards/cse-undergrad-teaching
http://www.computer.org/cise
http://www.qmags.com
http://www.qmags.com
http://www.computer.org/cise

COMPUTER SIMULATIONS

Editors: Barry I. Schneider, bis@nist.gov | Gabriel A. Wainer, gwainer@sce.carleton.ca

Discrete Event Modeling and Simulation-Driven
Engineering for the ATLAS Data Acquisition

Network

Matias Bonaventura, Daniel Foguelman, and Rodrigo Castro | Universidad de Buenos Aires, Argentina

obust engineering methodologies offering product

lifecycle control have proved to be a cornerstone in

modern software development projects. Simulta-

neously, various modeling and simulation (M&S)
techniques have become increasingly adopted in complex
system design, particularly in scenarios in which it’s difficult
to predict system behavior as changes are introduced.

The DEVS (Discrete Event Systems Specification) frame-
work is the most general formalism for modeling discrete
event systems' ™ and has been adopted in several disciplines
for complex software and hardware system design and analy-
sis.*> In addition to providing an unambiguous mathemati-
cal formalism to define model behavior and structure, DEVS
70

Computing in Science & Engineering

1521-9615/16/$33.00 © 2016 IEEE

provides a clear framework for system analysis, experimental
frame definition, model-to-simulator verification, and mod-
el-to-system validation.

We present a DEVS-based methodology for M&S-driv-
en engineering projects that integrates software development
best practices tailored to a large-scale networked data acquisi-
tion system in a physics experiment (specifically, the ATLAS
particle detector® at CERNY). This project poses M&S chal-
lenges from several viewpoints, including system complexity,
tight delivery times, the quality and flexibility of the devel-
oped models and tools, interdisciplinary communication of
results to collaborators (mostly scientists), and big data-scale
analysis.

Copublished by the IEEE CS and the AIP
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Figure 1. Topology and applications in the high-level trigger and data acquisition (TDAQ) farm. This intermediate

configuration is from long shutdown 1 (LS1) in 2014.

The Data Acquisition Network at CERN’s
ATLAS Experiment

The Large Hadron Collider (LHC)? is the world’s
largest particle accelerator—27 kilometers in cir-
cumference—colliding bunches of particles (pro-
tons or ions) every 25 ns near large detectors, in-
cluding ATLAS, CMS,” ALICE,' and LHCb.!!
In 2013, the Runl detectors went offline for
maintenance and upgrades (long shutdown 1, or
LS1) until the Run2 restart in 2015. Collisions in
the ATLAS detector generate very high energy, en-
abling the search of novel physical evidence such as
Higgs boson, extra dimensions, and dark matter.
Each particle bunch collision is called an Event (we
use “Event” for high-energy physics and “event” for
DEVS modeling) and consists of particle-induced
signals registered in the detector and digitized for
further analysis. The raw amount of information
generated exceeds 60 Terabytefs.

To assimilate this throughput, ATLAS uses a
sophisticated layered filtering system (trigger and
data acquisition, or TDAQ'?) that decides in real
time whether each Event should be permanently
stored or safely discarded. The first-level trigger (L1)
filters Events from an initial raw rate of 40 million
Events/s down to a filtered rate of 100,000 Events/s.
L1-accepted Events are temporarily stored in a read-
out system (ROS) in the form of data structures
called fragments and then accessed by a second-level
filter called the high-level trigger (HLT). At the HLT,
physics algorithms reanalyze the fragments (this
time with a different granularity), retaining only
1,000 “interesting” Events/s. The TDAQ system
and its HLCT-ROS data network is our system under
study.

www.computer.org/cise

Applications and Data Network in the HLT
Figure 1 shows the interconnections among various
applications in the HLT at the commencement of
our case study. Upon selection by L1, Event data
is transferred to the ROS, and the specialized ap-
plication HLT supervisor (HLTSV) is notified. The
HLTSV assigns Events to trigger processing unit
(TPU) servers, which run an application called a
data collection manager (DCM) to centralize com-
munication between the TPU and the rest of the
system. DCMs interface with instances of the ap-
plication processing unit (PU)—one per available
core, between 8 and 24 per host. Each Event is as-
signed to a single PU instance that analyzes it and
decides whether it should be permanently stored or
discarded. This system represents our starting point
for the M&S process.

Applications communicate over an Ethernet
network with link capacities of 1 and 10 Gbps.
Two core routers and approximately 100 switches
interconnect roughly 2,000 multicore servers us-
ing TCP/IP protocols. Figure 1 shows a diagram
of the network. The farm is composed of 50 racks
for TPU servers and 25 racks for ROS nodes. Each
TPU rack contains from 30 to 40 servers (DCMs
and PU applications), and each ROS rack contains
8 servers. Within each rack, servers are connected to
a shared top-of-rack (ToR) switch via 1 Gbps links.
The HLTSV node and the ToRs are connected to
the core switches over 10 Gbps links.

DEVS for Data Network Modeling

DEVS is a mathematical formalism for M&S based
on general systems theory—that is, it's independent
of any specific application. DEVS lets us describe
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Figure 2. Basic Discrete Event Systems Specification (DEVS) (a) atomic
models and (b) coupled models. Coupled models define the structure of
the system (interconnections between coupled and atomic models). Atomic
models define the dynamic behaviors.
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exactly any discrete system and approximate
numerically continuous systems with any degree of
desired accuracy. The formal model specification pro-
vides tools for analytical manipulation and offers in-
dependence in choosing the programming language
for implementation.” DEVS models are described
as a hierarchical composition of atomic models (Ms)
and coupled models (CMs) defined by mathematical
tuples as shown in Figure 2.

CMs define system structure (interconnections
between coupled and atomic models), whereas Ms
define dynamic behaviors. For Ms, each possible
model state s € S has an associated lifetime
defined by the function #:S — Ryt. When
the model is in state s = s, at time #; = ta(s)) it
autonomously undergoes an internal transition
toward a new state s = Oy (s1), where 6,05 — S
is the internal transition function. An output event
is simultaneously produced at #; with value y; =
A(s1), where A\:S — Yis the output function.

When a model receives an input event x; € X,
an external transition is triggered that instantly
changes the model state to 54 = 6ey (53, ¢, x1), where
53 is the model state by the time it receives the
input event, and ¢ is the elapsed time since the last
state transition (with e < a(s3)). The function 8¢, :S
X Ryt x X — Sis the external transition function.

Vectorial DEVS. The DEVS simulation algorithm is
universal, unambiguous, easy to implement, and in-
dependent of programming languages, with many
of its extensions and specializations tackling differ-
ent needs. We're particularly interested in vectorial
DEVS (VDEVS)," which lets us model large-scale
systems with a compact graphical representation. A
vectorial model is an array of quasi-identical classic
DEVS models that can differ in their initial parame-
ters. Formally, the vector model’s structure is defined
by VD = {N, Xy, Yy, P, M}, where N is the vec-
tor dimension, Xj, is the set of input events vector,
Y, is a vector set of output events, P is the set of
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parameters, and each A/; is a classic DEVS model. For
the interaction between vectorial and nonvectorial,
we define scalar to/from mappings of vector models.

PowerDEVS. We developed a model for TDAQ us-
ing the PowerDEVS tool,'* which provides a graph-
ical interface to define DEVS models via block
diagrams, a C ++ editor to code the four dynamic
functions for the M tuple, and libraries with reus-
able models. PowerDEVS also has a native interface
to Scilab (www.scilab.org), an open source alterna-
tive to Matlab for numerical computation purposes.
We adopted a data networks library (queues, serv-
ers, traffic generators, a TCP implementation, and
s0 on'> %) and extended it for our case study.

Network-specific simulators strive to represent
protocols and hardware nodes in great detail. They
typically provide comprehensive and reusable librar-
ies that allow for quick model prototyping—for ex-
ample, OMNeT++ (www.omnetpp.org), NS2/3,17
and OPNET"® (an updated review' and a recent
simulation study®” of the TDAQ system using OM-
NeT++ appear elsewhere).

When adopting prebuilt network frameworks, it’s
difficult (or even impossible, depending on the soft-
ware package) to freely choose the desired simulation
abstraction level. Experience shows that once a ques-
tion is defined, several protocol features (or even entire
network layers) can become dispensable as they don't
contribute significantly to increase result fidelity, but
they do increase simulation costs.”! This poses risks in
MA&S projects, particularly for large-scale networks.

By adopting a general-purpose discrete event for-
malism such as DEVS, we partially renounce some
out-of-the-box detailed protocol features offered by
network-specific packages, but we gain the freedom
to decide what kind of representation and granular-
ity suits a given stage of the project. Our strategy for
modeling the TDAQ system is to flexibly select a suf-
ficient level of abstraction to answer each particular
question with an acceptable fidelity given time and
computational resource constraints. Along these lines,
we aim to perform hybrid simulations (discrete events
mixed with continuous flows). This capability is read-
ily available in DEVS** and implemented in advanced
versions of PowerDEVS tailored for data networks.'®

Context, Requirements, and Methodology
For any case study that might arise in TDAQ), cross-
cutting contexts and requirements call for a flexible
yet robust development methodology.

The TDAQ HLT filtering farm is no excep-

tion. During LS1, it was subject to hardware and
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Table 1. Elicited requirements.
Requirement

Evaluate candidate changes for the network and
control algorithms before their commissioning

Define in advance the best set of tests to perform on
the real system during scarce windows of availability

Enable flexibility for choosing the level of detail/
accuracy with which the evaluations are obtained

control algorithm changes that affect network topol-
ogy and throughput, yet predicting the impact these
changes have isn't straightforward. Serious design
and benchmark studies on system components give
confidence, but they require access to the hardware
in advance. In the end, testing the system as a whole
happens only at the final integration phase.

The full TDAQ system was available for test-
ing only about one out of every six weeks (during
scheduled technical runs), which delays testing on
new control algorithms that are continuously im-
proved but can’t be fully validated until the full sys-
tem is available.

Table 1 lists the resulting requirements elicited
during system analysis meetings. Moreover, these re-
quirements are likely to change dynamically through-
out a project’s lifetime, with different experts having
varying requirements on the same system compo-
nent’s analysis.

To implement an engineering strategy driven by
modeling and simulation, we proposed the iterative
process-based methodology illustrated in Figure 3.

DEVS Formal Framework
At the methodology’s core, the system, model and
simulator entities are strictly separated yet formally
related by the DEVS framework. The real (or
“source”) system is experimented under a system ex-
perimental frame (EF), with questions encoded in the
form of system parameters Og that define experimental
conditions. Experimental results relevant to the original
questions are stored in a system behavior database Ag.
As a specification of structures and behaviors,
every new DEVS model is built for a pair {System,
EFg} according to a modeling relation and guided
by selected homomorphisms/isomorphisms. A
new model experimental frame (EFyy) also allows
for questions about model attributes (using model
parameters Oy for queries and a model database
XM to store answers) related to coupling density,
model topology, types of variables (discrete, contin-
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Perform early risk assessment

Harness the test window to focus on the most relevant
questions

Dynamically adapt to different and complex modifications
that need to be assessed, and then schedule changes

uous), and so on, with no access to the real system
and independent of any simulation exercise.

A DEVS simulator reads a DEVS model and
produces an output trajectory by obeying the mod-
el's dynamics (in short, a DEVS model is simu-
lated). Its most common realization is a computer
program, usually referred to simply as a simulator,
which is constructed, adapted, and maintained to
read and compute DEVS models efficiently within
their EFp. This establishes a simulation relation.
The compute experimental frame (EFc) defines
new questions and parameters O¢ for experiment-
ing with (simulating) the computable model. It also
hosts simulation results in a compute behavior da-
tabase A\c. The validation relationship lets us relate
back to the original system to validate correctness
(As versus A¢) or to perform scans over EFg due to
unexpected observations discovered in the EF¢.

Cycles and Phases
We organize the flow of tasks in three main cycles:
build (the model) in blue, Aypothesis (on the system) in
orange, and explore (simulation results) in green. While
each cycles goal differs, in all cases the flow across
the DEVS formal framework follows the system —
model — simulation path. In turn, for each evolution
through the cycle, two parallel and cooperative phases
are defined: the system study phase drives progress ac-
cording to questions about the system under study,
and the rools development phase seeks to improve the
supporting software algorithms and interfaces, leverag-
ing modeling, simulation, and analysis capabilities.
The build cycle starts with observation and mea-
surement of the system. Its objective is to provide
quality models that, once simulated, will exhibit an ad-
equate degree of validation against the original system.
The hypothesis cycle exercises on the model several
candidate changes to be applied onto the system. Its goal
is to find improvement opportunities for the system
when its unavailable or when direct experimentation
is too expensive. The explore cycle starts with analyzing
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Figure 3. Modeling and simulation-driven engineering. The methodology diagram based on the DEVS formal framework shows iterative
cycles and incremental phases.
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the large amounts of information produced by simula-
tions; its goal is to discover properties and correlations
unthought of during the experimentation phases.

Cycles need not occur in any specific order (al-
though a build cycle is usually required at the begin-
ning of a project). This approach leads to a model
that reproduces relevant behaviors of the real system
within reasonable simulation times: less relevant
dynamics are kept out of the model (such as intrin-
sics of the network physical layer). The methodology
also offers a guideline for development phases of the
underlying modeling and simulation software tools;
new features are added to the tools at specific phases,
responding to specific needs, framed within unam-
biguous cycle goals.

Existing Techniques and Methods

Software engineering processes and methodologies
propose frameworks to control software projects’
life cycles—some of the most popular are test-
driven development, extreme programming, and
the Rational Unified Process. Some of these foster
practices such as pair programming or code reviews
as part of this work, whereas others propose itera-
tive and incremental cycles, with frequent deliveries
focused on adding value quickly.

Our methodology shares some aspects with these
approaches. However, none of the aforementioned
methods include the formal M&S aspects provided
by DEVS: strict separation between modeling for-
malism, abstract simulation mechanism, and code
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implementation (of both model behavior and simu-
lation engines). This gives the advantage of inde-
pendence between experimental frames for the real
system, the model, and the simulator, straightfor-

wardly propagating enhancements in any of these
three areas to the others. In typical software-based
projects, it’s unusual to modify the base tools them-
selves to execute the project. However, in M&S-
driven scientific projects, the base tools for modeling,
simulation, and data analysis are crucial devices that
call for their own requirements alongside require-
ments of the model itself. Our methodology natu-
rally fills this need.

Large sets of simulation results can support
data-driven hypothesis and predictive analytics.”> A
well-structured simulation database together with
reusable data analysis libraries can systematize dif-
ferent layers of information aggregation, enabling
stratified levels of analyses. Our methodology fos-
ters this approach.

Case Study: Improving the TDAQ Flow and
Data Network

Our real-life case study, in which we applied the
above presented methodology, starts with two build
cycles, observing the system, translating knowledge
into an executable simulation model, and upgrad-
ing the model to represent important design chang-
es in the system.

This step was followed by an explore cycle, in
which we discovered hidden undesirable behaviors
in load balancing mechanisms. Such behaviors were
confirmed to exist in the real system and raised the
need for improvements along with open questions
about possible solutions.

To answer the new questions and provide for
predictions, we used hypothesis cycles to test al-
ternative scenarios that weren’t rapidly exercisable
on the real system. We then implemented into the
real application a set of improvements that proved
satisfactory in the simulated environment. Finally,
we evaluated their true effectiveness in the real net-
work by loading the system with emulated physics
Events.

The model focuses on predicting HLT dataflow
performance. We selected filtering latency as the
main performance metric; it represents the time from
when the HLTSV assigns an Event to a given PU un-
til when the Event is either discarded or stored.

The sequence diagram in Figure 4 depicts the ap-
plications that take part in Event filtering. The PUs
request information from the ROS in two stages:
L2 filtering and Event building (EB). In L2, a small
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portion of the Event is first requested and then ana-
lyzed; this step can be repeated several times until
EB takes place and all pending information is re-
quested as a whole. For each requested portion of
the Event, all involved ROS nodes send their replies
to the same DCM almost simultaneously, creating
traffic bursts from ROS — DCM that increase the
filtering latency because of the queuing effect gener-
ated at the core and ToR switches.

TDAQ has high bandwidth and low latency
in relation to TCP minimum retransmission time
(200 ms). Together with the data flow described
earlier, these conditions create a TCP throughput
collapse known as the TCP Incast pathology.”* The
impact on TDAQ can be huge. Whenever a single
TCP packet is discarded at the switches, a PU can’t
start processing the Event undil that packet is re-
transmitted (after 200 ms at best), raising the per-
ceived network latency of an Event request from a
theoretical minimum of 19.2 ms (for 2,400 bytes)
to more than 200 ms. To avoid the Incast effect,
the DCM application restricts the number of si-
multaneous requests to the ROS using a credit-
based traffic shaping control that limits “in flight”
requests on the network.”> Because responses can
vary significantly in their size, traffic shaping doesn’t
completely prevent packet losses, so it’s important
to study the effects of queue saturation (and TCP
retransmissions) and engineer the network and its
algorithms to maximize performance and minimize
high-latency risks. This is where our M&S-driven
network engineering methodology comes into play.

First Iteration: Building the Model

We start the model implementation with a build
cycle (blue cycle in Figure 1). We defined the sys-
tem experimental frame EFg for this cycle as a sub-
set of the complete system: the HLTSV, all ROS
nodes, and a single instance of the DCM and PU
applications. To simplify timing calculations we as-
sumed zero processing time at the PUs, and Events
with fixed size (2.4 Mbytes). This EFg is representa-
tive of the entire system with unlimited resources,
as each PU independently processes a single Event
at a time. Scaling this scenario shows emergent be-
haviors of resource sharing (DCM credits, network
bandwidth, and so on).

Real system measurements. The build cycle begins
with observation of the real system (experimenta-
tion and metrics acquisition), so we measured filter-
ing latency in different scenarios. Experiments were
defined using Og = {number of initial DCM credits}

*

75

*

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page \‘o(‘l‘
ENGINEERING

inSCIENCE

THE WORLD'S NEWSSTAND®


http://www.computer.org/cise
http://www.computer.org/cise
http://www.qmags.com
http://www.qmags.com
http://www.computer.org/cise

inSCIENCE

COMPUTER SIMULATIONS

76

com

nu

tin

2 [y
~a

\ filterEvent(evld) . :I

getNextPU(O)AP1

filterEvent(evld)

Complltlng Previous Page | Contents | Zoomin | Zoom out | Front Cover | Search Issue | Next Page B>See
ENGINEERING Q

| ROS 1| |ROS 2| [ROS3.N

getFragments(evld,f_ids)

start
L2Processing(evld)

chkCredits()
] "ok

getFragments(evld,f_ids1)

getFragments(evld,f_ids2)

{ fragments }

{ fragments }

{ fragments }

R e ke ;

doL2Processing(frags)
AeventOK

&
<

<

.

| _ getAllfragments(evld)

chkCredits()
AOK

:I startEBProcessing(evld)

getFragments(evld, f_ids1 .. f_idsN)

acceptEvent(evid)

{ fragments }

doEBProcessing(frags)
NeventOK

F

Figure 4. TDAQ application sequence diagram involved in fi
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Itering a single Event. The processing units (PUs) request

information from the read-out system (ROS) in two stages: level-two (L2) filtering and Event building (EB).

and results stored in Ag. In Figure 5a, we see an opti-
mum configuration in which average latency stabiliz-
es at 20 ms (close to the theoretical minimum) with-
in a range of about 100 to 600 DCM credits. With
fewer credits (12 to 100), latency increases (DCM
can send fewer simultaneous requests, underutilizing
network capacity). Using more than 600 credits, la-
tency increases rapidly and stabilizes at around 500
ms. We observed packet discards on the ToR switches
when more than 600 credits were used, thus con-
firming that the latency increase is due to network
congestion and TCP retransmission (no packet loss
was observed at core switches).

Model implementation. The build cycle continues
with the creation of a DEVS model guided by the

TDAQ architecture and data flow described for a
single PU application. Figure 6 shows a PowerDEVS
view of the implemented TDAQ model.

To preserve the real system’s semantics, we built
a hierarchical model complying with TDAQ nam-
ing and structure conventions. This greatly facili-
tated the extraction of control logic from the C++
algorithms in the real applications, thus maximizing
the homomorphism with the system under study.
The ROS and DCM coupled models implement
the TCP flow and congestion control logic based on
preexisting PowerDEVS libraries. TCPSender mod-
els TCP Cubic,* implementing only the TCP be-
havior relevant to the case study. Tests to validate the
TCP model against the real system shifted our focus
from the average latency (red curve in Figure 5) to
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the clustered latencies pattern (blue dots). While the  forts led to the detection of a bug in the Linux SCL6
explanation for the occurrence of clustered latencies TCP implementation that’s responsible for the (un-
is outside this article’s scope, it has a central role in  expected) cluster around 600 ms (https://bugzilla.
the TCP Incast effect. Moreover, the modeling ef-  redhat.com/show_bug.cgi?id=1203742).
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Figure 7. Topology and applications in the TDAQ HLT farm for Run2. This is an upgrade of the one in Figure 1.

Following the tools development approach, we
implemented TCP atomic models (sender and receiver)
and network elements (channels and switches) to be
generic and reusable and incorporated them into the
PowerDEVS network library. We also implemented
new Scilab and ROOT? visualization mechanisms for
latency post-analysis along with a new distributed simu-
lation infrastructure, allowing us to execute multiple
simulations for parameter sweeping purposes. These
tools are meant to be reused in generalized simulation
applications.

Simulation results and validation against the real system.
The next step of the build cycle is model verification
and simulation validation. We configured the simula-
tion to follow the real system setup described earlier
(controlled ©g — Oy — O translation), sweeping
the number of initial DCM credits. Figure 5b shows
the results. The simulation reproduces the individual
filtering latencies (blue dots) following the same clus-
tered patterns, validating the TCP dynamics (retrans-
missions and TCP Incast effect). The simulated aver-
age latency approximates real measured latencies (g
~ A¢), with 100 to 600 credits attaining minimum
latency and fewer than 100 credits slightly increasing
latency. For credits above 600, the simulation showed
congestion and packet drops on the ToR switches,
but the increase in average latency was much steeper
compared to the real system. Another difference was
the stabilization point under congestion: the real sys-
tem latency stabilizes at 500 ms, whereas the simulat-
ed latency grows up to 700 ms. Although these differ-
ences require further study, the simulation reproduces

very closely the intervals of major interest, underlin-
ing the constant tradeoff among degrees of model
detail, simulation accuracy, and delivery times for a
given engineering concern.

An important advantage of the simulated model is
that it allows for fine-grained analysis (packet by packet
if required). For example, link utilization and queue oc-
cupancies can be visualized and studied in detail in the
simulation, but its impossible to sample the instanta-
neous evolution of queue occupancies at network de-
vices (for example, to pinpoint queuing bursts that are
critical for TDAQ and occur in less than 8 ms).

Second lteration: System Upgrade and Model
Improvements

In the second iteration of the build cycle, we expand
the system’s experimental frame EFg by increasing
the number of TPUs and of PU applications on
each TPU. During this cycle, the real system was
upgraded, calling for changes in the model.

Changes in network topology. The TDAQ team com-
missioned several changes in the HLT network
in preparation for ATLASs Run2 phase, which
doubles the maximum particle’s collision energy.
The ROS ToR switches were removed and the 200
ROS nodes replaced by 100 new computers with
four 10 Gbps interfaces, each directly connected
to both core switches. The ToR switches were ex-
panded with additional 10 Gbps links to both core
switches. The overall throughput supported at the
network level increased by one order of magnitude
(see Figure 7).28
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Figure 8. Average Event latency sweeping the HLTSV assignment rate (200 ROS, 1 TPU rack with 40 DCMs, 960 PUs): (a) real system
measurements and (b) simulation results. Percentages represent network load, and red background shows standard deviation.

Real system measurements. Again, the first step in the
build cycle is taking real metrics from the upgraded
system (all new ROS nodes and a full rack of TPUs),
where the network traffic is largely determined via
HLTSV assignment rate. With a 100 kHz rate for
the HLTSV and 50 TPU racks (full farm), each rack
should handle Events at 2 kHz. Thus, new experi-
ments must sweep this parameter (©g = {HLTSV
rate}), ranging from 50 Hz (nonsharing of resources;
Events are processed faster than 20 ms) up to 4 kHz
(network saturation point). To simplify the analysis,
we used a synthetic configuration: PUs accept Events
50 percent of the time, Event size is 1.3 Mbytes, and
the DCM uses 500 and 700 credits.

Figure 8a shows the average Event latency for
increasing the HLTSV assignment rate. When the
HLTSV assigns Events at 50 Hz, latency is minimal
(13 ms) because the network is completely free when
applications start filtering Events. For increasing assign-
ment rates, latency rises as several PUs simultaneously
request Events competing for finite network resources
and DCM credits. For rates above around 3.2 kHz, la-
tency increases exponentially as the network approach-
es its maximum capacity (93 percent utilization).

Model implementation. Model changes related to to-
pology upgrades were minimal: the ROS ToR switch
models were easily removed, thanks to the modular-
ity fostered by DEVS, and the channel’s configura-
tion changed to match the new link capacities. This
shows the model’s flexibility and the advantage of
having a one-to-one mapping between components
of the real system and the simulation model. At this

www.computer.org/cise

stage, we developed a complete HLTSV implemen-
tation, reusing directly some chunks of C++ code
from the real HI'TSV application for greater reliabil-
ity. To increase the number of model instances, we
used VDEVS, developing 16 new vectorized DEVS
models and 10 new multiplexer models to represent
packet routing.

For the tools development phases, we imple-
mented three generic solutions to address the scal-
ability requirement of increasing the number of simu-
lated instances 50 times. VDEVS’s original proposal
was extended, allowing for C++11 SmartPointers
in vector DEVS messages. SmartPointers were also
included directly in the PowerDEVS simulation base
engine to allow for automatic and transparent memo-
ry management in any atomic DEVS model. This ap-
proach dramatically reduced the simulator’s memory
footprint, pushing its scalability to the next order of
magnitude. We also developed a new general frame-
work for PowerDEVS to automatically launch simul-
taneous simulations on distributed nodes, reducing
simulation times for parameter sweeping experiments
linearly with respect to the number of nodes used
(simulations are completely independent).

Simulation results and validation with the real system.
To complete the build cycle, we validated the simula-
tions against the real system, replicating previously con-
ducted experiments to sweep the HLTSV assignment
rate parameter. We executed nine experiments, each
simulating 60 seconds (180,000 filtered Events in the
most stringent case) in three different nodes, complet-
ing all simulations in 120 minutes. As Figure 8b shows,
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Figure 9. Heatmap of the load in the HLT farm for different HLTSV assignment policies. Tile color represents the maximum amount of
PUs simultaneously processed in each DCM (230 DCM IDs in the vertical axis) in 0.5 s (5 s binned in the horizontal axis).
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the simulation results closely reproduce the latency
curve measured in the real system. The absolute latency
values and network load on the simulation differ from
reality within an acceptable range (less than 5 percent
difference), showing a good degree of validation.

Third Iteration: Exploring and Discovering
System-Level Behaviors
The simulation accuracy obtained in previous cycles
provides us with a sufficient confidence level on the
simulated data that justifies running an explore cy-
cle (green cycle in Figure 3) to find potential emer-
gent behaviors.

Full system simulations generate huge volumes
of information for the 6 million Events filtered in a
single minute (processing times, filtering latencies,
queues occupancy, link usages, farm utilization, and
so on). Some of this information isn’t available in
the real system or is too difficult to gather uniform-
ly for post-analysis goals.

Figure 9 is an example data analysis performed
on the simulation results for Ac. It shows how Events

are distributed across the farm in different time slots
using various load-balancing algorithms: first in first
out (FIFO) is the default policy implemented for se-
lecting the TPU node that will filter the next Event.

In the FIFO policy, the reddish area at the bot-
tom explains the fact that 30 percent of the DCMs
had double the amount of PUs available for process-
ing, thus explaining their higher load. All DCMs are
heavily assigned in the first time bins; after a few sec-
onds of execution, load becomes similar to the RAN-
DOM algorithm (each Events filtering time differs).
Another detected system-level behavior is that indi-
vidual DCMs differ significantly in the number of
Events they process—the color intensities vary no-
ticeably along any single row and along any single
column. These observations led us to infer that a po-
tentially uneven load-balancing mechanism might be
the cause of overall higher filtering latencies.

For the tools development phase, we developed
a set of reusable R libraries for data analysis and vi-
sualization of the large volumes of logging informa-

tion produced by PowerDEVS. The new graphical
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Figure 10. Comparison of assignment policies (RANDOM versus LEAST_BUSY_DCM) for (a) real system measurements and

(b) simulation results. The RANDOM algorithm exhibits the same behavior as the FIFO algorithm, while the new algorithm maintains

average Event latency close to a minimum (16 ms) for all frequencies below 24 kHz.

information generated through the R platform (such
as the heatmaps in Figure 9) became standard means
of communication with the TDAQ team.

Fourth Iteration: Real System Improvement
Proposal

The revealed behavior discovered during the explore
cycle moved us forward to the hypotheses cycle (or-
ange cycle in Figure 3) to test new load-balancing
algorithms in a simulated domain in search of im-
proved performance.

Testing the hypothesis on the model. The latency’s lin-
ear increase in Figure 8 is the effect of several PUs
competing for the same resources (reddish tiles in
Figure 9). However, in our synthetic experiment for
the designed frequency (2 kHz per rack), each DCM
receives on average one assignment every 50 to 60 ms,
while the minimum latency for filtering an Event is
roughly one third of this period (with an unloaded
network). Under these conditions and an optimal
assignment policy, it isnt necessary for two PUs to
process simultaneously on a single DCM. However,
such assignments currently behave as random (uni-
formly distributed), so sometimes 10 to 25 PUs of
the same DCM process simultaneously while other
DCMs are almost idle (DCM load in Figure 9).

We modeled three HLTSV assignment poli-
cies: FIFO, used by the real system; RANDOM,
in which the HLTSV selects a random idle PU;
and the new LEAST_BUSY_DCM, in which the
HLTSV selects an idle PU within the DCM with
fewer busy PUs. The main idea behind LEAST _
BUSY_DCM is to revert the uneven load detected
in the explore cycle by assigning Events according
to the load on each DCM.

www.computer.org/cise

Simulation results. After implementing new alter-
natives in the model, we performed simulations to
compare the RANDOM algorithm with the pro-
posed LEAST_BUSY_DCM algorithm (FIFO is
omitted because it eventually becomes equivalent
to RANDOM as shown in Figure 9). To compare,
we simulated the same experiment as in the second
iteration (sweeping the HLTSV rate) but config-
ured nine TPU racks (267 DCMs and 6,408 PUs).
Figure 9 shows that LEAST_BUSY_DCM effec-
tively balances the load of all DCMs in the farm,
reducing the amount of simultaneous PUs process-
ing in each DCM (tile colors present more simi-
larity along rows and columns). Figure 10b shows
simulation results comparing both algorithms. The
RANDOM algorithm exhibits the same behavior
as the FIFO algorithm, while the new algorithm
maintains average Event latency close to a mini-
mum (16 ms) for all frequencies below 24 kHz.
For higher frequencies, the latency grows exponen-
tially due to network congestion. These results sug-
gest that the new algorithm could reduce latency
between two to four times for this specific configu-
ration (design rate of 15 kHz with a network satu-
ration point of 23 kHz). New tests are under way
with more realistic data flow to increase validation
confidence.

Implementation and validation in the real system.
Once we test the hypothesis in the simulation, the
next step in the hypothesis cycle is to implement
changes to validate against the real system. It was
possible to reuse some C++ code developed for
models in the simulation, with minor adaptations to
attain close-to-real-time performance (the 100 kHz
rate requirement for HITSV is a stringent one). We
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performed the same experiment in the real system,
with HLTSV rate sweeping using nine TPUs racks.
Figure 10a shows the result of comparing RANDOM
and LEAST_BUSY_DCM algorithms in the real
system. With the new algorithm and rates under
24 kHz, the average latency is kept to a minimum
and shows improvements of two to four times com-
pared to the current FIFO algorithm, as predicted
in the simulation. The simulation is thus validated,
showing that the model is capable of reproducing
known behaviors, representing a valuable tool to pre-
dict the impact of changes in the real system.

We’re currently implementing our model with a
variety of TDAQ scenarios in which we study
different candidate traffic control techniques in
search of further performance improvements (in par-
ticular, looking for quick recovery times in the face of
system failures). We also plan to apply our method-
ology and tools to assess candidate ATLAS upgrades
(planned for 2018), comparing performance and
modeling techniques with other simulation frame-
works. Ongoing research aims to automate param-
eterization-simulation-validation cycles by retrieving
real run parameters and metrics recorded in the
ATLAS Information Service database. Bl
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Expanding the Scope of High-Performance

Computing Facilities

Thomas D. Uram | Argonne National Laboratory

Michael E. Papka | Argonne National Laboratory and Northern lllinois University

articipants in the race to build exascale supercomputing

face familiar challenges: How do you manage billion-

way concurrency? How do you achieve high performance

in the face of new accelerator technologies? Can we

code for some reasonable performance portability? Such worth-

while questions, focused on the construction and deployment

of exascale resources, will be answered by the computing and
computational science communities in the years to come.

We want to emphasize a complementary role for our

own high-performance computing (HPC) facility and ask

an additional question: How could our center evolve to

become a highly usable service facility, deeply integrated into

science projects and serving as a hub for our users’ science

communities? Computational science facilities should

introduce services that integrate with user environments

84 Computing in Science & Engineering
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and improve the usability and utilization of HPC centers,
particularly among users of experimental and observational
facilities; these services could support programmatic job
submission and monitoring interfaces, gateways, flexible
scheduling, and analysis and visualization.

Simulations running in HPC facilities routinely
produce multi-terabytes to petabytes of data that must be
made available to all project team members. Teams working
in large-scale science facilities face the same challenge
and often support project communities with hundreds
or thousands of members. While the use of certain HPC
technologies might be prevalent among these users today,
such as workstations with HPC chips, those technologies
are deployed at a much smaller scale than what HPC
computing facilities often provide. Facilities such as the
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Flexible reservation systems could support jobs with varying needs,

ranging from real-time computing to supporting immediate feedback of
experimental results to less time-intensive jobs.

Large Hadron Collider, the Large Synoptic
Survey Telescope, the Deep Underground Neutrino
Experiment, and the nation’s light sources will
generate similarly massive data volumes in the next
decade that will require storage and compute resources
on a scale typically available only at HPC facilities.

Gateways

Many projects establish data management environ-
ments to support movement, postprocessing, and
dissemination of raw and derived data products, with
computing needs spanning from data collection to
analysis of highly processed data. Linking these en-
vironments to the large HPC centers would allow ex-
perimental facilities to combine their own resources
with large-scale compute and storage resources. This
integration would support a services-based, large-
scale, distributed data management and analysis
solution of tremendous complexity, presented to
researchers in a consistent, familiar application.
Analysis and visualization tools common among re-
searchers in a particular domain could be provided
in this application and, by virtue of the services ap-
proach, be updated for all users as the tools improve
over time, without requiring users to upgrade to
new versions of software or install software on new
computing systems. These combined capabilities are
often delivered to users through a Web interface,
commonly known as a gateway.

HPC facilities routinely store petabytes of sim-
ulation results for their users, who typically con-
duct furcher analyses on these data over the course
of their multiyear allocations, either using the su-
percomputer or accompanying data analysis clus-
ters. The same can be said for many large science
facilities that have or will need gateway-like infra-
structure for managing their data and analyses.
The challenge for these facilities is the development
and maintenance of such infrastructure. Fortu-
nately, HPC facilities are a natural place to host
such a gateway. A lot of work has been done by the
community to address some of these issues, which
can be seen in the success of the science gateway ef-
forts of the TeraGrid and XSEDE programs.1 Still,
more work needs to be done to fully support the
idea in areas of job submission, monitoring, and
scheduling.

www.computer.org/cise

Programmatic Job Submission

and Monitoring Capabilities

As part of the gateway ecosystem, service gateways are
needed from which users can schedule workflows—
moving data to HPC systems, submitting simulation
jobs on HPC systems and subsequent analysis jobs
on the accompanying analysis/visualization systems,
and moving data back out—to produce a more
usable environment that accommodates the process
of scientific exploration. Facilities currently support
moving data into and out of the facility using
services; namely, Globus Online.” By extending this
programmatic capability into job scheduling and
monitoring, the full operations of the HPC facilities
would be available as a service for integration with
applications such as data acquisition workflows and
gateways. Flexible reservation systems could support
jobs with varying needs, ranging from real-time
computing to supporting immediate feedback of
experimental results to less time-intensive jobs. While
the need for real-time supercomputing is evident in
multiple disciplines (for example, hurricane tracking
or light source calibration), enabling it would involve
many technical and social innovations at the HPC
centers. Also, increasingly prevalent iPython-like
notebooks used by individual researchers could
integrate this functionality.

Flexible Scheduling

Large HPC resources, like those found in leadership
computing facilities, are batch scheduled and must
balance the trade-off of utilization and job sizes.
These resources can approach utilization as high
as 90 percent, even when focused on long-running
jobs—a testament to the quality of their scheduling
algorithms. But the remaining 10 percent of
computational cycles that go unused would, for
many scientists, transform their ability to achieve
computational science results. These facilities aim to
enable computational science at the largest possible
scale—that is, they focus on projects that require a
significant amount of the resource for a significant
amount of time. In reality, job sizes vary from
the full machine down to the smallest allocable
unit. This mixture of job sizes inevitably requires
the scheduler to pack jobs onto the machine as

efficiently as possible under the constraints of job
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Extending the scheduler to better accommodate these requests would
enable more projects to take advantage of the available resources.
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size, job duration, and queuing priority; its ability
to do this task determines the utilization of the
machine. In its efforts to make room for a job to
run, a scheduler often aggregates blocks of compute
nodes as they finish until it reaches the required
block of nodes for the next job. Because jobs don’t
finish at the same time, some portions of the
required block become available before others. The
scheduler fills these blocks with jobs that fit in the
available size/duration window.

Extending the scheduler to better accommodate
these requests would enable more projects to take
advantage of the available resources. By allowing
jobs to specify multiple size/duration combinations,
the scheduler could choose the size that optimizes
job packing, yielding more compute hours
available for science. For example, 10 percent of
today’s typical leadership-class computing resource
nominally represents hundreds of millions of core
hours per year, a significant amount of computing.
This number will only grow with exascale systems,
which will be 100 times bigger. By extending the
scheduler’s capabilities, initiating policy changes at
the facility, and expanding the facility’s workload,
we could enable more science by taking advantage
of these otherwise lost resources. A simple example
within the leadership-class resource space would be
to inject small, short-running jobs onto the compute
nodes while they wait for the next big job.

Additionally, more flexible scheduling is needed
to support nextgeneration science facilities. These
facilities are expected to generate data that far
exceeds their local compute capabilities and will need
computational help from elsewhere. Progress needs to
be made in batch scheduling to support real-time use,
in the preemption of jobs to enable real-time use, and in
automated and reliable data movement, management,
and staging. Much work has been done, and is being
done, in the data space. The real open research areas are
real-time scheduling and preemption, both of which
will require shifting policy within the facilities to
accept smaller project workloads, as well as addressing
several technical challenges.

Proactive Supercomputing

By integrating job submission into scientific explo-
ration, the process of defining jobs could be parame-
terized such that when users identify regions of

missing data or results, the jobs required to produce
them could be automatically devised and submitted
(after approval by the scientist). This interface would
vary between science domains, from simply taking
the form of spreadsheets or plots all the way up to
large-scale 3D visualization. We could even imagine
integrating recent advances in machine learning to
produce job recommendations in the same way that
Amazon makes product recommendations based on
recent purchase history. Such an effort would require
that we capture sufficient metadata about both the
simulation and the job, as well as some understanding
of the domain itself. Metadata capture is, in many
projects, still largely managed in an ad hoc manner
and manifested in any number of ways, ranging
from formal project-specific systems to file-naming
conventions to the notes of the individual researchers
conducting the experiments. With a uniform
metadata solution, outfitted with application-specific
adapters, researchers could leverage a common
platform for analyzing their job and simulation data
in terms of performance metrics and science metrics
in a Web-based simulation dashboard.> The data
would be useful for individual projects as a deeply
detailed view into their simulations as well as a long
view over the duration of their allocations, particularly
if augmented with domain-specific analyses. Having
common metadata across projects would also be a
substantial benefit to the HPC centers in analyzing
performance across applications.

Automated Analysis and Visualization

Scientific visualization has been tremendously
successful in improving our understanding of
simulation data, but it often requires large resources
and significant expertise to achieve useful results. Open
source scientific visualization software such as ParaView
and Vislt allows researchers to visualize their data and
have commoditized visualization access in many fields.
In many respects, however, reaping the benefits of
visualization requires a deeper understanding of how
to apply these tools to reveal relationships in the data,
and this is especially true at large scales, where data sizes
surpass the memory of a researcher’s desktop machine
and demand instead the power of a data analysis
cluster. Data analysis clusters in leadership facilities
typically have direct access to simulation data, and on
this basis, at least some part of the visualization process
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could be automated. Given a dataset, a data-type-

aware visualization infrastructure could determine the
required execution configuration for a tool to produce
imagery and run the jobs, delivering the results to
the scientist. Delivering this capability as a service
would avail all researchers in the supported domains
to visualize their data in an automated fashion—for
example, common strategies for visualizing large-scale
crystallography data could be offered to users of light
sources generally. Over time, the common services
could embody more advanced features, such as domain-
specific feature extraction methods to prioritize regions
of interest in simulation results.

Leadership—class HPC facilities enable science
at the furthest reaches of today’s computing
technology. Future systems will push computing
to the exascale and spur computational science to
correspondingly greater discovery. To foster these
advances among current projects and encourage new
disciplines to leverage these resources, facili-
ties will continue efforts to eliminate barriers
to productively using their systems. As simulations
become more precise and detailed, and supercomput-
ers become more complex, it is imperative that we
work actively with our users to achieve high perfor-
mance with as little work as possible and integrate
with their workflows to produce seamless, usable en-
vironments. We've outlined a handful of areas that
could enable these advances. This will be no easy
task, but the work is unquestionably justified by the
promise of scientific results at the exascale. B!
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oronoi diagrams are fundamental data structures the deformable objects. Experimental results report speed-
in computational geometry, with applications in  ups up to 65X over a current reference sequential method.
such areas as physics-based simulations. For non-
Euclidean distances, the Voronoi diagram must be ~ Voronoi Diagrams
performed over a grid-graph, where the edges encode the re-  The Voronoi diagram is a classical partitioning of a space
quired distance information. The major bottleneck in this into closest-point regions (see Figure 1). It has a vast appli-
case is a shortest path algorithm that must be computed  cation domain, usually employed for answering proximity

multiple times during the simulation. queries such as finding nearest site, facility location, motion
We present a GPU algorithm for solving the shortest planning, and coverage in sensor networks.
path problem from multiple sources using a generalized dis- The Voronoi diagram is also a key for the Sibson’s natu-

tance function. Our algorithm was designed to leverage the ral neighbor interpolation (NNI) method.! NNI is a well-
grid-based nature of the underlying graph that represents  known method used for interpolating irregularly spaced
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data, with applications in several different fields
such as medical imaging, meteorological or geo-

3 and

scattered data visualization.* Natural neighbor-

logical modeling,” flow map reconstruction,

based interpolations have also been applied to the
field of solid mechanics via the natural element
method (NEM), which uses Sibson and non-Sib-
sonian (Laplace) interpolators to perform crack
simulations.’

Voronoi-based interpolations have also been ap-
plied to meshless simulation of complex deformable
bodies.® In that recent study, researchers computed
a Voronoi tessellation on a non-Euclidean space by
using a discrete distance map that encodes mate-
rial-aware distances biased according to the local
rigidity inside the simulated body (see Figure 2).
Although the idea of a Voronoi partitioning of the
space remains the same as in other classical applica-
tions, its computation here is fundamentally differ-
ent. The distances aren’t defined on the Euclidean
space—instead, they rely on shortest paths com-
putation over an implicit grid-graph. Computing
this variant of Voronoi diagrams is therefore signifi-
cantly more costly than computing the classical dis-
crete Voronoi case. Using Sibson’s NNI method on
a graph space actually requires computing a shortest
path tree for each interpolated value queried.

A lot of effort has already been dedicated to
improving NNUIs performance, particularly when
interpolating on a discrete grid in the Euclid-
ean space (discrete Sibson interpolation). A popu-
lar approach relies on GPU parallelization of the
discrete Voronoi diagram, such as in the DEM
construction.

Early studies on parallelizing the discrete Vo-
ronoi diagram already exploited GPUS parallel

(c)

Figure 1. Voronoi diagram of a set of data points (in blue)
in 2D Euclidean space. The space is partitioned into
closest-point regions called Voronoi cells.

processing capabilities.” With the popularization
of these architectures and the evolution of pro-
gramming tools such as CUDA and OpenCL,
other algorithms for Voronoi computation emerged
to allow a better utilization of their computing
power.®?

The graph variant of the Voronoi diagram
(called the graph Voronoi diagram)'® defines a vertex
partitioning in a connected graph G(V; E). Given a
subset § C V of source vertices, each vertex v € V
is assigned to the partition P; of the source vertex
5; € S with the shortest path distance. Applications
of this kind of Voronoi diagram arise in several
network problems and social data analysis, such as
in community detection algorithms."!

Parallel solutions for computing the graph
Voronoi have to deal with the shortest path

(d) (e)

*

Figure 2. Use case example. (a) A T-bone steak contains a mixture of flexible meat, softer grease, and a rigid bone. As input, we take (b)

the voxelized material map of stiffness values and the coordinates of the simulation nodes. (c) Distances to the nodes inside the object
are biased according to the stiffness values and used to compute (d) the Voronoi diagram of the nodes. This diagram will be used to
compute (e) the natural neighbors interpolation on the other voxels of the domain.
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Figure 3. Shape functions’ weights for three simulation
nodes (from Figure 2) computed with two different
interpolation methods: Sibson (top) and distance ratio
(bottom). Weights are normalized starting at 1 in the
node locations (Voronoi cell center) and decrease until
vanishing outside of the support.

problem. Dijkstra’s algorithm implemented with a
priority queue provides an efficient solution to this
problem but is inherently sequential with lots of
synchronizations. For graphs with grid topology,
our previous work created a first parallel algorithm
to compute the Voronoi diagram.'* The algorithm
creates a distance map over a discrete image by
computing the shortest paths from each pixel to the
closest Voronoi seed (Figure 2d). The implementation
is done on GPUs and takes advantage of grid
connectivity to leverage parallelism.

Discrete Voronoi Diagrams in SOFA

The discrete Voronoi diagram is used in a real-
time simulation framework called SOFA (www.
sofa-framework.org), a modular and extendable

architecture that allows researchers of different
fields related to physics-based simulation to
implement and compare their own algorithms.

Deformation Using Shape Functions

Researchers have proposed a method for simulating
complex objects that are composed of mixed types of
materials with different stiffness.® This method relies
on meshless models using sparse samples to capture
the displacements at the simulation nodes, which
are then interpolated within the object using a novel
material-aware shape function. This shape function
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uses a special distance metric scaled according to
the local material rigidity of the simulated object
(Figures 2b and 2c), a technique that lets us eas-
ily take into account material heterogeneity during
simulation. The object’s material properties, such
as stiffness, are usually represented as a volumetric
image of voxels containing property values. To de-
termine the material-aware distance, the shortest
path is computed over this 3D grid of voxels, where
each voxel represents a vertex of a grid-graph with
26 neighbors, and the edges” weights are defined as a
function of the stiffness of the adjacent voxels.

To understand the role of shape functions in
numerical simulations consider the following steps:

1. The displacement of a deformable object is
sampled at discrete locations called degrees of
freedom (DoFs). Each DoF has a shape func-
tion associated that defines where and how it
will influence other points in the object. The
area of influence is often referred to as the sup-
port of the shape function (Figure 3).

2. The goal is then to interpolate these sampled
displacements within the rest of the object.

3. The displacement at a given point is interpo-
lated as a weighted sum of the node’s displace-
ments, where the weights are the values of the
shape function for each DoF influencing this
point.

Finally, we have the problem of defining how
weights should be computed, which informs how
shape functions from different DoFs will be blend-
ed in the rest of the domain. Voronoi diagrams
have been used in the so-called Voronoi shape func-
tions to compute these weights.

Voronoi-Based Interpolations

Consider the problem of finding neighbors in a set
of nonuniform distributed data points. The Voronoi
tessellation generated from this point provides
us with the notion of natural neighbors, which
are those data points whose Voronoi cells share a
common frontier. Two interpolation schemes are
based on this notion of neighborhood. The first
one, the Sibson interpolation, is defined as a ratio
of areas in 2D (volumes in 3D). It is computed by
inserting the query point ¢ in the initial Voronoi
tessellation of sample points. The interpolating
weight of each data point is then given by the ratio
between the area stolen from the neighbor Voronoi
cell and the area of the newly inserted Voronoi
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cell (Figure 2¢). The second method, the Laplace

13 uses the same

(or non-Sibsonian) interpolation,”
notion of natural neighbor, but it computes the
ratio between segments in 2D (areas in 3D).
Instead of taking the area of the neighbor cells, it
uses the ratio between the length of the Voronoi
frontier (line in 2D, facet in 3D) and the distance
from ¢ to its natural neighbor nodes.

Both of these NNI methods require the com-
putation of a new Voronoi diagram for each query
point ¢ € Q added to the input diagram of the data
samples. This results in |Q| executions of the Vor-
onoi diagram, where Q is the interpolation resolu-
tion desired.

To reduce the number of Voronoi diagrams
computed, an alternative interpolation method,
called distance ratio,’ only needs to compute a
constant number of Voronoi diagrams per data
sample s € S, where |S|<|Q|. This method
applies a particular scheme that computes the ratio
between the distance from the point to the Voronoi
border and the distance to the node (center of the
Voronoi cell). Although less formal guaranties on
the properties were presented for this interpolant,
this algorithm is implemented on SOFA and shows
good practical results, with the advantage of being
more computationally efficient.

Parallel Voronoi Diagram Computation

As shown previously, many other algorithms, par-
ticularly those in physics-based simulations, build
on Voronoi diagrams. In the case of real-time and
interactive simulations, the computation of the
Voronoi shape functions must meet strict perfor-
mance requirements. Parallel processing is one
popular strategy to meet this goal.

Parallel Voronoi computation on Euclidean
distance has been extensively studied in previous
work.”” However, such approaches can’t be di-
rectly applied in the physics simulation use cases
described here, where distance measures are actu-
ally shortest paths computed on a graph.

Geodesic distance is closely related to the
well-studied single-source shortest path (SSSP)
problem from the graph theory domain. Paral-
lel algorithms for solving the SSSP problem on
general graphs have been proposed,'*™" usually
based either on the Dijkstra or Bellman-Ford
algorithms. These algorithms assume a general
graph without having any prior knowledge about
its structure. They rely on a generic graph repre-
sentation (such as adjacency matrix or list) where
a vertex can have any number of edges with no

www.computer.org/cise

(a) (b)

Figure 4. Comparison of Voronoi diagrams generated
with the same set of seeds on two different material
maps: (a) uniform stiffness and (b) a stiffness gradient.

structured neighborhood. In physics-based sim-
ulation, the Voronoi-shape functions are built
on top of a much more regular-structured graph,
which allows us to use a less general but more
optimized algorithm. Targeting efficiency, we
presented'? a parallel algorithm using GPUs to
compute the graph Voronoi diagram on a vox-
elized 3D grid. This solution is well suited for
the physics simulations used in SOFA as it ex-
ploits the grid topology that implicitly represents
edges. The solution is based on parallel wave-
front expansions starting at each Voronoi seed.
By using the massive amount of parallel threads
in a GPU, we can compute each Voronoi cell
concurrently.

We present here some experimental results
of speed-up of the parallel Voronoi computation.
We conducted experiments on an Nvidia GPU
GTX480 with 1.5 Gbytes of global memory and
15 multiprocessors with 32 cores each, totaling
480 CUDA cores. The speed-up presented is re-
lated to the base sequential version from SOFA
and executed on an Intel Core i7 CPU model 930
with 4 cores running at 2.89 GHz and 12 Gbytes
memory.

The benchmark consists of computing the Vo-
ronoi diagram on a 3D volume for a given set of
randomly distributed data points. The dataset used
varies in volume dimensions, distance map distri-
bution, and number of seeds. Figure 4 shows an
example of two Voronoi diagrams computed with
the same dimensions and seeds but using differ-
ent distance distribution. Figure 4b was computed
from an image with a gradient of stiffness increas-
ing from right to left, whereas Figure 4a has con-
stant stiffness. These two distance distributions
are referred to as gradient and constant on the bar
plots of Figure 5. Note that the distance between
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Figure 5. Speed-up for different input sizes. Gradient and constant
topologies are presented for synthetic benchmarks only. The steak’s topology
corresponds to the dataset shown in the use case of Figure 2.
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Figure 6. Average speed-up when increasing the number
of seeds of the Voronoi diagram. The instance used has

a volume size of 1283 and a gradient material map.

two neighbor voxels is given by a function of the
stiffness between them. As seen in Figure 4 the
shape of the Voronoi diagram greatly depends on
the stiffness properties of the material map of the
object simulated.

In the parallel algorithm implemented, each
CUDA thread processes a single voxel. With larger
input volumes, more parallelism is exposed; there-
fore we note an increase in speed-up (Figure 5).
At 2563, the speed-up for the constant topology
slightly decreases. We attribute this to an overhead
of scheduling an excessive number of idle threads.
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This happens because with a volume of 256% and
only 10 seeds, the Voronoi diagram becomes overly
sparse.

The amount of parallel work available also in-
creases with the number of seeds in the Voronoi
diagram (Figure 6). When many Voronoi cells are
being computed concurrently, more threads are ac-
tive at the same time.

Parallel Natural Neighbor Interpolations

In the classical NNI, each queried point is in-
serted, one at a time, into the Voronoi diagram
of initial data samples. For each seed added, the
initial diagram is updated to generate the new Vo-
ronoi cell, which will then be used to compute the
interpolation.

As seen in the experimental results, the number
of seeds computed in the Voronoi diagram has a big
impact on the amount of parallelism that will be
exposed. Computing a single Voronoi cell in paral-
lel reduces the possibilities of parallelization. This
situation is even worse when we consider updat-
ing an existing Voronoi diagram with the addition
of a new seed (the guery seed). In this case, only a
limited region (around the query seed) would be
recomputed (Figure 2e). Performing NNI simply
as a sequence of (parallel) Voronoi computations
on the GPU doesn’t pay off the overhead of mem-
ory transfer and thread scheduling inherent to this
architecture.

One strategy to generate interpolated values
over a grid would be to perform multiple queries
concurrently in parallel. This approach has already
been used” to generate an interpolation of a regu-
lar grid using the assumption that every sample
has a limited radius of influence, thereby allowing
the decomposition of the domain in independent
blocks where queries can be answered in parallel
batches. One study? proposed a more efficient im-
plementation of Sibson’s interpolation on raster im-
ages. The method avoids the explicit construction
of a new Voronoi diagram for each query point,
favoring instead a Kd-tree structure to find the
closest seed to the current query point and using
this distance as a radius of influence to increment
the interpolation weight. Again, these techniques
make assumptions that are valid for Euclidean
space but not trivially generalized for geodesic
(graph) distances.

Parallelization can still be implemented for
NNI over graph spaces if we duplicate some data
structures. More precisely, for each NNI query, we
can copy the input Voronoi diagram of the data
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Table 1. Computation time for parallel NNI
queries. Average Sibson query corresponds to
time spent for querying a whole batch.

Average Sibson Total time
Batch size query (ms) (ms)

CPU 1 (seq) 1.003 81,057.226
GPU 1 9.745 779,657.756
GPU 10 12.413 99,309.125
GPU 100 29.537 23,629.870
GPU 150 34.807 18,587.130

sample and update it with the addition of a new
seed at the coordinates of this query.

Table 1 shows the computation time spent
for the parallel Sibson algorithm on an Nvidia
Tesla K40 GPU. The interpolation is performed
over a uniform grid of dimensions 100 x 40 x
20 (80,000 voxels) and 20 data points. The GPU
algorithm performs batches of parallel NNI que-
ries in sequence iteratively until the entire grid is
computed. We show the average amount of time
spent by each batch of parallel queries and the
total time for interpolating the whole grid. Note
that the parallel version manages to amortize the
overhead when more than 10 NNI queries are
done in parallel.

he parallel Voronoi implementation presented

here has a valuable application in soft object
simulation methods. It provides a performance
solution to those in the physics-based simulation
community who want to employ Voronoi shape
functions in their meshless simulations.

Recent work has proposed using Voronoi
shape functions on grids with extended con-
nectivity, called non-manifold grids,"® which
would let us represent objects with more com-
plex topologies in meshless frameworks. Pos-
sible extensions of this work will consider the
application of our parallel algorithm in these
new domains. B
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‘ THE LAST WORD

by Charles Day
American Institute of Physics
cday@aip.org

What You Really Wanted

he annual number of people admitted to Britain’s cinemas reached its peak of

1.6 million in 1946. By 1984, after three decades of near-monotonic decline,

just 100,000 cinema tickets were sold in the country, despite there being 10

million more Britons and despite the release that year of an unusually high
number of broadly appealing movies, among them Ghostbusters, Indiana Jones and the
Temple of Doom, Beverly Hills Cop, The Karate Kid, The NeverEnding Story, and The
Terminator.

Television caused the slump in movie attendance, but behind that simple
attribution lies a subtlety. Movies weren’t more popular in the 1940s than they
were in the 1980s. Rather, if given the choice, people tend to prefer to watch
diverting entertainment in the comfort and convenience of their own living
rooms. Before the advent of TV as a mass medium in the 1950s, they lacked that
choice.

Such hidden preferences are also found in our digital lives. In the 1990s, my wife,
Jan, maintained a blog, Life’s 2 Banquet, where she posted whimsical observations from
her life for friends and family. Her sister, Sue, also had a blog, Loads of Pink, where she
recorded the travails of mothering and laundering the clothes of her three young girls.
Both Jan and Sue stopped blogging when they joined Facebook, which made posting
and sharing updates easier than blogging.

Likewise, the decline of the domestic desktop computer and the concomitant
rise of the tablet reflect the fact that when it comes to finding information and
consuming entertainment, a physical keyboard is an unnecessary amenity—and
always was.

What hidden preferences will future technologies reveal? Google, Tesla
Motors, and other developers of driverless cars are betting that our love of personal
vehicles arises from our wish to travel wherever and whenever we please, not from
a love of controlling the speed and direction of a moving vehicle. The growing use
of e-readers is freeing authors and publishers to produce books whose length is
no longer constrained by the limits, upper and lower, of producing perfect-bound
paper books.

But technology is limited in its ability to open choices. Advances in TV
displays have narrowed the gap between watching, say, Mission Impossible—
Rogue Nation at a cinema versus watching it at home. But those same advances
fail to reproduce the full experience of attending a live performance of, say, 7he
Crucible—and likely never will. Ticket sales of Broadway plays and musicals
remain robust.

And as mobile phones, cars, and TVs become ever more sophisticated, some
people, Jan included, are returning to old crafts. On the second-story porch
of our house in Washington’s Capitol Hill neighborhood live two colonies of hon-
eybees, each inhabiting a hive of a type patented in 1852 by one Lorenzo Lorraine
Langstroth. Meanwhile, her first carboy of homemade mead is fermenting in the
basement. Bl

Charles Day is Physics Today’s editor-in-chief. The views in this column are his own and
not necessarily those of either Physics Today or its publisher, the American Institute of
Physics.
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Get the Recognition You Deserve

The 2016 Platinum IEEE Computer Society/Intel Software Developer recognizes the most
talented software developers in the world.

3 WINNERS will be selected. The three outstanding candidates who attain the highest
scores while taking the IEEE CS Professional Software Developer Certification exams will
be recognized for their achievement. They will receive a $3000 cash prize and a certificate of
distinction recognizing them as IEEE CS / Intel Platinum Developers.

Complete the Software Professional Developer Certification prior to May 1, 2016, and your test
scores will automatically be entered to qualify you for this recogniztion.

Validate your expertise. Gain global recognition. Advance your career.

FOR COMPLETE INFORMATION ON HOW TO ENTER, GO TO \@

www.computer.org/intel-award
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