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As of January 2018, the Journal of Human-Robot Interaction (JHRI) has become an 
ACM publication and has been rebranded as the ACM Transactions on Human-Robot 
Interaction (THRI). 

Founded in 2012, the Journal of HRI has been serving as the 
premier peer-reviewed interdisciplinary journal in the field.

Since that time, the human-robot interaction field has 
experienced substantial growth. Research findings at the 
intersection of robotics, human-computer interaction, 
artificial intelligence, haptics, and natural language 
processing have been responsible for important discoveries 
and breakthrough technologies across many industries.

THRI now joins the ACM portfolio of highly respected 
journals. It will continue to be open access, fostering the 
widest possible readership of HRI research and information. 
All issues will be available in the ACM Digital Library.

Co-Editors-in-Chief Odest Chadwicke Jenkins of the University of Michigan and Selma 
Šabanović of Indiana University plan to expand the scope of the publication, adding 
a new section on mechanical HRI to the existing sections on computational, social/
behavioral, and design-related scholarship in HRI.

The inaugural issue of the rebranded ACM Transactions on Human-Robot Interaction is 
planned for May 2018. 

For further information and to submit your paper, please visit https://thri.acm.org.

Introducing ACM Transactions 
on Human-Robot Interaction

Now accepting submissions to ACM THRI

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=3&exitLink=https%3A%2F%2Fthri.acm.org
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EDITORS’ MESSAGEMark Bailey
Hamilton College

Laurie Smith King
College of the Holy Cross

⚫

Welcome to the June 2018 issue of Inroads. This issue’s cover highlights the column, 
The Continual Evolution of Interest in Computing Ethics, by Don Gotterbarn (East 

Tennessee State University), Marty J. Wolf (Bemidji State University), Catherine Flick  
(De Montfort University), and Keith Miller (University of Missouri). In this timely column,  
the authors applaud increased interest in computing ethics but caution that “the belief  
that these issues are brand new or unique to a specific sector is potentially harmful.” Instead, 
revitalized interest should both acknowledge and be informed by the significant scholarly 
work on “broad-based computing ethics scholarship, curriculum, and codes of ethics from 
the past sixty years.”

At this year’s SIGCSE Technical Symposium, the program committee recognized the best 
paper in each of three categories: CS Education Research; Experience Reports and Tools; and 
New Curricula, Programs, Degrees, and Position. As is our tradition, we reprint each of these 
best papers in Inroads. These papers span the computing discipline by covering the impacts 
of pre-college computing experiences, scaling up computational thinking, and a cohort 
approach to serving underrepresented students. 

Turning to the Back Page, we continue with our series of winners of the Inroads 
computer science puzzle contest with the second winner, Evolutionary Decision Tree, by 
Marie desJardins (University of Maryland, Baltimore County) and Michael Littman (Brown 
University). The solution to this puzzle is MUTATIONS. The solution for the March issue’s 
Programming Language Puzzle by Zack Butler (Rochester Institute of Technology) is CROSS 
COMPILERS. In the September issue, we will publish the final winning puzzle, Rook Jumping 
Maze, from Todd Neller (Gettysburg College) as well as its solution.

This Inroads issue is the first to feature the new List of Common Acronyms and 
References that we hope will help authors and readers. Here is how it works. Inroads 
editorial policy requires that authors not place URLs within an article’s body, but to instead 
place the URL in the article’s references with a matching citation within the body of the 
article. The new List of Common Acronyms and References gathers together common URLs 
and acronyms so that readers will find acronyms conveniently located in one place and 
authors can use the list without adding a URL to the article’s list of references. We believe 
this will streamline reference lists and require less reworking of reference lists by authors to 
accommodate URLs originally placed in the body of an article. We expect this list and its 
usage will evolve over time. 

As we plan for the December special issue celebrating the 50th anniversary of the founding 
of SIGCSE (guest edited by Jane Prey!), we would like to draw your attention to the Inroads 
special sections. Special sections are sections that gather together several articles with a 
common theme. Special sections are proposed and edited by Inroads readers. If you have a 
theme you would like to see in the pages of Inroads, please contact us to discuss your idea!  

Mark Bailey and Laurie Smith King
Editors-in-Chief

DOI: 10.1145/3204172          Copyright held by authors.
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News from the SIGs

NEWS

by Ellen Walker
Hiram College

From our SIGCSE reporter and 
SIGCSE chair, Amber Settle.

There has been a recent push by 
the Association for Computing 

Machinery (ACM) leadership to eval-
uate whether ACM Special Interest 
Groups (SIG), events, and services 
are meeting the needs of comput-
er science practitioners. Prior to a 
recent SIG Governing Board (SGB) 
meeting, SIG leaders were asked to 
describe how they address the needs 
of practitioners and in answering the 
questions I had an interesting revela-
tion. SIGCSE’s practitioners not only 
include people in industry focused on 
training and education, but also ac-
ademics whose research interests lie 
elsewhere, the very people who make 
up all the other SIGs under the ACM 
umbrella. That’s in part why I found 
the presentations made by SIGCAS, 
SIGGRAPH, SIGHPC, SIGCHI, SIGITE, 
and SIGPLAN at the 2018 Symposium 
to be so exciting, as cross-SIG activ-
ities will help SIGCSE to achieve the 
goal of reaching computer science 
education practitioners.

We don’t need to go outside 
SIGCSE, however, to find practi-
tioners. Many SIGCSE members 
aren’t active in computer science 
education research, either because 
their research interests lie in some 

subspecialty in computer science 
or another discipline or because 
research isn’t their main professional 
focus. One of the benefits of SIGCSE 
conferences and events is that people 
who aren’t as interested in research 
find ideas, techniques, and approach-
es that can be directly applied in their 
classrooms. In fact, I would argue 
that CS Ed researchers in the SIGCSE 
community are also regularly com-
puter science education practitioners. 
Many SIGCSE presentations and 
articles provide information that may 
not feed a CS Ed researcher’s agenda 
but instead inform and inspire their 
teaching. In my view the blurring be-
tween researchers and practitioners 
in the SIGCSE community is one of 
our strengths.

Of course, the first step in finding 
something innovative to help you 
in the classroom is to reach out and 
search for it. SIGCSE conferences are 
a great place to do this, but SIGCSE 
has roughly 2700 members and yet 
only has approximately 1850 attend-
ees between its three conferences. 
For those reading this article who 
don’t attend a SIGCSE conference 
regularly, I suggest that you use 
your ACM Digital Library access to 
SIGCSE publications to your advan-
tage. Previous conferences provide 
a wealth of information on teach-
ing nearly every topic in computer 
science.

While it likely seems daunting 
to consider adopting some of the 

innovative curricula that you can find 
discussed in SIGCSE venues, I would 
argue that smaller changes can have 
an impact on SIGCSE members’ 
classrooms. I’m a fan of Lecia Barker’s 
work, and one of her papers [1] that 
has influenced me is Making Visible 
the Behaviors that Influence Learning 
Environment: A Qualitative Explora-
tion of Computer Science Classrooms. 
In that work they rigorously examine 
the practices in computer science 
classrooms that hinder collaborative 
and supportive learning environ-

In this issue of News from the SIGs, we present news from SIGCSE and 
SIGITE. Amber Settle, Chair of SIGCSE discusses the benefits of SIGCSE 
for practitioners and highlights some resources. Steven Zilora reflects on 

the growth and maturity of SIGITE as he completes his term as chair. 

SIGCSE’s 
practitioners not 

only include 
people in industry 

focused on 
training and 

education, but also 
academics whose 
research interests 
lie elsewhere, the 
very people who 
make up all the 

other SIGs under 
the ACM umbrella.
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his foresight, and his mid-western 
common sense were invaluable to 
me. I truly hope he gets re-involved 
in SIGITE leadership.

I am looking forward to continuing 
to serve SIGITE as past-chair for the 
next three years, helping however I 
can. Thank you to all the SIGITE mem-
bers for the great experience I have 
had.  For more information on these 
SIGs, see the following websites.  

SIGCSE: www.sigcse.org

SIGITE: www.sigite.org

SIGMIS: www.sigmis.org

References
	 1.	� Barker, L.J. and Garvin-Doxas. K. Making 

Visible the Behaviors that Influence Learning 
Environment: A Qualitative Exploration of 
Computer Science Classrooms. Computer 
Science Education, 14, 2 (2004), 119–145; 
https://www.tandfonline.com/doi/abs/10.10
80/08993400412331363853. Accessed 2018 
March 18.

	 2.	� Lewis, C. CS Teaching Tips;  
http://csteachingtips.org/. Accessed 2018 
February 10.
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executive committee also authorized 
an expansion of this program. 

Our conference activities have 
also matured. We’ve established a 
standing conference committee to 
ensure good continuity from year to 
year and seek ways to improve our 
conference planning and execution. 
Our ad hoc submission committee is 
one example of what can be achieved 
when a group of us come together to 
address a specific issue. In their first 
year, the committee effected a 20% 
increase in submissions to the annual 
conference.

And that brings me to one of my 
greatest experiences as SIGITE Chair. 
I have continually been overwhelmed 
by the enthusiasm and generosity of 
SIGITE members. We may be one of 
the smallest SIGs, and that some-
times limits what we can do, but our 
size also works to our advantage. 
Annual conferences are like a home-
coming and each time I sent out a 
call to action, I received two to three 
times the number of volunteers I 
hoped for. I cannot overstate how 
gratifying that experience is when 
you’re trying to lead a volunteer 
organization. 

And while the entire SIGITE 
membership is a great group of 
people, I must single out a few of 
them for individual recognition. Rob 
Friedman and Richard Helps have 
been great fellow officers of the 
SIG. There have been many times, 
especially in the first year or two 
when I needed their advice. They 
were always very responsive and 
very thoughtful in their counsel. I 
want to particularly single out Rick 
Homkes, our treasurer and secre-
tary. I could write an entire column 
on the work he has done for the 
SIG, but I could not begin to convey 
what a help he has been. His organi-
zation, his understanding of issues, 

ments and make concrete sugges-
tions about how those practices can 
be changed. One of the things they 
suggest is that instructors learn and 
use students’ names to remove barri-
ers between students and instructors, 
and it’s something that I do devotedly 
in my classroom.

I urge you in the next month to 
go to the ACM Digital Library, do 
a search on a computer science 
education topic you teach, and see 
if you can’t find something that 
you could do differently that would 
improve your classroom. It doesn’t 
have to be a big change since 
small changes like learning names 
can make a difference. If the idea 
of doing a literature search is too 
daunting, go visit Colleen Lewis’ 
CS Teaching Tips site [2]. She has a 
wealth of information available and 
has nicely addressed many issues 
of adoption. The important part is 
to celebrate the computer science 
education practitioner inside you 
and make your students’ lives just a 
little bit better for it.

From Steve Zilora,  
our SIGITE reporter.

Three years have gone by quickly. 
Next month someone new will 

take over as SIGITE chair. As I look 
back on these past few years I can 
outline some significant growth and 
maturity in SIGITE. We are in a great 
position financially and have begun to 
put that to good use. 

This past year we were one of the 
relatively few SIGs who supported the 
150th Turing Award celebration. We 
also awarded more student scholar-
ships for attendance at our annual 
conference than in years past. The 
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Chapter Exercises
by Jeffrey L. Popyack, Drexel University

Upsilon Pi Epsilon

Greetings!
Upsilon Pi Epsilon (UPE) has expe-
rienced an exciting upsurge in new 
chapters, which leads us to examine 
historical growth and wonder what 
awaits on the horizon. In the mean-
time, an impressive slate of student 
leaders has been announced as 
winners of the UPE/ACM Student 
Chapter Scholarship Awards.

About Upsilon Pi Epsilon:
Upsilon Pi Epsilon is an honor soci-
ety whose mission is to recognize 
academic excellence at both the 
undergraduate and graduate levels 
in the Computing and Information 
Disciplines. Founded in 1967 at Texas 
A&M University, it enters its second 
half-century with more than 290 
chapters at colleges and universi-
ties in 48 US states, The District of 
Columbia, and abroad. UPE provides 
annual scholarships and awards to 
student members of UPE, ACM, and 
IEEE-CS, and is a founding spon-
sor of the International Collegiate 
Programming Contest. UPE also 
provides support for the Consortium 
for Computing Sciences in Colleges 
(CCSC), which is distributed through 
its regions for student participation 
and awards for posters, programming 
contests, and other activities such as 
paper sessions and career fairs. If you 
do not have a UPE chapter at your 
college or university, it’s not too late 
to join the party. The UPE website 
[2] contains a wealth of information 

that will be helpful to you, including 
an e-book produced by the DePaul 
chapter in 2017 in commemoration 
of UPE’s 50th anniversary [1]. Any of 
UPE’s Executive Council members 
will be glad to assist you in getting a 
chapter started. 

Speaking of New 
Chapters:
Throughout its 50-year history, 
UPE has added new chapters at a 
somewhat predictable pace. The 
two major surges occurred in the 
periods 1985-1995, as computer 
science programs began thriving 
and UPE became better known; and 
in then the early part of the mil-
lennium, particularly following the 
broadening of guidelines for chapter 
membership in 2002. (See Figure 
1.) It’s natural for UPE memberships 
to lag college enrollments by a few 
years, as students need some time 
to establish their credentials, and 
these numbers are borne out in new 
member registrations. Perhaps it 
follows that new chapters also seem 
more likely to form as the number 
of students in the junior and senior 
levels rise. Thus, the surge in new 
chapters from 2000-2005 occurred 
even as enrollments had begun their 
steady decline, but students from 
the peak enrollment years were pro-
gressing toward graduation. From 
2006-2016, however, new chapters 
had slowed to a pace of fewer than 
five per year. In fact, with a total of 

seven new chapters in three years, 
2014–2016 marked the slowest three-
year period since 1976–1978, in that 
distant era that introduced the Apple 
II, TRS-80 and VAX 11/780. 

But that all changed in 2017, when 
six chapters were chartered in April 
alone. Indeed, in the last 16 months 
leading up to today (as I write this 
in early February), an astounding 17 
chapters have been chartered and/
or approved. The reasons for this 
activity, following a period of relative 
inactivity, may not be explained com-
pletely by the recent sharp upturn 
in computing enrollments. After all, 
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with nearly 300 chapters, there aren’t 
as many schools without chapters 
as there were before. Whatever the 
reasons, however, this sort of growth 
sounds like great news for the pro-
fession. And although most of those 
17 new chapters were reported in a 
previous article, UPE is pleased to 
announce newly chartered chapters 
at Illinois Institute of Technology and 
at Rhodes College (Tennessee).

UPE/ACM Student Chapter 
Scholarship Awards
The UPE/ACM Student Chapter 
Scholarship Awards, established 
in collaboration with the ACM, are 
offered annually “to encourage 
academic excellence for students 
in the computing and information 
disciplines” and “to raise the impor-
tance of academic achievement and 
professional commitment to ACM 
student members who are about to 
enter the computing profession.” 
[3] Congratulations to the following 
exemplary students, who received 
awards of $1000 each.

RECIPIENTS:
Sajant Anand  

(Wake Forest University)
Sajant has been deeply involved 
in computing initiatives in his ACM 

chapter, department, and campus. As 
president, he organized Wake Forest’s 
first hackathon and is a founding 
member of a university-wide Technol-
ogy Innovation Program.

Rebeccah Knoop  
(Bowling Green State University)

Rebeccah has served as president of 
both her ACM and ACM-W chap-
ters. She was instrumental in the 
Google igniteCS grant that funded 
CODE4her, a program which enlists 
CS students as mentors for middle 
school girls learning to program Lego 
robots.

Chin Hong Kenneth Lee  
(Brigham Young 
University–Hawaii)

Kenneth has been a standout mem-
ber of the BYU-H programming team 
throughout his undergraduate career 
and has also proven to be a produc-
tive researcher.

Nicholas Weintraut  
(Rowan University)

Nicholas has held several offices in 
Rowan’s ACM and UPE chapters, 
including ACM president. He worked 
tirelessly to improve student partici-
pation in chapter activities, which was 
accomplished largely through teams 

self-studying game 
programming, art, 
animation and more.

It is heartwarming 
and reassuring, in 
this age of a million 
distractions, to be 
reminded that there 
are still students who 
dedicate their time 
and energy to making 
a difference in their 

schools, communities, and the world. 
To these student leaders, and those 
who have help form and run their 
new student chapters, a hearty and 
grateful salute.

AND, FINALLY…
As you bid au revoir to your UPE 
chapter’s graduating seniors, take 
note of any that are headed for 
graduate study at an institution that 
does not yet have a chapter. There’s 
an opportunity in waiting! And, 
remind them that they are already 
lifetime members, so they won’t have 
to re-join. 
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M
arch 2018 marked the first reported 
pedestrian death from a self-driv-
ing car [10]. The possibility of 

such events caused by significant techno-
logical advances has stimulated interest 
in ethical issues. Many people think of 
these situations as brand-new problems 
requiring unique solutions.  The truth is we 
have been here before, many times. Each 
technological change has created ethical 
challenges—should we use remote-con-
trolled technology to take lives? Should 
we allow computers to decide our medical 
treatment?  Do we want unethical people 
to have access to computer power? The 
difficulty and complexity of each new tech-
nical advance’s ethical problems distract 
each generation from the fact that these 
problems are just different species of a 
common problem, namely the problem of 
ethically managing the interaction of tech-
nology with humanity. The rising interest in 
ethics is positive, but the belief that these 
issues are brand new or unique to a specif-
ic sector is potentially harmful. 

Narrow Notions of Computing 
Ethics Considered Harmful
In February 2018, Natasha Singer’s article 
“Tech’s Ethical ‘Dark Side’: Harvard, Stanford 
and Others Want to Address It” [12] por-
trayed the interest in computing ethics as a 
recent development by describing several 
new courses that are in development at 
a number of universities. A closer look at 
the courses described by Singer indicates 
another trend—many of the courses in com-
puting ethics that are under development 
are focused narrowly on a specific technol-
ogy. This and similar articles [6] attribute 

to the computing profession a failure to 
previously be concerned about ethical 
issues. Both articles seem to ignore three 
different aspects of computing ethics that 
have been co-evolving with the advances in 
computing technology. Over time the devel-
opment of important, relevant scholarship, 
the incorporation of “computing ethics” 
into the computer science curriculum, and 
the establishment of codes of ethics for 
computing professionals have generated a 
broad base of interest in computing ethics 
and its relation to those impacted by com-
puting. The narrow range of courses listed in 
Singer’s article raises concerns. Neglecting 
the significant history of broad-based com-
puting ethics scholarship, curriculum, and 
codes of ethics from the past sixty years 
contributes to a view of computing ethics 
that sees it as a narrow fad related only to 
current advances in artificial intelligence 
(AI). Not building on decades of scholarly 
work means that people do not take advan-
tage of techniques and ethical standards 
used to help computing professionals 
address ethical issues in computing. (In 
this article we will use the term “computing 
ethics” broadly, including topics sometimes 
labeled “computer ethics,” “technology and 
society,” and “ethics and technology.”)

COMPUTING ETHICS SCHOLARSHIP, 
BROADLY CONSTRUED
There is surely a recent rise in interest in 
computing ethics and professionalism 
that is related to AI. But we have seen this 
sort of thing before. There is a long history 
of scholars and practitioners becoming 
interested in ethics when faced with new 
technologies. In his excellent article on the 

history of computer ethics [3], Terry Bynum 
starts with Norbert Weiner. During World 
War II in the 1940s Weiner was involved 
with the development of automated 
cannons. This experience led him to write a 
book that addressed ethical issues asso-
ciated with computers. Thus, computing 
ethics scholarship reaches back to at least 
1948 and the publication of Cybernetics: or 
control and communication in the animal 
and the machine by Norbert Weiner [15].  

Computing ethics is an applied study. 
Computing has broadened from the devel-
opment of large mainframes operating in 
relative isolation to complex sociotechnical 
systems that mediate most facets of social 
interaction. From communication tech-
nology to medical prosthetics, computing 
matters. As computing has developed, re-
search in computing ethics has also had to 
diversify and mature; we have moved from 
Weiner’s concern with automated cannons 
to issues with the use of remotely controlled 
drones in warfare.  Computing professionals 
in general, and ACM members, specifically, 
have been addressing their ethical respon-
sibility and the potential social impacts of 
their work for a long time. Indeed, the ACM 
Digital Library lists 2,119 publications related 
to ethics, the earliest one dating back to 
1962. Google Scholar lists over 12,000 arti-
cles relevant to “computer ethics.” 

The development of advanced tech-
nology in ubiquitous domains requires an 
increasingly sophisticated analysis of the 
impacts of these applications. For exam-
ple, a concern with the use of computers 
in battle in the early 1980’s led to the 
development and growth of Computer 
Professionals for Social Responsibility 
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(CPSR). CPSR established the Norbert 
Wiener Award for Social and Professional 
Responsibility in 1987. The Special Interest 
Group on Computers and Society (SIG-
CAS) established the Making a Difference 
Award, and by 1992 produced the ACM 
Code of Ethics and Professional Conduct 
to guide computing professionals in the 
making of ethical decisions.  The develop-
ment of the World Wide Web in the 1990’s 
led to many ethical and legal issues, such 
as cyberstalking; the wide distribution of 
pornography, especially to minors; and 
bots masquerading as social media users.  
Each of these issues has been and is still 
being studied, discussed at conferences 
dedicated to computing ethics, and ex-
plored in peer-reviewed journals that focus 
exclusively on such issues.

As AI researchers have become en-
gaged in conversations about ethics, some 
have apparently mistakenly concluded that 
there was no prior interest in computing 
ethics in general, or interest particularly 
in ethical issues related to AI. As we have 
described, this is incorrect. The ACM Digital 
Library, for example, includes a 1995 paper 
about ethics that was presented at a con-
ference about AI and Law [8]. 

COMPUTING ETHICS CURRICULUM, 
BROADLY CONSTRUED
Scholars and the ACM have had a long and 
active interest in ethics and in AI ethics. 
Computer Science academics have also 
not ignored this area. ACM’s Curriculum 
‘78 [2] indicated that computer science 
students should study relevant computing 
ethics in core lower-division courses and 
that computer science programs ought to 
offer an upper-division course in comput-
ers and society. There is an explicit instruc-
tion that “[t]hroughout the presentation of 
this elementary material, meaningful actual 

computer applications should be cited 
and reviewed. In the process of so doing, 
reference must be made to the social, 
philosophical, and ethical considerations 
involved in the applications.” Curriculum 
‘78 goes on to suggest ten advanced level 
courses. The first course listed among 
the advanced course is “Computers and 
Society.” The four objectives presented 
are prescient. One stands out, “to provide 
a framework for professional activity that 
involves explicit consideration of and 
decisions concerning social impact.’’ Note 
the general nature of concern that is be-
yond any specific computing technology. 
While what is encapsulated by “computers 
and society” has changed and matured 
since 1978, its prominence in subsequent 
Computing Curricula has only become 
more pronounced. It is evident when one 
considers a recent list of programs with 
significant technology ethics content col-
lected by Casey Fielder. It includes at least 
150 courses [5]. It is important to note that 
the course at Stanford described by Singer 
as “new” has grown out of courses taught 
at that institution for at least 20 years. Eric 
Roberts, who taught that course with Terry 
Winograd and Helen Nissenbaum, reported 
that “[s]ince 1988-89, the Department of 
Computer Science at Stanford University 
has offered CS201 (Computers, Ethics, and 
Social Responsibility) as part of its under-
graduate curriculum.” [9] 

Over time, many institutions have 
worked to develop ways to incorporate 
this course into their curricula. There is 
a long history at many institutions of 
teaching computing ethics to computer 
science students in a stand-alone course 
using practical computer examples. This 
evidence seems to belie Singer’s statement 
that “until recently, ethics did not seem 
relevant to many students.” 

COMPUTING CODES OF ETHICS, BROADLY 
CONSTRUED
In September 1961, the Communications 
of the ACM published a letter to the editor 
from C. M. Sidlo. The topic of the letter was 
“the making of a profession,” and Sidlo 
included an explicit discussion of a code of 
ethics [7].

Today, the ACM has ethics and social 
impact at the core of its mission. The ACM 
homepage declares, “[w]e see a world 
where computing helps solve tomorrow’s 
problems – where we use our knowledge 
and skills to advance the profession and 
make a positive impact.” [1]   The first ACM 
code was established in 1966 and was 
called “Guidelines for Professional Conduct.” 
The expectation listed in the guidelines is 
that they would “evolve into an effecting 
means of preserving a high level of ethical 
conduct.” The 1972 code again focused on 
professional conduct but included eighteen 
“ethical considerations.” The current code, 
adopted in 1992, is called the “ACM Code 
of Ethics and Professional Conduct” and 
consists of “24 imperatives formulated 
as statements of personal responsibility.” 
While the guidance does mention specific 
computing technologies, the imperatives 
are broadly applicable.   In 1999 the IEEE-CS 
and the ACM jointly produced the Software 
Engineering Code of Ethics and Professional 
Practice [13] that has been broadly adopted 
by organizations like the Chinese Computer 
Federation and Spanish Software Engineer-
ing and Technology Society [14]. 

To support the Code adopted in 1992, 
the ACM established the ACM Commit-
tee on Professional Ethics (COPE) [4]. It 
conducts ethics-teaching workshops, gives 
computing ethics training, provides guid-
ance in proactive ethical decision making, 
and promotes ACM’s Code of Ethics and 
Professional Conduct. 

In recognition of changes in technolo-
gy, the evolving literature on computing 
ethics, and advances in delivering com-
puting ethics to undergraduates, COPE, on 
behalf of the ACM, is completing a three 
year international project to update its 
Code of Ethics and Professional Conduct to 
address a broad range of issues including 
working in the defense industry, producing 
self-modifying software, maintaining priva-
cy and security, and ethical approaches to 

“[s]ince 1988-89, the Department of 
Computer Science at Stanford University  
has offered CS201 (Computers, Ethics,  
and Social Responsibility) as part of  

its undergraduate curriculum.”
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issues in data science [7]. The revised Code 
adopts several new Principles that address 
issues in specific computing technologies 
such as AI, machine learning, and autono-
mous machines making ethically signifi-
cant decisions. The Principles of the Code 
remain general but will be presented with 
explanations and examples that draw on 
specific computing technologies, showing 
how they relate to concrete decisions of 
computing practitioners. The ACM Code 
of Ethics and Professional Conduct is a 
guide to proactive action that helps us, as 
a profession, to promote good and reduce 
unanticipated negative impacts. 

The Co-evolution must continue
When taken together—a scholarly literature 
that reaches back at least sixty years, a call 
for incorporating computing ethics into the 
undergraduate computing curriculum for 
over forty years, and the ACM’s support for 
over fifty years of codes of ethics based 
on professionalism founded on universal 
ethical principles—there is clear evidence of 
not only an interest in, but a serious com-
mitment to computing ethics. This well-es-
tablished paper trail can benefit those 
working in new computing developments in 
specific computing technologies such as AI. 
Furthermore, scholars working with specific 
technologies can make contributions to 
a broader understanding of computing 
ethics. Indeed, the demand for discussion 
of ethics in AI has brought more general 
ethics of computing to the forefront, and we 
welcome the inclusion of ethicists, philoso-

phers, sociologists, and other interdisciplin-
ary fields that help to explore ethical and 
social issues in the discussions we see at AI 
conferences and industry conventions. 

The recent interest in ethics of specific 
technologies such as AI is a positive, en-
couraging development. It is an extension 
of a significant existing body of work on 
computing ethics. However, discussions 
about specific technology ethics like AI 
ethics should leverage relevant existing 
work by utilizing the established research 
literature in computing ethics, extant com-
puting ethics curricula, and broad-based 
codes of ethics such as the ACM Code of 
Ethics and Professional Conduct. Ground-
ing ethical issues in AI in the existing liter-
ature and codes of ethics will lead to new 
contributions to these co-evolving areas of 
computing ethics.  
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Figure 1: The Expanding Domain of Computing Ethics
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R
etaining enrolled students is an im-
portant objective in higher education. 
Both the College Scorecard [33] and 

the Student Achievement Measure [31] 
use graduation rates as a primary fac-
tor in rating colleges—enrolled students 
who leave reduce graduation rates and 
therefore rankings. Many colleges pass this 
criterion down for evaluating departments. 
Furthermore, each student enrolled in a 
computing major has both an investment 
cost and an opportunity cost—each stu-
dent who changes majors after completing 
introductory course(s) has not only cost 
classroom, laboratory, and instructional 
resources, the student has typically kept 
another qualified student from majoring in 
computing. At a time when enrollments are 
surging and there are still not enough com-
puting graduates to meet industry needs, 
both the investment and opportunity costs 
are burdensome. 

This is the third in a series of articles on 
behalf of the ACM Retention Committee 
[37], which was formed to explore current 
retention issues of women and other 
students underrepresented in four-year, 
post-secondary computing programs. The 
ACM Retention Committee is identifying 
factors contributing to student attrition 
following the introductory courses and 
recommending potential interventions, 
as well as exploring the data challenges 
in measuring retention to better inform 
future projects aimed at understanding 
and defining retention. 

The previous two articles appeared in 
the December 2017 issue of ACM Inroads. 
In [38], Henry Walker discusses how to 
address several common problems and 

circumstances related to curriculum that 
may discourage students from persisting 
in computing majors. In [22], Colleen 
Lewis provides 12 tips for improving the 
culture in institutions, departments, and 
classrooms that better supports all stu-
dents who attempt a computing major. 

Yet even when curriculum and culture 
are improved (or not), individual students 
encounter situations that may require 
special intervention to support their goal 
of receiving a computing degree. This ar-
ticle describes student-focused initiatives 
to address or possibly even prevent such 
situations by better supporting individual 
students and thereby increasing retention 
in computing majors. 

When the practices and initiatives 
described in this article are focused on 
student(s) of a group underrepresented 
in computing, they must be implemented 
carefully, as students are more likely to 
drop a major if they feel they are being 
treated differently as a result of belonging 
to an underrepresented group [2]. Since 
students from underrepresented groups 
dropping the major is exactly what we are 

trying to avoid, it is critical not to invoke 
stereotype threat in students who may 
need help feeling they belong. Faculty 
should not, for instance, call on a stu-
dent as a representative of all students 
of a category—such as asking a woman 
what women think about some topic or 
assuming a student with a Hispanic sur-
name speaks Spanish. Repeated, subtle 
messages that one is not like their highly 
represented counterparts, regardless of 
what the message is, make it difficult to 
imagine oneself developing the identity of 
a computer scientist. 

Do your students have 
misconceptions about 
computing? 
Many students come to college with 
misconceptions about computing and 
may hold invalid stereotypes of computer 
scientists—for example, the impression 
held by many students as well as their 
influencers is of anti-social geeks coding 
in isolated settings. Computer science 
is, however, a collaborative field with 
interesting applications and the need for 

Repeated, subtle messages that one is  
not like their highly represented  

counterparts, regardless of what the 
message is, make it difficult to imagine 

oneself developing the identity  
of a computer scientist.
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diverse perspectives and participants. Such 
perceptions can have a dramatic impact on 
students’ decisions not only to pursue but 
also to remain in computer science [23]; 
for success, student retention should begin 
even before a computing major is declared. 
There are plenty of ways to challenge such 
misconceptions and stereotypes within the 
local context by promoting broader images 
of computer science.
• �Offer a variety of outreach programs 

using students as near-peer ambassa-
dors: College students who are passion-
ate about computing can help to offer 
outreach programs to younger students 
[13]. This near-peer approach provides 
younger students with a positive, inspir-
ing experience to learning about com-
puting from college near-peer mentors. 
College students can be encouraged to 
go back to their alma maters and pro-
mote computing studies and careers to 
high school students. Offering outreach 
workshops at your institution (which 
has the advantage of exposing potential 
future students to your college), or at a 
local school or in a community setting 
such as at a library (which may facilitate 
access for more students), each provide 
good opportunities to reach potential 
students and provide a more realistic 
understanding of computer science. A 
project showcase at the end of an out-
reach program can also provide a forum 
for the college ambassadors to educate 
the younger students’ influencers, such 
as their parents or teachers. 

Outreach also provides valuable 
experiences for the college students, 
including teaching, which reinforces 
their own learning by instructing others, 
and leadership experience. There are 
also opportunities for students to work 
in teams with others at multiple levels, 

where informal networking and men-
toring can take place. Even graduate 
students—usually reluctant to leave 
their research—recognize the value of 
outreach and will contribute, which 
could include a bonus for undergradu-
ates on the team of informal advice on 
the graduate school experience. 

There are multiple providers of 
resources and support for such near-
peer outreach programs. In the NCWIT 

Aspire IT program [25], high school and 
college women leaders teach younger 
girls fundamentals in computation-
al thinking and programming in fun, 
creative environments supported by 
NCWIT resources and the community. 
Google’s IgniteCS program [15] provides 
CS lesson kits that teams of undergrad-
uates use to offer workshops to young-
er girls, as well as matching between 
student teams and potential partner 
sites when needed. Oracle Academy 
provides five Workshops in a Box [29], 
which can be used by student groups to 
deliver introductory computer science 
to younger students. Code.org’s Hour 
of Code tutorials [6], although created 
for the classroom, can also be used 
by student groups to engage younger 
students. Many other outreach activities 
such as these not only help to dispel 
commonly held misconceptions about 

computing in the younger students 
but also help to build domain identity 
among participating college students.

• �Hold an orientation session: When 
students come to college for a recruit-
ment or orientation session, show off the 
variety of student team projects that your 
majors have completed. This helps to 
highlight the wide range of applications 
of computing as well as the teamwork, in-
teraction, and interpersonal skills required 

in the field. Connecting students’ career 
goals and interest in societal impact was 
found to be the strongest predictor of 
retention for all student groups in a large-
scale multi-institutional study of under-
graduate students in computing [2].

• �Educate counselors, teachers, parents: 
Far too many individuals perpetuate 
misconceptions about what computer 
science is and who can study computer 
science. Departments can do outreach 
not only to potential students but 
also to their influencers. For instance, 
NCWIT’s Counselors for Computing 
[26] provides school counselors with 
information and resources they can use 
to support all students as they ex-
plore computer science education and 
careers. NCWIT also has a resource for 
families to encourage girls’ participation 
in computing [27]. This resource could 
be adapted to any student group. An 
Oracle Academy and Burning Glass 
report for school counselors and other 
influencers [3] showcases the impor-
tance of learning to code and the value 
these skills will have in the job market.

Do your students feel a poor 
social fit in the computing 
discipline/environment? 
Positive faculty-student interactions, 
TA-student interactions, and student-stu-
dent interactions can all give rise to a sense 

When students come to college for a 
recruitment or orientation session,  

show off the variety of student team 
projects that your majors have completed.

UCI’s Women in ICS run Ignite CS workshops 
at a local high school.

Girls Inc. girls showcase the robot they 
programmed to dance at a summer workshop.
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of belonging in a community. Providing 
various opportunities to enhance the natu-
ral development of peer networks enables 
and encourages students to become part 
of a community of practice [2].
• �Initiate contact with personal touch-

es for underrepresented students: 
Research has shown that personal 
encouragement is a major determinant 
of student interest and persistence in 
computer science, especially for under-
represented students who may initially 
feel uncomfortable in the discipline [16]. It 
is therefore important to make students’ 
first contact welcoming—tell them “We 
are happy you decided to join computer 
science … you belong here”—and high-
light how they’ll fit into the environment, 

how your department or college is dif-
ferent, what resources you’ll provide for 
them, etc. This can be done with personal 
invitation letters, personal calls by current 
students with similar backgrounds or 
characteristics, and/or special campus 
visits for specific groups. Such personal 
touches can be highly effective.

• �Encourage Women in Computing and 
other affinity groups: Affinity groups 
or clubs allow students who share an 
identity—usually a marginalized or under-
represented identity—to gather and talk 
in a safe space about issues related to 
that identity as well as to learn from each 
other [5]. Such student groups often of-
fer leadership, professional development, 
and community engagement opportuni-
ties to members [4]. Organizations such 
as ACM-W and NCWIT support women 
in computing chapters. Engineering so-
cieties, such as American Indian Science 
and Engineering Society (AISES), the 
Mexican-American Engineering Society 

(MAES), the Society of Hispanic Profes-
sional Engineers (SHPE), and the National 
Society of Black Engineers (NSBE), simi-
larly support other affinity groups. 

Such affinity groups are central to 
the culture of the department. The wid-
er community becomes aware of this 
when affinity group members (women 
and others) take the lead on events 
and activities that benefit the entire 
student body while providing visibility 
and sustaining oversight of the affinity 
group. When groups like women in 
computing are central to the culture of 
the department they can be much more 
than “support” groups for their mem-
bers—they can be a valuable resource 
for building an inclusive community [12].

• �Establish mentoring programs: Both 
near-peer and corporate mentoring pro-
grams can help students to feel like they 
belong in computer science, especially if 
their mentor has a background or expe-
riences like their own. It’s important that 
such mentoring programs support the 
formation of purposeful and rewarding 
mentoring relationships and that new 
mentors are adequately trained to estab-
lish and support these relationships [9,17].

• �Provide opportunities to learn outside 
the classroom: Students learn both 
inside and outside of the classroom. 
Co-curricular programs provide 
activities and learning experiences 
that complement what students are 
learning in their courses—these include, 
for example, app jams, hackathons, 
coding, and robotics competitions, but 
also internships, co-ops, and research 
experiences. Co-curricular programs 
and other out-of-class activities often 
expose students to real world chal-

lenges—including time management, 
independent learning and self-efficacy. 
Students’ out-of-class engagement has 
many positive outcomes including im-
proved learning, personal development, 
and social competence, which can lead 
to more feelings of belonging. A study 
of students graduating with engineering 
or computer science bachelor’s degrees 
at a large, public university found that 
students who participated in co-curric-
ular academic engagement activities 
reported higher levels of social integra-
tion—that is, a sense of belonging—and 
on average had higher GPAs indicating 
academic success [24].

A good deal of the exchange of 
information and knowledge that contrib-
utes to student success goes on quite 
naturally outside the classroom. This kind 
of passing along of information, e.g., stu-
dent preferences for courses, professors 
and teaching styles, and homework tips, 
can be formalized as student to student 
“advice” sessions so that no one misses 
out. One example might be that prior 
to registering for their next semester’s 
courses students get together and 
share their experiences, with no faculty 
allowed. While this might appear to 
lend itself to some “trash talking,” you’ll 
probably find the range of student expe-
riences and preferences is wide. Another 
example of learning outside the class-
room might involve “senior” students 
running practice sessions on interviewing 
and public speaking skills. Students who 
are reticent often feel more comfortable 
asking questions among their peers. 
Such events also provide opportunities 
for women in computing groups and 
other affinity groups to take the lead, 
challenge stereotypes, and be experts in 
the community.

When groups like women in computing  
are central to the culture of the department 

they can be much more than  
“support” groups for their members— 

they can be a valuable resource  
for building an inclusive community.

Mobile Data Science Hackathon: Best Startup 
Presentation Award.
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• �Send students to conferences/celebra-
tions targeted to specific populations: 
Conferences such as the Grace Hopper 
Celebration of Women in Computing 
(GHC) and the Richard Tapia Celebration 
of Diversity in Computing have been 
found to be incredibly positive experienc-
es for students early in their career. Since 
2006, Harvey Mudd College has led trips 
of first-year students to the Grace Hopper 
Celebration of Women in Computing. By 
examining enrollments and major decla-
rations, they found that GHC attendance 
was correlated with the rate at which 
students took more CS courses and 
majored in CS—that is, students who at-
tended GHC took more computer science 
courses and majored in computer science 
at a higher rate than students who did 
not attend GHC [1]. Although this result 
is simply a correlation, separate survey 
results suggest that there might be at 
least some causation at work. In post 
conference surveys, conference attendees 
reported on average that attending GHC 
increased their desire to take another CS 
course and to major in CS. Both the Grace 
Hopper Celebration of Women in Com-
puting and the Richard Tapia Celebration 
of Diversity in Computing are excellent 
professional venues for students to 
present posters and organize panels on 
issues that impact students. Each of the 
engineering societies mentioned above 
(AISES, MAES, SHPE, NSBE) also hold 
annual conferences that would provide 
positive experiences for students.

Do your students have gaps in 
their backgrounds that inhibit 
early success? 
Henry Walker’s article in this series discuss-
es curricular approaches to deal with gaps 
in student backgrounds, such as “adjusting 

assumptions for introductory courses to be 
consistent with student backgrounds.” [38] 
The following suggestions amplify such 
curricular changes with extra-curricular 
educational activities that impact students’ 
experiences in their major as well as help 
to address such gaps.
• �Offer summer bridge programs for 

students from groups with histori-
cally higher attrition rates: Summer 
bridge programs for incoming students, 
either first-year or community college 
transfer students, help them make 
the best possible academic and social 
transition to a four-year college. These 
are typically week-long (or longer) 
orientation sessions to help incoming 
students develop support networks, 
promote early student-faculty connec-
tions and mentoring opportunities, build 
community, and often include hands-on, 
project-based learning opportunities 
to excite students about academic 
subjects. Some campuses offer longer, 
multiple week academic and residential 
programs where students earn credit 
and get a head start working towards 
their degrees or address weaknesses in 
college-preparation. 

• �Provide tutoring for introductory 
topics: Tutoring centers across the 
disciplines may help students having 
difficulties in introductory courses. 
Computer science departments can also 
offer tutoring options, such as staffing 
laboratories with peer tutors—i.e., expe-
rienced upper-division students—who 
can help with a wide range of problems. 
These tutors should be trained to ensure 
that the introductory students have a 
positive experience. Mt. Holyoke College 

has developed the MaGE program, 
which trains experienced students to 
become effective and inclusive technical 
mentors [30].

• �Offer elective courses to address gaps: 
Some schools also offer elective courses 
for modest credit to address differenc-
es in preparation. Often such courses 
utilize active student engagement, 
perhaps one-on-one between students 
and instructors or in small groups. For 
example, Stanford has a 1-unit course 
accompanying the Mathematical Foun-
dations of Computing course (CS103) to 
help students with less background in 
mathematics and proof techniques get 
more practice with the material [32]. In 
a similar vein, as part of a NSF-funded 
Revolutionizing Engineering Depart-
ments grant, UTexas at El Paso, New 
Mexico State University, and California 
State University Dominguez Hills are 
developing 1-credit courses as interven-
tions on such topics as problem solving, 
computational thinking, and hypothesis 
driven decision-making. 

• �Encourage student groups to offer 
workshops for the student body: Stu-
dent groups, such as ACM and ACM-W 
student chapters, can offer workshops 
on specific topics that not only build 
community, but also provide students 
an opportunity to learn tools and prob-
lem-solving skills outside the classroom.

Do your students have 
unrealistic expectations 
about grades? 
Women and other students underrepre-
sented in the classroom often have lower 
perceptions of their performance than 
their highly represented counterparts, 
even though they are doing as well or 
better than their peers [10,14,20,21]. Such 
perceptions and lack of confidence may 
lead some students to drop out of the 
major. A large single-institution study 
found that men and women had different 
standards for satisfactory performance 
in computing related fields; while grades 
mattered for both men and women, 
women more often left the major if their 
college grades were not as high as the 
grades they received in high school [19]. 
Cohoon and Aspray concluded that wom-

Students (both female and male) sponsored 
to attend the Grace Hopper Celebration of 
Women in Computing.

Base II Community College Summer Bridge 
Academy students build and program 
quadcopters.
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en leave at disproportionate rates with 
“grades that may be satisfactory to a male 
classmate but fail to meet a woman’s 
personal standards.” [7]
• �Offer personal encouragement to 

students: Positive interaction with 
faculty is one of the most promising 
strategies for retaining students 
[2]. As a faculty member, you can 
make an encouraging comment to a 

student after class, write a personal 
email, or comment on a returned 
assignment or exam. Such personal 
communications can address grade 
anxiety and help a student feel that 
they belong in the field. They can take 
the form of congratulations for a good 
grade or expressions of belief in a 
student’s ability to learn the material 
by providing resources, as discussed 
in Colleen Lewis’s article in this series 
[22].

• �Attribute success to effort and prac-
tice: Encourage students to embrace 
challenge by helping them develop 
what psychologist Carol Dweck calls a 
“growth mindset” [11]—the concept that 
mastery results from effort and practice, 
and not from a fixed innate ability. This 
concept was also discussed in Colleen 
Lewis’s article in this series [22]. 

Do your students experience 
personal difficulties that 
impact their success?
Students have different circumstances 
outside of their classroom experiences. 
They may encounter health, financial or 
family issues or have outside commitments 
such as jobs or children that impact the 
time they can spend on their studies. It’s 
important that faculty are empathetic to 
such personal circumstances.

• �Remind students about resources 
available to them on campus: Most 
campuses have resources to help 
students navigate their complex college 
environment and life. Be sure that 
students are aware of these resources, 
especially counseling, advising, and 
other initiatives for specific student 
populations. UC Irvine, for instance, has 
its Student Success Initiatives “dedi-

cated to serving and assisting with the 
transitions of low-income students, 
first-generation students, undocument-
ed students, former foster youth, trans-
fer students, adult-learners, students 
with dependents, and students with 
disabilities.” [35]

• �Be flexible for students experiencing 
difficulties: Faculty should be flexible 
and use reasonable common sense, 
good judgment and mutual goodwill to 
resolve student scheduling conflicts—
whether, for instance, to excuse missed 
work, extend deadlines, or substitute an 
alternative assignment. Students new to 
computer science might not yet be able 
to estimate how long an assignment/
project will take and so may put off 
starting it so long that they neither have 
time to complete it nor even to ask for 
help. Faculty, principally those teaching 
introductory courses, might allow more 
flexibility for the first few assignments, 
giving students an on-ramp to figure out 
how long assignments will take without 
severe consequences if they underes-
timate the first few times. Supporting 
procrastination, however, is not a good 
intervention as a general rule. UC Berke-
ley offers “A Guide to Handling Student 
Absences,” which recommends ways to 
deal with a student’s scheduling con-
flicts, including minor illness [34]. Berke-

ley’s Department of Computer Science 
has popularized the use of “slip days” for 
assigned student projects. Slip days may 
be used to turn in an assignment after 
the specified due date without penalty. 
Course syllabi detail how many slip days 
are allowed throughout a course.

Conclusion:  
Departments and faculty 
need to be mindful of 
individual factors impacting 
students’ academic and 
personal lives.
The ACM Retention Committee [37] was 
formed to address current retention issues 
in four-year, post-secondary computing 
programs, specifically retention of women 
and other students underrepresented in 
computing. Two earlier articles on behalf of 
the committee described improvements to 
culture [22] and curriculum [38]. Despite 
improvements in culture and curriculum or 
aside from such matters, however, students 
may still incur individual issues that lead 
them to drop out of computer science. 
This article has described several practices, 
which faculty and administrators can adopt, 
that can better support individual students 
and thereby help to retain students in the 
discipline. Although most of the practices 
suggested here are not specific to com-
puter science, given the continuing lack of 
diversity in computer science they may be 
more acutely needed.  
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OPINION

The Beautiful Noise of Peer Instruction: 
An Interview with Beth Simon

T
he National Cen-
ter for Women 
& Information 

Technology (NCWIT) 
recommends three 
general ways to retain 
women and underrep-
resented minorities 
in computing through 
improved pedagogy 
and content. We call them “Engagement 
Principles.” One that we’ve been focusing on 
in recent columns—and that you can explore 
on NCWIT’s EngageCSEdu platform [4]—is 
“Grow Inclusive Student Community.” A key 
way to do this is by using well-structured col-
laborative learning techniques. In this issue, 
we explore Peer Instruction, a technique with 
a large body of research in STEM education. 
We asked Professor Beth Simon from the 
University of California, San Diego, who both 
uses and researches Peer Instruction, to give 
us an introduction. (The following interview 
has been edited for clarity and length.)

The Interview

WHAT DOES PEER INSTRUCTION LOOK 
LIKE IN AN INTRODUCTORY COMPUTER 
SCIENCE CLASSROOM AT UCSD?
First, I have students do the reading outside of 
class. Then, I start class by giving them a few 
graded quiz questions via clickers [9]. I make 
sure the questions cover just the basic content 
students need know to engage in the discus-
sion. And because I give it with clickers, I get 
immediate feedback. If they’re having trouble 
with anything, I can address it then. 

For the rest of class, students work 
through Peer Instruction “clicker” ques-

tions. These are not graded—and this is 
important—so students just have to partic-
ipate to get points. I pose a question on a 
slide and individuals vote. Then, they dis-
cuss with their partners. Meanwhile, TAs are 
running around listening to the discussions 
and answering any questions. At the end of 
the discussion period, students re-vote and 
we discuss as a group. (See Figure 1.) Out 
of an 80-minute class there usually will be 
45-50 minutes where students are talking!

Another thing that I do between the first 
and second vote is talk about maintaining 
a growth mindset [2,5]. I say, “Not every-
body gets it right the first time. Computer 
science is about being able to figure it out. 
That’s the skill that we’re developing.”

WHY SHOULD FACULTY CONSIDER 
ADOPTING PEER INSTRUCTION?
Consider your own best learning experi-
ences. Ask any faculty member and usually 
they’ll talk about collaborating with other 
people in graduate school. So, if that’s your 
most successful learning experience, why 
wouldn’t you want to have that with your 
students? But we’re not using open-end-
ed collaborative projects like in graduate 
school. We’re going to give students a 
taste of this kind of experience with these 
teeny, little collaborative things: the clicker 
questions. They won’t go off topic because 
you’re only giving them two minutes. 

I was hesitant at first to use Peer Instruc-
tion because I didn’t think it was going to 

Figure 1: The PI Process (from B. Simon)
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change my class much. I have a really engag-
ing classroom! But because of Carl Wieman 
and all the research, e.g., [1], I gave it a try. 
So, the first time, when I said to the students, 
“Okay, everybody, turn and discuss with the 
person next to you,” the classroom exploded 
with noise! I didn’t think a classroom could 
be like that. It was shocking! I literally texted 
Carl right then: “You were right.” 

Another story: My advisor from grad-
uate school was going to retire in a year 
but, surprisingly, she came to me and said, 
“Beth, I want to use Peer Instruction. Your 
data says that we should do this.” A few 
years later, her husband tells me, “You 
know, Beth, Jeanne taught for three more 
years because she was really enjoying it.” It 
really changed the teaching part of her job. 

I think a lot of faculty imagine that this 
is what teaching is going to be like: engag-
ing with students around difficult, interest-
ing questions. But they end up standing up 
there lecturing and feeling like they don’t 
know if students are understanding. I tell 
people that it’s okay because they don’t 
teach mind reading in graduate school! But 
with clickers, you don’t have to; you have 
their votes. You have the data [11].

HOW CAN FACULTY GET STARTED?
A beginner’s way to start is by using a 
method called the “two-minute pause.” 
You don’t have to have the questions yet 

or the clickers. You simply set your phone 
to go off every ten minutes or so through-
out the class. You stop when it goes off—I 
don’t care if you’re in mid-sentence—and 
you tell students that they have two 
minutes to catch up with the person next 
to them and to fix their notes. During this 
two-minute pause, you wander around, 
listen, and answer questions. Honestly, 
your teaching evaluations are going to go 
up 5-10% by just doing that. You’re telling 
students: I’m stopping to listen to you, to 
help you catch up, and to clear things up. 

Then, when you teach this class the 
next time, think about what you could ask 
students during these two-minute pauses. 
Do they know this or that? What mis-
conceptions are coming up? That knowl-
edge will make up the core of the clicker 
questions.

SAY MORE ABOUT WRITING ‘CLICKER 
QUESTIONS’
Writing the clicker questions is the magic 
sauce. Absolutely. With the Peer Instruc-
tion model, I put my knowledge of what 
students tend to struggle with and put it 
into clicker questions. For example, most 
kids have trouble with ‘for loops’ because 
of these four things. So, I try to encapsulate 
that in my questions (see Figure 2). One 
issue I’ve seen is that faculty tend to write 
questions that are too easy. But if it’s a good 

clicker question, only 30-65% of students 
should get it on the first vote. There should 
be something to learn from discussion. But 
you don’t have to do it all by yourself. We’ve 
got a website with a whole range of things 
you can adopt or adapt [6].

Figure 2: Example of a “clicker question”

HOW CAN YOU IMPLEMENT PEER 
INSTRUCTION TO SUPPORT WOMEN 
STUDENTS?
The first time I did Peer Instruction I 
happened to have a postdoc interviewing 
my students for another reason. And some 
women reported that the guys wouldn’t 
talk with them during discussions. I’m like, 
“What have I done?!” 

So first, you MUST assign groups. In a 
lecture hall, that requires that all of your 
seats are numbered so you can assign 
seats. We didn’t, so I got the head of 
UCSD’s educational technology group on 
board, and told him, “I need to have num-
bered seats.” And he did it. Also, really, you 
need to make groups of all women. 100%. 
After the first course, it’s not as important, 

Figure 3: Student groups in a lecture hall setting
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but for the first one, you really do. Another 
thing you can do is pick a set of icons. I 
usually have a triton (for UCSD), a coffee 
cup (for Java), and a bug. Then, have each 
individual in a group pick one. Then every 
day I pick one and say, “All the coffee cups, 
raise your hand. Okay, you all are starting 
discussion today.” It gives authority to that 
person to step up and start the discussion 
when it’s time.

Beth Quinn: Absolutely, using named 
roles empowers those individuals to speak. 
And your TAs, with a little training, can 
help facilitate good communication within 
the teams. They can learn to watch for 
people being closed out and the body 
language that comes with it. 

Final thoughts?
Peer Instruction is absolutely the number 
one recommendation I give to faculty. It’s 
closest to their natural practice. It gets the 
least kickback from students. You can do it 
in a lecture hall. And when you try it, stop 
for a moment and listen during the student 
discussions. They’re talking. All the way 
to the back! I had no idea you could have 
a classroom like that. And guess what? 
They’re learning [7,8]!

Next steps
• �Check out more of the interview with 

Beth Simon on NCWIT’s website [9]. 
• �Learn more about Peer Instruction on 

the website created by Beth Simon and 
her colleagues [6].

• �Explore a full range of collaborative 
learning techniques, like Peer Instruc-
tion, on EngageCSEdu [3,4] and find 
peer-reviewed introductory computer 
science course materials using these 
techniques.  
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High School CS Competitions

T
his is the story of how I became in-
volved in computer science competi-
tions thanks to the perseverance and 

influence of my student, Adabelle Xie. In 
my experience, computer science (CS) stu-
dents should be offered the opportunity to 
compete as it is not always a component 
of a high school classroom. In the typical 
CS classroom, students may compete 
with friends to see who finishes a project 
first or who got the better test score, but 
students are often introverts and are not 
likely to outwardly compare themselves 
to others. This column focuses on compe-
tition outside of the classroom. While not 
every student is motivated by competition, 
it is important to engage students who are 
looking for competition opportunities. 

The story begins with a 9th grade 
student, Adabelle Xie. In 2014, her father 
began contacting me when Adabelle was 
in 8th grade, to help me see how important 
competitions could be in CS education. Ad-
abelle was planning to register for AP CS A 
for her freshman year. It is very rare to have 
a freshman in AP CS A and even less likely 
to have a parent contact me about a stu-
dent who is still in middle school. Through 
several emails, her father convinced me 
that she had enough prior experience to 
be successful in the course. The middle 
schools that feed into Dulaney High School 
in Baltimore County, MD don’t have any 
CS programs, so Adabelle was learning CS 
entirely on her own. She was taking cours-
es online and was a member of the middle 
school robotics team as a programmer. Her 
father, who has a master’s degree in CS, 
began asking me about what opportunities 
there were in high school for her to take 

courses and participate in competitions. 
I had only been teaching CS for a few 
years and wasn’t sure I would be able to 
prepare my students for local or national 
competitions. In hindsight, I realize there 
wasn’t much I would have to do. Once the 
students took my AP CS A course they 
were already qualified. It just took organi-
zation on my part, and participation and 
drive on the students’ part. Adabelle’s 
father bought her a book on programming 
challenges that first sparked her interest 
in competitions. From there, she recruited 
other CS students who were interested in 
competing. Adabelle has a lot of intrinsic 
motivation and is fortunate to have highly 
well educated, supportive parents. She 
is an exceptional student, and there are 
others like her who want to be challenged 
and just need the teacher to provide the 
opportunity.

There are several different opportuni-
ties for students to compete at the local, 
state, and national level. Locally, teach-
ers can run an in-house programming 
competition at their school and my school 
ran an in-house programming competi-
tion in 2016 and 2017. Adabelle wrote the 
problems and hosted the contest through 
the CODECHEF website [2]. The first year, 
the problems were more difficult than the 

students expected. 
Only one student 
completed one prob-
lem successfully. It is 
a challenge for the 
most advanced CS 
student to write eq-
uitable questions for 
anyone who wants to 

compete. I previewed her questions for the 
2017 contest and they were scaffolded so 
that most students in the competition felt 
success with the first one or two questions 
but were challenged by later questions. 
An important part of any competition is 
the prize! In 2016 we had two local gaming 
companies donate money and signed 
copies of games and the school contrib-
uted gift cards as well. In 2017, we opened 
the contest to other Baltimore County high 
schools and had signed copies of Civili-
zation VI as well as a sphero robot for the 
grand prize. As competitive as Adabelle is, 
she derives the same pleasure of winning 
a competition as she does from writing the 
questions and running a competition.

In-house competitions are a small part 
of the local and national CS competitions. 
In central Maryland, there is a county-wide 
competition at the local community college 
(Community College of Baltimore County). 
They accept 10 high school teams of two 
or three students each (no more than two 
teams from each school). There is also a 
college contingent, but they only compete 
against other college teams. I brought two 
teams to the competition in 2016 and 2017. 
The students are able to bring any print or 
text materials but not look up anything on-
line during the competition. One important 

Figure 1: In-House Programming Contest Participants – Adabelle Xie, 
Organizer, on Left
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thing to note is that 
they require a script 
for file input and that 
is not something I 
teach in my course as 
it is not required on 
the AP CS A exam. 
Pair programming is 
an important aspect 
of this competition. 
Each team has one 
computer for two or 
three students and 
they need to be able 
to communicate 
effectively to solve the 
problems quickly. I felt 
this was a challenge 
for them during the first competition they 
attended in 2016 but they spent time after 
school working collaboratively on practice 
problems and their perseverance paid off. 
In 2017 Adabelle and her partner won! 
They were competing against schools from 
Baltimore County and from Baltimore City 
and while there aren’t any prizes, bragging 
rights mean a lot to high-school students. 

The next level of competition is state-
wide. The University of Maryland College 
Park has run a programming competition 
for high school students since 1995. It is 
extremely competitive and the best teams 
in the state participate. A coach is required 
to register the students but does not need 
to physically attend the competition. The 
previous years’ questions are all published 
on their website [3] for students to use to 
prepare for the competition. My students 
placed 12th in their first year (2016) and 
8th in their second (2017). They hope to 
place in the top 5 in 2018.

Another competition that Adabelle 
alerted me to is the American Computer 
Science League [1] which offers in-house 
competitions that are turned in and ranked 
world-wide. You can sign up for a 3- or 
5-person team that means you turn in 
your best 3 or 5 scores but anyone in the 
school can compete in the contest. There 
is a hand-written portion and a program-
ming portion. The cost is $125 for one high 
school division which isn’t prohibitive for 
most schools. There are four tests that 
you take between December and April. 
Adabelle ran study sessions during our 

programming club meetings but it was 
often hard to get enough students to show 
up and prepare. There was material on the 
test that I was not familiar with so I wasn’t 
able to help them with a lot of the prepara-
tions. They do make it easy for teachers to 
grade the test and turn in scores. Towards 
the end of the year the students got too 
busy preparing for AP exams and they 
didn’t finish the last contest. I think it was 
a good experience for them to see how 
they rank nationally and they learned more 
about computer science. 

Many programming teachers do not 
have a background in CS and the tasks 
in the competitions are often difficult for 
even the most skilled programmer. If stu-
dents are highly motivated they can still be 
successful in competitions, they just need 
the teacher to provide them the opportuni-
ties. It didn’t take me much additional time 
to register students or host the in-house 
competition and many opportunities are 
free of cost.

I feel that Adabelle is more qualified 
than I am to give advice to prospective 
students. She suggests the following rec-
ommendations for students to follow. 

• �During the actual competition, it’s not 
about working hard, it’s about working 
smart. For example, reading all of the 
problems beforehand instead of just 
starting the first one. 

• �Write tests for your code to help antici-
pate any possible input. 

• �Learn how to simplify a problem and 
analyze it and learn how to write good 

test cases. These efforts shave off more 
time and increase the number of prob-
lems solved more than just memorizing 
a specific algorithm. 

• �Balance experienced programmers with 
beginners who are interested in com-
petitive programming on your team. 
You want to prepare the team to face 
the really difficult problems you see on 
an average contest but you also want to 
get more people interested in competi-
tive programming in general. 

Having a student who is as involved 
with competitions as Adabelle is helped 
me be a better CS teacher and helped the 
students expand their experience with CS 
outside of the classroom. I was able to see 
a broader impact of computing and stu-
dents were exposed to more rigorous tasks, 
similar to content they will encounter as CS 
majors in college. I encourage teachers to 
seek out local competitions and, in turn, to 
encourage students to participate. Part of 
the problem is not knowing which competi-
tions are available. If you aren’t comfortable 
hosting your own competition, check with 
community colleges and local universities, 
even if they don’t currently host compe-
titions, they may be willing to start. If a 
teacher can identify interested students 
they can reach out to peers that may not 
even be in a current CS course. I know not 
every high school CS teacher has a student 
like Adabelle but there are definitely other 
students like her who want to be chal-
lenged and just need the teacher to provide 
them the opportunity.  
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http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Finroads.acm.org
http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.acsl.org
http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.codechef.com
http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.cs.umd.edu%2FOutreach%2FhsContest.shtml
http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=mailto%3Aalattimore%40bcps.org
http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=23&exitLink=http%3A%2F%2Fwww.cs.umd.edu%2FOutreach%2FhsContest.shtml


MATH COUNTS

24  acm Inroads  2018 June • Vol. 9 • No. 2

OPINION by John P. Dougherty,
Haverford College

IL
LU

S
T

R
A

T
IO

N
: ©

W
W

W
.B

IG
S

TO
C

K
/A

H
A

-S
O

F
T

A Computer Science Educator  
Visits MathFest

I 
was contacted by Karl Schmitt of Valpara-
iso University to consider an adventure 
beyond the world of computer science 

education typically found at SIGCSE. Spe-
cifically, he was hoping we might propose 
a panel at the (then) upcoming MathFest 
2017, held in Chicago. He also invited Pam 
Cutter and Doug Baldwin since we are all 
long-time members of the Math-Thinking 
group that explores how mathematics 
connects with computing education. 
Given that I am always looking for ways to 
identify how math crosses into computing 
(including this column), I thought it novel 
and appealing to try the other direction. 
At the same time, I was slightly concerned 
that we in CS may not be considered equal 
partners with colleagues in math, a concern 
I did not share with my fellow panelists that 
I will explain later in this piece.

So, Karl did the work identifying how 
our ideas would be submitted to the con-
ference, collected statements on the topic 
from each of us and eventually submitted 
the proposal [3]. I was “cautiously optimis-
tic.” Therefore, I was pleasantly surprised 
when I saw the email that the proposal 
was accepted. This conference would be 
my second meeting with a community of 
mathematicians, as I had attended a local 
student math workshop as an undergrad-
uate for Kappa Mu Epsilon. We all thanked 
Karl for spearheading the panel idea and 
made travel arrangements. However, Karl 
was unable to attend the meeting in per-
son. Karl-Dieter Crisman of Gordon College 
(MA) ably led us in Karl’s stead. 

MathFest, I discovered, is one of two 
major conference meeting sponsored by 
the Mathematical Association of America 

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=24&exitLink=http%3A%2F%2FWWW.BIGSTOCK%2FAHA-SOFT
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(MAA). The other is a joint meeting with 
the American Mathematical Society (AMS), 
typically held in the winter. MathFest is 
considered to be the more informal (i.e., 
fun) one as it meets in the summer when 
more mathematicians can attend.

But how many mathematicians would 
be interested enough to attend our session 
given a number of other parallel sessions? 
Our panel was set in a fairly large room and 
very early in the morning on the first day, 
and I feared it would look quite empty if no 
one, or only a few, attendees chose to ven-
ture in. Or perhaps a worse scenario might 
emerge, where many attendees showed up 
and were not impressed by our contribu-
tion, or maybe even hostile to a bunch of 
computer scientists “on their turf.”

Why might I worry about such a situ-
ation? I had a related experience where 
I was one of a small team of about ten 
computer scientists at a non-computer 
science meeting (and not math either). 
We were invited for our perspective, or 
so we thought. It became evident that we 
were only there to provide a sense of due 
diligence for the other scientists in atten-
dance since the workshop was looking at 
how computing might intersect this field, 
and how education in this field might 
need to change. In retrospect, we were 
not respected as a real science on par with 
this other discipline. And this is not only 
my recollection of the experience; I believe 
I am expressing a consensus among the 
group as we would only “sign-off” on 
the result of the meeting if we were able 
to provide our own take on the issues at 
hand. Yes, this really happened, but that 
was many years ago, perhaps computer 
science would be seen differently this time.

The room was about half filled as we 
began the session. We each made a brief 
presentation about how we see mathe-
matics and computer science connecting, 

often how they work in concert to amplify 
each other, especially in terms of edu-
cation. Doug talked about his work with 
the Math-Thinking group and his view of 
computer science and mathematics as 
mutually reinforcing fields. Pam discussed 
her work with discrete mathematics in the 
computer science curriculum. I talked about 
work to use mathematical reasoning in the 
first computer science course to emphasize 
that computing is a rigorous enterprise [1]. 
Doug’s slides provided a nice metaphor 
about how he “sails” between the fields of 
computing and math. I was happy that the 
attendees asked serious questions about 
our perspective. We learned that mathe-
matics educators do not simply think of 
computer science as a collection of tools to 
support math learning alone; rather, they 
also seemed to value computation as a 
means to explore their field. 

Our session was early in the day on the 
initial day of the conference. I was only 
able to attend this first day, so I hustled 
to see as many relevant sessions that I 
could. I recall a neat idea to structure how 
to teach proofs in an advanced mathe-
matics course that I hope to adapt for 
some of our courses. Entitled “Visualizing 
Mathematical Reasoning: A Diagrammatic 
Approach,” [2, p. 22] presenters Rebecca 
Coulson and Alejandro Ginory of Rutgers 
University discussed “proof maps” as a 
way to provide structure to what is often a 
completely new task for college students 
in mathematics (and also in computer 
science). Alejandro demonstrated this visu-
al approach with a simple example (that 
I forget exactly, sorry), but it did resonate 
with me that I can follow up and see if this 
approach might be applied in courses on 
discrete math and even data structures.

A review of the conference abstracts 
[2] finds that topics I often see at SIGCSE 
appear in this math education conference 

as well; namely, “think-pair-share”, guided 
inquiry, and flipped classrooms. However, it 
was more inspiring to witness computing 
concepts appearing as an integral part of 
quite a few of the papers and sessions. 
Examples include, “Computational Math 
Meets Geometry,” a set of posters for “Un-
dergraduate Research Activities in Mathe-
matical and Computational Biology,” and 
even “Coding and GUI Use in the Teaching 
of Undergraduate Numerical Analysis.” [2]

Big data was less of a surprise, as it 
seems statistics and mathematics have 
a substantial contribution to make in this 
field. There were many sessions on this 
topic due to its relevance to mathemat-
ics and is popularity. One paper session 
explicitly states, “... With Big Data being 
interpreted and analyzed in all areas from 
Computer Science, Mathematics, Business, 
Sports and Healthcare ….” [2, p. 36]

The big takeaway for me was that I no 
longer have to fear being underrated by 
other fields. They do not simply need our 
tools; they now appreciate our ideas, our 
experiences and our research as well. I feel 
bad I had to leave the conference so early. 
I would like to attend again and look for 
more ways that we can work with math 
educators.  
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Getting Started with a Program Review

A
s I have talked with faculty over 
the years, the subject of a program 
review is not always met with un-

bounded eagerness and wild enthusiasm. 
Often, many program reviews seem to 
be motivated by an agent external to the 
program.
• �An administrator (e.g., a Provost or 

Dean) may require each program unit 
to undergo a review on a rotating basis, 
perhaps on a 7-10-year cycle.

• �A program may seek certification (or 
re-certification) from an accrediting 
body, such as ABET (e.g., see [1]).

• �An accrediting body for the college or 
university may require regular reviews 
of each program.

• �A governmental body may mandate 
assessment of programs, curricula, stu-
dent outcomes, etc., perhaps to ensure 
that schools are accountable for their 
activities.

Regardless of the motivations, a pro-
gram review usually requires substantial 
faculty time and effort, and some faculty 
may resent the amount of work involved to 
meet external demands.

As a contrast, this column draws upon 
my experience over the years1 to focus on 
internal motivations and initial planning for 
a program review—utilizing the review to 

focus on issues of high priority for program 
faculty. A vital element involves program 
faculty identifying, at an early stage, a 
few (e.g., 3–5) high-priority themes that it 
wants to explore. These internal issues may 
be combined with themes/topics from 
external bodies, but with internal priorities 
in the mix, program faculty can help steer 
the entire process to provide insights that 
they care about.

To frame a discussion, this column 
begins with a brief overview of common 
elements of a program review, and the 
column also provides a context suggesting 
why faculty perspectives might matter. 
With this background, the column raises 
some topics that suggest themes that 
might resonate with faculty—related to 
both the program itself (e.g., curricula and 
pedagogy) and the view of the program 
within the broader university. The conclud-
ing section seeks to tie the various pieces 
together.

Context: A Program Review
Although processes and procedures vary 
among institutions, a program review 
(sometimes called a departmental review) 

provides an opportunity for faculty to 
reflect upon
• �the evolution of a program over the past 

several years, 
• �the current opportunities and challeng-

es for a program, and
• �possible next steps for the program—

including a vision of how the program 
might progress in the next several years.

In some settings, state legislatures, 
accreditation bodies (e.g., ABET [1]), and 
other outside organizations may have 
specific policies and procedures regarding 
program reviews. However, small colleges, 
liberal arts schools, private schools, schools 
offering Bachelor of Arts degrees (rather 
than Bachelor of Science degrees), and 
other institutions often are not bound 
by such legal or program-accreditation 
procedures. Rather, these types of schools 
often follow locally-developed methods, 
sometimes utilizing a one-approach-fits-
all perspective in which all programs are 
subject to the same templates and rules. In 
such environments, a limited faculty may 
need to consider approaches that are time- 
and cost-effective. 

Figure 1: The Faculty-oriented program-review process

1 �As with many senior faculty, I have had considerable 
experience with program reviews—both as a member 
of a department under review (about 5 times during my 
career at Grinnell College) and a member of an external 
review team (I participated in my 41st external review in 
March 2018).  Also, over the years, I have collaborated 
with committees of the Mathematical Association of 
America (MAA) regarding departmental reviews and 
resources, and currently I am a member of the MAA 
Committee on Departmental Review [3].
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Faculty Satisfaction and/or 
Complacency with a Current 
Program
Back in the mid-1990s, the Mathematical 
Association of America (MAA) worked 
to identify common characteristics of 
successful mathematics programs [2]. I 
suspect the MAA hoped that elements of 
outstanding mathematics programs might 
be exported to a range of schools to help 
improve college mathematics generally. 
However, elements of successful programs 
varied substantially—except these faculty 
believed that their programs could always 
be improved. Key findings of [2] were col-
lected in the subsequent MAA Curriculum 
Guide, drafted by the MAA Committee on 
the Undergraduate Program in Mathemat-
ics (CUPM) in January 2003.

Site-visits to ten departments and infor-
mation on a number of others revealed “no 
single key to a successful undergraduate 
program in mathematics.” However, there 
were common features. “What was a bit 
unexpected was the common attitude in 
effective programs that the faculty are 
not satisfied with the current program. 
They are constantly trying innovations and 
looking for improvement.” Also, one of 
the “states of mind that underline faculty 
attitudes in effective programs” is “teach 
for the students one has, not the students 
one wished one had.” 

Building upon this theme of constantly 
trying to improve, a natural question aris-
es—how can faculty design and implement 
improvements in their undergraduate 
programs over the long term? From my 
perspective, the answer includes at least 
three levels.
• �Individual faculty can work to refine 

their own courses.
• �A group of faculty (e.g., within a de-

partment or program) can address a 
collection of courses (e.g., a computing 
major or a track within a major).

• �Faculty can seek insights, alternative 
approaches, and feedback from those 
outside the department or program.

In reviewing these levels, I celebrate 
that individuals and faculty groups can do 
much: they know current circumstances 
well (both successes and challenges); they 
can brainstorm new or refined approach-

es; and they can implement adjustments. 
However, at some point, even insightful 
and dedicated faculty can fall into a rut or 
get burned out. In my experience, periodic 
dialog/collaboration with selected outsid-
ers can be particularly helpful. 

Internal Motivations related 
to Courses, Curricula, and 
Pedagogy
With the findings of the MAA study as a 
context, assume that individual faculty 
members or groups have an ongoing 
interest in improving and refining their 
computing program. Working individually 
or within the group, areas for development 
may be identified, alternative strategies 
considered, and various changes discussed. 
In my experience, individuals or groups 
often may take initiatives to refine course 
specifics or elements of a larger program. 
However, at some point, broad questions or 
high-level concerns naturally surface, often 
involving groups of courses or perhaps an 
entire program. Here are over a dozen of 
the many questions related to courses and 
curricula that might be considered.
• �Outreach: How are we doing in connect-

ing our program with diverse popula-
tions of prospective or current students, 
and how might we improve?

• �Pedagogy: Are courses at all levels 
actively engaging students?

• �Introductory courses: Do the introduc-
tory course(s) connect well with the full 
range of incoming student interests and 
backgrounds?

• �Transitions: How successful are students 
from diverse populations and experi-
ences in transitioning from introductory 
courses to the upper-level curriculum?

• �Software Development: To what extent 
do graduates interested in careers have 
appropriate background in software 
development methodologies and 
experiences? 

• �Computing projects frequently include 
communication and collaboration with 
people with non-computing back-
ground, such as customers, topical 
experts, etc. How well does the program 
support building a mindset of working 
in multidisciplinary teams? 

• �Many computing projects include an 
international perspective, working in 

international teams or creating software 
for international customers: How well 
does the program prepare students to 
work in international settings? 

• �Research Opportunities: Do students, 
possibly interested in research careers 
or graduate school, have sufficient 
options for gaining experience in the 
scholarship of discovery?

• �Environment: To what extent are stu-
dents comfortable with the teaching 
and learning environment within the 
program? 

• �Student Support and Community: Do 
students feel encouraged, included, 
supported, etc.? Do some students 
perceive they do not belong or should 
not be pursuing computing?

• �Facilities: To what extent do the teach-
ing areas (e.g., classrooms, labs, study 
areas) provide appropriate support for 
teaching and learning?

• �Recent changes/refinements: How are 
students responding to recent adjust-
ments in courses and/or the curricu-
lum? Do students understand what has 
changed and why? If student reactions 
vary, are patterns identifiable regarding 
various socio-economic, cultural, and 
gender-related groups? 

• �National and local expectations: To 
what extent does the current program 
meet needs of current students, current 
programmatic goals, current mission 
statements of the school?

• �Disciplinary trends/advancement: How 
are new developments within the com-
puting discipline reflected with courses 
and the overall curriculum?

• �Faculty workloads and program de-
velopment: How are the teaching and 
advising load balanced among faculty 
and how does the program support 
faculty development? Is there a policy 
to circulate courses among faculty to 
support revising teaching and content? 

• �Feedback: What kind of feedback 
mechanisms does the program utilize 
to collect data from different stakehold-
ers—students, teachers, alumni, industry 
and business professionals, etc.? What 
kind of key point indicators are used in 
quality assessment internally? How are 
the collected data analyzed and used to 
revise the program?

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=27&exitLink=http%3A%2F%2Finroads.acm.org
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These questions may or may not have 
priority for a specific program’s faculty, 
but they may suggest a few vital topics 
that make a difference within a program. 
Independent of specifics, the point is that 
faculty likely can identify at least a few 
issues that matter to them. External par-
ties may have worthwhile and important 
questions and perspectives, but a pro-
gram’s faculty also should identify what 
they care about. Perhaps both external 
and internal topics overlap, but faculty 
are advised to ensure that their issues 
are included within whatever an overall 
review involves.

Addressing Questions of  
“Why Me/Us”
In my experience, almost every depart-
ment and program want more faculty, 
staff, facilities, courses, etc. Many faculty 
throughout a school will argue that they 
could offer a stronger program, if only they 
had more people and/or resources, and 
such arguments often can be supported 
with data, examples, proposals for new ac-
tivities, etc. As far as I know, few adminis-
trators (e.g., deans and provosts) receive a 
steady stream of proposals about how pro-
grams would like to maintain or enhance 
educational quality with less staffing, fewer 
facilities, etc. Overall, administrators may 
hear many proposals for more, and many 
(most?) of those proposals may seem to 
be self-serving. 

Within this context, programs may need 
to bolster their arguments for enhanced 
staffing, resources, etc. Since statements 
from faculty throughout the school may 
seem biased and self-promoting, faculty 
and programs may seek outside support—
and a program review can offer such rein-
forcement. Specifically, outside reviewers 
likely have little stake in a school’s decision 
making. Outsiders may be interested in 
supporting their discipline(s), but they will 
not gain personally in expanded staffing 
and funding.

Throughout my career, I have observed 
numerous cases in which a report from an 
outside review team has led to expanded 
program support—even when the team’s 
report largely repeated conclusions from 
a program’s own self-study. Of course, 
expansion does not follow automatical-

ly from an external report, but internal 
discussions may have substantially more 
credibility and impact.

Putting the Pieces Together
A program review may be initiated either 
externally or internally. Most often, in my 
experience, an administration informs 
program faculty that a review is being 
scheduled—perhaps in a year or two. 
However, I know situations in which a 
program faculty itself requests a review, 
either to examine changes over several 
years or to help build a case for expanded 
staffing or resources. 

Planning for program reviews typically 
involves interactions with administrators, 
program faculty, and [sometimes] outside 
organizations, and setting an agenda 
relevant to each group may require nego-
tiation and active involvement. To comple-
ment external motivations and interests, 
however, program faculty also are strongly 
encouraged to identify their own goals and 
concerns.

In these early stages, three obser-
vations may help focus discussion and 
encourage constructive outcomes—with 
somewhat controlled levels of faculty time 
and effort.
• �Focus: Each area of interest within 

a program review will likely require 
significant time and effort. Limiting 
the number of foci of a review to 
3–5 themes may allow targeted data 
collection and analysis which can yield 
constructive results without substantial 
faculty burnout.

• �Limited Data Gathering: All parties 
should limit data collection to man-
ageable sources that clearly address 
specific themes. In several reviews, I 
have been given vast amounts of data 
with the instruction, “make sense of 
this information.” Faculty have devoted 
extensive effort to collecting informa-
tion without consideration as to how it 
relates to their concerns, and the faculty 
are largely burned out after the data 
collection phase.

• �Program Faculty Collaboration: A 
program review provides an oppor-
tunity for faculty to develop common 
understandings, philosophies, and 
insights. Conversations can help clarify 

how courses fit together, what topics 
are covered where, how one course 
can build on others, etc. Typically, 
programs are supported by multiple 
people or groups, so analysis and 
reports by just one or two individuals 
often provide little insight regarding a 
program as a whole.

References [1,3,5] provide many addi-
tional ideas on planning and implementing 
a program review. Throughout, program 
faculty are encouraged to promote their 
own themes and priorities, as part of an 
overall effort!  
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Apps for Everyone: 
Mobile Accessibility 
Learning Modules
By Yasmine N. El-Glaly, Anthony Peruma, Daniel E. Krutz, and J. Scott Hawker,  
Rochester Institute of Technology

Mobile applications (apps) should be accessible to 
everyone, yet many of even the most popular are not. 

To address the lack of accessibility problem, we created a 
set of educational modules. These modules may be used 
to teach students and developers about proper methods 
of creating accessible apps, and on the importance of 
accessibility guidelines. Each module contains a well-
defined accessibility problem, provides details about 
the accessibility issue, and simulates the effects of the 
accessibility barrier. Information is provided on how to fix 
the accessibility issue. Additionally, each module includes 
augmenting educational materials (slides, instructional 
videos, etc.), and example apps. 

Mobile devices consume a substantial portion of digital me-
dia in the U.S. as well as a significant portion of their users’ 
time. Unfortunately, many mobile apps are not fully accessible 
to individuals with disabilities. This is a significant problem 
since one in five Americans have a disability which could affect 
their ability to use a computing device [4]. Hence, it becomes a 
necessity to teach developers how to create accessible software. 
In 2017, ABET, the Accreditation Board for Engineering and 
Technology, updated the definition of Engineering Design to 
include accessibility as one of the criteria to consider in design 
[1]. Pedagogical researchers in computing have examined nu-
merous accessibility and universal access topics in computing 
courses [10,12], and both accessibility advocates and industry 
support teaching accessibility in undergraduate programs as 
well [6,11]. Two vital components are needed to engage en-
gineering students on the topic of accessibility. First, students 
must be engaged in practical real-world applications, such as 
developing an accessible mobile app. Second, students must 
gain an empathy for people with disabilities so that the acces-
sibility guidelines will be meaningful to them. Our Mobile In-
clusive Learning Kit (MILK) modules address these goals with 

real-world examples and an emulation feature designed to al-
low empathy for users with disabilities.
Developers create inaccessible apps for a variety of reasons: 
• �ignorance of accessibility guidelines e.g. WCAG 2.0 

guidelines [13], and Android accessibility guidelines [3], 
• �inadequate technical abilities, and 
• �a lack of understanding of the importance of creating 

accessible software [10]. 

Unfortunately, due to resource constraints, many institutions 
lack the ability to add accessibility-related activities to their cur-
riculum, resulting in a gap in mobile accessibility education [7]. 
The freely available MILK training modules are derived from 
real-world mobile accessibility problems and are systematically 
designed to cover principles that are fundamental in creating 
accessible mobile applications.

Our project has two main learning objectives. 
1. �To inform developers about why they should create 

accessible software. Creating inaccessible software 
has numerous negative ethical, legal and monetary 
implications. For example, Section 508, an amendment to 
the United States Workforce Rehabilitation Act of 1973, 
mandates that all electronic and information technology 
developed, or used by the federal government be accessible 
to people with disabilities [2]. Violating Section 508 can 
lead to filing lawsuits against the software company [8]. 
An initial step in getting developers to create accessible 
software is to show them the importance of creating it.

2. �To inform developers how they can create accessible software. 
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students learn Java in their undergraduate program, it will be 
easy for instructors to adopt the MILK modules in their cours-
es. This set of modules is expected to grow not only from our 
efforts, but from contributions from other external sources. We 
invite other instructors, students, and developers to become in-
volved in the MILK project and not only create new education-
al material, but to enhance existing modules as well.

Although there are numerous resources containing best 
practice information for creating accessible mobile software 
[3,13], to our knowledge our work is the first of its kind in that 
all educational modules 
• �are encapsulated into easily adoptable materials, 
• �include a simulation to the interaction barrier it addresses, 
• �have been reviewed by accessibility experts to ensure 

quality, and 
• �are evaluated to ensure that they meet the intended 

educational objectives. 

The MILK modules are developed for use at any institu-
tion in a variety of courses including mobile computing, hu-
man-computer interaction (HCI), software engineering, and 
usability engineering.

ACTIVITIES
Although our set of activities is growing, we presently have ten 
accessibility exercises ranging from vision to speech-based solu-
tions. The process outline for each activity is shown in Figure 1. 

Figure 1: App Repair Process

Each of the modules contains:
1. �mobile apps which contain well-defined accessibility issues;
2. �documentation on the detrimental effects of the 

accessibility issue and how they can affect people with 
disabilities; and

3. �step-by-step documentation on how to repair the 
accessibility issue, along with instructions and methods to 
demonstrate that the accessibility issue has been repaired.

Each activity begins with providing background information 
on the accessibility issue along with when, why, and how the ac-
cessibility issue occurs. When possible, students are provided 
with real-world examples of the accessibility problem occurring 
in real apps. All activities include at least one app, created spe-
cifically for each module, that contains an example of the acces-
sibility issue. Using the steps outlined in the modules, students 
can recreate and experience the accessibility problem first-hand.

One challenge for the implementation of our modules was 

We would like developers of all experience levels to have 
at least a fundamental understanding of good accessibility 
practices and methods of creating software for everyone.

There were two primary concerns which led us to the creation 
of these modules.
1. �Necessary Skillsets: Instructing students and developers 

how to create accessible software is a difficult task. All 
computing instructors cannot be expected to be experts in 
accessibility and are therefore often not prepared to create 
a robust set of accessibility modules.

2. �Creation Effort: Designing and developing interesting and 
informative accessibility exercises such as ours is not easy, 
frequently requiring substantial amounts of time and other 
resources. Unfortunately, instructors at most institutions 
do not have these luxuries and thus are unable to offer 
robust mobile accessibility exercises in their curriculum.

Our project has several goals.
• �Simplicity of Adoption: Even the most informative modules 

will not see widespread use if they are not easily adoptable. 
Modules must require modest set-up time and should be as 
easy to use as possible. 

• �Applicability: Creating relevant, real-world accessibility 
exercises will not only allow students to learn about 
relevant accessibility issues but will keep them interested in 
the activities due to their real-world nature. 

• �Addressing a Range of Skill Levels: Building accessible apps 
is important for all developers, regardless of experience level. 
While many of the modules are designed to address more 
complicated accessibility challenges, others are created to be 
simple enough for novice students and developers.

Thus far, we have created ten mobile accessibility exercises 
which may be found on our project website [9]. All exercises 
are implemented in Java for the Android platform. As many 

Two vital components are needed  
to engage engineering students on 

the topic of accessibility.  
First, students must be engaged in 

practical real-world applications, such 
as developing an accessible  

mobile app. Second, students must 
gain an empathy for people with 

disabilities so that the accessibility 
guidelines will be meaningful to them.
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directional pad (D-pad) instead of touch. The activity 
addresses another key form accessibility best practice—
automatically focusing on the first field in the form when 
the screen loads.

• �Speech-Based Accessibility (beginner): Through this simple 
activity, developers learn how to associate descriptive text 
with UI elements. 

• �UI Element Sizing & Spacing (beginner): This activity 
involves small, moving buttons to simulate the behavior of a 
user with hand tremors.

• �Video Captions (beginner): One of the accessibility features 
provided by the Android operating system is the ability to 
render captions for videos. Among other settings, users 
can set the default font size and colors of the captions. This 
activity involves associating a pre-created captions file with 
a pre-created video file.

• �Text-to-Speech (intermediate): This activity incorporates 
text-to-speech functionality to provide vision-impaired 
users with speech-based feedback when the user interacts 
with the UI elements or when the app performs an action.

• �Speech Based Accessibility (intermediate): The purpose of 
this activity is to demonstrate that Android’s speech-based 
accessibility features are not limited to only providing static 
text for UI elements that are spoken when touched.

• �Color-Blind Safe Accessibility (intermediate): This activity 
demonstrates the challenge faced by colorblind users using 
a simple game. In this activity, colored circles move across 
the screen, and a colorblind impaired user will not be able 
to differentiate the colors of the circles. An example of this 
activity is shown in Figure 2, and further details are below.

• �Navigation Standards (advanced): Navigating within an app 
can be challenging for users if the developer utilizes a custom 
navigation approach. Android Studio includes a project 
template that provides developers with the ability to build apps 
that utilize a persistent “navigation drawer.” This UI element 
provides developers with the ability to present a standard 
navigation mechanism for users to navigate within the app. 

• �Non-audio Notifications (advanced): Deaf and hard-of-
hearing users are challenged when utilizing apps that have 
pure sound-based notifications. This activity involves the 
use of Android’s vibration and LED API’s to provide alerts 
to the user when a specific action/event occurs in the app.

EXAMPLE MODULE: COLOR-BLINDNESS
Color blindness or color vision deficiency (CVD) is the inability to 
differentiate colors that normal color observers can distinguish. 
There are three types of color blindness—monochromatism (or 
achromatopsia), dichromatism, and anomalous trichromatism. 
Studies show that 8% of Caucasian males, 5% of Asiatic males, 
3% of African-American, and 3% of Native-American males are 
color deficient. The most common form of CVD is the red-green 
color blindness. Color is a pervasive component in Graphical 
User Interfaces (GUIs) and is mainly used to enhance the visual 
appeal of the software and to encode information (red, for in-

how to emulate the experiences of an individual with different 
accessibility needs for a user without these needs. When pos-
sible, example apps contain a ‘toggle’ to allow the average user 
to mimic the experiences of a person with a disability as closely 
as possible while using the app. As an example, to demonstrate 
the experience of a blind user, we will add a black overlay on 
the top of the user interface and will activate the screen reader. 
The screen reader, known as TalkBack on Android devices, is an 
assistive technology that reads aloud the content of the screen 
provided that the contents are accessible. Developers are ex-
pected to implement the accessibility guidelines when creating 
the software so that user interface elements will be accessible 
to the screen reader. For example, if software displays a but-
ton that does not have a description (alternate text), the screen 
reader will recognize the existence of the button but will not 
be able to provide the blind users any details about the pur-
pose of this button. Figure 2 demonstrates alternating what a 
color-blind (deuteranopia) and non-color-blind user would ex-
perience (toggle feature surrounded by red box). The feature is 
designed to not only create empathy for users with disabilities, 
but to demonstrate the importance of creating accessible apps.

Once students experience the accessibility challenge, they are 
provided with steps to repair the accessibility problem, includ-
ing code or structural changes that are required. At the end of 
each module, students attempt to recreate the accessibility issue, 
frequently using the accessibility toggle feature. If they complet-
ed the activity correctly, they should no longer experience this 
accessibility challenge. To verify that the accessibility defect has 
been addressed properly, students can test the app using Google 
Accessibility Scanner [5]. It is a free tool by Google that high-
lights accessibility defects in an app. This will not only demon-
strate that the issue has been properly addressed, but more im-
portantly provide a sense of accomplishment to the student.

Figure 2: Sample App Showing Accessibility Toggle 

The following are some of the existing modules.
• �Keyboard Navigation (beginner): In this activity, developers 

will understand how to ensure that User Interface (UI) 
elements contained in the app can be accessed by a 
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stance, can mean high-priority). If the designer chose a combina-
tion of colors that CVD viewers cannot differentiate, then this in-
terface will not be accessible to a variety of different users. Colors 
should not be the primary means of conveying information. They 
can be used as an additional medium of information, but not the 
only one [13]. An example app is shown in Figure 2.

CONCLUSION
We have created a publicly available set of Android apps designed 
to not only instruct students on how to properly create accessi-
ble apps, but to demonstrate the importance and necessity of 
creating such apps. The modules are designed for easy adoption 
inside a variety of classrooms and are adaptable enough to be 
used in other settings such as outreach events. All activity-relat-
ed material may be found on our project website [9].  
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By Scott R. Portnoff, Downtown Magnets High School, Los Angeles, CA

The Introductory 
Computer 
Programming Course 
is First and Foremost  
a LANGUAGE Course

An fMRI (functional Magnetic Resonance Imaging) study 
published in 2014 established that comprehension of 

computer programs occurs in the same regions of the brain 
that process natural languages—not logic, not math. The 
unexpectedness of this result was primed in part by the 
widespread belief that the language aspects of learning 
how to program are trivial when compared to learning to 
use programming languages for engineering tasks. In fact, 
though, the fMRI data is compelling cognitive evidence for 
the argument that the reason students have been failing 
introductory programming courses in large numbers—for 
decades—is because CS educators have underestimated 
the importance of teaching programming languages as 
languages per se. Despite the availability of this non-
invasive technology for well over two decades, educators 
have neither researched the cognitive complexities of 
how programming languages might be acquired, nor 
tried to seriously understand this process in any degree 
of depth. Consequently, they have failed to consider 
what this evidence now implies: (a) that programming 
languages, despite being artificial languages, are alive in 
the brains of programmers in much the same way as any 
natural language that those programmers speak; and (b) 
that this new information about the cognitive aspects 
of programming languages has profound pedagogic 
implications.

The title of this article—The Introductory Computer Program-
ming Course is First and Foremost a LANGUAGE Course—may 
seem provocative, but the truth is that language instruction is al-
ready a component of the introductory programming course. 
The problem, however, has been the specific pedagogic approach 
for teaching the language aspects of the course—a barebones and 
long-abandoned teaching paradigm for natural languages mod-
eled after a Prescriptive Linguistics1 approach (explicit rule-based 
grammar instruction), rather than one that incorporates principles 
of Second Language Acquisition (SLA)2 Theory (implicit repetitive 
exposure to language data in meaningful contexts). In the 21st cen-
tury, there are virtually no natural language classrooms that utilize 
the Prescriptive Linguistics approach—including those that teach 
Esperanto and Latin—yet this continues to be the universal instruc-
tional model for programming language instruction. Such a mod-
el could only make sense if applying syntactic rules was in fact an 
effective way to learn the grammars of programming languages, a 
belief that has never been corroborated. Indeed, studies in the lit-
erature going back decades overwhelmingly point to the opposite, 
documenting droves of novice programming students unable to 
stop making even the most basic of syntax errors [17].

1 �A Prescriptive grammar is a set of explicit rules for using a language, in most cases 
taught to enforce uniform usage.

2 �Second Language Acquisition is the study of how people learn a second language, i.e., 
how they acquire the capacity to verbally comprehend and communicate fluently in a 
second language.
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cilitates the acquisition of the basic syntactic features necessary 
to avoid compiler errors—an early and stubbornly persistent 
obstacle for many programming students [17], particularly 
those in high school. Acquisition of the much larger semantics 
piece—which can be assessed by the competent and efficient 
application of basic programming concepts—can also be facil-
itated by the addition of implicit repetitive strategies, but the 
process is lengthier and gradual, with a timeline mirroring that 
of natural languages.

Although three pedagogic strategies informed by SLA prin-
ciples and described and published previously are referenced, 
this article focuses on how one might go about teaching an ar-
bitrary language feature within a teaching paradigm that adapts 
principles of a whole-language communicative approach, us-
ing conditional execution as an example. The article concludes 
with a description of a secondary curricular model whose unit/
chapter content structure is informed by principles and objec-
tives that underlie second language instructional strategies—
adapting, but not using, the instructional strategies themselves, 
owing to the fundamental and substantial differences between 
natural and programming languages.

On a personal note, over the ten or so years of teaching 
my introductory (pre-APCS-A) programming course, I have 
employed a variety of curricula and tools: Scratch, Alice, 
cross-curricular problem-solving, Codingbat, Exploring Com-
puter Science, PLTW CSE (CS Principles) and so on. I would be 
hard-pressed to say that I had much success in reaching most 
of my students, let alone the traditional demographic of “high- 
fliers.” Despite the innovative and engaging nature of many of 
these curricula (specifically, the first four), what they all reca-
pitulated was the default explicit language model. Over the last 
several years, though, it has become progressively evident that 
implicit language strategies are pivotal, allowing many more of 
my students access to the curriculum, including clearer concep-
tual learning for the higher achieving ones as well.

This is not to claim that the explicit language model is patent-
ly ineffective—obviously there are talented students who man-
age to become successful programmers (and instructors); how-
ever, I believe they manage to do so despite this type of language 
instruction. My experience has been that an implicit language 
teaching model simply reaches more learners. Both the fMRI 
study and the anecdotal observations of the positive effects of 
implicit SLA-based instructional strategies reported here are 
evidence arguing for an alternative instructional model that 
could potentially have far-reaching outcomes for programming 
curricula and instruction, particularly at the secondary level. 

PART I: 
FMRI EVIDENCE FOR THE CENTRAL 
COGNITIVE ROLE OF LANGUAGE IN 
PROGRAMMING
A research study with mammoth implications for Computer 
Programming education, published in 2014, was by and large 
ignored by the Computer Science education community. Not 

Originally borrowed from foreign language pedagogies used 
prior to the 1960s, the Prescriptive Linguistics model became 
the default, unquestioned, and sole methodology used in class-
es from the earliest days of programming education, even as 
foreign language instruction itself shifted to other much more 
effective implicit methods. The fallout from this history has 
left our students with a conceptual pedagogic gap to bridge 
on their own, with instructors nevertheless expecting them to 
magically solve problems using logic mediated by a language in 
which most struggle to express basic fluency. Even those talent-
ed enough to somehow manage to get their programs to run 
and function properly still compose awkwardly structured pro-
grams well into their first year.3

It might seem counterintuitive that the small syntactic foot-
prints of programming languages, with their relatively simple and 
compact grammars, would translate into a lengthy and involved 
learning process. The specific difficulties in learning a program-
ming language, though, simply differ from those of learning a 
natural second language. The complications stem in large part 
from the very small number of control structures that program-
ming languages employ—although infinitely adaptable, they are 
at the same time semantically broad, diffuse, and ambiguous. 

The pedagogic model I have been developing in my high 
school classroom over the last few years has attempted to 
remedy this situation by utilizing implicit strategies for pro-
gramming language instruction. A key observation that has 
consistently come out of these efforts is the effectiveness of 
memorization, an implicit language learning strategy. Specifi-
cally, memorization of short programs seemingly overnight fa-

Even those talented enough to 
somehow manage to get  

their programs to run and function 
properly still compose awkwardly 

structured programs well into  
their first year. … Ironically, CS 

educators are the last holdouts of a 
language learning strategy  

for our students that we no longer 
even employ for the machines at the 

center of our discipline.

3 �Even computer scientists working on language-related problems (most notably 
Google Translate) have traded explicit rule-based approaches for implicit data/
machine learning algorithms because of the former’s inferior outcomes [19].  Ironically, 
CS educators are the last holdouts of a language learning strategy for our students 
that we no longer even employ for the machines at the center of our discipline.
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(ventral lateral prefrontal cortex). At least for the simple 
code snippets presented, programmers could use existing 
language regions of the brain to understand code without 
requiring more complex mental models to be construct-
ed and manipulated.

Interestingly, even though there was code that involved 
mathematical operations, conditionals, and loop itera-
tion, for these particular tasks, programming had less in 
common with mathematics and more in common with 
language. Mathematical calculations typically take place 
in the intraparietal sulcus, mathematical reasoning in the 
right frontal pole, and logical reasoning in the left frontal 
pole. These areas were not strongly activated in compre-
hending source code. [27]

What is initially remarkable about these findings is that the 
brain appears to process both programming languages and nat-
ural languages in a similar manner, despite their significant dif-
ferences. Per the Chomskyan-Schützenberger hierarchy of for-
mal grammars, programming languages are generally classified 
as Type-2 grammars, which generate what are known as con-
text-free languages. Natural human languages—termed regular 
languages in this hierarchy—are classified as Type-3 grammars, 
a subset of Type-2 grammars. This overlap may be the reason 

dismissed, but ignored, as if it were so peripheral to the think-
ing of CS educators that they could conceive of no place within 
their conceptual framework from where they might even begin 
a discussion about it. “Understanding Understanding Source 
Code with Functional Magnetic Resonance Imaging” reported 
the results of a study led by Prof. Janet Siegmund of the Uni-
versity of Passau (Germany), in collaboration with researchers 
at Carnegie-Mellon University (CMU), Georgia Institute of 
Technology (Georgia Tech) and three research institutions in 
Magdeburg (Germany) [30]. It describes a meticulously craft-
ed and executed series of experiments using fMRI4 to measure 
the brain activity of undergraduate programming students as 
they tried to understand5 what small Java programs did. The 
researchers found strong activations in brain regions that are 
specifically involved in language processing tasks—Brodmann 
Areas 6, 21, 40, 44 and 47 (Table 1).

At the same time, brain regions associated with processing 
math and logic tasks were minimally activated, as Georgia Tech 
Prof. Chris Parnin, the study’s fourth author, summarized.

The team found a clear, distinct activation pattern of five 
brain regions, which are related to language processing, 
working memory, and attention. The programmers in 
the study recruited parts of the brain typically associated 
with language processing and verbal oriented processing 

4 �fMRI (Functional Magnetic Resonance Imaging) is a noninvasive technique that measures precise differences in blood-oxygen levels in the brain—the BOLD (Blood Oxygen Level 
Dependent) contrast effect.  The BOLD effect results from the shifting magnetic properties of the iron atoms present in hemoglobin, depending upon whether the molecule is 
binding oxygen or not.  Neuronal activation is accompanied by an increase in both blood flow and arterial oxygenated (non-magnetic) hemoglobin to the affected brain regions, 
displacing venous blood containing deoxygenated (highly magnetic) hemoglobin.  The non-magnetic oxygenated blood interferes less with the magnetic resonance signal; hence a 
measurable difference can be detected.  There is a lag of 1 to 2 seconds after the triggering event, with the effect peaking at 5 seconds and dissipating at 12 seconds.  When neurons 
continue to be activated due to an ongoing stimulus, the peak broadens to a plateau.  After dissipation, the BOLD signal falls below pre-activation levels (the undershoot effect), 
but eventually rises back to pre-activation levels.

Experimental protocols need to consider various complicating factors.  To accurately associate brain regions with cognitive activity requires longer tasks (1-2 minutes) to generate 
plateaus.  Tasks need to be repeated and measurements averaged out to ensure that a threshold statistical confidence level is attained.  Activation artifacts from motion must 
also be minimized, e.g., the head must be kept still, and subjects must refrain from moving their jaws.  A critical piece is designing control tasks that filter out baseline cognitive 
processes—such as visual processing activations in the study cited above—that have minimal, and ideally no, overlap into the cognitive process(es) of interest.

5 �The researchers distinguished between (a) top-down comprehension, where readers are familiar with a program’s domain and can pull in knowledge about that domain, and 
(b) bottom-up comprehension, where programmers encounter a program cold for the first time and must rely on decoding the program line-by-line. The focus of the study 
was on the latter.
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Support for the assertion that programming language fea-
tures are not just language-like, but actual language came from a 
recent fMRI study which found that even operations appearing 
to resemble those of language will not activate language-pro-
cessing regions. This study sought to answer the question 
“whether natural language provides combinatorial operations 
that are essential to diverse domains of thought.”

We addressed this issue by examining the role of linguis-
tic mechanisms in forging the hierarchical structures of 
algebra. In a 3-T functional MRI experiment, we showed 
that processing of the syntax-like operations of algebra 
does not rely on the neural mechanisms of natural lan-
guage. Our findings indicate that processing the syntax 
of language elicits the known substrate of linguistic com-
petence, whereas algebraic operations recruit bilateral 
parietal brain regions previously implicated in the rep-
resentation of magnitude. This double dissociation argues 
against the view that language provides the structure of 
thought across all cognitive domains. [23]

The second methodology used by the Siegmund study that 
buttresses its reliability is related to a major statistical error af-
fecting the validity of fMRI data analysis reported by Eklund 
et al. two years later [12]. The error resulted from a fallacy in 
the correction for multiple comparisons in the fMRI process. 
Studies that had used any of three common software packages 
for fMRI analysis yielded false-positive rates up to 70%, raising 
concerns about the reliability of the over 40,000 already pub-
lished fMRI studies. The Siegmund researchers were unaffected 
by this error for two reasons: (a) they had used analysis software 
that avoided these problems; and (b) they performed a further 
statistical correction to guard against any false discovery rate. 
Details can be found in the Data Preparation and Analysis Pro-
cedure sections of their paper [30].

Regarding implications, the results of the Siegmund study 
have a direct bearing on what is known as the novice pro-
grammer failure problem. For four decades, the literature has 
documented large numbers of novice programmers failing 
post-secondary introductory programming courses [3,18,33], 
so much so that the problem has been called “one of the seven 
grand challenges of computing education.” [22] Indeed, it might 
be said that the phenomenon is not so much a problem as a 
feature of these courses. It is no exaggeration to say that the 
situation is many times worse at the secondary level, where the 
majority of students steer clear of such classes—2017 enroll-
ments in the AP Computer Science A course were not even 
one-fifth the numbers of those who took AP Calculus [7], it-
self an elite course enrolling less than 10% of all high school 
seniors. Virtually all instructors of introductory programming 
courses have firsthand experience with this “grand challenge,” 
finding themselves both unable to explain how the “high-fli-
ers” in their classes seem to understand programming from the 
get-go, while simultaneously at a loss to provide effective help 
for those who seem to struggle perpetually. CS educators have 

for the brain recognizing the programming language features 
evaluated in the Siegmund study, including loop iteration, as 
language. Because the programs studied were no longer than 20 
lines, not all programming language features were tested (e.g., 
method calls and recursion), and it may be the case that certain 
programming language features will require other mental mod-
els besides language. Nevertheless, it appears safe to assume 
that the basic components of programming language grammars 
are processed cognitively as language.

Long before fMRI was routinely used to map cognitive tasks 
to specific brain regions, the major language processing regions 
of the brain (including the ones implicated in the Siegmund 
study) had already been mapped—identified anatomically in 
postmortem patients with aphasia disorders—injuries to the 
brain that affect expressive/productive and/or receptive/com-
prehension-related aspects of language processing. The confir-
mation and additional detail of these mapped language func-
tions provided later by advances in brain surgery (1950s) and 
fMRI technology (1990s) make these among the most reliably 
known areas of the brain.

Two methodologies used in the Siegmund study vouch for 
the validity of its results. First, the selection of the control task 
used to reduce background activations—in this study, asking 
subjects to identify syntax errors in virtually identical pro-
grams—was tested in pilot experiments along with other can-
didate tasks, and found to be a good compromise between its 
resemblance to, and dissimilarity from, the experimental task 
of trying to understand—make sense of—the program. If ac-
tivations of language regions occurred due to incidental or pe-
destrian aspects of the task, these would factor out when acti-
vations from the control task were subtracted. In the words of 
the research team: 

The most difficult issue in fMRI studies and most other 
studies that evaluate cognitive processes is to select suit-
able material and tasks (that is, source code in our case) 
and devise control tasks that control for brain activation 
elicited by processes that are needed for programming, 
but are not specific for it, such as reading itself. It is im-
perative that source code and tasks without a doubt lead 
participants to use the cognitive process that is the target 
of the evaluation, because otherwise, we cannot be sure 
what we measure (i.e., ensure construct validity). [30]

In a subtraction protocol, the control task acts like a mask 
to filter out activations not specific for the cognitive task one 
wants to isolate. Interestingly, other fMRI protocols have been 
constructed for answering questions beyond the sole mapping 
of cognitive tasks. In one case, to investigate the subtler distinc-
tion of whether syntax is “autonomous” from other features of 
grammar, Moro devised a protocol that could distinguish be-
tween syntactic errors and errors unrelated to syntax. He found 
that specific nets/networks of interacting regions—not mutu-
ally exclusively regions themselves (“pure locationism”)—were 
associated with the different kinds of errors [25].

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=37&exitLink=http%3A%2F%2Finroads.acm.org
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sults show that there are clearly similarities in brain acti-
vations that show that the hypothesis is plausible. [1]

Kästner was, of course, both cautious and modest in his 
claims. CS educators, however, currently operate with no evi-
dence-based cognitive model for how students learn to program. 
When partial models have been invoked, they have generally 
presupposed the involvement of psychological constructs—
such as that “cognitive loads” are lowered with drag-and-drop 
programming interfaces like Scratch or Alice—without having 
done research (i.e., taking experimental measurements) to cor-
roborate such assumptions. Likewise, it has been assumed—
but never demonstrated—that programming concepts and 
skills learned using tools like Scratch or Alice transfer to text-
based languages.6

Given the results of the Siegmund study, however, a cogni-
tive model for how students learn to program can now be built 
on how the language regions of the brain acquire programming 
languages. For instructors, knowing that fluent programmers 
process programming languages like natural languages, peda-
gogies can be crafted to attempt to facilitate this physiologi-
cal outcome. A natural starting point would be an exploration 
of both Second Language Acquisition theory and the implicit 
instructional strategies currently used by foreign language in-
structors. A note of caution—although second language edu-
cators have decades of experience and knowledge about how 
their students learn and the obstacles they encounter, there are 
major differences between natural languages and programming 
languages that make instructional strategies used in the foreign 
language classroom impossible to use (these differences are dis-
cussed below). That said, many of these strategies can be adapt-
ed; that is, there is no reason why the cognitive language goals 
and principles underlying those strategies cannot inform intro-
ductory programming language instruction in valuable ways.

In addition, fMRI technologies may theoretically provide 
a way to cognitively measure whether new (and old) instruc-
tional strategies facilitate the acquisition of programming lan-
guage proficiency. Several recent studies support a model for 
learning second languages in which brain organization chang-
es/evolves over time. Moderately proficient language learners 
at first recruit anomalous regions of the brain not ordinarily 
used to routinely process language. In contrast, highly pro-
ficient second language learners utilize the same regions for 
both native languages and second languages [8,15,35]. A very 
recent study that investigated the distinct neuronal activations 
differentiating code review, prose review, and code compre-
hension tasks also found a similar pattern—that the brains of 
participants with greater programming expertise treated pro-
gramming languages more like natural languages [13]. Should 
further research confirm such patterns for programming lan-
guage learners, we should be able to not just demonstrate that 

long blamed student failure on a lack of talent or work-ethic, 
despite the decades-long inability of researchers to pinpoint the 
involvement of such traits, or the inconsistent and inconvenient 
fact that their failing students may excel in other subjects. Only 
rarely have instructors considered the possibility that the fault 
may lie with their own instruction.

Siegmund’s team, however, recognized the pertinence of 
their findings to this long-standing problem.

…our research will have a broad impact on education, so 
that training beginning programmers can be improved 
considerably. Despite intensive research (e.g., Technical 
Symposium on Computer Science Education, Innova-
tion and Technology in Computer Science Education), 
it is still rather unclear how and why students struggle 
with learning programming. With a detailed understand-
ing of the cognitive processes that underlie a developers’ 
every-day task, we might find the right recipe to teach 
any student to become an excellent software developer 
(e.g., by including training language skills, since our study 
showed a close relationship to language processing). [31]

PART II:  
IMPLICIT LANGUAGE LEARNING STRATEGIES

Beginning in 2013, I began to alter instruction in my intro-
ductory (pre-APCS-A) programming course by requiring my 
inner-city high school freshman to memorize short programs 
and program fragments. What I observed is that they stopped 
making syntax errors seemingly overnight. This also resulted in 
an upswing in overall motivation in all students, but particu-
larly in the ones who typically would have failed to learn much 
of anything at all. This phenomenon is anecdotal, but dramatic 
and unmistakable, and has been consistent year after year. This 
instructional strategy can be understood within a theoretical 
context of implicit language acquisition (discussed below).

I therefore offer the conjecture that the cause of the per-
sistent novice programmer problem is not some mysterious 
defect in our students, but rather a gaping defect in the ped-
agogic model, one that has discounted the importance of lan-
guage acquisition issues. No one would expect algebra students 
who lacked foundational mathematics skills to be able to solve 
simultaneous equations. It is equally as ludicrous to expect stu-
dents who have trouble acquiring basic literacy in a program-
ming language to be able to compose programs whose logic is 
mediated by that same language. The corollary is that a pedago-
gy that can devise effective language acquisition strategies while 
accounting for the peculiarities of an artificial language should 
allow the clear majority of students the possibility of becoming 
proficient programmers.

CMU Professor Christian Kästner, the Siegmund study’s 
second author, stated in an interview:

There is no clear evidence that learning a programming 
language is like learning a foreign language, but our re-

6 �“It [computing] won’t make you better at something unless that something is 
explicitly taught, said Mark Guzdial, a professor in the School of Interactive Computing 
at Georgia Tech who studies computing in education. ‘You can’t prove a negative,’ he 
said, but in decades of research no one has found that skills automatically transfer.” [26]
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spread agreement among SLA theorists that second languages 
are learned implicitly as well, the age of the learner notwith-
standing.7 The role of explicit grammar instruction in foreign 
language instruction is supplemental: (a) as reinforcement for 
implicit learning; (b) to help second language learners correct 
language features that were imperfectly learned; and (c) as an 
aid to improve literacy. Exclusively explicit foreign language 
teaching models, indistinguishable from those CS educators 
currently use, were abandoned over three decades ago, with 
implicit communicative and immersive learning taking their 
place. A considerable amount of evidence has also accumulated 
showing that implicit language instruction results in conscious 
linguistic knowledge in addition to automaticity [14].

Human language is an innate, highly specific cognitive abil-
ity quite distinct from general intelligence. Evidence support-
ing this view includes (as already mentioned) brain localization 
of language processing; pathologies and genetic disorders that 
specifically target language without affecting general intelli-
gence; and the opposite—severe retardation that leaves linguis-
tic abilities intact; and an optimal age-related developmental 
window after which language learning becomes more effortful 
and difficult. As such, languages are said to be acquired, not 
learned [16].

The difficulty with trying to adapt communicative instruc-
tional approaches for programming languages is that, because 
they exist solely in written form—i.e., they are unspoken—there 
are no communities of speakers to interact with. As such, mech-
anisms comparable to those for acquiring natural languages sim-
ply do not exist. How then do those students who become profi-
cient programmers manage to acquire programming languages, 

novice programmers increasingly utilize brain regions classi-
cally associated with language as they become more proficient, 
but also be able to use that model to assess the effectiveness of 
instructional strategies. 

A cognitive model that emphasizes language acquisition 
would thus have great explanatory potential, allowing research-
ers to make and test predictions. Such a model does, howev-
er, come with several significant challenges. The least difficult 
of these are scheduling changes, specifically lengthening the 
amount of time allotted to students to become proficient in the 
use of a programming language. The reason is simple enough—
it is unrealistic to expect significant competence in any lan-
guage after a single college semester or year-long high school 
course. An obvious corollary would be to teach one language 
and one language only until proficiency is acquired (2-3 years 
in high school, 1-2 years in college). The not uncommon prac-
tice of switching programming languages every semester makes 
about as much sense as a program of instruction that mandates 
one semester of French, followed by a semester of German, 
then a semester of Russian. Indeed, the designer of such a cur-
riculum would be sacked for the obvious—that it is impossible 
for students to acquire even bare competence in any of these 
languages in such a short period. The fact is, subsequent lan-
guages are easier to learn having first gone through the process 
of comprehensively learning a single second language. The case 
is even stronger for programming languages— because they 
all implement the same set of control and data mechanisms in 
very similar ways, the task of learning a second programming 
language for those with in-depth knowledge of a first program-
ming language is more like learning a dialect than an entirely 
new language.

A much more challenging matter is unearthing the kinds 
of learning conditions and implicit instructional practices that 
might facilitate the process by which programming languages 
are better acquired. In fact, a working definition of such ped-
agogies would be those that facilitate programming languages 
taking up physical residence in the language processing regions 
of a novice programmer’s brain. In addition to this physiolog-
ical metric, such strategies should also facilitate performance 
metrics like fluency/automaticity.

The current Prescriptive Linguistics model of programming 
language instruction generally proceeds as follows: (a) the in-
structor explains the syntactic/grammatical rules associated 
with data and control structures; (b) she works through ex-
amples that demonstrate language usage; and (c) she provides 
students practice via problem-solving exercises. However, this 
explicit instructional model is not one that has been found to 
help most learners acquire and become proficient users of a 
second language.

Learning one’s primary/native language—whether spoken 
or signed—occurs implicitly (passively, subconsciously, auto-
matically) through repetitive exposure to language data and 
meaningful interaction with other speakers. It does not occur 
through the explicit (conscious, active, intentional) inculca-
tion of and practice in applying linguistic rules. There is wide-

7 �For second languages, “early word and grammar learning relies on declarative memory 
(and more explicit processes), but that grammar later relies on procedural memory 
(and more implicit processes).” [32]

An obvious corollary would be 
to teach one language and one 
language only until proficiency 

is acquired ... The not uncommon 
practice of switching programming 
languages every semester makes 
about as much sense as a program 
of instruction that mandates one 
semester of French, followed by 

a semester of German, then a 
semester of Russian.
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about one year, currently more time than the CS introductory 
instructional model provides. Implicit learning strategies have 
for three decades been the most effective and efficient ways to 
facilitate the acquisition of both receptive and expressive fluen-
cy and automaticity in second languages, and there is much that 
programming instructors can learn and adapt from foreign lan-
guage teaching goals and principles. Indeed, models of instruc-
tion that fail to give sufficient import to the central cognitive 
role that language plays for students of programming languages 
should be considered intellectually suspect. Although a peda-
gogic model that adds early implicit language instruction would 
be a partial shift in instructional paradigms, requiring a bit of 
rethinking as to how we teach the subject, it is not particularly 
complicated to implement. Such a model would, however, defy 
CS educators to jettison long-held, but ultimately unfounded 
assumptions about how their students may learn—and how 
they themselves might have learned—to become proficient us-
ers of a programming language. 

PART III:  
CS INSTRUCTION AT THE SECONDARY LEVEL
Although adding implicit language instruction may increase and 
widen access to the introductory postsecondary programming 
curriculum, the greatest potential for progress lies at the sec-
ondary level, where, aside from elite school settings, CS educa-
tion has been an ongoing and futile cycle of implementing—and 
then discarding—one ineffective curriculum after another. The 
failure has been due to the near exclusive focus of innovation on 
the content side of curriculum, with little thought given to how 
methodologies can effectively deliver that content. While the po-
tential of a curriculum’s content to generate interest is vital, if 
that content cannot be delivered in a way that will impart self-ef-
ficacy—a student’s confidence in her ability to compose novel 
working programs on her own—no amount of interest will suf-
fice to convince her to continue study in the field. 

Since Sputnik, secondary education has offered an increasing 
number of college-level courses in math and science as a way to 
jump-start study of those fields before college. In recent years, 
and with goals similar in spirit to the social efficiency education 
movement of the first half of the 20th century, the CISE Director-
ate in the National Science Foundation (NSF) has promoted the 
idea that high school CS education is both a bridge to the study of 
CS in college and a critical part of a pipeline for ultimately filling a 
huge number of domestic computing job vacancies.

seemingly without great difficulty? However it occurs, an SLA-
based cognitive model would predict—because repetitive ex-
posure and meaningful interaction appear to be the sole route 
by which natural languages are acquired—that these principles 
must somehow operate in how these students learn as well.

One example that corroborates the effectiveness of implic-
it language instruction is the memorization teaching strategy 
mentioned earlier. Note that in employing this strategy, the only 
direction given students is that they memorize the material 
perfectly—they are given no overt instruction for how to form 
syntactically correct statements. Nevertheless, the result is that 
students become able to compose programs without the kind of 
syntax errors that lead to compiler errors, the earliest obstacle 
reported for novice programmers [17]. The following is a possi-
ble mechanism. To memorize a program or program fragment 
perfectly, students must employ numerous cycles of (a) reading 
the material and (b) writing it out without looking. This process 
bombards their brains repeatedly with idealized language data. 
As with natural languages, the brain subconsciously generaliz-
es from the patterns in the data and implicitly constructs the 
syntactic rules (the grammar) for the programming language 
[28]. Those who would dispute this kind of implicit mechanism 
would need to explain how memorization subsequently allows 
students to (a) compose new programs with syntactically cor-
rect sequences of programming statements, as well as (b) iden-
tify syntax errors in novel programs.

It is important to note that it is not at all being claimed that 
other pedagogies used in programming education should be 
abandoned—although the literature for the past four decades 
has not revealed any instructional strategies to have made a 
dent in the novice programmer failure problem. Rather I hope 
to encourage others to modify the programming language 
course to initially use implicit pedagogies focusing on language 
in order to lay a linguistic foundation on top of which tradition-
al pedagogies that focus on logic and problem-solving can sub-
sequently take root. I myself limit the use of most SLA-based 
instructional strategies to the first year—the introductory (pre-
APCS-A) programming course. Students who continue in the 
subsequent APCS-A course, although far from being fluent 
programmers, have acquired enough of a comfort level with 
Java that traditional strategies can be used—with the caveat 
that my problem-solving philosophy is informed by an SLA-
based teaching framework, as described in Part V.

The Siegmund study unambiguously documented the first 
neurocognitive evidence pertinent to CS programming educa-
tion. Although the results should have precipitated a frenzy of 
ongoing discussion and inquiry, they were instead met with a 
blip of interest that quickly dissipated. A few follow-up studies 
by other researchers are only now beginning to trickle in, but 
crucially, there has been no effect on CS education. CS educa-
tional pedagogy has from the start been modeled after mathe-
matics instruction, with a primary focus on problem-solving. 
What has been ignored, however, is that learners must first ac-
quire basic proficiency in the programming language that medi-
ates the logic required for problem-solving, a process that takes 

The Siegmund study  
unambiguously documented  

the first neurocognitive  
evidence pertinent to  

CS programming education.
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sight, CSTA’s five-strand framework, an abrupt break from the 
young organization’s past positions, can be seen as an apologet-
ic—a rationale/justification for giving up on the goal of rigorous 
programming instruction at the secondary level because of the 
massive failure of educators to effectively teach programming 
to the vast majority of high school students.9 

As a replacement, CSTA has instead promoted two second-
ary survey courses, Exploring Computer Science (ECS) and 
AP Computer Science Principles (AP CSP), whose contents 
conform to CSTA’s new, but questionable, framework. From 
the start, the rationale for both courses has been to “broaden 
participation in Computer Science.” The two courses, however, 
have been designed to merely expose students to their content 
and stimulate interest, as opposed to delivering substantial and 
measurable skills that will vertically prepare students for sub-
sequent programming study, the way an Algebra 1 course lays 
a conceptual foundation that prepares students for the Algebra 
2 course. This is a direct consequence of the nature of survey 
courses, which place emphasis on coverage at the expense of 
depth. However, it’s unclear that the contents of these courses 
have much value, in practice resembling not so much a carefully 
designed sequence of fundamental concepts (as they claim) as 
a smorgasbord of unrelated topics that can be replaced in the 
event they prove too difficult for students to learn. In contrast, 
a survey course might better reflect the field through an over-
view of the most important contemporary developments in the 
subfields of Computer Science—Artificial Intelligence, Robot-
ics, Machine Learning, Big Data—emphasizing in particular 
their real-world applications. Such a course might also include 
important engineering and cross-disciplinary applications, in 
areas like DNA Sequencing and Analysis (Bioinformatics), Mo-
lecular Modeling, Routing, Astronomy, Linguistics, Journalism 
and Art. Although in my view this would give students a more 
realistic and engaging look at the field, it’s impossible to really 
cover these topics in anything other than a very simplistic way if 
students have no appreciable programming proficiency.10 

There is also a substantial pedagogic problem with both ECS 
and AP CSP, in that no level of excitement or interest will con-
vince students to continue study in any subject if they don’t also 
have an authentic sense of self-efficacy, a confidence in their 
ability to correctly apply concepts and skills studied to similar, 
but novel, situations. Because the courses treat programming 
as only one of many topics, they unfortunately do as little to 
prepare students for a subsequent programming course as an 
introductory course on French culture and literature in transla-
tion would for students following up with a second year French 

The APCS-A course in fact fits these goals—longitudinal 
studies completed by the College Board in the past decade have 
confirmed the course’s effectiveness as a bridge to CS study in 
college [21,24]. There have, however, been long-standing prob-
lems that continue to limit the course’s influence. APCS-A may 
be the equivalent of a one-semester introductory college lev-
el class, but at the secondary level it plays out in practice as 
a highly accelerated programming curriculum, even over the 
course of an entire year. To complicate matters, the course has 
no programmming prerequisite, attributable in part to the lack 
of standardization of secondary programming curricula—aside 
from the APCS-A course itself. Both factors have made it a 
poor entry point for the vast majority of students, inequitably 
skewing its demographics towards a subset of the most aca-
demically talented, and ensuring low overall enrollment num-
bers.8 Notwithstanding, it is, however, an appropriate second 
year programming language course for those who have taken 
and passed a rigorous introductory pre-AP programming class.

As such, the need has always been for an introductory pro-
gramming course that aligns vertically with APCS-A, and that 
utilizes instructional strategies that can credibly prepare stu-
dents for that next course. Although this may seem unremark-
ably obvious, an alternate narrative that has emerged during 
the past decade at the secondary level actively downplays the 
importance of learning to program. Deemed as a corrective to 
the “programming-centric” focus of the APCS-A course, the 
Computer Science Teachers Association (CSTA) codified a 
framework of five co-equal strands. This new scheme, however, 
has its problems. Programming (subsumed in a strand called 
Computer Practice and Programming) was unconvincingly 
separated from Computational Thinking (algorithms, abstrac-
tion, and the like) [10], with the result that some secondary cur-
ricula (e.g., Exploring Computer Science) attempt to teach algo-
rithms, such as sorting, before students have learned anything 
about data structures or programming, leading one to question 
not only the superficial level of rigor of such instruction, but 
the point of presenting such material at all when it is devoid of 
meaningful contexts. Moreover, a strand called Collaboration 
implausibly occupies a space just as important to the study of 
CS as each of the other four strands. In a mathematics con-
text, this would be the equivalent of arguing that group work—a 
teaching strategy—is a learning objective equally as vital as the 
content of any major topic in the Algebra 1 curriculum.

This scheme was promoted despite the broad postsecond-
ary consensus that programming be the first topic of study in a 
college CS curriculum because of its role as the core skill fun-
damental to the entire discipline, crucial for understanding and 
plumbing topics—particularly algorithms—in virtually all sub-
sequent coursework on anything beyond a trivial level. In hind- 9 �For a fuller and more detailed critique of the CSTA framework, see Appendices B and 

C of reference [28].
10 �In practical terms, what these courses do is eerily reminiscent of the mathematics track 

system of previous decades in which college-bound students took a math sequence 
culminating in calculus and pre-calculus, while students not bound for college took 
a general mathematics sequence terminating with pre-algebra.  In this parallel 
incarnation for secondary CS instruction, one tier (APCS-A) teaches programming 
while the other (AP CSP and ECS) doesn’t, with obvious implications for students’ 
college readiness should they undertake subsequent CS study.  Ironically, these survey 
courses simply recapitulate the very inequities they were intended to eliminate [28].

8 �Interestingly, it has been assumed that the demographic inequities are skewed only 
against females and traditionally underrepresented minorities in favor of white and 
Asian males.  However, when one considers the very low enrollment numbers, a more 
nuanced—and probably more accurate—view is that the white and Asian males in CS 
courses are a subpopulation, and that the majority of white and Asian males similarly 
fail to participate.

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=41&exitLink=http%3A%2F%2Finroads.acm.org
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tral place of programming in the secondary CS curriculum. Note 
that the confusion introduced by these courses could only take 
root within a secondary teacher workforce whose subject-matter 
competency is rarely higher than the coursework found in a first-
year CS college-level program—and most often not even that. 
Even were consensus on the primacy of programming to be rees-
tablished, proven pedagogies for effective programming language 
instruction—ones that can ensure that grade-level students can 
make progress in acquiring programming skills and concepts—
remain non-existent. This pedagogic deficiency completes the vi-
cious circle, because whatever teaching techniques and strategies 
CS credentialing programs might train prospective teachers in 
would be purely speculative.

In my experience, implicit language instruction appears to 
be a—if not the—crucial missing piece of programming lan-
guage pedagogy, and I hope to encourage researchers to inves-
tigate this approach. At the same time, should this prove to be 
the “magic bullet,” I would remind instructors that acquiring 
proficiency in the use of a second language is a lengthy and 
gradual process. Utilizing such instruction should produce 
noticeable and ongoing improvements, but it will not make 
all students programming wizards overnight. What I witness 
in my classes, though, is that implicit language instruction, 
contrary to the traditional Prescriptive Linguistics model, 
provides the scaffolding necessary for grade-level novice pro-
grammers—particularly those who are prone to struggle—to 
progress and learn.

PART IV:  
CHOOSING WHICH LANGUAGE FEATURES TO 
TEACH
Because the syntactic footprints of programming languages are 
small, it may seem that learning to use them should be uncom-
plicated and obvious. In my experience, though, only a pro-
gramming language’s basic syntactic features, the ones whose 
errors obstruct compilation, are easily imparted—using the 
memorization strategy discussed earlier. It takes a much longer 
time to acquire the semantics of a programming language—the 
knowledge that enables one to write efficient, concise, and clear 
programs. Generally, such proficiency takes a minimum of two 
years for the most talented students. The difficulties can be 
attributed to a handful of characteristics peculiar to program-

language class, thereby postponing the many difficulties that 
they will invariably encounter as novice programmers. The two 
courses have certainly demonstrated that they can broaden par-
ticipation, but that participation comes at the cost of academic 
rigor and preparedness, exchanging these for a watered-down 
version of CS of questionable utility and relevance.11 

An introductory pre-APCS-A programming course, the first 
of a two-year programming sequence that culminates in an ad-
vanced version of APCS-A, has in fact been taught for years 
at the highly selective magnet Thomas Jefferson High School 
of Science and Technology (TJHSST), where freshmen with no 
programming background take the Foundations of Computer 
Science pre-APCS A programming course (“classes & objects, 
loops, if, arrays, files, graphics”) and in their sophomore year 
take APCS plus Data Structures. Note that although these 
freshmen are highly gifted students conforming to the tradi-
tionally inequitable demographic, their instructors have made 
the judgment that they still require the benefit of a pre-AP 
programming course to maximize success in APCS-A. The 
problem remains that, were such a pre-APCS-A programming 
course to be implemented in less elite educational settings, in-
structors and students would—again—run up against the nov-
ice programmer failure problem because of inadequate peda-
gogic strategies.

There are also political and structural considerations. Al-
though a host of groups and organizations, such as ACM and 
Code.org Advocacy Coalition, have argued that CS should be 
included in the K–12 core curriculum, state boards of education 
have not been convinced. Part of the problem stems from the 
boards themselves, which have failed to create CS credentials,12 
resulting in an absence of credentialing programs and a dearth of 
9–12 subject-matter competent instructors (i.e., those possessing 
a B.S. in the field or the equivalent, as has been the norm in coun-
tries such as Israel13). As such, most public schools still rely on in-
structors with minimal knowledge of the subject. There are also 
curricular challenges. The content of secondary CS courses varies 
enormously, a problem exacerbated by the new survey courses, 
which have also fractured the long-held consensus about the cen-

11 �As survey courses that contain some very simplistic programming units, ECS and AP CSP 
can only claim to give its participants a superficial exposure to programming concepts.  
Although, to their credit, some versions of AP CSP (e.g., Beauty and Joy of Computing) 
do focus almost exclusively on programming competence, these curricula make no 
substantial inroads into solving the novice programmer failure problem, carrying on the 
long secondary educational tradition of ineffective programming instruction.

12 �In 2016, California’s CTC (Commission on Teacher Credentialing) created a CS 
supplemental authorization, but not a full CS credential that would have weight 
comparable to, say, a Math or Science credential.  The authorization requires separate 
courses in five “content areas”: Computer Programming; Data Structures and 
Algorithms; Digital Devices, Systems and Networks; Software Design; and Impacts 
of Computing (which can be counted if covered in courses from the first four areas).  
Although this is a significant improvement, it still falls far short of the range of topics 
that an undergraduate would study for a CS major [5].

13 �The importance of setting the minimum content knowledge for a secondary CS 
instructor to the equivalent of an undergraduate major in the field cannot be 
emphasized enough.  Those who simply know the basics of programming are missing 
not only experience in designing mid-size to large software applications, but crucial 
knowledge about the ways that CS can be applied to a host of problems in subfields 
within CS proper, as well as in disciplines across the academic spectrum.  Both impact 
not only a teacher’s ability to make course content relevant to her students, but her 
ability to imagine and design instructional material that can illustrate the vast cross-
curricular reach of CS.

In my experience, implicit language 
instruction appears to be a—if 

not the—crucial missing piece of 
programming language pedagogy, 

and I hope to encourage researchers 
to investigate this approach.
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by which the values of arguments in a method call 
are passed to the parameters of a method definition. 
An intermediate or underlying form of the method 
heading (not existing in the grammar) that shows the 
explicit assignment of argument values to parameters 
(analogous to transformations in the original Chomskyan 
Transformational Grammar model) better explains this 
mechanism, making it visible and concrete.14 Similarly, the 
for-loop is an abbreviated notation for repeating (however 
many times) the statements in its body. Explicitly writing 
out these repetitions helps to elucidate how the three parts 
of a for-loop operate when students first begin to work with 
this abbreviated control structure.

3. �Ongoing exposure: optimally solving a paradigmatic 
problem repeatedly to better cement it in memory as an 
archetypal solution.

Many curricula will begin the topic of conditional execu-
tion by presenting three patterns of if/else statements that (a) 
have varying degrees of mutual exclusivity and (b) a different 
number of branches that can be theoretically executed. These 
two properties are logically implicit in the syntactic structure of 
each pattern (Tables 2A, 2B, 2C).15 

Typically, a few examples and counterexamples to illustrate 
these patterns may be given (Tables 3A, 3B, 3C).  Note the logical 
error in the counterexample of Table 3A—the implication is that 
the error is structural, attributable to the cascading if-statements. 
However, the error can be corrected by simply reversing the or-
der of the first four if statements (Table 4A). Interestingly, the 
error will be reintroduced should one supplement this fix with 
if-else statements (Table 4B). When the cascading if-statement 
pattern is placed inside a method—an environmental change—
the Table 3A error can also be fixed if each branch returns the 

ming languages. First, the control structures of programming 
languages—primarily conditional execution and iteration—are 
semantically broad and diffuse. One narrows meaning—i.e., 
performs tasks with specific accuracy—by arranging control 
structures in specific sequences, and most often in combina-
tions with specific variables and/or data structures. Second, 
structured programming languages employ user-defined meth-
ods (with and without parameters), which add a third dimen-
sion of hierarchy overlaying the main body of sequential state-
ments. Hierarchy such as this has no counterpart in natural 
languages, which are strictly sequential. Third, programming 
languages make use of nested syntactic blocks, a form of com-
plex recursion (in this case center-embedding) that is theoreti-
cally possible in natural languages, but which in practice is all 
but impossible for people to process and understand. Fourth, 
as previously mentioned, the semantics of natural languages 
are acquired by interacting with native speakers. Programming 
languages are unspoken—hence there are no communities of 
“speakers” with which to interact. This last point is probably 
the most significant obstacle for educators who would like to 
adapt contemporary foreign language teaching techniques for 
programming language instruction.

How, therefore, would one go about constructing effective 
instructional strategies within the context of an implicit lan-
guage-teaching approach, and what would they look like? This 
section will, as an example, discuss factors for deciding how 
to modify the teaching of an early introductory programming 
topic—conditional execution. For those interested in strat-
egies for teaching the semantics of other language features, 
three that have been described previously [28] are listed here. 
1. �Setting components in relief: focusing on specific features 

and using them in different contexts or environments to 
highlight distinctions in meaning. Although like Variation 
Theory [20], the key difference is that learning in a 
linguistic model is implicit. This strategy also includes the 
use of counterexamples.

2. �Transformations: underlying or expanded intermediate 
syntactic forms posited or invented to explain abbreviated 
syntactic features of programming languages whose 
mechanisms of operation are implied. For example, 
students are often confused about the mechanism 

14 �Consider a method definition Polygon getPolygon (int nSides) and its corresponding 
method call getPolygon (6). One can posit an intermediate/underlying form linking 
the two statements:  
    Polygon getPolygon (int nSides = 6). To turn this into an exercise that students can 
compile and run, the assignment statement within the parentheses of this invented 
underlying method heading can be moved down (or demoted) to the method body, 
appearing as the more familiar declaration of a local initialized variable. Note that this 
strategy also clarifies how parameters behave like local variables [28].

15 �The examples in Tables 2 and 3 are taken from Chapter 4 of Building Java Programs 
[29].
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com website. A method containing a nested if-else within an 
outer else statement (Table 6A) can be rewritten using an equiv-
alent non-nested (i.e., flat) three-part if—else-if—else structure 
(Table 6B). These can be collapsed to a single if-statement, a 
compound Boolean expression, and two return statements  
(Table 6C). The most compact version uses a single return state-
ment and this same compound Boolean expression (Table 6D).

One can go on and on. The point is that the complexities 
of if-else structures arise because their correct functioning is 
dependent upon the interaction of logic, syntax and environ-
ment (e.g., inside a method). More specifically, program logic 
is distributed among two layers—the syntax layer that governs 
structural aspects of mutual exclusivity and flow of control, and 
the content layer that uses Boolean expressions to mediate the 
program’s specific logic. What should be clear to any instructor 
who thinks about pedagogic issues is that this kind of discus-
sion cries out for simplification and scaffolding. The alternative 
is to cause unnecessary confusion for students.

As it happens, all if-else statements—except for those that 
modify the value of the determining condition variable itself16 — 
can be rewritten as cascading if-statements. As an example, Ta-

letter grade (Table 4C); note that this is an alternate mechanism 
for enforcing mutual exclusivity. The error, however, will not be 
corrected in a method that maintains the grade variable, with a 
single return statement at the method’s end (Table 4D).

Unfortunately, the fixes in Tables 4A and 4C are themselves 
counterexamples, because from a maintenance perspective, 
a design independent of statement order is preferable to one 
where a change in the order will introduce logical errors. Note 
that the examples in Tables 5A and 5B provide this exact fix—
they enforce mutual exclusivity through Boolean logic alone by 
using non-overlapping conditions that cover all possible cases, 
rendering the order of the if statements inconsequential. Pro-
grammed in this manner, it doesn’t matter which of the three 
patterns from Table 2 is used—any mutual exclusivity contrib-
uted by the syntax layer will be redundant/superfluous.

Although the logical implications regarding the examples 
in Tables 2–5 may appear obvious to experienced program-
mers, they are described here in detail so that one might better 
appreciate how complex and daunting the possibilities might 
appear to be students who must juggle this information when 
encountering such ideas for the first time. Consequently, one 
might begin to wonder what is gained by including if-else 
statements in an initial discussion of conditional execution.

To exacerbate this conceptual overload, consider the com-
plexity were one to now add a discussion of nesting and com-
pound Boolean expressions comprised of independent condi-
tions. As an example, Tables 6A-6D show possible solutions to 
the very first problem in the Warmup section of the codingbat.

16 �When toggling a boolean condition variable: 

if (pass) { pass = false; }	 if (pass) { pass = false; } 
else { pass = true; },	 if (!pass) { pass = true; }
the cascading-if “equivalent” would be :	 which always sets pass to true.

In such cases, one can opt for a toggle statement: pass = !pass. Note, however, 
that such examples can demonstrate the structural necessity of if/else mutual 
exclusivity, as well as switch statements for condition variables having more than two 
values, when they are introduced later.
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family relationships, shopping, sports, vacationing, and the like. 
Each unit dialogue introduces pertinent vocabulary, phrases, 
idioms and verbal exchanges typical for what one might expe-
rience outside the classroom, as well as the grammar structures 
one might use, increasing in difficulty as the course progresses. 
In the classroom proper, there is an abundance of talking and 
listening, based on the verbal exchanges modeled in the unit 
dialogue. A host of exercises provide for extensive practice of 
the material in all four communicative areas—listening, speak-
ing, reading, and writing. Later units may contain two or three 
related model dialogues, each with its own practice exercises. 
Each unit concludes with assessments that measure how well 
the material has been learned in the four communicative areas.

One much used exercise in a foreign language curriculum is 
the substitution drill. To practice listening and speaking skills, the 
instructor might pair off students and have them repeat ques-
tion-rejoinder patterns while substituting different vocabulary 
items. The drill bolsters both vocabulary and syntactic patterns.

Q1: Do you prefer milk or orange juice? 
A1: I prefer orange juice [milk].

Q2: Do you prefer bread or croissants? 
A2: I prefer croissants [bread].	 etc.

This may be followed by open-ended questions, e.g., 

Construct a four-sentence dialogue between you 
and a family member as you shop for groceries.

Substitution drills are also used to practice purely grammat-
ical features, e.g., noun-article agreement.

Nous pouvons acheter des oeufs. 
Tu veux du jambon? 
Avez-vous manger de la soupe?

The components in these units are crafted with two key 
principles in mind—repetitive exposure in varying contexts and 
meaningful communication. As mentioned in Part I, the learn-
er’s exposure to language features (data) that are used repeated-
ly, but in varied contexts, is the mechanism by which the brain 
implicitly discerns patterns that it then inductively generalizes 
into the syntax rules of an ever-evolving grammar. Meaningful 
communication is what propels this language acquisition pro-
cess. That is, the learner’s motivation to actively communicate 
is what both drives repeated attempts at communication un-
til her needs and wants have been successfully conveyed, thus 
honing correct language usage; and keeps her in a state of active 
listening and ongoing exposure to language data, spurring more 
cycles of the language acquisition process. In a programming 
language learning context, though, it makes no sense to say 
one can “communicate” with a computer. On the other hand, a 
computer does provide immediate program output—feedback 
as to how well the program is written. This ongoing cycle of 
intentional interaction on the part of the learner seems to be an 
effective substitute for meaningful communication, allowing for 

ble 7A shows a simple if-else statement, and Tables 7B and 7C 
show its logical equivalents (though the flows of control differ). 
Note that the patterns in Tables 7B and 7C require that vari-
ables be initialized (with a dummy value in 7B and the default 
value in 7C) to avoid compiler error—a software engineering 
practice worth encouraging anyway. An introduction to con-
ditional execution can thus focus on one syntactic form—cas-
cading if-statements. The concept of if-else can now become a 
refinement that can be postponed to a more advanced treat-
ment of the subject, much like switch statements and ternary 
expressions.

There are several pedagogic advantages to scaffolding the 
topic in this way. An introductory treatment of the topic will fo-
cus on the most important aspect of conditional execution—the 
use of Boolean logic to enforce mutual exclusivity. Second, con-
fusion due to the variety of ways that programming languages 
can express the same decision-making logic will be lessened. Fi-
nally, students will only have to learn a single pattern, the form 
in Table 7C,17 which can be used in all environments, including 
those where methods return values.

Aside from scaffolding, there are cognitive reasons specific to 
language learning that argue for this simplification as well. When 
children are learning their first/native language, the order in which 
syntax features are acquired is related to their stage of develop-
ment [6]. There is also a predictable order, related to difficulty, for 
features acquired by children learning second languages [11], and, 
it turns out, for adult second-language learners as well [2].18

In summary, this section has demonstrated that an introduction 
of the topic using the simplified case of cascading if statements—
which still retains a substantial, but now much reduced, amount 
of complexity—will provide students a basic, but usable, syntactic 
foundation for conditional execution, which they can later supple-
ment with more nuanced features that the language provides.

PART V:  
CURRICULAR STRUCTURE USING IMPLICIT 
LANGUAGE TEACHING METHODS
Having found a way to simplify and scaffold instruction for con-
ditional execution, how would one structure such a unit using 
an SLA-based teaching model?

A unit in a whole language curriculum taught using a com-
municative pedagogic approach opens with a brief dialogue con-
textualized in a specific social aspect of life, such as eating out, 

17 �Although the code fragment in Table 7C is preferable, the stilted, but more explicit, 
intermediate form in Table 7B, may have considerable explanatory value, particularly 
in a side-by-side comparison to if-else-statements when they are eventually taught. 
Those who would like their students to perform actions inside the if-blocks can 
instead set parameter values in the blocks and follow with a single action statement 
that uses those parameters.

18 �An interesting aside is that the authors of these last two studies concluded that the 
results were evidence for a second language acquisition process involving “creative 
construction,” not “habit formation.” Creative construction, a process involving 
hypothesis testing about the target language, is what is generally agreed to account 
for the primary mechanism underlying implicit acquisition of first/native languages. 
Interestingly, evidence of hypothesis testing in the learning of programming languages 
surfaced when I observed my students making certain novel syntax errors having to do 
with the direction of assignment of values to variables [28].
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guage classroom’s speaking and listening activities that reuse the 
material from the unit dialogue. Instead, using guided discovery, 
the instructor directs students to incrementally reconstruct the 
entire MPS (or a small portion of one of the larger MPSs) from 
scratch in a sequence different from how they were original-
ly guided to build it, specifying only how the partial program 
will function at each juncture, but not which parts of the MPS 
to use. The objective is that students will learn the function of 
the MPS’s constituent working blocks and get a better sense of 
how they fit together to achieve the program’s logic. At sever-
al points during the reconstruction, students are also asked to 
modify the output of the MPS, forcing them to tinker with the 
code and discover how key syntactic features work.21 Students 
go through several cycles of this exercise, reconstructing the 
same MPS, but each time in a different sequence and with dif-
ferent changes to the output. This strategy, setting components 
in relief, is a specific implementation of the principle of repeti-
tive exposure in varied contexts.

Instruction next focuses on giving students repetitive prac-
tice with a specific language feature. An example that uses 
transformational exercises asks students to convert indexed 
for-loops (that process members of an array) into equivalent 
statements that use hard-coded indices (Table 8).

Depending upon the unit, students might also construct in-
dividual variations of the MPS to let them explore their own 
creativity (with ongoing feedback from the instructor)—such 
exercises are extremely easy to implement when contextualized 
within the field of dynamic art. At unit’s end, the instructor 
formalizes the learning in a traditional way, whether through 
direct instruction, Socratic seminar, or the like. Having been 
steeped in the content of the unit for several weeks by this time, 
students will be better primed to appreciate both basic and sub-
tle details of what they have studied. A formal unit assessment 
of the knowledge and skills taught over the previous weeks will 
tell the instructor how successful instruction has been and what 
details might need to be retaught.

The counterpart to substitution drills for a programming 
language unit would be a series of exercises designed to pro-
vide practice in using one specific language pattern. Four pat-
terns illustrating the use of conditional execution used in the 
unit MPSs of the introductory CPRWE course appear in Ta-
bles 9A-9D.

What criteria determine exactly which patterns to teach? 
Patterns taught in traditional programming curricula are often 
designed to showcase pure logic, are frequently devoid of mean-
ingful application, and use pedestrian problems to illustrate 
flow of control. In contrast, like a second language communica-
tive model where the patterns taught are those used in the unit 
dialogues, the patterns in a similarly structured programming 
language course are drawn from the MPSs. The rationale for the 
content of the dialogues in a whole-language communicative 

the increasingly sophisticated understanding and acquisition of 
programming language skills. The probable reason for the ef-
fectiveness of this substitution is that the key feature shared by 
communication and interaction is the feedback to learners on 
how well formed their utterances/programs are.

In a programming language curriculum informed by foreign 
language pedagogies, a Model Program or Simulation (MPS) will 
serve as the central component around which each unit is orga-
nized, like the role of a unit dialogue in a foreign language course. 
Much has been written over the past decade about contextual-
izing programming instruction. Indeed, this author has written 
and published a detailed 50-page outline for a ten-unit cross-cur-
ricular introductory programming course, approved in 2013 as 
a University of California Office of the President (UCOP) “g” 
math elective, and called Computer Programming as if the Rest 
of the World Existed (CPRWE) [28]. Eight of its units is centered 
around a small to mid-size graphics-based MPS contextualized 
within one of a diverse range of subjects, including Dynamic Art, 
Geography, Political Science, Astronomy, and Molecular Mod-
eling.19

The challenges for a curriculum writer in drafting the MPSs 
for each unit are to ensure: (a) that the code for the MPS re-
flects the particular language patterns one wants the unit to 
focus on,20 so that students can see the practical utility of what 
they are learning; (b) that the MPSs are generally sequenced 
in order of increasing programming complexity; (c) that new 
programming concepts/skills are introduced while reinforcing 
ones previously learned; (d) that each MPS is highly engaging, 
both visually and intellectually; and (e) that the MPSs are con-
textualized within academic fields that students already value, 
and utilize basic concepts the students have previously encoun-
tered and already understand.

How is the MPS used? Consider how the foreign language 
teacher initially introduces the unit dialogue to students, sets 
up a structure for students to practice speaking and listening 
skills using as raw material the verbal interactions between the 
dialogue’s characters, and often asks students to memorize the 
dialogues. In a parallel manner, the programming language in-
structor, using whole class instruction, initially guides students 
to individually construct an MPS, a process which can take days 
or weeks depending upon the size of the program. At various 
intervals, the instructor will require students to memorize the 
program (if short), or some newly-taught portion of it. The ra-
tionale is two-fold—to facilitate syntax acquisition; and to inti-
mately familiarize students with the structure and vocabulary 
of the program, so that they can focus on the usage and mean-
ing of the program’s statements and methods in subsequent 
instruction.

There is no exact counterpart, however, to the foreign lan-

21 �For example, students may need to modify the parameters of a for-loop by changing 
the initialization value of a counter variable, its increment/update amount, and/or the 
termination condition.

19 �Demos of many of these simulations can be viewed at www.downtownmagnets.org 
on the Computer Science program page.  A 2nd-year course, Generative Design/Art, 
was approved (2017) by UCOP as an integrated “f” art elective

20 �As will be discussed, the choice of syntax features may not be completely 
independent from the MPSs used for the curriculum’s content.
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be the correct application of that single pattern to several novel 
word problems. The comprehensive assessment for the unit will 
host problems reflecting the full range of patterns studied. Stu-
dents will evaluate each problem, decide which among the many 
patterns is applicable, and craft an optimal solution.

Note that the prevailing instructional model expects stu-
dents to apply general concepts from lecture or the textbook to 
solve a full variety of novel problems at a unit’s end—problems 
whose solutions have not been explicitly demonstrated during 
instruction. Consequently, students are somehow expected to 
devise the pattern for each problem’s optimal solution de novo. 
The alternative SLA-based instructional model proposes teach-
ing paradigmatic solutions to each kind of problem students are 
expected to solve. With a variety of paradigms to choose from, 
the key skill students are expected to develop is choosing the 
paradigm that is applicable to the problem at hand—and then, 
of course, using it to write an optimal solution. This is compa-
rable to the organization of units in a foreign language curricu-
lum, each dealing with the vocabulary and conversations typi-
cal of specific societal domains, e.g., sports, restaurants, travel, 
and so on. This is not merely a difference in teaching philoso-
phy, but one grounded in educational psychology as well. Any 

curriculum is to provide students the vocabulary, grammar, and 
verbal exchanges for navigating a social situation that they typ-
ify and model. In like manner, the patterns in an MPS are ones 
that students would employ to solve similar real-life problems 
that they might encounter.

A series of exercises for the Circular Queue pattern in Table 
9D would include the sub-patterns shown in Tables 10A-10D. 
Note that the sample exercises employ scaffolding—the se-
quence begins with the simplest case and progressively intro-
duces the more complex cases that the method for the general 
case (Table 10D) will need to handle. It also employs a pedago-
gy used much in the Algebra 1 classroom—moving from the 
concrete to the abstract. Note that each sub-pattern should it-
self provide several exercises (a minimum of 5) to give students 
sufficient practice.

An SLA-based instructional model dictates that all of the pat-
terns that students are expected to learn need to be taught, i.e., 
students should not be expected to solve problems whose pat-
terns they have not explicitly practiced, and they should not be 
expected to magically extend logic—for the simple reason that 
they are not yet experienced programmers. The assessment fol-
lowing each pattern’s (or sub-pattern’s) battery of exercises will 
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decades of characterization of the novice programmer failure 
phenomenon have not produced any improvements in learning, 
nor pinpointed any credible cause. Predictably then, attempts at 
curricular innovation, rooted in hunches and overwhelmingly 
on the content side, have been ineffectual.

In contrast, the 2014 fMRI cognitive study of programmers 
established that the brain makes sense of computer programs 
in the regions of the brain long known to be associated with 
language processing functions, not logic and not math. Al-
though more research will be required to prove the case de-
finitively, this physiological evidence puts a spotlight on an 
aspect of programming instruction long taken for granted, 
the Prescriptive Linguistics language model. Both the fMRI 
study and the consistent anecdotal observations reported here 
about the positive effects of memorization strategies on syn-
tax acquisition constitute a compelling argument for investi-
gating whether an alternate and frankly more promising ap-
proach—implicit language pedagogies informed by both SLA 
theory and foreign language instructional principles—can en-
hance our instructional outcomes if scaled. On the flip side, 
those wanting to devise new content or pedagogic approaches 
to the introductory programming curriculum, but who ignore 
the central cognitive role of language in programming, now 
risk irrelevance. As Corder cautioned some fifty years ago, our 
teaching will only succeed when it conforms to how the brains 
of our students actually learn.  
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credentialed teacher knows that the ability to solve problems 
is—and algorithms themselves are—highly domain-specific; 
and that good problem-solvers draw upon prior experience and 
knowledge of specific domains [4,34]. Even so, problem-solving 
is a process that is still poorly understood.22

Finally, note that the approach described in this section will 
of necessity require that instructors allocate considerably more 
time to students practicing a unit’s concepts and sub-concepts 
than the current instructional model provides. The instruc-
tional tension between breadth (coverage) and depth (detail) 
is nothing new. Introductory programming language cours-
es have traditionally opted for breadth given the very limited 
amount of time they have allotted—or more precisely, that they 
have self-imposed upon their programs of study. Such a limited 
time frame could never work in a foreign language curriculum, 
where four semesters are typically allocated for students to ac-
quire proficiency in the fundamental workings of a language. 
Foreign language curricula probe every topic in depth, because 
the breadth of the curriculum can be adequately covered over 
the two years budgeted for the program’s foundational se-
quence of courses. Unfortunately, there is no way to reconcile 
the existing programming language model and course structure 
with both breadth and depth learning. Something will have to 
give, and the only resource available is time.

SUMMARY
In his seminal paper on the errors made by second language 
learners, S.P. Corder asserted that errors provided evidence 
of—and insights into—the process by which learners construct 
and refine hypotheses about the underlying grammar of the 
language data they hear. He wrote.

We have been reminded recently of Von Humboldt’s 
statement that we cannot really teach language, we can 
only create conditions in which it will develop sponta-
neously in the mind in its own way. We shall never im-
prove our ability to create such favourable conditions un-
til we learn more about the way a learner learns and what 
his built-in syllabus is. [9]

Yet, it is exactly the way novice programmers learn that has 
continued to remain a mystery, obscuring how improvements 
to teaching might be achieved.

No one denies that the current introductory programming 
pedagogic model leads to less than favorable learning out-
comes—particularly at the secondary level. The model un-
doubtedly contributes to ongoing low secondary enrollments 
and the worst demographic inequities of any subject area. Four 

22 �From a psychological vantage point, problem-solving is a complex phenomenon, 
described by Gestalt theorists with notions like “restructuring,” “insight,” and 
“entrenchment;” and by cognitivism with a reliance on domain knowledge and heuristics.  
In all of these, although conditions that facilitate the crucial moments of insight can be 
listed, there are no satisfactory explanations for how such insights arise.  The incubation 
phenomenon—setting aside a problem after being unable to find a solution, with a 
solution later popping into one’s mind (like a forgotten detail that one remembers after 
the fact)—argues that problem-solving may be a largely subconscious process.
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A personal walk down the  
computer industry road.

BY AN EYE-WITNESS.
Smarter Than Their Machines: Oral Histories 
of the Pioneers of Interactive Computing is 
based on oral histories archived at the Charles 
Babbage Institute, University of Minnesota. 
These oral histories contain important messages 
for our leaders of today, at all levels, including 
that government, industry, and academia can 
accomplish great things when working together in 
an effective way.
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By Helen Catanese, Carl Hauser, and Assefaw H. Gebremedhin, Washington State University

This study is motivated by a practical question faced by 
a computer science curriculum committee at a major 

research university. And that question is, are students who 
transfer credits for the first two courses into the computer 
science program at a disadvantage in their likelihood for 
success in the third course compared to students who took 
all three courses locally at the university? A retrospective 
longitudinal study using data from 2012 to 2016 revealed 
that transfer students succeeded in the third course in 
just about the same way as native students. The study 
also suggests interesting ideas for future exploration and 
avenues for further inquiries on broader topics.

INTRODUCTION
One of the authors of this article serves on the Computer Sci-
ence Curriculum Committee at Washington State University 
(WSU), a land-grant university in the Northwest in United 
States with over 20,000 students at its main campus (Pullman) 
and a total of more than 30,000 at its various campuses around 
the state. It is common for students in the USA to complete 
their first and second years of college at a two-year commu-
nity college in order to reduce the cost of attaining a four-year 
degree. At WSU, approximately 25% of the incoming students 
each year are classified as transfer students who have followed 
this path. Credits for general and non-major courses are trans-
ferred according to agreements made between the four-year 
and two-year colleges. Transferability of courses in the major, 
on the other hand, is evaluated by the department offering the 
major. In our department (the School of Electrical Engineering 
and Computer Science), the Curriculum Committee evaluates 

whether the computer science courses students have taken at 
other institutions can be transferred to replace courses offered 
at the university. Courses that are approved for transfer are 
added to the University Registrar’s Transfer Articulation List 
and transfer credit becomes automatic for students who have 
those courses on their transfer transcript. 

In evaluating a course from another institution, the Curric-
ulum Committee at our department examines the course syl-
labus to determine whether the topics covered and the cover-
age depth in the course match, at least roughly, the content of 
the university’s local course for which transfer credit is sought. 
For upper division courses that are not prerequisites for oth-
er courses in the University, the committee feels that this is an 
adequate process for evaluation. However, for foundational 
courses, especially the first two courses of the computer sci-
ence program of study, we became concerned in early 2016, as 
we were looking at many courses from community colleges, 
that we really did not have a clear idea whether the process we 
were using was sufficient to ensure that incoming students were 
prepared for the later courses of the curriculum. The situation 
is further complicated by the fact that the University uses the 
semester system while all the other state universities and com-
munity colleges in the region use the quarter system. Trans-
ferred courses are usually five quarter credit hours while the 
University’s courses are four semester credit hours. Thus, the 
credits are usually a bit short (i.e., five quarter credits are only 
3.3 semester credits).

Over the summer of 2016 we undertook a retrospective lon-
gitudinal study of students who have gone through our program 
since 2012 to see if there is evidence that our transfer evaluation 
process for these courses is not adequate. Specifically, we were 
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looking for evidence that students who transferred one or both 
of the introductory computer science courses CptS 121 and 
CptS 122 (transfer students), had less success in the third com-
puter science course CptS 223 than did students who took all 
three courses at the university’s main campus (native students). 

To give an idea of the nature of these courses, CptS 121 pri-
marily focuses on programming, CptS 122 focuses on basic 
data structures, and CptS 223 deals with more advanced data 
structures and algorithms. All three courses are taught primar-
ily in the programming language C++.

DATA
Working with the University’s Office of Institutional Research 
(IR), we obtained grades for all students who completed CptS 
223 between Fall semester 2012 and Spring semester 2016 
along with the grades that those students received in CptS 121 
and CptS 122; or, if they transferred either of those courses, the 
grade they received and the name of the institution where they 
took the course. Grades for CptS 121, CptS 122, and CptS 223 
received at the university were also identified by semester. IR 
reported all data to us using artificial student IDs. Therefore, 
although individual student’s progress through the curriculum 
could be tracked, the data did not otherwise enable identifica-
tion of specific students.

In the data we obtained, computer science students trans-
ferred credit from 63 different institutions. Computer science 
credit of some kind was transferred from 27 of these schools. 
However, students transferred credit for one of the applicable 
computer science prerequisites from only 9 of the 27 institu-
tions, indicating that the review process already denies the 
majority of institutional transfers as being applicable for these 
courses. The vast majority of students transferring credit for 
one of the prerequisites did so from a single institution, which 
is a near-by community college.

In total, 558 CptS 223 students are included in this study. Of 
these students, 28 transferred credit for CptS 121 (although one 
student transferred a grade of “RP” which was excluded from 
further analysis) and 23 transferred credit for CptS 122 from 
another institution. While the majority of students with trans-
fer credits came in with credit for both courses, nine trans-
ferred credit for CptS 121 only and four transferred credit for 
CptS 122 only. The overlap means that together, between both 
groups there is a total of 32 students with transfer credit for 
CptS 121 and/or 122. Interestingly, 183 of the students are con-
sidered transfer students by the university, but clearly, for most 
the transfer credits did not involve computer science courses. 
Of the students who transferred CptS 121 or CptS 122 credit, 
all but one did so from a two-year institution, of which there 
were seven represented.

The University’s computer science department defines “suc-
cess in a course” as receiving a C grade or better as this is what 
is required in order to take subsequent courses, to certify in the 
major, and ultimately to count the course as part of a completed 
program of study entitling the student to receive a computer 

science degree. We used this as a measure for success in our 
analysis. One limitation of the data is that we are not able to 
determine if a student withdrew from a course prior to the end 
of a semester and therefore received no grade for the course (IR 
did not provide that information). Had the information been 
available, it would have been appropriate to consider withdraw-
al as another form of not succeeding in a course. 

ANALYSIS
Figures 1 and 2 show how students with and without transfer 
credit performed in CptS 223. The figures show that there is 
not a significant disadvantage for transfer students. However, 
transfer students do appear more likely to end up at the far end 
of the grade curve (making As and Fs more often than native 
students).

On a tangential note, Figures 1 and 2 show that the data do 
not fall along a bell curve. Instead, the data resembles a mul-
timodal distribution, with few students falling in the C to D 
range. The causes of this are not clear, but it is an interesting 
and notable departure from what some might expect an under-
graduate grade distribution to look like: that the majority are 
“middle-grade” with relatively smaller percentage at the “top” 
and at the “bottom.”

Figure 1: Shows the grades of students in CptS 223 split into two 
categories, one category for students with transfer credit for Cpts 121 
and the other for those who took it locally (native).

Figure 2: Shows the grades students in CptS 223 split into two 
categories, one category for students with transfer credit for Cpts 122 
and the other for those who took it locally.
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The means of transfer and native grades show a similar trend. 
This is presented in Table 1. The mean CptS 121 and CptS 122 
grades were relatively high in general (ranging between 3.3 and 
3.6 for the various categories), and the mean CptS 223 grades 
were, although quite high when looked at on their own, com-
paratively slightly lower (ranging between 2.7 and 3.0). Further, 
the mean grade in CptS 223 for students who transferred cred-
its for CptS 121 was lower than that of native students, while 
the mean CptS 223 grade for students who transferred CptS 
122 credits was higher than that of native students.

CORRELATION
We also looked at the correlation between CptS 121/122 grades 
and CptS 223 grades more explicitly for both students with and 
without transfer credit. 

Figures 3 and 4 show visualizations of these correlations. In 
these figures, we plot “binned” grades on a 0-4 scale. In particular, 
grades {A-, A} are binned under 4; {B-, B, B+} are binned under 
3; {C-, C, C+} are binned under 2; {D, D+} are binned under 1 
and {F} is binned under 0. In these plots, students who took CptS 
121/122 natively are shown in red, and those who took it else-
where are depicted in grey. The sizes of the bubbles correspond 
to the fraction of the population represented by the bubble. Note 
that a very small number of students listed in the data with failing 
grades in CptS 121/122 continued to higher level courses. Be-
cause the data is anonymized, it is unclear whether this is due 
to circumstantial exceptions, or students who had retaken the 
course and whose grades had not been updated in the data set. 

Four students were also excluded from the native correlation 
analysis because their grades were not included in our data.

As might be expected, success in CptS 223 correlates high-
ly with success in its prerequisite courses. Although the small 
population size of transfer credits leaves this conclusion un-
certain, it appears that students who transfer CptS 121/122 
with an A or B generally do fine. However, those who transfer 
with a C do substantially worse than native students who pass 
those same courses with a C. This implies a trend, which, if 
borne out in future studies, suggests that accepting C trans-
fers for these courses leaves students less likely to succeed in 
subsequent courses. 

Additionally, the moderately better performance of students 
with transfer credit—discussed previously—can likely be at-
tributed to, at least in part, the fact that those students all have 
grades in CptS 121/122 no lower than C, and typically A or B.

Similar trends are apparent in the Pearson correlation tests 
for these grades, as shown in Table 2. The Pearson correlation 
coefficient is a value between -1 and 1 that measures the level 
of correlation between two sets of data. The closer the value is 
to positive one, the stronger the correlation. A p-value is also 
calculated to determine the probability that the correlation co-
efficient is actually equal to zero; typically, a p value higher than 
0.05 means we accept this null hypothesis. For native CptS 121 
students, the correlation coefficient for CptS 121 and CptS 223 
grades was found to be 0.41, but for transfer students it was 
0.61 (both within p values < .001). This shows that for transfer 
students, the grade they made in their first prerequisite course 
is a stronger indicator of their grades in CptS 223 compared 
to that of native students. In contrast, for students transferring 

Table 2: Shows the Pearson correlation coefficients and associated 
p-values for native and transfer students for grades in CptS 223.

Correlation Coefficient p value

Native CptS 121 0.41 2.2e-16

Transfer CptS 121 0.61 7.1e-4

Native CptS 122 0.50 2.2e-16

Transfer CptS 122 NA 0.063

Figure 3: Shows correlations between grades in CptS 223 and CptS 121 
for native students (left) and transfer students (right).

Figure 4: Shows correlations between grades in CptS 223 and CptS 122 
for native students (left) and transfer students (right).

Mean CptS 121/122  
Grade

Mean CptS 223  
Grade

Native CptS 121 3.29 2.84

Transfer CptS 121 3.41 2.69

Native CptS 122 3.29 2.85

Transfer CptS 122 3.63 2.97

Table 1: Shows the mean grades for CptS native and transfer students, as 
well as their mean grades in CptS 223. Because transfer credits are only 
accepted for students with C or higher grades, we only include grades of 
native students with C and higher to make native and transfer averages 
more comparable.
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CptS 122 credit, there was no correlation, within a p-value of 
.05, between the transferred grades and the CptS 223 grades, 
although this could be due to the relatively small population 
size. For native CptS 122 students, the correlation coefficient 
for CptS 122 and 223 grades was .50, with a negligible p-value, 
showing conversely that for native students, CptS 122 perfor-
mance is the more relevant indicator for success in CptS 223.

SUMMARY AND DISCUSSION

KEY TAKEAWAYS
Here are the key takeaways from our analysis of this specific 
dataset. 
• �For the period Fall 2012 to Spring 2016, students who 

transferred credit for CptS 121 and/or CptS 122 have 
done about as well as (or even slightly better than) native 
students in CptS 223. 

• �Therefore, the courses that we accept for transfer credit, 
have for the most part adequately prepared transfer 
students for CptS 223. 

• �Students who transferred CptS 121 and CptS 122 with a C 
grade seem to be most at risk for not succeeding in CptS 
223. This suggests that at least some students transferring 
grades below a B- are not adequately prepared to succeed in 
later courses, and should perhaps be required to retake the 
prerequisite course. Alternatively, it may be worthwhile to 
allocate resources for tutoring or other support services for 
those transferring with a C grade to help them succeed. 

• �Although not shown here, transfer students overall had slightly 
lower success (81%) in CptS 223 than native students (85%).

LIMITATION
One limitation of the data behind this study was the lack of 
information on students who withdrew from CptS 223 be-
fore completing the course. Because data were collected only 
for students completing CptS 223, successfully or otherwise, 
we were unable to consider students who withdrew from the 
course. Based on our experience, withdrawal cases are too low 
to influence our main findings. To enable more comprehensive 
analysis in the future, we will recommend to IR that they con-
sider recording withdrawal information.

RELATED WORK
While our goal in this short article was not to delve into re-
search in education, we nevertheless find it helpful to discuss 
related work in the education literature on topics similar to the 
subject of this study but for disciplines other than computer 
science. Because of inherent differences in nature among disci-
plines and associated pedagogical culture differences, it is rea-
sonable to expect the conclusions drawn from such studies to 
vary from discipline to discipline. 

A frequent area of focus on some of this body of work has 
been on exploring the demographic differences between stu-
dents who attend two-year institutions and those who study at 

four-year institutions. Examples of demographics in which sig-
nificant differences have been found include age, income, and 
level of high school math [1]. All of these may be confounding 
factors in the level of success transfer students achieve as com-
pared to native students; however, in our data, it appears that 
checking the curriculum of prerequisite courses before approv-
ing credit is sufficient to prevent transfer students from under-
performing in later coursework.

Some studies of transfer student outcomes have shown that 
the educational needs of transfer and native students differ 
significantly, and that transfer credits may not be equivalent 
to native credits in terms of preparing students to succeed in 
courses that follow. For example, among chemistry students, 
additional tutoring was shown to improve outcomes for native 
students, while it had little to no effect on the grades of trans-
fer students [5]. 

Another study showed that modifying the admission stan-
dards for transfer students led to success rates comparable to 
those of native students [7]. This aligns with our finding that 
transfer credit admission stringency is sufficient to ensure 
transfer students perform as well as native students. There are 
conflicting results, however. A 1996 study showed that, in ac-
counting courses, students with transfer credit were not as pre-
pared as native students to do well in subsequent courses [2]. 
This result was replicated in 2003, when business students with 
prerequisite transfer credits were outperformed in following 
courses by their native counterparts [8], and in 2016, when ac-
counting students who had transferred were shown to perform 
worse in their next level courses [3]. Other studies have shown 
further conflicting findings. For example, one study showed 
that when transfer credits were earned, the grades achieved 
were not significant to a student’s success in later coursework 
but rather were correlated with a student’s general academic 
quality [4]. Some of the variation here may well be account-
ed for by the variations in transfer credit admission standards. 
However it may just as well be due to confounding demograph-
ic factors, as mentioned previously in [1]. It may also be due to 
effects outlined in another study, wherein student GPAs drop 
upon transfer, but re-stabilize within a year [6]. 

Table 3 summarizes the methods employed in and the find-
ings of the studies discussed in this section. Overall, there is a 
dearth of data on what factors lead a transfer student to suc-
ceed, particularly outside a narrow set of academic disciplines, 
but disagreement between studies suggest there may be a vari-
ety of difficult to measure factors at play. 

One limitation of the data behind  
this study was the lack of 

information on students who 
withdrew from CptS 223 before 

completing the course.
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CONCLUSION
In this work, we examined whether the procedure at our uni-
versity for accepting credit for introductory computer science 
courses from other institutions was sufficient to ensure students 
were prepared for future coursework. The study showed that, in 
general, transfer students given credit for a prerequisite course 
following the current practice (assessing course syllabus) can 
be expected to do as well as native students in the subsequent 
course, with the possible exception of students transferring 
with a C grade. 

We expect the number of students relying on transfer cours-
es as the foundation of their four-year college degree to contin-
ue to increase, both at our institution and across the country. 
The quality of foundational courses in the Computer Science 
major is important for the success of these transfer students. As 
part of a program’s internal assessment process, the longitudi-
nal approach used in this study “closes the loop” on traditional 
syllabus-based transfer evaluation with the goal of ensuring that 
courses accepted for transfer credit indeed prepare students ad-
equately for later course.  
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YEAR REGION FIELD METHOD 
EMPLOYED OBJECTIVE / FINDING OF STUDY

[5] 2016 Northeast Chemistry Regression Assess whether additional tutoring improves transfer student performance in 
higher-level courses. Transfer student did not receive better grades with tutoring.

[7] 2007 Northwest Business Regression Compare transfer student performance varying admissions. Transfer students 
perform comparably to native students with sufficiently rigorous admissions.

[2] 1996 Unreported Accounting Regression Assess whether transfer students perform worse in higher-level courses. 
Transferred credits do not prepare students well for next level courses.

[8] 2003 Midwest Business T test Assess whether transfer students perform worse in higher-level courses. Transfer 
students got worse grades in next level courses than native students.

[3] 2016 Northeast Accounting MANCOVA Assess whether transfer students perform worse in higher-level courses. Transfer 
students got worse grades in next level courses than native students.

[4] 2013 Unreported Business Regression
Assess whether transfer students perform worse in higher-level courses. 
Controlling for a student’s overall academic quality removes transfer student 
grade penalty.

[6] 2011 South Inclusive T test Find out whether drops in transfer GPA are short or long term. Transfer and local 
GPAs at the end of the junior year did not vary significantly.

Table 3: Shows a summary of transfer student studies and their findings.
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The Persistent 
Effect of Pre-College 
Computing Experience 
on College  
CS Course Grades

Many college computer science majors have little 
or no pre-college computing experience. Previous 

work has shown that inexperienced students under-
perform their experienced peers when placed in the 
same introductory courses and are more likely to drop 
out of the CS program. However, not much is known 
about what, if any, differences may persist beyond the 
introductory sequence for students who remain in the 
program. We conducted a study across all levels of a CS 
program at a large public university in the United States 
to determine whether grade differences exist between 
students with and without pre-college experience, and 
if so, for what types of experiences. We find significant 
grade differences in courses at all levels of the program. 
We further find that students who took AP Computer 
Science receive significantly higher average grades—by 
up to a half grade—in nearly all courses we studied. Pre-

college experience appears to have a weaker relationship 
with retention and with low-stakes assessment grades. 
We discuss the limitations of these findings and 
implications for high school and college level CS courses 
and programs.

INTRODUCTION
Computer science as a discipline in higher education presents 
many challenges for educators and students. Because of the lack 
of standard CS expectations for K-12 students and widely var-
ied access to computing, students arrive to college with a vast 
range of backgrounds and interests in the discipline. In addi-
tion, these experiences are not distributed randomly among all 
students: Women, members of some racial and ethnic groups, 
and those from low socioeconomic backgrounds tend to have 
less experience than White and Asian middle and upper class 
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several introductory IT course sequences in Estonian univer-
sities. They found that students with pre-college experience 
received higher grades in their first semester than those with-
out experience, and that they also had higher external moti-
vation for their studies.

Prior experience can also affect students’ sense of belonging 
and stress level. In a qualitative study, Tafliovich et al. found 
that students believe prior experience boosts confidence and 
that discussion forums can be stressful for those with no expe-
rience [23]. Indeed, Rogerson and Scott report that stress and 
fear are regularly associated with learning to program and can 
interfere with a student’s ability to succeed [21].

The idea of Learning Edge Momentum as applied to CS1 
[1,20] provides another explanation for performance differenc-
es due to prior experience. This theory suggests that rather than 
disappear, performance differences are likely to persist into lat-
er courses because once students learn one concept, it becomes 
easier for them to learn subsequent concepts. However, most 
prior work on the effect of pre-college experience on college CS 
success stops at CS1. Our study complements this prior work 
by looking at courses much further into the CS major, and by 
examining the role of several specific pre-college experiences 
students might have.

Recent work has also studied how pre-college experiences 
(among other factors) affect students’ choice to major in com-
puter science. McGill et al. find that pre-college outreach activi-
ties have some effect on students’ choice of major in college, but 
that this effect appears to be stronger for men than for women. 
[17]. In a 2015 survey, Wang et al. found that pre-college ac-
ademic opportunities, both formal and informal, were an im-
portant factor in girls’ choice to major in computing in college, 
and that taking a pre-college CS course was more significant for 
girls than for boys in their decision to major in computing in 
college [26]. A natural follow-up study to the work we present 
here would examine whether the results we report are consis-
tent for both men and women.

APPROACH
Based on previous work and our anecdotal interactions with 
students in the classroom, we postulated the following hypoth-
eses:
• �H1: Students with more pre-college CS experience will do 

better initially than their less experienced peers, but these 
differences will disappear as course level increases.

• �H2: Many types of pre-college experience will provide an 
advantage over having no pre-college experience, but some 
experiences will stand out as particularly beneficial on their 
own regardless of other experience.

We collected data over four quarters (fall 2014 to fall 2015) 
from courses at all levels in our undergraduate curriculum. We 
included our two introductory programming tracks: a two-
course sequence designed for students with no prior CS expe-
rience (CS1:n=1258, CS1.5:n=543), and a one quarter course 

men [13,14]. Students in these groups are also less likely to take 
Advanced Placement (AP) CS [6], in no small part because of 
lack of access [13,16]. Despite the many current efforts to level 
the playing field in K-12 CS education, different pre-college ex-
perience levels, whether due to access or to student choice, are 
likely to persist into college for some time.

At the college level, educators have developed a number 
of curricular approaches to level the playing field for students 
with less pre-college experience. Several universities have in-
troduced a separate introductory course or track specifically 
to allow students with less pre-college experience to catch up 
[4,11,15]. A complementary approach uses curriculum that 
will not disadvantage students with no experience in intro-
ductory courses. For example, some redesigned introductory 
courses begin with content that students are unlikely to have 
had exposure to in high school (e.g. [5,25]). Others use a con-
textualized computing approach such as media computation, 
which has been shown to increase retention and decrease fail 
rates for non-majors and other students with no pre-college 
CS experience [7,22,24]. Other programs have courses that 
let students choose their own focus area based on their in-
terest [9].

Little work has studied the outcome in later courses for stu-
dents with no pre-college experience, and there is evidence that 
these students under-perform their experienced peers even in 
courses that employ a host of best practices [2]. We wished to 
explore whether students with less pre-college experience are 
less likely to do well not just in introductory courses, but also 
in courses later in the major? If performance differences disap-
pear, at what point do they do so?

We examine the relationship between different pre-college 
CS experiences and students’ grades and persistence in under-
graduate CS classes at a large US public research university. 
We find that both students’ self-assessed level of pre-college 
experience and their participation in specific pre-college expe-
riences are associated with a difference in course performance 
at levels. We notice a particularly strong effect with students 
who take AP CS in high school. However, we find no significant 
difference in performance on low-stakes assessments of CS 
knowledge between students with pre-college experience and 
those with none. These findings have implications for ensuring 
all students get a high-quality computer science background in 
high school and on the design of our college-level courses and 
extracurricular opportunities.

RELATED WORK
Prior experience in CS (and related subjects) is widely shown 
to be an important factor of success and persistence in in-
troductory CS at the college level [8,10]. One explanation 
for why prior experience is helpful is that students with pri-
or experiences often have different motivations, confidence 
levels and goals. Recent work by Kori et al. [12] compared 
the attitudes, persistence and success of students with and 
without pre-college programming experience throughout 

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=59&exitLink=http%3A%2F%2Finroads.acm.org
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RESULTS

SELF-ASSESSED EXPERIENCE AND GRADES
To give context for effects of pre-college CS experience on stu-
dents’ grades in their courses, we first present the proportion 
of students reporting different levels of experience via survey 
question Q1. Figure 1 shows the breakdown of these experi-
ence levels by course. Overall, 18% of study participants report 
having a fair amount of pre-college CS experience, 43% report 
having a little experience, and 39% report having absolutely no 
experience.

We studied the relationship between self-assessed pre-col-
lege experience level and final course grades, using a 4.33 point 
grading scale (A+=4.33, A=4, A-=3.67, etc)1 in each of the 
courses in our study. The results are shown in Figure 2. We an-
alyzed the differences between the mean grades for students 
with the different experience levels using an ANOVA.

Figure 2 shows clear differences in average grades between 
the students in the three experience level groups for several 
courses, with more pre-college experience generally leading to 
a higher average grade. Differences are more pronounced in the 

for those with prior experience (n=411). We note that the 
two-course introductory sequence employs many educational 
best-practices and has been shown in prior work to improve 
student outcomes and retention [18,19]. Also in the lower-di-
vision, we studied the basic data structures (CS2: n=1117) and 
computer systems/low-level programming (n=913) courses. 
The two required upper division courses we included were ad-
vanced data structures (n=915) and programming languages 
(n=381). The last course in the study was computer networks, 
an advanced upper-division elective (n=132).

To measure pre-college experience, we administered a be-
ginning of term survey in each course. The survey was compre-
hensive, but for the purpose of this study we focus on the two 
questions pertaining to students’ prior CS experience:
• �Q1: How much experience had you had with 

programming/computer science before taking your first CS 
course at [this university]?
A1: Select one: Absolutely none / A little / A fair amount

• �Q2: Please rate your level of experience with CS/
programming before taking your first CS course at [this 
university].
A2: Select all that apply: Took AP CS / Took another (non-AP) 
CS course in high school or middle school / Took one or more 
CS courses at a college or university / Self-taught one or more 
programming languages (not including HTML) / Participat-
ed in a CS club or extracurricular activity / Learned HTML 
(either in a class or on your own) / Participated in a summer 
CS experience (e.g. summer academic program or camp) / No 
experience / Other (please specify)

“AP CS” refers only to the AP CS A course, which is simi-
lar to our introductory CS course(s), as the AP CS Principles 
course was launched two years after our data collection.

The survey also asked students whether or not they were 
currently a declared CS major, and whether they entered our 
university directly from high school or as a transfer student. In 
our current study we included only students who entered our 
university directly from high school because community col-
lege preparation varies so widely. Examining the performance 
of transfer students is an important topic for future work.

To quantify student performance, we used final course 
grades, persistence in the CS program (measured by whether 
participants in the lower division courses went on to complete 
Advanced Data Structures, the first required upper-division CS 
course), and pre-test scores from two courses. The pre-tests, 
given online as part of the first homework assignment in two 
terms each of CS2 and Advanced Data Structures, were de-
signed to test the prerequisite knowledge for each course. The 
instructors of these courses modeled the pretest questions on 
quiz questions that would have been given toward the end of 
the preceding courses. Students were given full credit for at-
tempting the quiz, regardless of their score.

Students’ final course grades, pre-test scores, and whether 
or not they took Advanced Data Structures by spring 2017 were 
associated with their survey results using de-identified coding.

1 �Although our institution awards 4 grade points for both an A and an A+, we wished to 
distinguish the higher level of performance afforded by an A+ in our study.

Figure 1: The distribution of self-reported pre-college experience levels 
(Q1) by course in our study. Columns are normalized to 100%. Numbers 
at the top give total n for each course across all terms in our study.

Figure 2: Mean grades for each course by pre-college experience level. 
Error bars show standard error. Asterisks by the course name indicate 
significant difference between experience levels’ means:  
∗ = p < 0.05; ∗∗ = p < 0.01.
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es with similar experience distributions as follows: Mid-level 
courses are CS2, low-level programming, and Advanced Data 
Structures; Upper-div courses are Programming Languages 
and Computer Networks. We observe that the proportions of 
experiences in Table 1 bear similar patterns to those shown in 
Figure 1. Students appear to be good at determining their own 
level of prior experience, especially classifying no experience 
compared to some/a lot of experience.

In our analysis of grade differences by experience type, we 
find differences at all levels for most pairs of experience types. 
Figure 3, plots the differences between the mean course grades 
of each pair for CS2 and above. We focus on CS2 and beyond 
to look for lasting effects of pre-college experience, though as 
expected we also found grade differences at the introductory 
level. 

In every course except low-level programming (whose con-
tent is less likely to be familiar even to students with pre-college 
programming experience), students with any kind of pre-col-
lege experience out-perform students with no pre-college CS 
experience, though this difference is not always statistically sig-
nificant (particularly for informal experience). When the expe-
rience is a formal high-school or college course, the difference 
is even larger (and statistically significant). Moreover, the mag-
nitude of the differences between those with experience and 
those without experience does not shrink as the course level 
gets higher.

AP CS on its own turns out to be particularly related to higher 
average grade in nearly all courses. Students who took AP CS in 
high school out-perform students who did not take AP CS in high 

lower division and mid-level courses, but the Advanced Data 
Structures course clearly shows that more experience is cor-
related with higher performance, while in the Programming 
Languages course reporting at least some experience a higher 
mean grade than reporting no experience at all. In courses that 
are less aligned with the type of experience students typical-
ly acquire pre-college (i.e. basic programming experience), the 
relationship between reported pre-college experience level and 
grade is not as straightforward. For example, in the low-level 
programming course the same grade trend exists, though the 
difference between the groups is not significant. In the up-
per division programming languages course, having a lot of 
pre-college experience does not seem to be much of an advan-
tage, while having none is still a disadvantage. A similar trend 
appears in the (very challenging) computer networks course, 
though these differences are not statistically significant.

The results in this section partially confirm and partially re-
ject hypothesis H1 when measuring student success by course 
grades: In many courses students with more pre-college experi-
ence do better than their less experienced peers, and (contrary 
to H1) these differences appear to persist into some advanced 
CS classes.

SPECIFIC EXPERIENCES AND GRADES
Survey question Q2 asked students to report on specific CS-re-
lated activities they engaged in before starting at our university. 
Based on our judgment of the different activities, we grouped 
them into two categories: formal experiences (AP CS, other 
high school classes, and college classes) and informal experi-
ences (CS clubs, summer programs, self-taught programming, 
and learning HTML). We did not code the “Other experience” 
responses, and omitted students who selected only this option, 
as well as students who did not select any options, from our 
analysis (4% of respondents).

We then compared grades in each course between the fol-
lowing pairs of student groups using t-tests: (1) students with 
each of the specific types of pre-college experience vs. students 
who did not have that specific type of experience (but may have 
had any of the other pre-college experiences or no experience), 
(2) students with only informal pre-college experience (i.e. no 
formal or “other” experience) vs. students with no pre-college 
experience (i.e. those who selected “No experience” in response 
to Q2), (3) students with any kind of formal experience (pos-
sibly in addition to informal experience) vs. students with no 
pre-college experience. Of the many combinations in (1), we 
include only AP CS vs. no AP CS in our presentation of the 
results for three reasons: it was a fairly common pre-college ex-
perience with 18% of our respondents reporting this experience 
(and around 24% excluding the introductory courses), it plays a 
central role in the education community’s conversations about 
K-12 CS preparation and CS access, and, as shown below, it was 
robustly associated with higher average grades.

Table 1 shows the percentage of students in the courses in 
our study that had each of the different pre-college experience 
categories. For clarity and brevity, this table aggregates cours-

Figure 3: Differences between mean course grades for three different 
pairs of pre-college experiences. Data points indicated by • exhibit no 
significant difference; data points indicated by an × show significant 
differences (p < 0.05).

Table 1: The percentage of students in each course set (see text) who 
reported having each pre-college experience type.

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=61&exitLink=http%3A%2F%2Finroads.acm.org
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higher rates than students with no experience, though these 
differences are significant only in the case of AP CS vs. no AP 
CS. When we limit our attention to students who have made it 
past the introductory course(s), we see that these differences 
mostly disappear. Controlling for grades in these courses did 
not change these observations.

These data mostly do not support either hypothesis H1 or H2 
when measuring student success by retention in the program: 
Pre-college CS experience mostly does not lead to statistical-
ly significant differences in continuation rates. However, when 
looking just at continuation of students after the introductory 
programming sequence, the data do support hypothesis H2: CS 
majors who took AP CS are more likely to persist after their 
lower division courses to the Advanced Data Structures course 
than those who did not.

PRE-TEST SCORES
Significant differences in the course grades of students with 
different levels of experience. We now examine whether 
differences are also observable in low-stakes pretest grades. 
Table 3 shows students’ average pre-test scores for each of the 
groupings we used in the previous section. In general, we see 
that there is no significant difference in pre-test scores between 
groups with different pre-college experience types and levels. 
The significant difference between experience types for CS2 is 
small (0.4 points out of 10) and favors students with informal 
experience only. Thus, the pre-test data partially reject and 
partially confirm hypothesis H1: students with more pre-
college experience do no better than their less experienced 
peers on pre-tests in either the lower-division or the upper-
division class.

DISCUSSION

THE IMPORTANCE OF AP CS
Our results highlight the critical importance of AP CS at the 
high school level. At 18% overall, AP CS was the most common-
ly reported type of formal prior experience, and second-most 
common prior experience (after “self-taught one or more lan-
guages,” at 21%). Moreover, students who took AP CS had sta-
tistically significantly higher average course grades in nearly all 

school on average, even when the latter group includes students 
who have had other kinds of formal and informal experience.

The data confirm hypothesis H2 when measuring student 
success by course grades: certain types of pre-college CS expe-
rience, even in isolation, are linked with significant improved 
average performance in CS classes at all levels. In particular, 
students who take AP CS have significantly higher mean course 
grades than those who don’t, even though students who do not 
take AP CS may have other in-class or informal pre-college CS 
experiences.

ADVANCING THROUGH THE CS PROGRAM
Beyond course grades, persistence in the CS program is a 
measure of students’ performance. To examine the impact of 
pre-college CS experience on this persistence, we analyzed 
whether students in the lower-division classes in our study 
(all CS1 and CS1.5 courses, CS2, and low-level programming) 
eventually went on to take Advanced Data Structures—the 
gateway course to our upper division—by the end of spring 
2017, two years after we collected our survey data.

For this section of our study, we restricted our attention to 
only students who were declared CS majors. We wanted to 
remove students who were never intending to continue with 
computer science and for whom continuing to the advanced 
classes would not be a reliable measure of success. A limitation, 
however, is that this data misses students who intend to declare 
a CS major but have not yet been able to (because our CS major 
is closed, student interested in switching into the major from 
another major on campus have to apply to do so after complet-
ing most lower-division classes).

We examined retention rates for the following groupings of 
students: (1) those who took AP CS vs. those who did not take 
AP CS, (2) those with formal (in-class) pre-college CS experi-
ence vs. those with only informal pre-college CS experiences vs. 
those who reported no pre-college experience on survey ques-
tion Q2, and (3) those reporting “a fair amount” vs. “a little” vs. 
“absolutely no” precollege experience on survey question Q1. 
We used Chi Squared to test for significant differences between 
groups’ continuation rates.

Results are shown in Table 2. When we consider students in 
all of the lower division courses in our study, most of the time 
students with experience continue on to the upper division in 

Table 3: Average pre-test scores (out of 10) for CS2 and Advanced Data Structures by different experience groups.

Table 2: Percent of students who go on to take Advanced Data Structures from different groups with 
different pre-college experience. All LD=students in all lower division courses; No Intro = students in CS2 and 
low level programming only.
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students who entered our university earlier than the students in 
the mid-level courses. Students’ pre-college experience is likely 
changing (and increasing) over time, though a confounding ef-
fect may be that those further into college may not remember 
some of their informal experiences pre-college.

THREATS TO VALIDITY AND LIMITATIONS
The first threat to the validity of this work is common to many 
large-scale data analysis studies: The results presented here 
are all correlations and do not necessarily imply causation. It 
is likely that many students with pre-college experience also 
have access to higher-quality secondary education, and more 
computing resources outside of school. They may even have a 
greater interest and motivation for learning CS. So we cannot 
conclude, for example, that simply getting more students into 
AP CS will fix the performance gap in higher education (though 
we believe it will certainly help). 

Second, we did not ask students whether they had access to 
the different pre-college experiences, so we cannot distinguish 
between students who were interested but were unable to par-
ticipate and those who chose not to participate. It is possible 
that these two groups have different outcomes in their college 
classes, but we do not have the data to treat them separately.

Third, we present results from courses at many levels 
through the CS program, but our data was gathered from a 
single snapshot in time. Thus, we are not tracking individual 
students’ trajectories, rather reasoning about mostly disjoint 
groups at different levels. It is possible that there are differences 
in the student groups over time that could account for some of 
our results. 

Finally, these results come from a single university at a sin-
gle point in time. Although our large public research university 
similar to many others in the United States, its student body 
and courses are not exactly like those at other institutions, and 
certainly very different from universities in other countries, 
with different target student populations (e.g. HSIs or HBCUs) 
or of different styles (e.g. liberal arts colleges). More work is 
needed in different contexts before we can really generalize 
these results.

CONCLUSION:  
ACTION REQUIRED TO LEVEL THE PLAYING FIELD
Our results provide evidence that we need to do more both in 
high school and in higher education to level the playing field for 
computer science majors. Our work provides strong support 
for the ongoing efforts to provide high-quality computer sci-
ence education to all high school students.

At the college level, longer introductory sequences for stu-
dents with no experience likely help. Yet, programs must be de-
signed to ensure that students are given the time to complete 
these sequences without unreasonably extending their time 
to degree, and students must be properly placed into these se-
quences. Beyond longer course sequences, students might ben-
efit from supplementary enrichment activities offered in paral-

the mid- and upper-level courses studied than those who did 
not take AP CS. Of course, some of this difference is likely due 
to correlation: Students with access to AP CS might have access 
to higher quality education overall or have higher motivation to 
learn CS. Regardless, taking AP CS may help boost a student’s 
feeling of “leading the pack” when they reach college and mix 
with peers who did not take AP CS. This impression may be 
reinforced in early programming courses, where (at our univer-
sity) the curriculum is very similar to that of AP CS.

Our results apply only to AP CS A. Future studies must con-
sider whether similar gains exist for students who take AP CS 
Principles.

LOW-STAKES VS. HIGH-STAKES ASSESSMENT
The effects of confidence may also be relevant in the differ-
ences we saw in results on course grades compared to pre-test 
scores. In high-stakes assessments, such as in-class exams, 
students with less pre-college experience might suffer from a 
lack of confidence and thus under-perform relative to their true 
understanding and ability. Further work with more thorough-
ly validated instruments given in a low-stakes context would 
be needed to conclude that performance levels are indeed the 
same on low-stakes assessments. Yet our results suggest that 
grade differences might be due to more than just gaps in un-
derstanding.

PRIOR EXPERIENCE AND RETENTION
We saw only a slight difference in retention rates, mostly after 
the introductory sequence, between students with and without 
pre-college experience. Indeed, we saw that a sizable fraction of 
students in classes at all levels report having no precollege CS 
experience. It is concerning that these students are underper-
forming their experienced peers into the upper division.

The performance gap at the upper division could be exac-
erbated by students going through the wrong introductory 
track. While most students follow placement guidelines, there 
are some students who seem misplaced: either students with a 
lot of experience who are in the two-course sequence for those 
with no experience, or those with no experience in the one-
course introduction (see Figure 1). For some, this may be due to 
scheduling or preference for a particular professor. In addition, 
our university puts pressure on students to graduate quickly, 
and we hear that some students with no experience elect to 
take the single-quarter introductory sequence in hopes of re-
ducing their time to graduation. Our results underscore the 
importance of working with students, particularly those with 
no experience, to ensure that they take the time they need to 
get caught up.

Interestingly, both Figure 1 and Table 1 show that the per-
centage of students in the advanced upper division courses re-
porting no pre-college experience is actually higher than that 
percentage of students reporting no pre-college experience in 
the mid-level courses (CS2 through Advanced Data Structures). 
Because our data was collected over only 4 quarters (just over 
a year), the students in the more advanced classes are mostly 
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lel with their courses. For example, if students’ upper-division 
grades are suffering because they did not learn the lower-divi-
sion content as deeply, we can provide supplemental “refresh-
er” courses that help students re-learn basic material without 
forcing them to retake a whole course.

We must also do more to close any potential confidence or 
belonging gap between students with and without pre-college 
computing experience. Affinity groups for students who feel 
unsure of their preparation, or explicit growth mindset educa-
tion could help these students meet their full potential. Instruc-
tors must be taught techniques to frame classroom climate so 
that it does not disadvantage students with less experience [3]. 
Universities might even consider offering sections of courses 
beyond the introductory level restricted to students with limit-
ed pre-college computing experience.

The result that more experience is linked with better out-
comes is not surprising, yet we as university educators are often 
blinded by the star student who had no pre-college experience 
who becomes the best student in the program. This work pro-
vides a push for us to acknowledge that this student is the ex-
ception, and to take steps to ensure that CS education is truly 
open for everyone to succeed.  
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The Swedish government has recently introduced digital 
competence including programming in the Swedish K-9 

curriculum starting no later than fall 2018. This means that 
100 000 teachers need to learn programming and digital 
competence in less than a year. In this paper we report on 
our experience working with professional teacher training 
in Sweden’s fifth largest city. The city has about 150 000 
inhabitants and about 50 schools with about 14 000 students 
in primary education. The project has been carried out in 
close cooperation with the municipality. 

The work started in the fall of 2014 with a pilot study with 10 
teachers in different subjects, carried out during spring 2015. 
The pilot study was successful as the teachers were able to in-
troduce activities related to programming and computational 
thinking in their subjects after only two half-day workshops. 
The next step was to scale this up to include all the schools in 
the city. As expected, this turned out to be a larger challenge. 
More than 70 teachers were involved in the second part of the 
project. Some of the lessons learned are that it is quite easy to 
provide teacher training, but harder to get teachers to actually 
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classroom. The later project, built on the previous one, now in-
volving a larger group of teachers, who were not only to imple-
ment the ideas in their own classroom, but also to spread it to 
other teachers at their schools. 

Both projects took place in Sweden’s fifth largest city, 
Linköping, as a collaborative effort between the Computer Sci-
ence Department at Linköping University and Linköping Mu-
nicipality. The university was responsible for the project and all 
the project activities, while the municipality took care of the ad-
ministration at the city level and the contact with the teachers. 

The rest of the paper is structured as follows. We start in 
Section 2 with a background on digital competence, program-
ming and computational thinking in Swedish education. In Sec-
tion 3, we present the first part of our project, the pilot study. In 
Section 4, the second and larger part of the project is presented. 
In Section 5, we discuss the lessons learned from the projects 
and in Section 6, we draw conclusions and give some recom-
mendations for the future. 

DIGITAL COMPETENCE IN SWEDISH  
K-9 EDUCATION 
The role of computer science and IT in Swedish schools has 
varied throughout the years [10]. In fall 2015, the Swedish gov-
ernment gave the National Agency for Education (Skolverket) 
the task of preparing a proposal for K-12 education on how to 
better address the competences required in a digitalized so-
ciety. In June 2016, Skolverket submitted a proposal putting a 
much stronger emphasis on digital competence and introduc-
ing both digital competence and programming as interdisci-
plinary traits. It also provides explicit formulations in subjects 
such as mathematics (programming, algorithmic thinking, and 
problem solving), technology (controlling physical artifacts) 
and social sciences (fostering aware and critical citizens in a 
digital society). In March 2017, the government accepted the 
proposal, which has to be implemented by fall 2018 at the latest. 
In October 2017, the government also decided on a National 
IT Strategy which was notably weaker than the one Skolverket 
proposed in June 2016. 

The Swedish school debate has in recent years circled around 
poor PISA results, difficulties in providing all children and youth 
with equal opportunities, and about modernizing the curricu-
lum in order to meet future job market requirements. As “pro-
grammer” is the most common job in the capital Stockholm, 
and the need for software professionals is estimated to increase 
heavily both in Sweden and internationally, some have argued 
that the education system should teach programming in order 
to prepare young people for these jobs. Others, the authors of 
this paper included, believe that school should offer all students 
general preparation for any kind of work, and have therefore 
argued for digital competence as part of all-round-learning, 
including computational thinking as a set of general problem 
solving skill useful for all in the spirit of Jeannette Wing [14]. 

In 2012, the Swedish government established the Digita-
lization Committee (Digitaliseringskommissionen) with the 

change their teaching and even more challenging to get teach-
ers to help their colleagues introduce programming or compu-
tational thinking in their teaching. 

Based on our experience we draw some general conclusions 
and make suggestions for how to scale up the teaching of pro-
gramming and computational thinking to all. 

INTRODUCTION
The increased exposure to technology raises a need for under-
standing how the digital world works, in the same manner as 
we get to know the physical world. Consequently, during recent 
years, we have witnessed an active discussion surrounding the 
role of programming and computer science (CS) for everyone 
(see e.g. [6, 9, 13]). As a result, an increasing number of coun-
tries have introduced or are in the process of introducing CS in 
their school curriculum. For instance in Europe, the majority 
of countries (17 out of 21) taking part in a survey conducted by 
the European Schoolnet in 2015 reported doing so [1]. The way 
in which this is accomplished varies. Some countries focus on 
K-12 as a whole, whereas others primarily address either K-9 or 
grades 10-12. Some countries have introduced CS as a subject 
of its own (e.g. Computing in England [3]) while others have 
decided to integrate it with other subjects, by for instance mak-
ing programming an interdisciplinary element throughout the 
curriculum (e.g. Finland [5]). The role of CS and information 
technology in school curricula has – in general – varied over 
the years, placing focus on different areas, ranging from using 
technology as a tool to learning how the computer works and 
how to use it to create programs. This has also been the case in 
Sweden. 

Introducing new content in curricula affects many teach-
ers. When the content is new, such as programming and digital 
competence, most of the teachers affected have no prior experi-
ence in teaching the content. Consequently there is a large need 
for professional development and training initiatives. In this 
paper we present our experience from a three year long project, 
aiming at training Swedish teachers (grades 1-9) in teaching 
programming and computational thinking. 

Although the Swedish government decided on including 
programming in the curriculum as late as in March 2017, the 
discussion on this had already been vivid since around 2014. 
To those involved it was more a question of when this would 
happen, rather than if. As a result, many projects focusing on 
programming and digital competence at primary and lower 
secondary school were initiated already several years ago. For 
instance, Sweden’s innovation agency Vinnova funded sever-
al such projects already in 2014. One of these projects was “A 
model for computational thinking in Swedish primary school”, 
which received renewed funding under the new project name 
“Computational thinking for all” in 2016. Both are lead by the 
authors of this paper. 

The first project aimed at introducing programming and 
computational thinking to a small group of teachers, who then 
were to implement the ideas and plans created in their own 
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this definition. The supplemental material clarifies that focus 
is not on coding skills, but on programming as a pedagogical 
tool and a problem solving process including many phases. 
Programming should also be seen in a wider context, includ-
ing “creation, controlling and regulating, simulations and 
democratic dimensions” [11, p.10, freely translated]. Skolver-
ket emphasizes the importance of seeing programming in this 
wider perspective both as a basis for teaching and as part of all 
four aspects of digital competence. For a more detailed over-
view see [7]. 

THE PILOT STUDY
The first project was a pilot study in the spring of 2015. It in-
volved 10 teachers in different subjects and from different 
schools, who had been selected by the municipality. Their 
background varied, from those that had been working with 
Bebras (http://bebras.org) and Hour of Code (http://code.org) 
to those that had absolutely no previous experience. The study 
took place during one semester and included three 3-hour long 
workshops. The goal was for each teacher to carry out at least 
three activities with their students. In the end, more than 300 
students from more than 14 classes from grade 1 to grade 9 
participated in computational thinking activities as part of the 
pilot study. 

The first workshop was a lecture style introduction to com-
putational thinking, which gave a motivation to why it is im-
portant, an introduction to what it is, concrete examples of 
computational thinking in different subjects, both with and 
without computers, and an introduction to programming us-
ing ScratchJr/Pyonkee. To introduce computational thinking, 
tasks from the international Bebras challenge were used. To 
introduce programming without a computer, material from CS 
Unplugged [2] was used. To introduce programming we used 
Hour of Code and ScratchJr/Pyonkee. The fact that these re-
sources were easily available simplified our work notably. 

The second workshop was a workshop style discussion 
around how to introduce computational thinking in the partic-
ipating teachers’ particular subjects. The teachers were divided 
into groups based on their subject. There were three groups: 
Swedish/language teachers, math teachers, and science/tech-
nology teachers. Each group was given the explicit task to come 
up with at least two activities related to computational thinking 
that they could carry out in their classes in the coming month: 
one unplugged activity and one involving a tablet or a comput-
er. After the group discussions, the whole group discussed the 
suggested activities together. The workshop ended with each 
teacher having to commit to doing one unplugged activity, one 
Hour of Code session, and one programming activity using a 
digital device (tablets were more common than computers) be-
fore the third and final workshop. 

At the third workshop the teachers presented what they had 
done in their classes and we discussed their experience and les-
sons learned. The teachers also filled out an evaluation form for 
each activity they had completed. In total we received informa-

task of providing guidelines for the future of work related to 
digitalization in Sweden. One of the committee’s reports [4] 
highlights the need for the school system to put larger focus 
on digital competence. The report explicitly points out the 
need for including programming in the curriculum as part of 
existing subjects. As a result of the discussion around schools, 
programming and CS as part of all-round learning, persons 
representing school, universities and industry engaged in vol-
untary initiatives to help overcome the lack of CS in Swedish 
basic education. Teacherhack (http://teacherhack.com) is a 
nonprofit organization aiming at inspiring “teachers to hack 
the current curriculum (Lgr 11) to include the essential skills 
that students need in a digital world”. The Teacherhack web-
site provides reviews of all subjects in Lgr 11 with practical 
advice on how the current texts can be interpreted in order to 
allow for a more active inclusion of content and practices re-
lated to CS, programming and the Internet, as well as security 
and integrity issues. 

Extracurricular activities such as CoderDojos, code camps, 
afterschool clubs and makerspace activities are organized to 
give children and youth access to informal learning opportu-
nities. Teachers throughout the country are experimenting and 
sharing experiences from introducing programming in differ-
ent subjects, ranging from languages to handicraft and music. 
Heintz et. al. [8] present an overview of ongoing activities relat-
ed to CS and computational thinking in Sweden, highlighting 
several projects that show how one can introduce CS already 
within the current curriculum. 

In September 2015, the Swedish government gave Skolver-
ket the task of presenting a national IT strategy for the Swedish 
school system. As part of this work, Skolverket was to update 
the curricula for primary (K-9) and upper secondary education 
(grades 10-12). The government explicitly stated that the cur-
riculum should 1) strengthen students’ digital competence and 
2) introduce programming at K-9 level. 

In March 2017, the Swedish government accepted Skolver-
ket’s proposal. The revised curriculum will be mandatory start-
ing fall 2018, but schools have the option to introduce it already 
fall 2017. 

The revision introduces a new general section on digital 
competence. Skolverket acknowledges that the meaning of 
digital competence changes over time due to changes in soci-
ety, technology and available services [11]. Skolverket’s defini-
tion is based on the set of key competences developed by the 
European commission [12] and the work by the Digitalization 
Committee [4]. In the Swedish curriculum, digital compe-
tence includes four aspects: 1) understanding how digitali-
zation affects individuals and society, 2) understanding and 
knowing how to use digital tools and media, 3) critical and 
responsible usage of digital tools and resources, and 4) being 
able to solve problems and implement ideas in practice. In a 
supplemental material [11], Skolverket stresses that helping 
students develop their digital competence is a cross-curricular 
responsibility and aspects of digital competence should hence 
be covered in all subjects. Programming is considered part of 
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ORGANIZATION 
The municipality has 50 schools and about 14000 students in 
comprehensive education (grade 1-9) organized in 5 school dis-
tricts. Due to the hierarchical organization, the communication 
from the central municipal administration is always through 
the school district, which can decide whether to forward infor-
mation to the principals, or not. Each principal decides wheth-
er information should be forwarded to the teachers and, if so, 
whom to inform. All communication from the project to the 
teachers were taken care of by the project’s municipality repre-
sentative, who is also a teacher. 

The original plan was to build an organization with one 
teacher from each school and a support group within the cen-
tral administration consisting of one representative from each 
of the school districts and one representative from the central 
education development office (who would also be responsible 
for the whole project). We as the university representatives 
were outside the organization as our role was to bootstrap the 
change. Our responsibility was to provide teacher training, 
expert advice and to study the introduction of computational 
thinking in the schools. 

Even though the central municipal administration has been 
very supportive and positive we have not managed to form a 
central support group and the representative from the munic-
ipality has been replaced three times during the project period 
of three years. Based on this experience, the school organiza-
tion appears to be rather volatile with people constantly chang-
ing positions, but it could also be a coincidence that the munic-
ipality was in a shift of staff. 

Luckily, we have managed to get representatives from more 
than 40 out of the 50 schools, which means that we actual-
ly reach at least 80% of the schools. Initially we got about 30 
teachers in the spring of 2016, which was increased to about 70 
teachers from the fall of 2016 after the head of education had 
sent out a request to all the schools. The group was mostly un-
changed during fall 2016 and spring 2017, but the engagement 
and activity of these teachers varied substantially. Normally 
about 40 of the teachers showed up to the workshops. Finding 
suitable workshop times and getting teachers to commit is both 
hard and important. 

WORKSHOPS AND ACTIVITIES 
The workshops have been the backbone of the project. We have 
arranged three half-day workshops per semester at the univer-
sity, resulting in a total of 12 workshops during 2016 and 2017. 
Each workshop has had a theme and a program including both 
information or new material from us and discussions to activate 
the teachers. We have also given the teachers assignments to do 
between the workshops. 

In addition to the workshops we have also encouraged par-
ticipation in events such as Bebras and Hour of Code. We have 
also developed a handbook with computational thinking activ-
ities and an introductory material for teaching computational 
thinking. This material is freely available in Swedish as it is de-
signed for Swedish teachers. 

tion about 17 activities. One example of an activity that a teach-
er developed introduced a treasure hunt covering angles and 
fractions in mathematics. The students were given a grid map 
of the school yard and a sequence of instructions on the form 
“walk 1 3/4 squares forward”, “turn 270 degrees to the right”, 
etc. They then had to calculate where the treasure was hidden 
before actually executing the program to see if they could find 
the treasure. This is a good example of combining developing 
computational thinking skills with outdoor activities. 

The final review of the pilot study revealed four major les-
sons learned: 
1. �The teachers were in general positive and felt that the 

training made it possible for them to adapt the material 
provided and run an activity as part of their own teaching. 
Nevertheless, they only did this once and as far as we know 
the teachers did not continue to develop more activities 
after the pilot study was over. 

2. �The teachers reported that other students than the usual 
suspects did best on the activities. Students that were 
usually quiet and low key were more excited and engaged 
in the activities than normally. 

3. �According to teacher’s experience, Scratch and ScratchJr 
worked well at lower grade levels, while students in grade 
7-9 were not motivated by the cute graphics and cartoons. 
One teacher used Code Combat (http://codecombat.com/) 
instead together with grade 9 students, which he reported 
worked well. 

4. �The students were in general positive towards the activities 
and engaged in them. 

The conclusions from the pilot study are that it was definite-
ly possible to get teachers to introduce computational thinking 
in their teaching with a limited amount of professional devel-
opment, as long as it was directly connected to their subject. 
However, it did not seem to get a lasting effect. This seems to 
be a general observation, it is relatively easy to do one or a few 
activities, but it is much harder to make it part of the standard 
practice and integrate it into everyday teaching. 

CT FOR ALL
As the conclusions from the pilot study were positive, while it 
was clear that this only affected a small number of students, 
the continuation project focused on addressing the question on 
scaling up. The basic question is: Now that we know how to get 
individual teachers to start including computational thinking 
in their classes, how can we scale this up in both the number 
of teachers/students and also in the regularity/longevity of the 
activities. The general plan for the project was to provide pro-
fessional competence development to at least one teacher at 
each school and to build up a central support function within 
the municipal administration to support the teachers. The goal 
of the project was that 80% of all students in the municipality 
should have at least one activity per month related to compu-
tational thinking. 

http://mags.acm.org/inroads/june_2018/TrackLink.action?pageName=68&exitLink=http%3A%2F%2Fcodecombat.com%2F
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thinking concepts, provides examples of concrete activities and 
exercises that the teacher can use in his or her classroom, and 
presents a model for how to assess the attitude and maturity of 
student’s computational thinking.

The material covers five concepts: 
1. �step by step instructions (or how the computer works); 
2. �detecting and finding patterns;
3. �breaking down a problem in smaller parts;
4. �abstraction and representation; and
5. �algorithms and programming. 

The progression basically follows these concepts, so teachers 
start with the first and work through them one by one. 

The material also considers seven attitudes:
1. �dealing with complexity;
2. �dealing with ambiguity and open problems; 
3. �adapting solutions to new situations;
4. �evaluating own and others solutions;
5. �experimenting and troubleshooting;
6. �grit; and
7. �communication and collaboration. 

The learning objectives of the material, when used in teach-
ing, is for students to: 
• �know that a computer does things step-by-step; 
• �have experience working with different types of problems 

where he/she has benefited from or has developed concepts 
and attitudes related to computational thinking;

• �recognize computational thinking as a problem-solving 
process together with computers that are based on a set of 
concepts and attitudes; and 

• �be able to assess his/her own level of computational 
thinking. 

The material consists of a set of slides presenting the con-
cepts and attitudes, in addition to two matrices. The first matrix 
defines the concepts. In addition, concrete activities and exam-
ples related to math, technology and other subjects are provid-
ed for each concept. The activities are either Bebras tasks or 
activities from our handbook on computational thinking activi-
ties. Most activities can be carried out without a computer. The 
second matrix provides an assessment tool where each attitude 
progresses through three stages based on work by Phil Bagge, 
Mark Dorling, and Thomas Stephens (http://code-it.co.uk/atti-
tudes). Each step is in the form of a concrete question for the 
student to answer. 

IMPACT
Measuring the number of students that have participated in the 
project is challenging. The most specific figure we have is the 
number of students that participated in the Bebras contest. In 
the 2016 contest 3756 students from 47 schools in Linköping 
participated. This corresponds to close to 30% of the students in 

Workshop Program. 
1. �Introduction to computational thinking, overview of the 

proposed new curriculum, introduction to Bebras, Hour 
of Code, and Scratch Jr. Discussion: What support do you 
need to implement the new curriculum? 

2. �Assessment of computational thinking skills. Discussion: 
How to assess digital competence and programming in the 
new curriculum? 

3. �Introduction to our handbook on computational thinking. 
Discussion: Now that you have learned the basics, how 
should you proceed? This was the first workshop with 
the full group, so we had a parallel session for the new 
teachers, where we summarized the content of the first 
two workshops to bring them up to speed. 

4. �Bebras and models for introducing programming and 
computational thinking in K-9. Hands on programming 
exercises for those that were new to programming and a 
seminar on the computer science behind Scratch for the 
more experienced. 

5. �The results from Bebras and introduction to Hour 
of Code. Programming in Python for those with 
programming experience and a hands on introduction to 
Hour of Code for those that were new to programming. 

6. �Presentation of the introductory material for 
computational thinking. Discussion: Experiences from 
trying out Bebras and Hour of Code, how can these 
resources be used in teaching? 

7. �Presentation of how others have worked with the new 
curriculum. Workshop on Micro:bit (http://microbit.
org) and Swift Playgrounds (http://apple.com/swift/
playground). Discussion: What do you think of the 
introductory material to computational thinking and how 
does it work in your class? 

8. �From block programming to textual programming and 
programming and algorithms in mathematics. Discussion: 
How will you introduce programming in your teaching 
this fall? 

9. �Progression and more on algorithms in mathematics. 
Discussion: What should students know after grade 3, 
grade 6 and grade 9? (The Swedish curriculum lacks 
details, so it is up to teachers to interpret the curriculum.) 

10. �Spreading to other teachers at the same school. Discussion: 
How to spread the workshop contents and lessons learned 
to other teachers, get all teachers involved in order to have 
continuity at school level (instead of the level of digital 
competence teaching at a given school being dependent on 
a single teacher personally driving the change)? 

11. �Lessons learned and moving forward. Discussion: How will 
you continue the work now that you have to work more 
independently? 

INTRO TO COMPUTATIONAL THINKING PACKAGE 
To provide the teachers with a joint basic material on how to 
introduce computational thinking, we put together a small re-
source package. The material defines the main computational 
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7-9 are not as easy to answer. Many of the suggestions were 
considered difficult and too advanced. One lesson learned 
is hence that progression is important in many respects and 
that there is a need for teacher centric research in order to 
learn more about suitable ways to integrate programming at 
different grade levels. In Sweden, comprehensive school is 
organized in three main stages: K-3, grades 4-6 and grades 
7-9, and it is between these stages that students shift schools 
and teachers. It is therefore crucial to have a joint progression 
to make it easier for teachers at different levels in order to 
know both what to expect from students when they transition 
to their stage and what minimal level students should reach 
before moving forward to the following stage. 

The question “what to do now that we know Scratch” is 
also not a straightforward one. Does it imply that the per-
son knows how to use the tool Scratch or how to solve dif-
ferent types of problems by programming in Scratch? For 
most teachers, the question seems to imply the former. They 
have used the tool quite extensively and feel that they know 
how to use it, therefore they believe they know how to pro-
gram. This claim is based on our experience of assuming 
that the teachers actually had learned to program. For those 
teachers, who felt that they needed to learn more advanced 
topics, we tried to introduce text-based programming in a 
more university style manner. The first attempt was to take 
Scratch as the starting point, go through the different blocks 
and constructs and explain the computer science behind 
them. This turned out to be too complex. The second at-
tempt was to take a subset of the introductory lecture in our 
university Python course, explaining the basics of program-
ming in Python, and then do a hands-on exercise writing a 
function, which computes the maximum of two numbers.  
Although this went better than the first attempt, it was still 
clear that the step from block-based to text-based program-
ming is rather big. The step was made even bigger by the fact 
that many schools in the region have opted for tablets, and 
teachers had to do all the programming on an iPad. From this 
we draw two conclusions. First, going from block-based pro-
gramming to text-based programming is hard. Second, teach-
ers who express that they are ready to move from Scratch 
probably do not need another tool or programming language, 
but rather more experience in developing interesting tasks 
and problems, where students can use Scratch, or some other 
block-based environment, as a tool solve the task or imple-
ment an idea. 

The teachers participating in our projects had quite hetero-
geneous backgrounds: some did not have any prior experience 
in programming, while others had already done quite a lot, 
both on their own and together with their students. This did 
not cause any problems during the workshops, as the partici-
pants were divided into groups with different program based 
on their background. However, making all activities suitable to 
everyone, regardless of subject taught and prior background, 
requires significant resources. 

Most teachers in the project have carried out activities with 

grades 2-9, which is three times as many as the year before when 
the corresponding number was 1277 students. The Linköping 
students represented more than 40% of all students that par-
ticipated in Bebras in grade 2-9 at a national level in Sweden. 
This shows that the project has had a large impact. Unexpect-
edly, the number of students that participated in Bebras in 2017 
dropped to 2209 students from 30 schools. The comments we 
received from teachers indicate that the Bebras tasks are very 
popular and are used in ordinary teaching, but that schools do 
not like to participate in the contest itself. In addition to Bebras, 
many students participated in the Hour of Code, but for that 
activity we lack concrete statistics. 

The informal impact is very high as almost all schools in 
Linköping participate in the project and we have been invited 
to present the work to all school leaders in the municipality. It is 
very likely that this effort will be the main effort by the munici-
pality to introduce the new curriculum. 

LESSONS LEARNED 
The project has provided many lessons learned. As mentioned 
above, the project was organized around a municipality repre-
sentative taking care of all direct contact with the teachers. This 
was challenging from two perspectives. First, teachers changing 
jobs or tasks at their work place led to the municipality repre-
sentative changing several times throughout the project. This 
made it difficult to have continuity in the project even if the rep-
resentatives were all very good and active. Second, having one 
person in charge of all teacher contacts complicated our com-
munication with the teachers, as everything had to go through 
the middleman. One important lesson learned is hence to have 
an active coordinator at the municipality level, both for teach-
ers who need somebody they can easily contact and for us as 
the university. Another, but closely related, observation is that 
it can be rather difficult to get communication across in large 
organizations. 

Another lesson learned is related to teacher activity and the 
role played by school leadership. Regardless of the current and 
highly relevant topic on digitalization in schools, teachers were 
not able to prioritize the project. There is a need for a clear 
vision at the leadership level as well as resources that make it 
possible for teachers to not only take part in a limited number 
of workshops, but also to learn more and experiment on their 
own and together with colleagues. It is quite surprising to us 
that even if the new curriculum is decided and our program 
is available for free for the teachers, the interest from school 
leaders is quite low (this could be a consequence of the difficul-
ty of communication as we have no direct contact with school 
leaders either). 

While introducing the basics of programming and 
algorithms can be considered rather easy, moving beyond 
unplugged programming, apps, Hour of Code and simple 
block-based programming is not as straightforward. 
Questions such as what to use after Scratch or how to integrate 
programming in mathematics and other subjects in grades 
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If we were to carry out the project again, the most import-
ant thing we would do differently would be to explicitly get the 
commitment of principals and school leaders at the highest lev-
el. Having their explicit support would greatly empower teach-
ers to get more done at their schools and feel that they have a 
clear mandate and resources needed to inspire to change. 

Overall we are satisfied with the project as we have gained 
valuable and important insights, and we know for a fact that we 
have reached more than 80% of the schools and at least 30% of 
all the students in city, probably signifcantly more.  
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their own student group and many have also done so with other 
student groups at their school. It is, however, much harder to 
spread the work to other teachers at the school. Some of the 
reasons expressed by the teachers are:
• �lack of time; 
• �lack of mandate, they only have the mandate to participate 

in these activities not to take their own initiatives at their 
schools; 

• �lack of school leadership, in some cases teachers did not 
even have a principal as a new one was under recruitment; 
and

• �lack of a clear idea on how to introduce programming and 
digital competence in a sustainable manner. 

CONCLUSION
In this paper we have described our experience from introduc-
ing programming and computational thinking at a large scale 
in a Swedish city. The goal was to reach at least 80% of all the 
schools and at least 80% of all the students. The plan was to 
provide professional training to the participating teachers the 
first semester, support them in carrying out a series of activities 
during the second semester and then support them to spread 
their knowledge to their colleagues during the third semester. 
The goal turned out to be too optimistic. First, it took longer 
than expected to recruit teachers to the project so we had to 
restart the professional training the second semester. Second, 
getting teachers to activate their colleagues requires both the 
mandate and the support from their local school leaders, which 
was outside of our control. Third, large organizations are con-
stantly changing both in terms of directives and in terms of 
people, so finding a stable backbone is quite hard.

The main conclusions of the project are:
• �it is possible to provide good teacher training with relatively 

modest efforts; 
• �it is possible to get these teachers to carry out activities in 

their own classrooms and usually also in other classes; 
• �the teachers are usually good at adapting the material we 

present and turn it into their own lessons; and 
• �it is much harder to get teachers to do their own local 

teacher training and to get additional teachers at their 
schools to adopt the new material as it requires an explicit 
mandate from the local school leaders. 

An observation that might be important is that it seems 
that the teachers who learn Scratch (or other similar languag-
es), learn it as a tool not as a realization of common program-
ming concepts. When they have learned the tool, they feel 
that they know programming, but when you start discussing 
the programming concepts or show how to do the same thing 
in another language, such as Python, they do not really follow. 
Scratch in all its greatness also seems to lure people into believ-
ing that they know more than they do, which is something we 
have to be aware of and try to mitigate. 
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CSin3 is a cohort-based, three-year computer science 
bachelor’s degree program that has increased graduation 

rates of traditionally underrepresented computer science 
students. A collaborative effort between a community 
college and a public university, CSin3 provides a clear 
pathway for upward socio-economic mobility into the high-
paying technology industry. CSin3 students are 90% from 
traditionally underrepresented groups, 80% first-generation, 

32% female, and have a three-year graduation rate of 71%, 
compared to a 22% four-year graduation rate for traditional 
computer science students. Upon graduation, CSin3 
students score similarly on a standardized exam of computer 
science knowledge as compared to traditional students who 
graduate in 4 years or more. The first graduates had a job 
placement rate of 78% within two months of graduation, 
including positions at large technology companies like 
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needs across the entirety of their degree. One notable exam-
ple is a cohort program for first-year computing students at 
Rochester Institute of Technology [12]. Students take a subset 
of classes together, practice active learning, have access to staff 
who manage institutional complexity, and build a culture of 
professionalism.

The concept of a three-year bachelor’s degree has gained 
popularity over the last decade, largely in the pursuit of lower 
costs [13]. Three-year degrees typically offer students a course 
pathway, but vary in the amount of support they provide or the 
amount of prior preparation they demand. Some education 
advocates claim that accelerated degrees are only appropriate 
for exceptionally well prepared students [13], while others see 
three-year degrees as an opportunity to jump-start reform by 
requiring efficiency from institutions of higher education [26].

SETTING: THE SALINAS VALLEY
Despite its location 70 miles south of Silicon Valley, the Salinas 
Valley is known for agriculture, not information technology. 
Called the “salad bowl of the world”, the Salinas Valley is home 
to a $4 billion agriculture industry primarily based on crops 
that must be manually harvested, like lettuce, strawberries, and 
broccoli [6].

The population of the 1,000 square mile Salinas Valley is 75% 
Latino. The overall poverty rate is higher than the state and na-
tional averages at 20%, with about 50% of Salinas Valley families 
classified as low income [5]. Languages other than English are 
spoken in 68% of area homes. More than 40% of Salinas Val-
ley residents did not graduate from high school. For Latinos, 
the situation is more serious with 55% having less than a high 
school education, and only 5% having a bachelor’s degree [5].

The Salinas Valley is served by Hartnell Community College, 
an open access institution that enrolls nearly 17,000 students. 
The closest four-year institution is California State University 
Monterey Bay, located 12 miles west. CSUMB offers bachelor’s 
and master’s degree programs for a student body of over 7,000 
students.

THE CSIN3 PROGRAM

PARTNERSHIP BETWEEN CSUMB AND HARTNELL
A small team consisting of faculty and staff from both CSUMB 
and Hartnell developed the CSin3 program and manage its day 
to day operations. The close working relationship and shared 
team vision, as well as the broader commitment from the insti-
tutions to the cohort-based pathway, made it possible to estab-
lish a truly multi-institutional program.

THREE-YEAR, YEAR-ROUND PATHWAY
A recent study of computer science transfer students found 
1,213 distinct pathways to graduation with a Bachelor’s degree, 
of which only 1% involved two years at community college and 
two years at university [22]. A companion study found that 

Apple, Salesforce, and Uber. By implementing a cohort-based 
learning community, a pre-defined course pathway, just-in-
time academic and administrative support, comprehensive 
financial aid, and a focus on 21st century skills, the CSin3 
program has demonstrated promising results in addressing 
the capacity, cost, quality, and diversity challenges present in 
the technology industry.

INTRODUCTION
Over half of all Latino and African-American undergraduates 
begin at community colleges [17]. However, only 14% of de-
gree-seeking community college students obtain a bachelor’s 
degree within six years [14]. Traditionally underrepresented 
students, already “stuck in the shallow end” due to limited ac-
cess to computing in K-12 [16], face a stark reality in their at-
tempts to access high-paying computing careers via a higher 
degree. Even if these students do persist to graduation, longer 
time-to-degree results in increased tuition costs, including po-
tential loss of financial aid, as well as lost wages [11]. What caus-
es computer science students at community colleges to struggle 
with transfer and graduation? Unclear transfer pathways and 
inconsistent academic advising add difficulties to an academ-
ic journey already stressed by financial need and the need for 
remediation [15]. Even when transfer students graduate, they 
are less likely to have participated in impactful experiences like 
internships and learning communities [18].

California State University Monterey Bay (CSUMB), a state 
university, and Hartnell College, a community college, formed 
a partnership to implement an innovative pathway that serves 
students from the Salinas Valley in California: an accelerated 
bachelor’s degree coupled with significant student support 
structures and financial assistance. At the core of this pro-
gram is a commitment from CSin3 staff to take full responsibil-
ity for navigating institutional complexity, allowing students to 
focus on academics and career readiness. The program includes:
• �An accredited three-year Bachelor of Science degree 

program in which students complete the first 18 months at 
Hartnell and the final 18 months at CSUMB 

• �Student cohorts that follow a pre-defined pathway from 
enrollment through transfer and graduation 

• �A preparatory math intensive program and a summer 
bridge program to improve college-readiness of students 

• �Ongoing academic support through identification of 
academic needs and provision of support services 

• �Career development support through internship and job 
preparation workshops 

• �Scholarship support that eliminates the need for students to 
seek outside employment

RELATED WORK
Many efforts have been made to support traditionally under-
represented minority students in computing, but few inter-
ventions address the spectrum of these students’ multifaceted 
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tional. As one cohort member discovers useful knowledge, such 
as how to get started on a resume-worthy side-project or what 
to expect during a certain company’s behavioral and coding in-
terviews, this information is shared among the cohort, as well 
as passed between cohorts.

Cohorts are efficient from the institution’s perspective. 
Communication is straightforward: information spreads quick-
ly through the close-knit community, and cohort students are 
usually in the same place. Scheduling a cohort’s classes can be 
done at once, in bulk, in an automated fashion.

SUPPORTIVE YET DRIVEN CULTURE
CSin3 explicitly builds a cohort culture, based on key ideas:
• �Computer science careers are an option for anyone, and un-

derstanding computer science is something anyone can do if 
they put in continuous effort. Growth mindset [9] is taught 
explicitly.

• �Grit is key to success. Students view Angela Duckworth’s TED 
Talk, which defines grit as “passion and perseverance for very 
long-term goals...and working really hard to make that future 
a reality” [8]. Grit in the CSin3 context is described as study-
ing long hours on campus, day after day.

• �No one gets left behind. Cohort members provide help when 
others are struggling, academically and non-academically.

ADMISSIONS FOCUSED ON DEDICATION TO COHORT
Recruitment. Recruitment is targeted at all areas of the Salinas 
Valley, including rural southern Monterey County. Outreach 
activities include high school classroom visits, contact with 
school counselors and teachers, presence at Hartnell college 
events, and increasingly, word of mouth.

Recruitment efforts emphasize the large number of 
high-paying computing jobs and stress that not all college ma-
jors provide the same opportunities for employment. Comput-
er Science is framed in terms of its real-world impact, and ex-
amples demonstrate how computing enables progress in many 
fields, like creating educational solutions for blind children or 
fighting forest fires [20]. Presentations honestly address typical 
graduation rates, and CSin3 is described as a low-cost, effective 
option for students willing to put in significant effort.

Eligibility. CSin3 applicants may be seniors in high school, 
may have completed some college, or may be going back to 
school after time off. A 3.0 high school GPA is the stated re-
quirement, however, students with lower GPAs are admitted if 
they demonstrate high levels of motivation and grit. Prior to 
starting the pathway in fall, students must be ready for calculus 
and college English (see summer preparation, below).

Application. Students complete an online application via 
the program web site1 that includes a 1,000 word personal state-
ment, transcripts, and a letter of recommendation. Applications 
open in September and the cohort is typically filled by January.

Selection. CSin3 has rolling admissions, based on the idea 
that any student who meets admissions criteria and is passion-

these students lack knowledge about transfer and graduation 
requirements, as well as computer science course content and 
industry expectations [15]. This paucity of information can lead 
to poor course choice and career preparation.

To ensure that students are well-prepared while making ef-
ficient progress to degree, CSin3 provides a pre-defined course 
pathway, with guaranteed capacity for each student. Students 
do not need to spend time deciding on courses, designing a 
schedule, or resolving waitlist or course conflict issues.

Developed collaboratively by faculty at CSUMB and Hart-
nell College, the course pathway efficiently meets degree re-
quirements while maintaining a reasonable workload. Students 
take classes year-round, including winter and summer sessions. 
Besides decreasing time to graduation, continuous engagement 
has been associated with increases in both retention and grad-
uation rates [3, 7].

Computer science skills alone are not enough for success as 
a computer scientist or software engineer [19]. Pathway elec-
tives are chosen in order to develop specific 21st century skills 
[24], e.g. a public speaking course to improve communication, 
and three English courses to develop critical analysis.

Students complete their first three semesters primarily at 
Hartnell and the final three semesters primarily at CSUMB. 
However, students are integrated into the university environ-
ment early, as they take one course at CSUMB each semester 
before transfer.

FINANCIAL AID AND LOW TUITION COSTS
Full engagement with academics and professional preparation 
demands minimal distractions. Since traditionally underrepre-
sented students are more likely to work to support themselves 
during college [10], addressing financial needs of students is 
critical.

The transfer pathway through a community college results 
in tuition costs under $15,000 for the entire CSin3 program. 
Through a partnership with a local philanthropic foundation, 
CSin3 students in the first five cohorts received $30,000 schol-
arships, allowing them to focus full-time on academics and ca-
reer preparation. While it is an incentive to remain on track 
with the program, this kind of financial support alone is likely 
not sufficient to ensure graduation.

TIGHTLY-KNIT COHORTS
CSin3 students are organized into cohorts of 32-35 students. 
Each cohort attends classes and enrichment activities togeth-
er throughout the three years of the program. While computer 
science students from underrepresented backgrounds are of-
ten minorities in university departments, cohort students are 
constantly surrounded by people they know, often from similar 
backgrounds. CSin3 students are 90% from traditionally under-
represented groups, 80% first-generation college students, and 
32% female.

Cohort members form a community of learners [21], sup-
porting each other in their academic and professional goals. 
This support isn’t only social and emotional, but also informa- 1 https://www.csumb.edu/csin3 
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for supporting all student queries, whether financial, adminis-
trative, or academic. Student issues are never “someone else’s 
problem.”

There are two primary staff members who spend significant 
face time with students each week (e.g. during Study Time), 
providing mentorship, encouragement, and advice. The CSin3 
Program Coordinator manages CSin3 student enrollment and 
registration, distributes financial aid, manages payroll for tutors 
and faculty funded by related grants, and leads recruitment. 
The Computer Science Education Coordinator provides aca-
demic support throughout the pathway, tracking the academic 
progress of CSin3 students, managing academic interventions 
such as tutoring assistance, and leading enrichment sessions.

TUTORING AND PEER-LED TEAM LEARNING
Tutoring for challenging courses provides another layer of aca-
demic support for CSin3 students. Tutors are hired through the 
tutoring centers at Hartnell and CSUMB, and are directed to 
hold hours at times and locations convenient to CSin3 students. 
Attending tutoring is not mandatory, although it becomes so if 
a student is at academic risk. To improve both their general tu-
toring skills and pedagogical content knowledge about how to 
tutor their topic, tutors participate in weekly training sessions 
overseen by the CS Education Coordinator.

Because of the importance of building foundational pro-
gramming skills early on, a more robust academic support 
structure has been created around the first two programming 
courses in the CSin3 pathway. The core of this structure is Peer-
Led Team Learning (PLTL) [23], where students in more senior 
cohorts are trained as Peer Leaders by the CS Education Co-
ordinator, and guide first-year students through collaborative 
problem sets for 1.5-2 hours weekly.

ENRICHMENT ACTIVITIES
What happens in classes alone is not enough to prepare stu-
dents for industry, both academically and professionally. CSin3 
students attend a weekly three-hour Friday Cohort Enrichment 
session in their first year. In the first semester, this session cov-
ers cohort culture, incorporates team-building, reviews CS1 
programming fundamentals, and develops study skills like time 
management and test-taking strategies. In the second semester, 
this session covers more CS1 programming fundamentals, as 
well as career exploration exercises, resume information, and a 
walk-through of a sample side project. In the second and third 
years, CSin3 students attend weekly Above and Beyond Com-
puter Science sessions, located at CSUMB, which cover pro-
fessional preparation skills like resume-building and technical 
interview preparation. These enrichment sessions are open to 
all CSUMB computer science students.

INTERNSHIP
Having an internship is a key qualification for many computing 
jobs, however, first-generation college students, traditionally 
underrepresented minority students, and transfer students are 
less likely to complete an internship than their peers [18]. Be-

ate about CSin3 should be considered, regardless of their rel-
ative qualifications. Qualified students interview with a small 
panel of faculty and staff, which provides an opportunity to 
ensure applicants understand how CSin3 differs from a typical 
college experience and to ensure that students are truly inter-
ested in computer science. Cohort members are conditionally 
admitted and required to attend Math Intensive classes, regard-
less of prior math preparation. Active participation in Math In-
tensive is a secondary selective measure for grit and dedication 
to CSin3.

MATH INTENSIVE AND SUMMER PREPARATION
The need for supplemental support to become math and En-
glish ready became evident from the very first recruits into 
CSin3. This need for remediation is in line with national trends, 
which show that as high as 60% of college students need math 
remediation and 28% need English remediation–rates nearly 
twice as high as those at four-year public institutions (32% and 
10% respectively) [25].

During spring semester, a high school mathematics teach-
er and undergraduate tutors conduct weekly Math Intensive 
sessions Saturdays at Hartnell College. Students work through 
Khan Academy’s adaptive online curriculum [1]. Instructors 
monitor student progress via an online dashboard, and stu-
dents are required to complete a certain number of hours each 
week or risk their spot in the cohort. Math Intensive supports 
a shift in expectations towards the full-time college workload 
of CSin3.

SUMMER BRIDGE
Summer Bridge takes place a few weeks before the start of 
CSin3 students’ first semester in the program. Led by faculty 
and staff from the CSin3 team, the focus is on building cohort 
culture, setting expectations about coursework, and giving stu-
dents a soft introduction to programming and computer sci-
ence. A letter advising parents of the heavy time commitment 
of CSin3 is distributed in both Spanish and English.

STUDY TIME AND PHYSICAL ENVIRONMENT
Comfortable study space on campus is crucial for CSin3 stu-
dents, who typically live at home and lack a quiet study envi-
ronment there. Mandatory “Study Time” of 5-8 hours per week 
builds the habit of studying on-campus.

ACCESS TO AND RELATIONSHIPS WITH STAFF
Typically, institutions wait for students to reach out for help, 
and they expect students to know where to go among many 
distinct departments. First-generation college students not only 
face more difficulties understanding the type of help they need, 
but are also more likely to attend institutions with higher ratios 
of students to staff.

In CSin3, staff members serve as an API layer on top of the 
institution, listening to student issues and then guiding stu-
dents or directly communicating with the correct department 
for support. This “one-stop-shop” approach takes responsibility 
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OUTCOMES

STUDENT OUTCOMES
Transfer and graduation rates. CSin3 enrolled its first cohort 
in fall 2013, and has enrolled another cohort in each year since. 
Eighty-five percent (87 out of 102) of CSin3 students trans-
ferred to CSUMB after 18 months. Seventy-one percent (46 of 
64) of CSin3 students graduated with a bachelor’s degree in 3 
years. From the first cohort, 79% graduated in 3.5 years.

CSin3 has had a significant impact on the demographic 
composition of computer science graduates from CSUMB. Pri-
or to launching CSin3 in 2012, CSUMB produced 1/34 of all 
Hispanic CS graduates from across the CSU system and 1/30 
of all female CS graduates. As of May 2017, CSUMB produced 
1/10 of all Hispanic CS graduates and 1/13 of female CS grad-
uates across the entire CSU system of 23 campuses and over 
400,000 undergraduates.

Job and Internship positions. Of the 46 CSin3 students 
who graduated in three years (from the first two cohorts), 36 
(78%) had secured gainful employment in the technology in-
dustry within two months of graduation. Employers include 
Apple, BlackRock, CIG, Driscoll’s, Dolby, iFoodDecisions, 
HeavyConnect, HumRRo, JPMorgan Chase, Kibo, Liberty Mu-
tual, Lyft, Panafold, RedTeal, Salesforce, SSCS, NBC Universal, 
Uber, and Verizon.

Three cohorts have participated in internships. Internship 
preparation activities have benefited not only CSin3 students, 
but also other CSUMB students who attended workshops and 
interacted with visiting industry professionals. These efforts have 
resulted in 131 computer science students, 79 from CSin3, com-
pleting internship experiences in summers 2015, 2016, and 2017.

Standardized exams of computer science and general 
critical thinking. During their first semester of college (Fall 
2013), 32 CSin3 students from the first cohort and 26 tradi-
tional CSUMB CS students took the CLA exam, a measure of 
general critical thinking skills [4]. CSin3 students scored low-
er (1061 vs. 1093) on this initial exam. However, almost three 
years later, these CSin3 students re-took the CLA (Spring 2016) 
and on average scored higher (1121 vs. 1075) than a group of 
100 randomly selected 4th-year seniors from across CSUMB.

CSin3 graduates and traditional graduates also took the ETS 
Major Field Test for Computer Science, a standardized exam that 
covers foundational and advanced computer science knowledge 
[2]. CSin3 graduating seniors took the Major Field Test in spring 
2016 and spring 2017, with an average score of 144 (40th percen-
tile) and 146 (43rd percentile), while the other graduating CS stu-
dents averaged 142 (33rd) and 144 (40th), in the respective years.

Threats to validity. While CSin3 students were initial-
ly less prepared than traditional CSUMB students, at least as 
measured by the CLA exam, perhaps CSin3 has selected for 
characteristics like motivation and grit, and those internal char-
acteristics are the reason for CSin3 students’ success. It is an 
open question, however, as to whether CSin3 students enter 
with these characteristics, or whether they are built through the 
social factors of the program.

cause of this, the importance of an internship and the timeline 
for obtaining one must be communicated early and often, and 
adequate support and preparation must be provided.

For CSin3 students, completing an internship over the sec-
ond summer is a requirement of the program. This looming in-
ternship requirement sets real-world expectations, and while 
daunting, gives students a clear goal, motivation for career prep 
like resume building, and an authentic reason why coursework 
(both in and out of computer science) is important. To meet 
the deadlines of major technology companies, students must 
be ready to apply for internships in the fall of their second year. 
CSin3 students’ association with a four-year university and 
their in-progress plan for earning a bachelor’s degree is often 
considered a positive by these companies. Students who are not 
successful with the initial round of applications typically apply 
to smaller or local companies and/or research experiences in 
the spring semester.

Unlike some college internship programs, CSin3 students 
do not have guaranteed placements, although faculty often 
help connect CSin3 and other CSUMB students with employ-
ers. Students’ success at obtaining internships and the feedback 
from their employers is a valuable feedback mechanism for 
CSin3 faculty and staff.

CSin3 students, along with other CSUMB computing stu-
dents, present posters about their summer internship work at 
a symposium in the first week of each fall semester. This event 
helps sustain connections with industry, is an opportunity to 
invite recruiters to campus, and inspires other CSUMB com-
puting students to begin thinking about internships early in 
their college careers.

Table 1: Weekly schedule for CSin3 students’ first semester (sample, Fall 
2015). Bolded activities take place at CSUMB.



acm Inroads • inroads.acm.org  77

REPRINT

colleges, universities, and industry partners in order to replicate 
the cohort model.

INTEGRATION WITH THE CSUMB STUDENT BODY
Strong bonds within each cohort are key to creating the sup-
portive, cohort-based learning environment of CSin3. Howev-
er, these strong bonds can lead CSin3 students to only socialize 
with each other, and not form new connections with CSUMB 
students, even after transfer. Differing backgrounds of CSin3 
students, who are largely Hispanic and from the Salinas Valley, 
compared to the larger CSUMB student community, which has 
fewer underrepresented minority students than Hartnell, may 
also play a role.

Undoubtedly, students in CSin3 receive personalized atten-
tion significantly greater than what a traditional student typ-
ically receives. While CSin3 students sacrifice flexibility and 
time in order to receive this benefit, this attention still has sig-
nificant benefits. Continuing such attention on cohort program 
students while addressing perceived favoritism sometimes ex-
pressed by traditional CSUMB students is a challenge.

CONCLUSION
The status quo of low graduation rates for underrepresented 
students is not acceptable at a time when computing jobs are in 
high demand and offer a path to upward social mobility. CSin3’s 
innovative design balances several goals related to student suc-
cess, institutional resources, and industry needs in order to ad-
dress key factors contributing to these less-than-ideal results. 
While this paper outlines details of the specific operations and 
implementation of CSin3, it is not the suggestion of the authors 
that all components be replicated precisely or in full. Rather, we 
offer the key principles below as a model for increasing diver-
sity, retention and degree completion rates, and transition to 
industry in a high-demand field like computer science.

Partnerships that extend beyond institutional boundar-
ies. In order to serve a diverse student body that includes many 
low-income, first generation students, it is critical to develop a 
program that meets students where they are and guides them 
forward. Breaking down silos within and across institutions 
particularly the boundaries between community college and 
university is necessary for accomplishing that objective.

Organizing students into cohorts. Building a learning 
community of students and developing expected norms for 
behavior, engagement, and work ethic reinforces good habits, 
creates operational efficiencies, and leads to increased student 
success.

Support that is both close in time and in proximity. Of-
fering a single point of contact (or a small team) who tracks stu-
dent progress, interfaces directly with every student, and can 
respond to individual student and cohort needs in real-time, 
allows students to focus their time and energy on developing 
the knowledge, skills, and experiences that will keep them on 
track to graduation and have successful careers in industry.

A defined pathway that guarantees graduation in a set time. 

Would CSin3 students have chosen to attend or transfer to 
CSUMB if they were not a part of CSin3? Many CSin3 students 
had GPAs that would allow them to be accepted at other, more 
highly ranked institutions farther from home. Perhaps CSin3 
students are not comparable to CSUMB graduates. It is worth 
noting, however, that low-income students who can attend oth-
er institutions may choose to attend college close to home to 
lower costs [15].

INSTITUTIONAL OUTCOMES
Partnerships with industry. The visibility of the CSin3 pro-
gram has led to connections with industry partners, who find 
access to a concentration of well-prepared graduates from tra-
ditionally underrepresented backgrounds valuable. Since the 
start of the CSin3 program, CSUMB has had campus visits 
from partners who had not visited previously, including Lyft, 
Uber, Amazon, Salesforce, Apple, Facebook, and others.

Industry partnerships do not only benefit CSin3 students. 
While recruiters may initially ask for access to CSin3 students, 
they are connected with high-performing students from within 
the entire computer science program.

CSin3 as a test lab and lever for change. The structured 
nature of cohort model lends itself to a relatively easy intro-
duction of new initiatives that require additional student time. 
The success of PLTL within CSin3 motivated a re-structuring of 
CSUMB’s CS1 and CS2 labs to build PLTL into the course cur-
riculum. Resume preparation and technical interview practice 
began as a mandatory CSin3 activity, but was expanded to all 
CSUMB students.

CSin3 has also inspired the creation of other cohorts. The 
culture within the first CSin3 cohort immediately motivated 
the program team to launch a cohort-based four-year program 
to serve incoming freshmen at CSUMB, called CS++. At the 
time of submission, there have been four cohorts of CS++ stu-
dents at various stages of pipeline showing similar promise of 
engagement and results.

CHALLENGES

COSTS AND SUSTAINABILITY
CSin3 has significant upfront costs, especially the salaries of 
related staff and the financial aid for students. However, the 
costs of intensive programs like CSin3 must be weighed against 
the costs of delayed transfer and graduation times, both to stu-
dents, to the state, and to industry.

CSUMB and Hartnell have been successful at securing grants 
and foundation support to fund CSin3, but it is understood that 
such support cannot continue indefinitely. In fact, CSin3 will 
transition to partial financial support in AY 2018-2019, after a 
foundation partner completed five years of scholarship support.

The program team is currently spearheading an effort called 
Computing Talent Initiative2 to build partnerships with other 

2 http://www.computingtalentinitiative.org
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With ever-expanding catalogs of course options, it is important 
that institutions identify and advertise clear pathways to degree 
that don’t change year-to-year, are guaranteed to be offered 
and have space, and will lead to graduation in a predetermined 
amount of time.

Students having a clear, inspiring post-graduation vi-
sion from the beginning. This picture can be painted through 
close relationships with industry, experiential learning oppor-
tunities like internships, examples of and connections with re-
latable figures, and student reflection on their own goals and 
ambitions.

By incorporating these elements, CSin3 students reap the 
benefits of a university affiliation and exposure, while capital-
izing on the low costs of a community college; are successful 
through the development of grit and time on task even though 
they often enter the program as not the highest achievers; and 
have access to a socially supportive environment rooted in ac-
ademic pursuit.

As with most challenges, there is no silver-bullet solution to 
the capacity, diversity, and quality issues facing computer sci-
ence in both higher education and the industry. Collaborative, 
iterative, boundary-pushing ideas and actions are required to 
move the needle in helping ensure that higher education offers 
a path to upward mobility for traditionally underrepresented 
students.  
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This puzzle (the table) is an example of 
the constraint-satisfaction problem that 
sometimes goes by the name “color by 
numbers.” The bits that come out of the 
table are then applied to the second puzzle, 
which uses the same structure devised by the well-
known Huffman encoding algorithm. 

(2) Transcribe the 
full sequence by 
concatenating rows, 
then use the result 
to traverse the tree: 
left = 0; right = 1

Marie desJardins  University of Maryland Baltimore County  mariedj@umbc.edu	 DOI: 10.1145/3182186� Copyright held by authors.  
Michael Littman  Brown University  mlittman@brown.edu

Evolutionary Huffman Encoding
By Marie desJardins, University of Maryland Baltimore County, and Michael Littman, Brown University

(1) Decode the 
genome: Row and 
column numbers 
correspond to 
solid “1” sequences 
separated by blank 
“0” sequences.
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The field of multimedia is unique in offering a rich and dynamic forum for researchers from 
“traditional” fields to collaborate and develop new solutions and knowledge that transcend the 
boundaries of individual disciplines. Despite the prolific research activities and outcomes, however, 
few efforts have been made to develop books that serve as an introduction to the rich spectrum of 
topics covered by this broad field. A few books are available that either focus on specific subfields or 
basic background in multimedia. Tutorial-style materials covering the active topics being pursued by 
the leading researchers at frontiers of the field are currently lacking...until now. 

Each chapter discusses the problems, technical challenges, state-of-the-art approaches and 
performances, open issues, and promising direction for future work. Collectively, the chapters 
provide an excellent sampling of major topics addressed by the community as a whole. This book, 
capturing some of the outcomes of such efforts, is well positioned to fill the aforementioned needs in 
providing tutorial-style reference materials for frontier topics in multimedia.
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