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Welcome to March 2016 Inroads. With this new edition come both a fresh look and approach as well as the 
continuation of Inroads’ mission advancing excellence in computing education. As the new Editors-in-chief, 

we have John Impagliazzo’s—our predecessor—expansive shoes to fill and it will require our combined energy to 
do so. We are excited about the joys and challenges in service to this wonderful magazine and its mission.

New editors are often tasked with refreshing their publication, not because there was anything wrong with 
the old look or organization, but to recapture attention and relevance through renewal. We are working hard 
to capture your attention and to do so we are guided in large part by the recent survey of Inroads readers. Our 
cover looks different; the sections have been reorganized and renamed; and our Art Director, Robert Vizzini, 
has created fabulous new layouts. Do not fear, the good stuff is still here! The columnists you have so eagerly 
anticipated in the past are back along with some new contributors; they all bring innovative, sometimes con-
troversial, and always thought-provoking opinion pieces. We have also changed the back page to offer a light 
diversion in the form of puzzles, interesting code, cartoons, and other amusements. 

In his poem, “Little Gidding,” T.S. Eliot wrote, “For last year’s words belong to last year’s language, and next 
year’s words await another voice.” As new Editors-in-chief, we are pleased to introduce the following new 
Inroads’ voices, and we hope to add more over time.
•  In a new column, the Directors Paul Tymann (RIT) and Mike Erlinger (Harvey Mudd) of the National Science 

Foundation (NSF) Division of Undergraduate Education Program will offer opinions (their own, not the  
official position of the NSF) to keep us up-to-date on the happenings and opportunities at NSF.

•  Reporting from the high school classroom’s front lines will be Amanda Lattimore (Dulaney High School, 
Maryland). Amanda’s insights on learning to teach computing, recruiting students to the field of comput-
ing, and growing the AP pipeline will make Inroads even more relevant for K–12 computing education.

•  To keep abreast of the Special Interest Groups (SIGs) activities, Ellen Walker (Hiram College) will gather 
news from SIGs with educational interests. In this Issue, we hear from Susan Rodger (SIGCSE), Steve Zilora 
(SIGITE) and George Kasper (SIGMIS).

•  And as we mentioned, we have also changed the nature of the Back Page (last page before the back cover) 
to focus on lighter, humorous (hopefully), and entertaining fare. We hope you will turn to it when your new 
Inroads arrives to chuckle, groan, and/or contemplate. John Barr (Ithaca College) has volunteered as Back 
Page shepherd; send John any ideas or submissions for Back Page consideration.

We have also taken to heart advice to expand the Editorial Advisory Board (EAB). We welcome new EAB 
members, Karina Assiter (Wentworth Institute of Technology), Michael Doherty (University of the Pacific), 
and Jim Teresco (The College of St. Rose), and will be appointing a number of new members over the coming 
months. We hope this will diversify and strengthen the EAB with new voices to deepen its breadth of knowl-
edge. As new Editors-in-chief, we welcome the EAB’s advice and guidance. If you wish to nominate someone 
for the EAB, please contact us.

Our thanks to John Impagliazzo for his many contributions that made Inroads what it is today, and for his 
gracious help to us during this editorial transition. With ACM staff and Henry Walker’s help, we are pleased to 
offer a historical tribute to both Inroads and John—turn the page to find it.

Lastly before this, our first issue, even went to press, we attended an ACM Publications Board meeting. A 
question asked throughout was “What can ACM do better?” With that same spirit of continuous improvement, 
please help us to “do better” as well. We’d love to hear from you.  

Mark Bailey and Laurie Smith King
Editors-in-Chief

DOI: 10.1145/2884067          Copyright held by authors.
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With
by Henry M. Walker,

Grinnell College

With this issue, John Impagliazzo 
joins an elite group of editors 
(SIGCSE Bulletin (1969–1997); 

SIGCSE Bulletin–inroads (1997–2010); ACM 
Inroads (2010–2015):

Editors Emeriti
◆ 1969:  T.W. Hildebrant
◆ 1969–1973: Robert Aiken
◆ 1973–1981: Delia T. Bonnette
◆ 1982–1997: James E. Miller
◆ 1997–2015: John Impagliazzo

This publication, which John helped 
steer for 18 years, has a history as colorful 
as its constituency. Inroads started out as 
the SICCSE Bulletin (as in Special Interest 
Committee on Computer Science Educa-

tion) in Feb. 1969 with T.W. Hildebrant as 
editor-in-chief. Its content included news, 
summaries of recent conferences, events, 
results of a SICCSE survey, and ideas for 
the new special interest group. Pioneering 
leaders included Elliott Organick, chair, and 
Robert Aiken, secretary. From its inception 
through today, ACM classifies the Bulletin 
as a SIG newsletter.

By 1990, the SIGCSE Bulletin had 
evolved to include 10 or more articles of 
4–8 pages each. Editor James Miller noted: 
“In recent years, approximately 40% of 
the articles submitted…came from outside 
of the United States, but that percentage 
has increased to over 50% in the last year.” 
Indeed, the mailing list included 98 coun-
tries. The publication was transitioning to 
electronic publishing with e-files and email. 

John took the helm of SIGCSE Bulletin 
in 1997. While he maintained SIG announce-
ments and other peripherals common  
to the bulletin, he also initiated several inno-
vations in that first Impagliazzo-led edition 
(December 1997): 
•  The SIGCSE Bulletin became SIGCSE 

Bulletin–inroads.
•  The style and format of the publication 

Impagliazzo takes the wheel
SIGCSE Bulletin-inroads

December 1997, Vol. 29, Issue 4

The onset of transition
SIGCSE Bulletin

June 1997, Vol. 29, Issue 2

In the beginning
SICCSE Bulletin

February 1969, Vol. 1

John Impagliazzo
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Thanks
changed, anticipating the needs for the 
new ACM Digital Library.

•  All authors submitted articles 
electronically.

The final issue of SIGCSE Bulletin–
inroads (June 2009) saw the makings of a 
future magazine. That issue included:
•  A special section on formal methods 

education and training.
•  An invited editorial and formally 

reviewed papers.
• 16 featured columns.
• 13 reviewed papers.
• A reprint on nondeterminism. 

While rich in content, ACM still classified 
SIGCSE Bulletin as a newsletter.

By 2010, John successfully had ACM 

Inroads classified as a magazine. As he 
noted in the inaugural March 2010 issue, 
“ACM recognizes three publication levels: 
Journals (Transactions), magazines, and 
newsletters.” With that debut, the com-
puting education community now had a 
top-tier journal (Transactions on Computing 
Education), a magazine (ACM Inroads), and 
a newsletter (a revamped SIGCSE Bulletin).

Following John’s vision, all articles 
in Inroads are formally reviewed using a 
double-blind reviewing process. Not only 
does this help maintain quality, it provides 
a level of distinction for the magazine and 
helps authors who are concerned with the 
practicalities of tenure, contract renewal, 
and promotion.

With this issue, and John’s enthusiastic 
support, ACM Inroads transitions to a new 

leadership. Editors-in-chief Mark Bailey 
and Laurie Smith King encourage readers 
to share suggestions on how to build 
on current strengths, as the publication 
seeks to move forward to address new 
challenges and opportunities. 

John Impagliazzo was an editor of great 
vision, a tireless worker and cheerleader 
for this publication and our community. He 
was an innovator, a colleague, a friend. We 
offer many thanks and our great appreci-
ation for 18 years (10010 years binary) of 
outstanding leadership.  

Henry Walker is a columnist for this magazine and 
frequent contributor to the many faces of what is now 
ACM Inroads.

DOI: 10.1145/2884042 Copyright held by author.

Much more than a newsletter
SIGCSE Bulletin–inroads
June 2009, Vol. 41, No. 2

End of an (Impagliazzo) era
ACM Inroads

December 2015, Vol. 6, No. 4

A magazine is born
ACM Inroads

March 2010, Vol. 1, No. 1
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News from the SIGs

NEWS

Welcome once again to reports highlighting trends within the 
computing education community from three Special Interest 
Groups (SIGs) within ACM. One SIG focuses on computer  

science education (SIGCSE), another on information technology education 
(SIGITE), and another on management information systems (SIGMIS).

From our SIGCSE reporter and 
SIGCSE chair, Susan Rodger.

I’ve mentioned before that grow-
ing enrollments in our classes 

and issues related to dealing with 
this growth constitute one of the 
main items on the minds of SIGCSE 
members. A large number of ads 
recruiting CS faculty continue to 
populate the SIGCSE listserv, as more 
and more universities create teaching 
track positions. Several sessions at 
SIGCSE 2016 address this growth. 
There will be
•   two panels directly related to 

growth, one on booming enroll-
ments and one on coping with the 
largest CS1 courses ever;

•   a workshop addressing paper 
versus computer-based exams;

•   a paper on automated grading of 
programs, useful with increasing 
enrollments; and 

•   another paper asking if we are 
attracting weaker students as our 
enrollments soar. 

How to handle growing enroll-
ments is clearly on SIGCSE members’ 
minds.

On a related topic of scale, Mas-
sive Open Online Courses (MOOCs) 
are flourishing. The first such mas-
sive course was in 2012 when Sebas-

tian Thrun and Peter Novig offered 
an AI course that attracted well over 
100,000 learners. There are several 
platforms for offering such courses 
including Coursera and EdX and 
some universities have created their 
own platforms such as the Open Uni-
versity. SIGCSE members might be 
pondering teaching such an online 
course. There is definite overlap in 
issues of delivering and managing a 
MOOC and delivering and managing 
a large course at your institution. I 
did both in fall 2015, co-teaching CS 
1 in Python with over 350 students 
at Duke and co-teaching a series of 
introductory programming cours-
es in Java through the Coursera 
platform with thousands of learners. 
In teaching them at the same time, 
we clearly saw investments into each 
course flow into the other. If the 
programming languages were the 
same, we’d have repurposed more 
materials such as the videos, yet we 
still leveraged the ideas, examples, 
and assignments of the two courses. 
We recommend that SIGCSE mem-
bers—indeed all educators—note 
that MOOCs and/or large courses at 
your institution are ripe for exploring 
pedagogy and research on learning 
at scale as well as related issues. 
In addition to the items related to 
growing enrollments I previously 
mentioned at SIGCSE 2016, there is 
a paper exploring who takes online 
CS1 courses and why. The conference 
L@S, Learning at Scale, started in 

We recommend 
that SIGCSE 

members—indeed 
all educators—

note that MOOCs 
and/or large 

courses at your 
institution are  

ripe for exploring 
pedagogy and 
research on 

learning at scale 
as well as  

related issues.
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NEWS

2014 to explore many of these issues 
and was co-located with SIGCSE 
2014. It is great to see how Learning 
at Scale has now taken off with its 
third conference in April 2016.

On to SIGCSE news, specifically 
the election of the SIGCSE Board 
members that will be held in a few 
months. We have put together a 
strong slate of candidates and we 
thank all of the candidates for vol-
unteering to run and for their future 
commitment if they are elected. The 
SIGCSE Board members are vol-
unteers, dedicating many hours to 
computer science education issues, 
from assuring that our conferences 
and other events run smoothly to 
administering many of our programs.

We hope everyone enjoys SIGCSE 
2016 in Memphis, Tennessee (March 
2 -5) and we thank Jodi Tims and 
Carl Alphonce and their committee 
for organizing our largest confer-
ence. There is still time to plan to 
attend ITiCSE 2016 in Arequipa Peru 
July 11-13, 2016. We thank Ernesto 
Cuadros-Vargas and Alison Clear for 
organizing this conference. There is 
also still time to think about submit-
ting a paper to ICER 2016, which will 
be held September 9-11 in Melbourne, 
Australia. We thank Judy Sheard, Bri-
an Dorn, Josh Tenenberg and Donald 
Chinn for their many hours organizing 
the 12th ICER Conference. SIGCSE has 
many opportunities for volunteers. If 
you are interested in assisting, please 
let us know by filling out the volun-
teer form at sigcse.org.

I’d like to thank one more special 
SIGCSE Volunteer, John Impagliazzo, 
for his many years of service with 
the SIGCSE Bulletin, followed by 
the creation of ACM Inroads and his 
service as Editor-in-Chief for the first 
six years. I was thinking someone 
needs to nominate him for SIGCSE 
Lifetime Service award for these 

efforts, when I realized he already 
won this award back in 2007 for his 
long time contributions to computer 
science education at that time, before 
ACM Inroads existed! I’d also like to 
welcome Laurie Smith King and Mark 
W. Bailey as the new Co-Editors-in-
Chief of ACM Inroads and thank them 
for their service. We look forward to 
their vision of ACM Inroads. 

From Steve Zilora, our new SIGITE 
reporter.

In the September issue of ACM 
Inroads, Rob Friedman announced 

that he was moving on to other 
opportunities. I want to start my 
comments by thanking Rob for all 
the contributions that he has made 
to SIGITE over the past several years 
and also for his counsel that I’m 
counting on for the next few years! As 
I attempt to carry on Rob’s fine work I 
also want to first thank those who put 
their faith in me this past July. And 
I also want to thank all those who 
volunteered to serve as officers and 
put their names on the ballot. 

Member involvement is one 
measure of an active society and that 
is something we definitely have in 
SIGITE. Our recent annual conference 
in Chicago was a fantastic success 
with record attendance. Its success 
was due not only to the great array of 
papers, posters, and talks, but also to 
the hard work of Amber Settle, Terry 
Steinbach, Deborah Boisvert, and 
other members who helped organize 
the event.

But that is not the extent of 
our member involvement. In my 
“campaign” remarks I challenged the 
membership to an even greater call 

to action. As a society, SIGITE is in 
its teenage years. It’s a time when 
we need to “find ourselves” and 
establish ourselves as a reliable and 
dependable member of ACM and 
the overall community of computing 
professionals. At our recent business 
meeting we established two goals 
for this year: 1) increase the number 
of submissions to our conferences, 
and 2) set ourselves up as a go-to 
repository for K–12 outreach ideas 
and materials. After announcing 
these volunteer opportunities I 
received an overwhelming number 
of responses from our membership. 
There is no doubt that we have an 
active SIG. 

So where do we go from here? 
These goals are just two means of 
establishing our body of knowl-
edge for information technology, 
from research and practices to the 
education of the public and students 
of all ages. Other efforts, such as 
a new model curriculum, are also 
underway. Common sense demands 
our involvement in this as well as 
similar efforts in allied fields. SIGITE 
has been through its adolescent 

SIGITE has been 
through its 

adolescent years; 
now it’s time to 

leverage our 
strengths and 

more fully 
contribute to ACM 
and the computing 

community.
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to resurrect the one year membership 
offered to doctoral consortium partic-
ipants as another incentive.

Recommendation: The SGB EC is 
concerned about volunteer devel-
opment, the conference acceptance 
rate and attendance at the event. The 
SIGMIS leadership should evaluate 
and determine how to improve these 
areas. The SIG is viable to continue its 
status for the next 2 years.

Approval of the recommendation 
by the SGB.  

For more information on these SIGs, see the 
following websites

SIGCSE: www.sigcse.org

SIGITE: www.sigite.org

SIGMIS: www.sigmis.org
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the practitioner community as well 
as the academic community. The 
thought was that a journal editor 
panel would provide insight into 
outlets that are viable for different 
research focuses. SIGMIS redesigned 
their website and now have an 
excellent information director who 
deserves a great deal of credit. … 
[Yet] SIGMIS membership continues 
to decline. For those numbers, the 
retention is around eighty percent. 
The SIG typically retains their 
senior members but loses them 
as they retire and are not keeping 
the junior members. What they are 
planning on doing for this year’s 
CPR conference is to add a session 
on leadership. They have secured 
an executive coach who will provide 
the expertise for the session and 
are hoping that that session will 
develop those who are more junior 
into those leadership positions.

One of their efforts to attract 
members is to increase the geo-
graphic range of conferences. Last 
year’s conference was in Singapore, 
this year they are on the West coast 
and next year we will be on the 
East coast and 2017 are targeting 
India and hopefully gaining a set of 
members from that venue. They have 
investigated initiating a social media 
presence but have concluded that 
there isn’t much out there. They have 
a presence in Inroads with a member 
who reports on the activities of SIG-
MIS and they run an annual network-
ing reception. They could potentially 
do a better job and maybe launch 
a campaign to create membership 
interest at that venue but that isn’t a 
focus. In terms of planned efforts to 
increase junior members their goal is 
to make membership more attractive 
with competitive research support. 
They need to promote the CPR con-
ference earlier in the year. They plan 

years; now it’s time to leverage our 
strengths and more fully contribute 
to ACM and the computing com-
munity. The overwhelming evidence 
of our vibrant community gives me 
great confidence that we can make 
this vision a reality. Step forward 
with your ideas, your time, and your 
expertise; let’s show others who we 
are and what we can do.

From George M. Kasper, our SIGMIS 
reporter.

Presented here are the minutes 
from the March 31 2015 SGB 

Meeting Minutes that relate to SIGMIS 
viability [1].

5.4 SIGMIS VIABILITY REVIEW 
(SIPIOR)
Janice Sipior presented the current 
strengths and weaknesses of the 
SIG to the board. Most recently 
they have tried to broaden the 
inclusiveness of the CPR conference. 
It is a very small conference with a 
core set of people who produce high 
quality research. Along those lines it 
has been renamed the conference on 
Computer People Research so it is 
not just about Computer Personnel 
Research. The name change doesn’t 
appear to have created additional 
interest. To try to get that interest 
underway, they initiated funding 
for participants in the doctoral 
consortium. Along those lines they 
also wanted to add value to the 
junior set who are just launching 
their careers and also those more 
senior. They did an outreach to 
practitioners to answer the question 
about research relevance and with 
that formed a greater alliance with 
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INSPIRING MINDS 
FOR 200 YEARS

Ada’s Legacy illustrates the depth 
and diversity of writers, things, and 
makers who have been inspired 
by Ada Lovelace, the English 
mathematician and writer.

The volume commemorates the 
bicentennial of Ada’s birth in 
December 1815, celebrating her 
many achievements as well as 
the impact of her work which 
reverberated widely since the late 
19th century. This is a unique 
contribution to a resurgence in 
Lovelace scholarship, thanks to the 
expanding influence of women in 
science, technology, engineering and 
mathematics.

ACM Books is a new series of high quality books for the computer science community, published by 
the Association for Computing Machinery with Morgan & Claypool Publishers.
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New Australian Curriculum 
Recognizes Importance of 
Coding and ICT 
Australian education ministers have 
endorsed a new national curricu-
lum that includes computer science 
and computing within primary and 
secondary curriculum. The Australian 
Curriculum for Technologies, one 
of eight major learning areas of the 
comprehensive national curriculum, 
recognizes that providing students 
with early and ongoing exposure 
to the foundational elements of 
computer science and digital tech-

nologies as core knowledge and 
competencies and as crosscutting 
themes throughout the curriculum 
will bring long-lasting benefits. The 
curriculum is structured to progres-
sively teach students to understand 
data and systems, think abstractly, 
and apply computational thinking to 
solve problems and create solutions. 
Primary school students receive early 
exposure to visual programming 
languages with graphical elements 
rather than text instructions. Sec-

ondary schools and educators are 
given the flexibility to choose among 
the scripting and dynamically typed 
languages when satisfying the “gen-
eral-purpose programming language” 
requirement [1].

New U.S. Education Law 
Advances K-12 Computer 
Science
A new federal education law signed 
by President Obama marks a sig-
nificant and historic step forward 
for K-12 computer science educa-
tion in the United States [3]. The 

new law, titled the Every Student 
Succeeds Act (ESSA), reauthorizes 
the 50-year-old Elementary and Sec-
ondary Education Act and replaces 
the previous version, known as the 
No Child Left Behind Act. The law 
embraces computer science as one 
of the central subjects—along with 
reading and math—that students 
need for a “well-rounded education.” 
The law also contains several educa-
tion policy priorities that ACM and its 
partners seek to make a sustainable 

reality: expanding access to com-
puter science inside and outside the 
classroom, providing quality training 
and professional development 
for computer science education 
teachers, and fostering opportuni-
ties and inclusive participation by 
diverse student populations. With 
a shift away from a strong role by 
the federal government, effective 
implementation will rely largely on 
the states and local school districts. 
To help states achieve the vision 
of ESSA, the U.S. Department of 
Education released new policies with 
actionable recommendations for 
states, school districts, and teachers 
to transform classrooms into tech-
nology-rich learning environments 
[8]. These policies build on President 
Obama’s ConnectED Initiative [2] 
and Future Ready Schools Initiative 
[4]. These initiatives seek to build 
technology infrastructure, empower 
and train educators on next-gener-
ation technologies, and provide im-
proved personalized digital learning 
experiences for students.

U.S. Future Ready Schools 
Initiative 
The Future Ready Schools Initiative, 
a public-private effort between the 
U.S. Department of Education and 
the nonprofit Alliance for Excellent 
Education, aims to expand the ability 
of schools to provide broadband 
internet access, computers and other 
technologies in the classrooms, and 

A new federal education law signed  
by President Obama marks a  

significant and historic step forward  
for K-12 computer science  

education in the United States.
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report, customized to each district’s 
needs, covers a wide set of issues, 
including: 
•  curriculum, instruction, and 

assessment; 
•  staff capacity; 
•  personalized professional learning; 
•  the strengths and needs of 

technology and infrastructure 
implementation; 

•  student data management and 
privacy; 

•  community partnerships; 
•  budget and resources; and 
•  use of space and time.

Districts are invited to share infor-
mation, lessons learned, and updates 
on their progress as they implement 
their plans. 

District leaders can apply to attend 
free regional leadership summits and 
training workshops covering curricu-
lum, student data privacy, personal-
ized professional learning, software 
for instruction, financial resources for 
digital learning initiatives, and com-
munity partnerships and networking 
[6]. This year, regional leadership 
summits will be held in Florida, Mas-
sachusetts, Texas, Washington, and 
Wisconsin. Additional summits and 
ongoing webinars and MOOCs will be 
announced on the website.  

References All accessed 2016 January 23
 1.  Australian Curriculum,  

http://www.australiancurriculum.edu.au. 
 2.  ConnectED Initiative,  

http://tech.ed.gov/connected/.
 3.  Every Student Succeeds Act,  

http://www.ed.gov/essa.
 4.  Future Ready Schools, http://futureready.org.
 5.  Future Ready Schools, Interactive 

Planning Dashboard, http://dashboard.
futurereadyschools.org.

 6.  Future Ready Schools, Regional Summits, 
http://futurereadyschools.org/Page/23. 

 7.  Future Ready Schools, Take the Pledge, 
http://www.futurereadyschools.org/take- 
the-pledge.

 8.  U.S. Department of Education, National 
Education Technology Plan 2016: Future Ready 
Learning: Reimagining the Role of Technology 
in Education, http://tech.ed.gov/netp/.

tech-knowledgeable educators who 
can inspire and empower students 
through next-generation digital 
and blended learning environments 
[4]. These elements are particularly 
important for expanding access for 
all students to quality computer 
science as envisioned in the new 
Every Student Succeeds Act (ESSA) 
and for maximizing the educational 
experiences that all students need 
for successful careers and lives in the 
digital age. With the relatively low 
levels of readiness across the country 
to offer quality computer science 
and digital learning opportunities, 
many states and school districts 
will need to act quickly to develop 
and implement plans to support the 
technology infrastructure and to align 
policies, budgets, staffing, and re-
sources with technology and inclusive 
digital learning strategies to meet 
the varied needs of students. States 
and school districts also will need to 
consider and plan for future needs in 
response to technological changes 
and innovations in computer science 
pedagogies.

To assist district leaders and 
educators, Future Ready Schools 
provides online resources and tool-
kits for education leaders, training 
workshops, and regional summits. 
The resources are free for district 
leadership teams who take the Future 
Ready Schools Pledge [7]. More than 
2,000 school districts nationwide 
representing 16 million students have 
taken the pledge to move quickly 
toward maximizing digital learning 
opportunities. Free online planning 
tutorials and interactive tools provide 
district and school leaders with a 
framework for developing Future 
Ready Action Plans [5]. The multi-
step decision-making framework is 
designed to assess needs, gaps, and 
possible strategies. The resulting 
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Welcome to the latest install-
ment of “EduBits,” your quar-

terly pipeline to new and exciting 
happenings in the world of ACM 
Education. In this edition, a preview 
of the third ACM Learning @ Scale 
conference; news from Tianjin, China 
on a recent summit on computing 
education; and an update on the 
progress of the CE2016 curricular 
volume in computer engineering.

Third Annual Learning @ 
Scale Conference Brings 
Together Computer 
Scientists and Learning 
Scientists
Leading global researchers in the 
emergent field of Massively Open On-
line Courses (MOOCs) will gather April 
25-26 at the University of Edinburgh 
in Scotland, United Kingdom for the 
Third Annual Learning at Scale (L@S) 
Conference [1]. This conference is in-
tended to promote scientific exchange 
of interdisciplinary research at the 
intersection of the learning sciences 
and computer science. Inspired by the 
growth of MOOCs and the accompa-
nying shift in thinking about education, 
this conference was created by ACM 
as a new scholarly venue and key focal 
point for the review and presentation 
of the highest quality research on how 
learning and teaching can change and 
improve when done at scale.

This year’s conference follows and 
is co-located with the 6th International 
Learning Analytics and Knowledge 

(LAK) Conference; it marks the first 
year the L@S travels outside of North 
America [2]. It will build on two suc-
cessful symposia, including last year’s 
event in Vancouver, British Columbia. 
The 2016 L@S Conference Chair is Jeff 
Haywood (University of Edinburgh, 
Scotland), and Vincent Aleven (Carne-
gie Mellon University, USA), Judy Kay 
(University of Sydney, Australia), and 
Ido Roll (University of British Colum-
bia, Canada) comprise the Program 
Committee. Keynote speakers include 
Sugata Mitra, Professor of Educational 
Technology at Newcastle University, 
UK, Winner of the 2013 TED Prize; Mike 
Sharples, Chair in Educational Technol-
ogy at The Open University, UK; and 
Ken Koedinger, Professor of Human 
Computer Interaction and Psychology 
and Director of the Pittsburgh Science 
of Learning Center at Carnegie Mellon 
University, USA. The L@S 2016 paper 
acceptance rate is 22%, with 18 papers 

accepted out of 81 submissions. Reg-
istration is still open. See website for 
program and other information [1].

Building International 
Bridges in Computer 
Education: A Report from 
Tianjin, China
On November 29, 2015, the ACM Chi-
na Subcommittee on Education held 
the China Computing Education Sum-
mit in Tianjin, China. The theme of this 
first summit was ACM/IEEE Comput-
ing Curricula and China Computing 
Curricula Guidelines Development. 
The program steering committee of 
the Summit included Ming Zhang 
from Peking University, Wenzhi Chen 
from Zhejiang University, Weidong 
Liu from Tsinghua University, Wenjun 
Wu from Beihang University, Bo Li 
from Xian Jiaotong University, Qiang 
Liu from Tsinghua University, and 
Junlin Lu from Peking University.

… intended to promote scientific 
exchange of interdisciplinary research 

at the intersection of the  
learning sciences and computer 

science, [L@S was] inspired by the 
growth of MOOCs and  

the accompanying shift in thinking 
about education …
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Ming Zhang, a member of ACM 
Education Council, invited three mem-
bers of the ACM Education Board to 
participate in the summit and to deliv-
er talks in the morning. Mehran Saha-
mi from Stanford University, Co-Chair 
of the ACM/IEEE-CS Joint Task Force 
on Computer Science Curriculum 2013 
(CS2013), introduced the curriculum 
guidelines for CS2013 (undergraduate 
computer science programs) [6] and 
SE2014 (undergraduate software engi-
neering programs) [8]. John Impagli-
azzo from Hofstra University, Chair of 
the CE2016 steering committee and 
executive committee member of the 
IT2017 task group, introduced the two 
curricular guidelines. Heikki Topi from 
Bentley University, Co-Chair of IS2010 
[7] and MSIS2016 task forces, intro-
duced these bodies’ two information 
systems curriculum reports. Faculty 
from the Educational Subcommittee 
of ACM China, who translated CS2013 
into Chinese and provided labs for 
eight exemplar courses, also partici-
pated with the presentation of the five 
reports. Ming Zhang is an executive 
committee member of IT2017. Wei-
dong Liu and Junlin Lu are members 
of the CE2016 steering committee.

More than 80 teachers attended 
the workshop. The audience had a 
heated discussion in the afternoon and 
offered substantial feedback, primarily 
on system competency, integration 
ability, platform-based programming, 
and cybersecurity. Many attendees are 
willing to participate and contribute 
to the ACM/IEEE computing curric-
ular projects. The summit produced 
positive effects on accelerating the 
development of computing education 
in China. More and more universities 
will refer to ACM/IEEE computing cur-
ricula reports. Faculty members use 
these reports to adjust the contents 
of their programs according to their 
specific circumstances.

This summit was co-located with 
the 11th China University Course 
Forum on Computing held in Tianjin 
University. On November 28, John 
Impagliazzo delivered a keynote talk, 
“Transforming Computing Curric-
ula: Past and Future,” to over 600 
participants who attended the event 
that was sponsored by the Guidance 
Committee for Computing Education 
in Universities of the Ministry of Edu-
cation, the China Computer Federa-
tion, and Higher Education Press. This 
annual summit is a positive channel 
for faculty to share their experiences 
in computing education and to ex-
plore new ideas toward the future.

Computer Engineering 
Curricula (CE2016) 
Update
ACM has published computing 
curricular guidelines since the early 
1960s. In 1968, it issued a landmark 

and historic publication commonly 
called Curriculum’68. It continued this 
curricular activity as part of a public 
service to the computing community. 
In 1991, the IEEE Computer Society 
joined ACM and they produced 
Computing Curricula ’91. This ongoing 
tradition continues today as ACM 
partners with different professional 
organizations to develop reports in 
computer engineering, computer 
science, information systems and 
information technology, and software 
engineering. Many of these docu-
ments are available online [3].

In 2004, ACM and the IEEE 
Computer Society published Com-
puter Engineering 2004: Curricu-
lum Guidelines for Undergraduate 
Degree Programs in Computer 
Engineering—simply called CE2004 
[4]. This document promoted the 
professional and technical compe-
tencies in computer engineering. 
It discussed the state of the field, 
the role of the laboratory, engineer-
ing tools, teamwork, and lifelong 
learning in computer engineering 
education. Many computer engineer-
ing programs today have used this 
work and modified their programs 
accordingly. 

Since 2004, the field of computing 
has changed radically. In 2011, ACM 
and IEEE-CS assembled a review 
group to consider whether to update 
CE2004 and, if so, to identify the 
elements for that update. The group 
surveyed academic and industry pro-
fessionals who worked in the comput-
er engineering field. The almost 300 
responses revealed new and emerg-
ing areas that today’s computer engi-
neering graduate should know. These 
areas include information security, 
parallel systems, concurrency, system 
testing, digital systems, modern em-
bedded systems, FPGA tools, mobile 
systems, power-aware engineering, 
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system-on-chip technologies, and 
agile strategies. 

Based on these outcomes, the 
ACM and the IEEE-CS formed a 
steering committee to address these 
issues and to form a new curriculum 
document referred to as CE2016. 
This committee has 11 members, 
representing three countries, with 
Impagliazzo from Hofstra University 
as its chair. This committee has dili-
gently worked on the CE2016 report, 
produced a first draft dated October 
25, 2015, and issued a vetting process 
for public review and comment [5]. 
The document is now in its second 
revision and will shortly undergo a 
second vetting process. 

The content of the CE2016 body 
of knowledge has changed from 
its predecessor. Although the total 
number of recommended hours com-
pared to CE2004 remains the same 
at 420 hours, the steering committee 
modified or repackaged much of its 
content and created new knowledge 
areas. Table 1 shows the result of that 
endeavor. 

The CE2016 draft report consists 
of three parts: the body and two 

appendices. An executive summary 
and seven chapters comprise the 
body. The chapters delineate ways 
in which an institution could develop 
a computer engineering program 
based on the recommended body of 
knowledge and modern engineering 
practice. Appendix A provides the 
details of the body of knowledge. 
Appendix B offers six model curricula 
that reflect the body of knowledge 
for various contexts.

Although the review and comment 
period for the first draft has expired, 
readers interested in computer 
engineering should be on the lookout 
for the next revision posting [5]. 
The steering committee encourages 
participation in the simple survey 
that will appear in the next review 
and comment cycle to ensure that 
the final CE2016 report reflects the 
sentiments of a broad engineering 
education community.  
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Table 1: Summary of CE2016 Body of Knowledge

Knowledge Areas Core Hours

Circuits and Electronics 50

Computer Architecture and Organization 60

Computer Networks 20

Computing Algorithms 30

Computing Systems Engineering 30

Digital Design 50

Embedded Systems 40

Information Security 20

Professional Practice 20

Signal Processing 30

Software Design 40

Strategies for Emerging Technologies 10

Systems Resource Management 20

Total 420

The almost 300 
responses [to a 

survey of 
academic and 

industry 
professionals] 

revealed new and 
emerging areas 

that today’s 
computer 

engineering 
graduate should 

know.
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A personal walk down the  
computer industry road.
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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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ethical and moral behavior to students graduating from computing‐related 
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Astudent walks into an instructor’s 
office and says (choose one):

•   “I have a mental block about _______ ; 
I don’t get what I’m supposed to do or 
how to do it.”

•   “This course is too hard, because prob-
lems are difficult, and I have to think 
too long.”

•   “I had trouble with this homework prob-
lem; can you show me how to do it?”

•   “My grade does not reflect my real 
knowledge!”

•   “I work and work and work, and I still 
am doing badly in the course!”

No, this is not the start of a joke. Rather, 
this column considers how an instructor 
might respond in a constructive and hon-
est way.

Last summer, circumstances caused me 
to change offices, and now I am fortunate 
to work next to the office of Minna Mahlab, 
Director of Grinnell’s Science Learning Cen-
ter (SLC). Over about two decades, Minna 
and I have talked about her work organiz-
ing student mentors, peer instructors, and 
one-on-one tutoring for students in biolo-
gy, biochemistry, chemistry, neuroscience, 
and physics—I extrapolate to computer sci-
ence. With my recent move, I can observe 
first-hand the many facets of her coaching, 
mentoring, listening, and guiding students. 
This column combines selected observa-
tions of the SLC with my conversations 
with Minna and my own reflections on the 
role of a teacher in working with students. 
Of course, a single column can only begin a 
discussion; let me know if you have interest 
and/or suggestions for more discussion as 
a Part 2 or even Part 3 in future columns.

As I consider how to respond to the 
student questions above, some initial 
thoughts include the following.
•   My professional training does NOT 

include counseling, psychiatric analysis, 
or medical diagnoses. Although I 
want to be helpful, my insights and 
capabilities are limited.

•   I can work to clarify expectations and 
provide context.

•   Although I may be able to help 
students by providing background and 
guidance, unilaterally I cannot make 
them think or learn.

•   I can, at times, coach students with 
their own self-reflection and realistic 
self-assessment.

In addition, Minna suggests a starting 
baseline when she tells students: “I can 
only work as hard for you as you are willing 
to work for yourself.”

The remainder of this column ex-
amines each of these thoughts in some 
detail.

Boundaries on my Role as an 
Instructor
•   “I have a mental block about _______ ; 

I don’t get what I’m supposed to do or 
how to do it.”

Periodically, I hear broad and vague 
laments, such as “I can’t do math,” “the 
reading made no sense,” “I get anxious 
when I try to work with my lab partner.” 
Pragmatically, I can explore with a student 
what such statements might mean and 
whether troubles might suggest possible 
patterns. Are difficulties with math related 
to computation, abstraction, translation of 
words into mathematical statements, etc.? 
How does a student approach reading, 
does the student have difficulties compre-
hending text in all subjects or only in some, 
and does the student follow the same 
approach in reading computer science 
as short stories or novels? Is the student 
anxious about working with a particular 
person or type of person, or is all group 
work intimidating, etc.? 

“I can only work as 
hard for you as  

you are willing to 
work for yourself.”
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Sometimes, when issues relate to my 
specific course, it seems helpful to examine 
a specific example. In a recent reading or 
assignment, what part of the mathematics 
caused trouble, where did the student get 
stuck in an assigned reading, or what made 
working with a specific lab partner chal-
lenging? Rather than lamenting in general, 
it can be helpful to work with a student 
to identify specific strategies for the next 
assignment, program, or test.

However, when an issue seems to extend 
beyond a local environment—perhaps to 
several courses or subjects—then I need 
help. I cannot diagnose handicaps, learning 
disabilities, psychological or medical chal-
lenges, reading disorders, etc. In such cases, 
I can be supportive and sympathetic, but I 
have no training to uncover root causes.

Fortunately, I can be aware of resources 
available for referrals, and I can be proac-
tive in encouraging a student to consult 
professionals. In math, a student could talk 
to a mathematics laboratory or tutoring 
center to discover the student’s proficien-
cies and gaps, and I can work with the 
student and the laboratory or center if cor-
rective actions are needed. In reading, I can 
encourage a student to work with a reading 
lab to assess both reading speed and com-
prehension. For social interactions, I can 
encourage a student to talk to an academic 
counselor—perhaps even walking with the 
student to a counseling center to consider 
possible resources and approaches.

In summary, I find it useful to explore 
broad and vague statements to begin to 
understand the issues at hand. If the diffi-
culties relate to my professional training in 
mathematics and computer science, I may 
be able to suggest approaches, provide 
background, and guide study. However, 
my background is obviously limited, so for 
serious investigation in other areas, the 
best I can do is to get the student to the 
professionals who can help.

Clarify Expectations and 
Provide Context
•   “This course is too hard, because 

problems are difficult, and I have to 
think too long.”

For the first two or three semesters in 
my college career, I was convinced I was 

going to flunk out. The issue was not if, but 
rather when. Although I had done well in 
high school, college was different. I did not 
know how college was different, but I was 
scared. In actuality, I worked much harder 
my first year in college than my second, 

and I worked much harder my second year 
than my third. During those years, howev-
er, I also learned how to study and work 
more effectively, and my grades went up 
substantially each successive year. On the 
other side, in my teaching, I also have met 
numerous students who expected college 
to be just like high school.

For many students, academic expec-
tations change from secondary school to 
introductory college classes to upper-level 
college courses. Further, students at one lev-
el may have little experience regarding work 
at the next level, and many discover that 
what was once successful yields mediocre 
or poor results in later courses. For example, 
after students proclaim that problems in my 
course are impossible, I ask how long they 
worked on their solution. When they report 
spending a full 25 minutes on mathematics 
homework or a programming assignment, I 
often respond that college typically expects 
students to work three to four hours on 
homework for each hour in class. In this 
context, 25 minutes represents only a 
respectable start. As course levels increase, 
problems and assignments become more 
complex, and students must work through 
multiple steps—each requiring insight and 
care. This takes time, patience, and creativity.

But why should expectations change 
and work get harder through a curriculum? 
Here are two parts of an answer.
•   Problems in real life are often complex 

and difficult, and academic programs 
naturally seek to prepare students 
to address these challenges. Thus, 
students should expect to encounter 
progressively harder problems through 

their academic work—in many cases, 
assignments should be hard and chal-
lenging, as students prepare to address 
complex societal and business needs.

•   Life would be dull and boring if we had to 
do the same work year after year. Rather, 

insight and excitement expand as we en-
gage new ideas, new problems, and new 
approaches; and new knowledge can 
change how we think. For example, in his 
Science of Programming [1], David Gries 
shows how the development and use of 
loop invariants can lead to simple, correct, 
and elegant code. To illustrate, consider 
the problem of reversing a linked list ([1] 
p. 215) or sorting an array of 3 colors (the 
Dutch National Flag Problem [1] pp. 214-
215). Initially, students often attack such 
problems with nested loops that require 
moderately complex logic and run in 
O(n2), and off-by-one errors are common. 
However, when code is developed in 
conjunction with carefully-identified loop 
invariants, solutions turn out to be simple 
and clear, run in O(n), and often run 
correctly the first time.

In summary, students have limited 
backgrounds. The content, approaches, 
and depth expected at each level will likely 
require students to develop and mature as 
they progress through a degree program. 
In response, students may express surprise 
and/or frustration. Instructors may be able 
to help—not by changing expectations, but 
by articulating new expectations, suggest-
ing approaches that may be helpful, and 
encouraging students to stretch themselves.

Provide Background and 
Guidance, but Students must 
Think and Learn
•   “I had trouble with this homework 

problem; can you show me how  
to do it?”

Insight and excitement expand as  
we engage new ideas, new problems,  

and new approaches; and new  
knowledge can change how we think.
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From time to time I observe to students 
that if the real purpose of an assigned 
problem was for me to determine the 
answer, then I would be most effective if I 
did the problem myself. No need for all stu-
dents to prepare and submit solutions and 
for me to grade their work. I could write a 
solution quickly, and save everyone time 
and effort. Instead, assigned problems pro-
vide opportunities for learning—integrating 
ideas, applying concepts and techniques 
in new contexts, and constructing polished 
solutions with care.

When students have trouble with a 
problem, opportunities arise for learn-
ing! Rather than give immediate and full 
answers to a student question, I often find 
it helpful to review what the student has 
done. Does the student understand the 
question asked? What techniques or ideas 
from readings or the class have been cov-
ered, and do any seem to have potential 
to help in at least part of this problem? 
Did the student write down anything to 
get started on the problem? Where did 
the student get stuck, and why did further 
progress seem blocked?

Often when starting a new problem, 
students look for a previously-solved 
problem from the textbook or class to 
serve as a guide. As a general strategy, 
this approach can motivate reflection of 
what known techniques might be helpful, 
and how one might bring past experience 
to bear on new situations. This approach, 
however, depends upon the nature of 
questions being asked. If students are 
asked to do the same activities repeat-
edly, then past examples may provide a 
fine guide—one can misspell one solution 
to get the next. However, such examples 
may motivate little thinking and even less 
development of problem solving. If a new 
problem is reasonably different from past 
examples, then considerable thought may 
be needed. Past problems may illustrate 
a range of techniques, but thought is 
needed regarding how those techniques 
might be combined creatively to new 
challenges.

Further, everyone—faculty and pub-
lished authors as well as students—make 
mistakes from time to time and start to 
solve a problem whose results do not 
work out. Of course, published articles and 

textbooks rarely describe their many failed 
attempts—only polished successes appear. 
However, in the background, students 
should understand that making mistakes 
can provide rich opportunities for learning! 
In trying to solve a problem, students need 

not fear trying an approach that turns out 
not to work; rather try something, and 
then consider what worked, what did not 
work, and what can be learned from the 
experience.

Perhaps the key point in talking 
to students is that getting stuck is a 
common experience—we all get stuck 
when working on problems, and we all 
try approaches that turn out to fail. The 
challenge is what to do when the current 
approach does not work as anticipated. 
This is where creativity, insight, and per-
severance comes in. As a teacher, one can 
ask what a student understands, what the 
student has tried, and why the student 
might think one approach or another 
could be fruitful. However, since assign-
ments are (usually) intended to encour-
aging thinking and learning, just giving 
the answer can be counter-productive. 
Asking questions, providing guidance, and 
presenting strategies for possibly getting 
unstuck can require time and effort, but 
also pay long-term dividends.

Encourage Self Reflection and 
Realistic Self-Assessment
•   “My grade does not reflect my real 

knowledge!”

Over the years, I have observed that 
students’ perceptions of their abilities 
often do not seem well correlated with 
the insights and solutions they express in 

their work. Some top students comment 
that they know they have less background 
and experience than others, and they think 
they have just been lucky in their grades. 
Other students are vocal about their 
strengths, but consistently perform poorly. 

And, of course, still other students express 
self-assessments that fit well with their 
work. (A reviewer noted that the difficulty 
of students with self-assessment is an 
example of a more general pattern, called 
the Dunning-Kruger effect. The interested 
reader can find numerous reports and 
perspectives on this effect through a web 
search.)

When talking with students about their 
performance on assignments and tests, 
listening and constructive feedback can be 
particularly helpful. When students do well, 
celebrate, congratulate them, AND reflect 
with them what they did that might have 
contributed to their success. Perhaps they 
reread the textbook, rewrote their class 
notes, worked through examples on their 
own, started an assignment early, orga-
nized their time to allow both adequate 
attention to the work and a healthful 
amount of sleep, made up similar prob-
lems for practice, joined a study group, 
etc. In short, if they were successful, they 
should consider doing more of whatever 
helped. Further, an instructor might boost 
a student’s self-confidence by writing, 
“nice job,” “great insights,” etc., on papers 
or saying something encouraging directly 
to the student.

In contrast, if a student’s performance 
does not meet their expectations or their 
rhetoric, an instructor might explore how 
the student approached the exercise, and 
how that approach might be adjusted. For 

In trying to solve a problem, students  
need not fear trying an approach that turns 

out not to work; rather try something,  
and then consider what worked,  

what did not work, and what can be  
learned from the experience.
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example, when students use their study 
habits from high school within a college 
setting, Minna Mahlab reminds students 
that college has different expectations. 
If the old habits no longer are working, 
there is no reason to believe that doing 
more of the same will yield better results 
next time. Rather, one might try new 
techniques for taking notes while reading, 
more careful planning and time manage-
ment, summarizing the main points of a 
class session or reading, making up one’s 
own examples, getting adequate sleep to 
be fresh for a quiz or test, etc. Of course, 
an instructor also should be prepared if 
discussions with a student suggests pat-
terns of difficulty that might be addressed 

by referrals to counselors, medical per-
sonnel, or other resources. 

In short, instructors can encourage 
self-reflection and conclusions based on 
actual evidence, while paying attention to 
matters of self-esteem, study habits, time 
management, and other aspects of life. 
Evidence can help build self-confidence 
in those who may be overly nervous, but 
evidence also can help provide a reality 
check for the over-confident who may be 
in denial of the need for change. 

Of course, this self-assessment should 
not be considered a one-time activity. 
Rather, students should practice self-re-
flection and evidence-based self-as-
sessment regularly—refining this skill of 
self-analysis, just as they hone their other 
academic skills.

Learning Requires 
Constructive Student Effort, 
perhaps with Mentoring and 
Guidance
•   “I work and work and work, and I still 

am doing badly in the course!”

I hear such complaints from time to 
time, and some of my first reactions focus 
on whether the work followed a logical 
plan, what work did a student actually do, 
how long did they spend on that work, and 
to what extent was the work sidetracked 
by distractions. 

Within office hours, I especially appre-
ciate a student who has done (or tried to 
do) the reading, who has tackled part of 
the assignment (perhaps getting stuck), 
and who arrives prepared with a list of 
questions or observations. Minna Mahlab 
notes that “a well-prepared student is 
never annoying to an instructor.” The stu-
dent is engaged with the material and has 
made progress (although perhaps not very 

much). In this context, the student’s work 
seems productive, and we can discuss 
the issues at hand. Perhaps we should 
correct some misconceptions, fill in gaps, 
or brainstorm on what next steps might be 
productive.

On the other hand, I can do little when 
a student arrives without having tried the 
reading, attended class, reviewed class 
notes, or thought about forthcoming 
homework. When such cases arise, one 
approach can be to outline specific steps a 
student needs to take. “Before we can talk, 
you need to be prepared by doing X, Y and 
Z. When working on those tasks, either 
outline what you have learned or prepare 
specific questions for us to discuss.”

In short, I can be encouraging, and I 
may be able to provide suggestions on 
how a student can be more effective in 
studying and attacking assignments and 
tests. However, since I am not a neurosur-
geon—I cannot perform a brain transplant, 
I cannot learn for the student. Instead I 
need to review specific activities and brain-
storm next steps.

Conclusions
When working with students, active listen-
ing is vital. As students talk, an instructor 
can gauge the level of understanding, 
underlying misconceptions, mastery of 
both concepts and details, approaches to 
problem solving, etc. Further discussion 
can uncover how a student studies and 
approaches class activities. With such 
interactions,
•   an instructor CAN mentor and coach, 

building upon professional background 
and subject-matter expertise;

•   an instructor CAN encourage a student 
to move from broad and abstract 
statements (e.g., “I can’t do this”) to 
more specific statements that can be 
addressed (e.g., “I need to think how to 
proceed when I get stuck”);

•   an instructor MIGHT help a student 
discover patterns that yield referrals to 
resource centers, such as counseling, 
mental health, and physical well-being;

•   an instructor MIGHT be able to help a 
student become more effective and 
efficient in learning, by encouraging 
reflection and realistic self-assessment; 
and

•   an instructor CANNOT learn for a stu-
dent—an instructor can try to facilitate, 
but the student has to work on the 
learning itself.  
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… students should practice self-reflection 
and evidence-based self-assessment 

regularly—refining this skill of  
self-analysis, just as they hone their  

other academic skills.
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OPINION

With the flood of students enter-
ing computer science (CS) pro-
grams throughout the country, 

much attention has been focused on ad-
dressing pressures relating to staffing and 
resources required for course management 
and delivering the curriculum. Despite 
the general awareness about broadening 
participation and increasing diversity, the 
design of most computing courses and 
curricula remains unchanged. Student 
attrition—between and during courses 
beyond the first course—will continue 
to increase due largely to the gaps that 
exist in the introductory and core course 
sequences. It is time to address these gaps 
in our mostly traditional curricular designs.

Indicators show that students are now 
flocking to CS courses in unprecedented 
numbers and it has been widely reported 
that enrollments in introductory courses 
are exploding nationwide in the United 
States [2,5]. At Harvard, the course CS50 
enrolls over 800 students—making it the 
most enrolled course at Harvard in the past 
five years [2]. Enrollments in upper-lev-
el computer science courses have also 
surged, and, consequently, so has the num-
ber of students graduating with degrees in 
computer science. 

Much has also been written and dis-
cussed about the need for addressing this 
unprecedented demand and the pressures 
the demand places on CS departments. 
And, more importantly, discussion ranges 
from how to learn from the mistakes of the 
past “enrollment bumps”—for example, 
from refraining from restricting the size 
of majors or excluding non-majors from 
upper-level courses, to discussions about 

the impact of weeding in courses has on 
diversity. Yet, there seems to be no viable 
solution to addressing the enormous 
class sizes, teaching loads of faculty, etc. 
[4,5,6]. College administrations are unlikely 
to open up the financial floodgates for 
increasing the sizes of CS departments to 
address the enrollment surge. Although, 

judging by the number of advertised facul-
ty positions in fall 2015, many more depart-
ments have several faculty vacancies.

There has also been an unprecedented 
increase in commercial for-profit (as well 
as non-profit) outfits that offer coding 
skills training (online and in-person) to ad-
dress the immediate demand for software 

developers in industry. While data from 
online courses still indicate single-digit 
completion rates, there are good reasons 
to value these outfits even though they 
teach only selected parts of the computing 
milieu. Eric Roberts of Stanford University 
calls these the “Hogwarts Schools of Soft-
ware Wizardry” [5]. Online courses remain 
an open and largely unregulated area, tar-
geting a different population than students 
at traditional 4-year institutions.

Experts also warn that enrollment 
trends tend to go in cycles. There is likely 
to be another downturn. Or, are we  
really looking at the tipping point here?  
We don’t know.

Regardless of whether we’re in a 
cyclical storm, one aspect of the current 
situation seems to be clear—students from 
all disciplines are getting hip to the idea 
that, increasingly, computing has perme-
ated all areas of enquiry and, therefore, it 

is essential for them to acquire computing 
skills to stay abreast of advances in their 
own fields of study. And this suggests that 
there is a greater need, if one is to serve 
this breed of cross-disciplinary students, 
to address what and how we teach even in 
our core computing curricula. While much 
attention has been devoted to the intro-

… there is a greater need, if one is to serve 
this breed of cross-disciplinary students,  

to address what and how we teach  
even in our core computing curricula.



acm Inroads • inroads.acm.org  23

OPINION
P

H
O

TO
: ©

20
16

 D
E

E
P

A
K

 K
U

M
A

R

ductory course(s), I’m afraid much of the 
rest of the computer science curriculum we 
offer is still very traditional and is starting 
to look archaic.

Beyond the introductory courses, there 
remains a significant drop in the number 
of students who take the second, third, 
or subsequent computer science courses. 
While some of this is inevitable, I believe 
that there is much to be done to address 
the linkages of course content, starting 
from CS1 to CS2 and beyond. Several folks 
now recognize the tendency to “bait and 
switch” from CS1 to CS2 and addressing 
this has been in our discourse of concerns, 
although largely unaddressed [6]. 

The road through most required cours-
es in a computer science curriculum is a 
rocky one. There are several gaps. In most 
institutions, for example, a CS2 course still 
focuses on the design and use of primitive 
data structures and algorithm analysis 
along with the introduction of a new 
programming language, and thereby pro-
gramming methodology. This more or less 
completely ignores the redesign (and suc-
cess) of the CS1 courses at the very same 
institutions. Besides, it is also well known 
that most students retain only a fraction of 
what they learned in their earlier course(s). 
In formative courses, like CS2, there needs 
to be a generous amount of time devoted 
to review, recall, and practice of earlier ma-
terial from CS1. Most CS2 courses currently 
do not do this since doing so will take 
away what is prescribed to be covered in 
a CS2 course. Unfortunately, the gap that 
students experience in this transition can 
result in greater attrition.

If you study the latest edition of ACM/
IEEE Curriculum 2013, you will find a clear 
articulation of design considerations for a 
computing curriculum: the “Big Tent view 
of CS” versus the size of the curriculum, 
pitched against institutional needs, and the 
need to broaden participation. In regards 
to the introductory courses, Curriculum 
2013 clearly states:

…not everything relevant to a 
computer scientist (programming, 
software processes, algorithms, 
abstraction, performance, security, 
professionalism, etc.) can be 
taught from day one… some topics 
must be pushed further back in 

the curriculum, in some cases 
significantly so. Many topics will 
not appear in a first course or even 
a second course, meaning that 
students who do not continue 
further (for example, non-majors) 
will lose exposure to these topics [1].

Attracting record numbers of students 
into our introductory courses becomes an 
opportunity lost when we are unable to 
attract and then retain a healthy percent-
age of those students in our subsequent 
courses. The bait and switch scenario 
is all too present. There is a critical and 
urgent need to rethink and redesign all 
the curricular course sequences, from 
CS1 to CS2, from CS2 to (CS3 to) the 
core, from the core to electives. While the 
latter may be easier to address, the gaps 
that currently exist in most of our early 
curricula could be a larger factor lead-
ing to student attrition. Some solutions 
do exist but only at smaller institutions 
where the CS1-CS2 sequence has been 
transformed to a three-course sequence, 
for instance. But larger institutions, those 
with the bulk of students, remain largely 
unchanged. With increasing enrollments, 
I’m afraid attrition rates will remain large-
ly buried in the apparent increase in the 
number of graduates. Consequently, forc-

ing the cycle towards a future downturn.
Please, let’s mind the gap.  
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OPINION

Google a phrase like “transition from 
face-to-face to distance learning” 
and chances are what you’ll find is 

written from the instructor’s perspective, 
mostly guidance on how to take your 
face-to-face teaching online. You’ll also find 
comparisons of engagement, retention, and 
success rates between face-to-face and on-
line delivery of the same course or module.

Where the student’s point of view is 
considered, it’s generally in studies com-
paring the experience of different groups 
of students: those who took a course face-
to-face and those who studied online. This 
leaves significant room for methodological 
doubt. Maybe any differences found are 
because different types of students enroll 
in the face-to-face and online versions of 
a course? Maybe these different groups 
of students have different expectations, 
needs, educational backgrounds, or per-
sonal and family circumstances?

We can get a fresh perspective, bypass-
ing these methodological questions (and 
obviously raising a whole lot of others), 
by talking with students who begin their 
course of study face-to-face and then 
make a transition mid-way into a program 
to a distance or online learning model. How 
do these students feel about the change 
in delivery mode? How do they cope with 
it and with the changing relationship with 
their lecturers?

At the University of the Highlands and 
Islands (UHI), our first and second year 
computing students are taught face-to-
face in small groups with a maximum class 
size of twenty. Lecturers spend a lot of 
time moving around the room helping in-
dividual students. We don’t have separate 

tutorial or laboratory sessions staffed by 
advanced students. This model works well 
with our students, many of whom come 
from non-traditional backgrounds, as we 
discussed in the last issue of ACM Inroads. 

For example, in our introductory pro-
gramming class all lecturing, tutorial work, 
and assessment is carried out in the class 
that runs for two hours a week over sixteen 
weeks. All our first and second year stu-
dents follow the same program so they are 
in a classroom, in face-to-face contact with 
a lecturer for their entire time in college, 
about 15 hours a week. Over a full year 
they have about 480 hours of face-to-face 
classroom contact.

Student feedback shows that our 
students enjoy the face-to-face contact 
and the opportunity to get to know their 
lecturer and other students in a small class. 
Spending so much time together they tend 
to form strong peer support groups within 
the class, which becomes an extremely 
supportive learning environment.

In the third and fourth year, all continu-
ing students from across the eight partic-
ipating UHI partner colleges are taught as 
a single group using a blended learning 
model. This consists of video-conference 

(VC) lectures, with some face-to-face and 
some online tutorials. Besides the move 
from face-to-face to blended-learning, they 
experience a major reduction in the num-
ber of contact hours, from 480 down to 
roughly 180 for the year. Students receive 
dramatically less guidance from lecturers 
and require a great deal more indepen-
dence, self-motivation and organization.

Unsurprisingly, many find this transition 
difficult. We’re investigating this as part of 
our ongoing efforts to improve retention and 
achievement. We thought Inroads readers 
might be interested in a sneak peek at some 
of our early data gathered from this year’s 
third-year class, and some speculations 
provoked by this data. The quotes presented 
here were extracted from data collected 
during a focus group and follow-up survey 
using semi-structured questions with 28 
students from 8 locations within UHI.

We asked students if they felt more or 
less engaged with the course this year. One 
cited the greater level of independence 
needed as a reason for being more engaged 
with the course. However most felt less 
engaged, and some were quite emphatic: 
“The self-responsibility is crazy compared 
with [second year]” and “It’s horrible.”

We can get a fresh perspective … by talking 
with students who begin their course of 

study face-to-face and then make a 
transition mid-way through a program to a 

distance or online learning model.
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When questioned on how they felt 
about asking questions in the VCs, 
students were unanimous—they were 
definitely less likely to ask a question. 

Some felt it would be rude to interrupt 
the lecturer. One comment summarized 
the general feeling. “I … realize that trying 
to get conversations in VC is difficult for 
no one wants to pick up the gauntlet and 
speak. I’d say that’s a big issue with VCs 
where normally in a class questions are a 
lot more fluid but due to the need to get 
up and unmute a mic and basically inter-
rupt or slow the speed of conversation.”

We’d observed students trying to hide 
off-camera in a VC, where the lecturer can’t 
see them, so we asked about that. One 
student admitted doing this. “I do attempt 
to, but only if I feel it’s needed.” Others said 
they couldn’t as the VCs have adjustable 
cameras: “You can run but you can’t hide!”

On the whole, these responses confirm 
our personal experience of the two modes 
of delivery. Our impression has been that 
we get to know and engage with our 
face-to-face students far better than those 
we only meet virtually. We’ve both felt 
frustrated by the lack of student engage-
ment and response in virtual classrooms. 
This lack of response can lead to some odd 
effects, with one student observing that, 
“On VC, lecturers tend to talk more to fill 
the space when there’s no student inter-
action, compared to when they’re in the 
same room. Maybe to make up for students 
not asking questions, trying to answer all 
possible questions in advance?”

The standard recommendation for 
overcoming lack of student engagement in 
VC lectures is to “flip the classroom,” by re-
cording the lecture in advance and insisting 
students watch it before the VC session; the 
VC session then—at least in theory—be-

comes more interactive [1]. This has been 
implemented in some third and fourth year 
computing modules but most students were 
against it: “Not a good idea. Inefficient use 

of time”, and “I feel that it is bad, because if 
I don’t quite understand something I have 
to contact the lecturer and try to work with 
their response, or wait until the VC time.”

We will continue with our investiga-
tion, but for the moment we’re left with 
questions. In some other disciplines at UHI, 
the blended learning model is used from 
the start of a course of study and is well 
received. Why are our results different? Is it 
something about computing? Or does stu-
dent satisfaction depend on expectations? 
Maybe our students don’t like this mode of 
learning mostly because they’re contrast-
ing it with what they had before? Or to put 
it the other way round, students taught us-
ing exclusively online or distance methods 
don’t miss what they don’t know.  
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Strong interest in data science 
continues to generate new educa-
tional programs and change the 

landscape around multiple contributing 
and related academic disciplines, such as 
computer science, statistics, mathemat-
ics, econometrics, information science, 
and, of course, information systems (IS). 
In an earlier ACM Inroads column [3], I 
wrote about the essential role IS could 
and should have in the discourse that 
is clarifying the identity of data science 
and determining the forms this emerging 
discipline will get when it is implemented 
in various practical contexts. 

The purpose of this column is broad-
er—it will provide a brief preliminary report 
on a two-day workshop on Data Science 
Education that ACM Education Board and 
Council organized in early October 2015 
with funding from the National Science 
Foundation [2]. Boots Cassel (Villanova 
University) and Heikki Topi (Bentley Uni-
versity) served as co-chairs of the process. 
This workshop brought together about 
twenty-five academic experts represent-
ing a broad range of academic disciplines, 
including not only those described above 
but also management science/operations 
research and several scientific and practice 

domains as diverse as history and chemis-
try. In addition, a broad range of academic 
and professional societies were present at 
the workshop: ACM; Association for Infor-
mation Systems (AIS); American Statistical 
Association (ASA); Computing Research 
Association (CRA); IEEE-CS; and INFORMS.

The key purpose of the workshop was 
relatively straightforward—it was intended 
to create an opportunity for key stakehold-
ers in data science to have an open conver-
sation regarding the future of data science 
education in a neutral environment. Through 
this process, the organizers were hoping that 
various stakeholder groups could improve 
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their understanding of each other’s positions 
and actions. An additional goal was for 
the group to collectively develop a deeper 
understanding and a better articulation of 
the identity of data science, particularly in 
the context of related disciplines. Finally, the 
workshop explored the need for and the 
feasibility of developing curriculum guidance 
for degree programs in data science.

Based on both formal feedback and 
anecdotal evidence, the workshop was a 
highly positive experience for the partici-
pants. Many of those present recommend-
ed continuing the process, potentially 
with a larger group. At the time of writing 
this column, the group is engaged in a 
collaborative process of writing the formal 
report that will give a much more com-
prehensive view of both the process and 
the outcomes of the workshop. I offer 
here a preview of a few salient points that 
emerged from the workshop.

First, the workshop demonstrated the 
value of creating environments in which 
representatives of different academic disci-
plines engage in an open debate without the 
typical tensions created by local political sit-
uations. The participants were able to learn 
from each other without the risk of losing 
face or upsetting a fragile political balance.

Second, there was a general sense among 
participants that we are currently seeing the 
emergence of a truly new discipline that can-
not be represented simply with a collection 
of existing courses from familiar depart-
ments. The details are far from clear, but 
there is a reason to believe that investments 
in developing new courses and other learn-
ing experiences that go beyond integration 
of existing disciplines are worth the cost and 
effort. We do not know yet what the best 
ways of achieving these are, but it is essential 
to enable experimentation and exploration of 
the unknown to allow for the new to emerge.

Third, among this group of participants, 
there was a relatively strong shared-sense 
of the elements that are needed as com-
ponents of data science. Using terms often 
associated with the traditional disciplines at 
a high level of abstraction, a degree in data 
science should develop competences in 
broad areas of statistics (including statisti-
cal inference), research design, predictive 
modeling, visualization and visual analyt-
ics, computational/algorithmic thinking, 

programming, machine learning, data and 
database management including distrib-
uted and parallel technologies suitable for 
varying volumes and types of data, data 
mining, domain knowledge, and ethics and 
implications of analytics. In addition, it is 
essential that educational programs develop 
individual professional competences, such 
as those in oral and written communication. 
As emphasized earlier, the participants rec-
ognized that a degree in data science should 
not simply be a collection of these topics 
offered together as separate elements; it is 
important to continue to look for new ways 
to deeply integrate the perspectives. 

Fourth, it was illuminating to see that, de-
pending on an individual participant’s back-
ground, the emphasis on the importance of 
each of these foundational elements varied, 
at times significantly. The participants did 
collectively acknowledge that the com-
petence requirements of different groups 
of professionals whose contributions are 
required to enable the value chain of data 
science are not the same—the educational 
background needs of those who develop 
analytic algorithms and build complex 
statistical models differ significantly from 
those whose key responsibility is to acquire 
and prepare data for analysis and those 
who transform the raw analytics results into 
meaningful changes in a domain of practice.

Finally, the group acknowledged the 
high value and importance of activities that 
enable sharing of materials and personal ex-
periences related to courses and programs 
in data science. The community of academ-
ics working on data science programs is en-
thusiastic about the current value and future 
promise of its work, and sharing of practical 
experiences and new ideas is an essential el-
ement of the work together. The participants 
also recognized the value of developing inte-
grated curriculum guidance for data science, 
while also acknowledging the importance of 
continuing to give visibility to a broad range 
of approaches and perspectives.

The workshop was a highly motivating 
and energizing experience because of a 
sense that something truly new is gradually 
emerging from the conversations among 
representatives of existing disciplines. I 
hope you share this same excitement and 
bring your perspective to the conversation 
both locally and nationally. Open discus-

sion based on the workshop is available on 
Ensemble [2] – please join us there!  
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In my previous column for Insights (which 
was also my first), I promised to review 
CS2013 [2], the latest ACM/IEEE-CS Joint 

Task Force report on computer science 
curriculum. I read the document and 
attended a few sessions of SIGCSE 2014 
presented by members of this Task Force. 
I also co-chaired a Birds-of-a-Feather ses-
sion at SIGCSE 2015 to begin a conversa-
tion about how to interpret and implement 
CS2013 suggestions where mathematics 
meets computer science education. I 
intend to keep my promise and look to 
how mathematics intersects CS2013 here, 
as well as summarize and continue the 
discussion started in spring 2015.

Before I begin, I urge you to read Peter 
Henderson’s overview of CS2013 [3] if only 
for the detailed description of the evolution 
of computer science from mathematics, en-
gineering and other scientific areas. He also 
shows how rigor helped computer science 
to move beyond mere “playing with tools” 
and into a bona fide academic discipline. 
While Peter wrote about the Ironman Draft, 
his thoughts still apply to the final release.

The most evident place where mathe-
matics appears in CS2013 is in the “Body of 
Knowledge” as discrete structures. Briefly 
stated, the discrete structures knowledge 
area covers sets, relations, and functions, 
logic and proof techniques, basic counting, 
graphs and trees, and discrete probability. 
CS2013 nicely captures the foundational 
nature of these concepts, with illustrations 
about how they appear in various areas 
throughout computing, appearances that 
provide opportunities to reinforce and to 
deepen understanding. Generally, institu-
tions cover this material somewhere along 

the spectrum from offering a single discrete 
mathematics course required of all comput-
er science students to injecting these topics 
into “... courses on programming, algo-
rithms and/or artificial intelligence.” There 
are other examples and courses mentioned. 
I was quite pleased to see a clear statement 
on the importance of proof “... in virtually 
every area of computer science.”

An appendix section on migrating from 
CC2001 to CS2013 [1] gives a concise sum-
mary of differences for each knowledge 
area. For discrete structures, there is a small 
shift in coverage time, and thus emphasis, 
from topics in logic to those in probability, 
perhaps to address recent trends in com-
puter science such as data science.

Regarding priority, 37 out of 43 topics 
in the discrete structures knowledge area 
are denoted as Tier-1 topics, those that 
“... should be a required part of every 
Computer Science curriculum.” Only the 
software development fundamentals 

knowledge area has a higher percentage of 
Tier-1 topics. Moreover, almost everything 
from CC2001 involving discrete structures 
is kept in CS2013. This last observation is 
significant, as not every topic in comput-
er science, old or new, can remain in an 
undergraduate curriculum that is fixed in 
length of time. I applaud the Task Force 
for recognizing the timeless nature of the 
mathematical foundation of computer 
science that helps our students (and our 
profession) remain relevant as new ap-
proaches and technologies emerge.

CS2013 covers topics in mathematics 
in other places throughout the computer 
science curriculum, albeit less explicitly. 
Immediately preceding the knowledge 
area on discrete structures is one on com-
putational science, with recommendations 
that indirectly suggest mathematics (e.g., 
probability and statistics used in modeling 
and simulation, numerical analysis). In a 
similar fashion, mathematics is recognized 
in knowledge areas on graphing and 
visualization, cryptography, reasoning and 
representation in intelligent systems. Even 
human-computer interaction has a section 
on statistical methods used in the evalua-
tion of interfaces.

Two new knowledge areas—software 
development fundamentals and parallel 
and distributed computing—make use of 
concepts from mathematics in different 
ways. The former takes foundational data 
structures from discrete structures, while 
the latter implies the use of mathematics 
to gauge performance as well as support 
correctness (e.g., consistency, formal 
models). I do not claim this list of mathe-
matical topics in the CS2013 report to be 
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exhaustive, and would appreciate feedback 
about other points where math intersects 
the computer science curriculum.

In Chapter 6: Institutional Challenges, 
there is a careful presentation of the po-
tential obstacles to consider when crafting 
mathematics requirements for computer 
science programs. After acknowledging the 
importance of mathematics for all comput-
er science students, the Task Force works 
hard to differentiate required topics for all 
majors from important topics for specific 
courses and programs (and thus specific 
student populations). This chapter also 
covers other practical issues that face com-
puter science programs with mathematics 
requirements, such as courses offered 
by non-computer science departments 
and thus beyond the direct control of the 
computer science department and faculty. 
CS2013 also warns that course requirement 
chains can surface without appropriate 
overall curricular design and unintentionally 
dissuade (or worse, completely forbid) 
students from exploring computer science.

However, it is the discussion about 
“mathematical maturity” that really caught 
my attention. CS2013 establishes the goal 
of promoting the ability to work with 
mathematical methods of representing and 
solving problems. This maturity is a needed 
component for students to dive into the 
discrete mathematics topics throughout 
the curriculum. CS2013 is careful to focus 
on this policy and leave mechanism to the 
institution, primarily for practical reasons 
involving diversity of learning environ-
ments. I would also note that how to create 
mathematical maturity in computer science 
students is more of an education research 
question anyway. I intend to explore mathe-
matical maturity in a subsequent column.

CS2013 is comprehensive for computer 
science education, and most undergraduate 
programs should be able to obtain some 
guidance about curricular design from 

specific parts of the document. Graduate 
schools and secondary schools might be 
interested in the document to see what 
is expected at each end of the pipeline. I 
found the chapter on Institutional Chal-
lenges and the appendix on Migrating from 
CC2001 to CS2013 the most useful for ideas 
about mathematics (as well as for ideas 
about computer science education overall). 
Course Exemplars are also helpful if you find 
a few that match your university if only to 
see how you compare. The set of Course 
Exemplars in CS2013 is comprehensive, 
making up more than half of the docu-
ment. Each Exemplar follows a template to 
facilitate comparison. For example, one can 
review how discrete mathematics is covered 
at community colleges (e.g., Union Com-
munity College as a single course, Portland 
Community College as two courses), as 
well as research universities (e.g., Stanford 
University). However, it was not easy for me 
to see how these exemplars are ordered, so 
expect some effort to find what you seek. 

I invite readers to contact me with 
their thoughts about CS2013 regarding 
mathematics as I hope the conversation 
continues  
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As a standing 
committee of 
the Association 

for Computing Machin-
ery Education Board, 

the Committee for Computing Education 
in Community Colleges (ACM CCECC) has 
produced, through the decades, asso-
ciate-degree curricular guidance in the 
five computing disciplines as defined in 
the ACM Overview Report [3]. The five 
disciplines are Computer Science, Infor-
mation Technology, Information Systems, 
Computer Engineering, and Software  
Engineering. After completing a multi-
year, international curriculum develop-
ment project for Information Technology 
[7] in late 2014, the Committee has begun 
the process of updating its 2009 Guide-
lines for Associate-Degree Transfer Curric-
ulum in Computer Science [4]. The CCECC 
kicked off this curriculum revision project 
at SIGCSE 2015 with a Birds-of-Feather 
(BoF) session entitled, Perspectives on How  
Computer Science Curricula 2013 Influ-
ences Two-Year College Programs. The 
BoF session drew a standing-room-only 
crowd of community college and univer-
sity faculty, academic administrators, and 
industry representatives. The consensus of 
the BoF participants was a clear need for 
contemporary computer science guide-
lines at the associate-degree level, where 
security is considered from the outset 
and appropriately infused throughout the 
curriculum. Fortunately, there are recent 
education initiatives in computer science 
as well as cybersecurity that the members 
of the CCECC will leverage as important 
influencers for its curriculum revision.

Computer science education certainly has 
evolved since 2009. In December 2013, the 
ACM and the IEEE-Computer Society co-pub-
lished Computer Science Curricula 2013: Cur-
riculum Guidelines for Undergraduate Degree 
Programs in Computer Science (CS2013) 
[8], a comprehensive revision to both the 
2001 [9] and the 2008 [2] computer science 
curricular reports. Among the 18 knowledge 
areas (KA) within the CS2013 Body of Knowl-
edge (BoK) is the new information assurance 
and security (IAS) KA. The IAS KA includes 
both core and elective cybersecurity content, 
such as defensive programming, cryptog-
raphy, network security, principles of secure 
design, and secure software engineering. It 
also includes a comprehensive table with 
cross references to the other 17 KAs providing 
a quasi-curriculum map of where cybersecu-
rity content should be integrated throughout 
the various undergraduate computer science 
degree programs. 

In August 2015, a joint task force (JTF) on 
cybersecurity education was formed with 
representatives from the Cyber Education 
Project (CEP) [6] and the three profes-
sional computing societies—the ACM, the 

IEEE-Computer Society, and the Association 
for Information Systems. The expressed 
purpose is to develop comprehensive, un-
dergraduate curricular guidance in cyber-
security that will support future program 
development and associated educational 
efforts. This joint effort is a prime example 
of the ideas imagined and the foundations 
laid by the devoted members of the CEP. 
Inspired by the work of the CEP, the JTF 
currently defines cybersecurity as a comput-
ing-based discipline involving technology, 
people, information, and processes to enable 
assured operations. It involves the creation, 
operation, analysis, and testing of secure 
computer systems. It is an interdisciplinary 
course of study, including aspects of law, 
policy, human factors, ethics, and risk man-
agement often in the context of adversaries.

During the 2016 SIGCSE Technical 
Symposium, a special session, ACM Joint 
Task Force on Cyber Education, will debut 
a Strawman version of the cybersecurity 
undergraduate curricular guidance for 
public review and comment. 

Additionally, in September 2015 the Na-
tional Science Foundation funded a major, 
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three-year project, “Catalyzing Computing 
and Cybersecurity in Community Colleges 
(C5)” [10]. This project of national scope has 
two major goals, synergistically focused on 
strengthening the cybersecurity content of 
degree programs at two-year colleges. The 
first project goal is to increase the number 
of the National Security Agency designated 
Centers of Academic Excellence in Cyber-
security at Two-Year Colleges (CAE/2Y). 
The second goal is to create a foundational 
computer science course that is integrated 
with suitable cybersecurity content. Both 
the 2016 AP Computer Science Principles 
Curriculum Framework [5] with enduring 
understandings in cybersecurity and the 
2013 ACM/IEEE-CS Computer Science 
Curriculum Guidelines [8] with learning out-
comes in information assurance and security 
will serve as resources for the development 
of this new security-infused programming 
course intended for community colleges.

I am fortunate to have served on the 
CS2013 Steering Committee and have 
co-chaired the CEP Learning Outcomes 
Committee. In addition, I am currently 
serving as an ACM delegate on the JTF and 
as a co-PI on the NFS C5 project. As a result, 
all these exciting education initiatives will 
have a positive effect on the next release 
of the ACM associate-degree transfer 
curriculum for computer science. Three 
CCECC members—Cara Tang of Portland 
Community College, OR; Cindy Tucker of 
Bluegrass Community and Technical College, 
KY; and myself from Union County College, 
NJ—are collaborating with a dedicated and 
knowledgeable group of community college 
faculty from across the nation to modernize 
the 2009 computer science curricular 
guidance with cybersecurity content. 
Convened by the CCECC, Teresa Moore 
of Volunteer State Community College, 
Gallatin, TN, Lambros Piskopos of Wilbur 
Wright Community College, Chicago, IL, 
and Christian Servin of El Paso Community 
College, El Paso, TX are each serving as 
team leaders on the ad hoc ACM Task Force 
for cybersecurity-infused computer science 
(CS-Cyber) associate-degree curriculum. 

At the 2016 SIGCSE Technical Sym-
posium in Memphis, TN, the CCECC will 
conduct a special session on Friday, March 
4—Updating Curricular Guidelines for 
Associate-Degree Computer Science Pro-

grams—along with a follow-on workshop 
on Saturday, March 5. Both the special 
session and the workshop will engage 
participants interested in the curriculum 
revision/development process for lower 
division, undergraduate computer science 
degree programs that incorporate learning 
outcomes in cybersecurity. Participants of 
both the special session and workshop will 
have an opportunity to review the draft 
transfer curriculum, recommend revisions, 
and assist in crafting the next version of 
the associate-degree guidance. These 
sessions will serve as important oppor-
tunities for the broader community to 
provide critical feedback, as well as discuss 
the challenges, local needs, and success 
stories. During the workshop, participants 
will break into small groups to examine and 
evaluate the proposed associate-degree 
BoK with respect to the computer science 
and cybersecurity concepts in CS2013, 
results from the CCECC’s survey, and the 
suitability of such topics, learning out-
comes, and assessment metrics.

If you were unable to attend SIGCSE 
2016, but are interested in contributing to 
this curricular revision, there will be many 
opportunities for participation. To illustrate, 
draft versions (e.g., Straw and Iron) will be 
posted on the Committee’s website over 
the next year or so [1], and the CCECC is 
issuing a call for reviewers. Please use the 
contact us form on our website if interest-
ed in contributing a critical review of the 
ACM computer science transfer curriculum 
with contemporary cybersecurity content. 
Also feel free to email me directly with your 
thoughts and suggestions. We need all 
hands and minds on the CS-Cyber deck!  
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The first part of the current column is 
divided into two new challenges. One 
is a magic challenge, and the other is 

a computation challenge. The solution of 
the magic challenge involves the notion of 
complement, which is a fundamental no-
tion in computer science and mathematics. 
The solution of the computation challenge 
involves a preprocessing stage and order-
ing patterns. The magic will be presented 
in a corresponding special session in the 
coming SIGCSE 2016. The solutions of both 
challenges will be presented in the next 
issue of the column.

Following the presentation of the new 
challenges, we display the solution of the 
previous challenge. Our solution demon-
strates the essential role of an illuminating 
point of view, which is fundamental in 
problem solving in general and recursive 
problem solving in particular.

New Challenge-1
MAGIC SWAPS
Three objects—a spoon, a knife, and a 
fork—are put on the table in a row. 

One (any) of the pieces is put in 
location 1, another in location 2, and the 
third in location 3. A magician looks at the 
ordered pieces and turns around. A person 
from the audience comes to the table and 
starts swapping pieces. In every swap she 
performs, she calls out loud the loca-
tions involved in the swap (e.g., “A swap 
between locations 1 and 3”). After 9 swaps 
that are called out loud, she performs a 

quiet swap, without telling the involved 
locations. Then, she performs 10 additional 
swaps that she calls out loud. The calls 
out loud are all made rather quickly, thus 
it is impossible to continuously keep track 
of the all the three pieces’ locations. And, 
there is a quiet swap. Still, the magician 
turns around at the end of this process, 
looks at the table, reads the mind of the 
person who performed the swaps, and lifts 
up the piece that was not touched in the 
quiet swap. How does he know?

New Challenge-2
OMEGA

The scouts in a scout camp would like 
to construct an Omega facility, by connect-
ing with a cable, the tops of two trees of 
different heights. Given a list of N different 
integers, denoting the heights of N trees 
in a row of trees; output the distance 
between the two trees of which the left 
one is higher than the right one, and their 
distance (in terms of their indices in the 
row of trees) is maximal. For example, for 
the row of trees of heights 3 7 2 1 9 5 11 8 
the output should be 4, as the chosen trees 
should be the ones with heights 7 and 5 
(and indices 2 and 6).

Previous Challenge Solution
INTERSECTING LINES
Given the points 1..N in the X-axis and the 
points 1..N in Y-axis of a Cartesian coordi-
nates system, where N is even; each point 
i on each axis is connected, with two lines, 
to two points on the other axis - the points 
i and N-i+1. Devise a recursive solution for 
computing the number of line intersec-
tions. For example, for N=2, the answer is 1; 

for N=4 the answer is 10. (If two lines meet 
on one of the axes, we do not consider it 
intersection.) The challenge may be solved 
directly, with suitable counting. It may also 
be solved recursively in some cumbersome 
ways. We are asking for an elegant, illumi-
nating, recursive solution. 

Solution
A recursive approach that may initially 
come to mind is that of specifying the 
solution for N points, based on the solution 
for N-2 points, by adding to the (N-2)-th 
solution all the intersections yielded from 
two additional upper points in the Y-axis 
and two additional rightmost points in 
the X-axis. This approach is based on 
gradual progress, from the origin of the 
Cartesian coordinate system “upwards,” or 
“bottom up.” However, upon attempting 
this approach, one may face cumber-
some, inelegant calculations, as some of 
the (N-2)-th case lines and intersections 
should be removed and replaced by lines 

…
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and intersections of the N-th case.
A point of view different from that of 

the latter approach is desired. Instead of 
a “bottom up” view, we may try a “middle 
out” view, in which points will be added 
not in one direction, but concurrently in 
two directions. Such progression may not 
require removal of lines and intersection. It 
is specified as follows.

The base case, of 2 points on each axis, 
involves 4 lines and one intersection—two 
outer lines are parallel to one another, and 
two inner lines form an X shape, and cross 
one another. This is illustrated in the figure 
below, when we just focus on the points 
5 and 6. At this stage, we may add to the 
4-lines structure two points in the Y-axis 
such that one will be added above the ex-
tended 4-line structure, and the other below 
that structure. An analogous addition of 
two points will be performed in the X-axis: 
one point will be added to the right of the 
4-line structure, and another to the left of 
that structure. Four lines will be added. Two 
outer ones will “surround” the extended 
4-line structure from above and below. They 
will be parallel to one another, and not add 
any intersection. And, two additional inner 
lines will form an X shape, and intersect 

all the lines that are in the extended 4-line 
structure. These two new lines also intersect 
one another. In the figure below, if we 

ignore temporarily, the points 1, 3, 4, 7, 8, 10, 
we may see the latter occurring with the 
points 2 and 9, added to 5 and 6.

The latter notion may be expressed gen-
erally as the following recursive step, while 
recalling that the structure of the (N-2)-th 
case involves a total of 2(N-2) lines.

Recursive step: F(N)=F(N-2)+4(N-2)+1
Base case: F(2)=1

(Notice that the expression 4(N-2) in the 
above formula is obtained from multi-
plying the total number of lines of the 
(N-2)-th case by 2, since each of two lines, 
of the added X-shape lines (of the N-th 
case), intersect all the lines of the (N-2)-th 
structure.)

All in all, we obtained an elegant 
formula, which stemmed from shifting 
the initial, possibly more natural, “bot-
tom-up” point of view, into a less natural 
“middle out” perspective. The selection of 
a suitable point of view is a key element 
in recursive problem solving. The reader 
is encouraged to develop the arithmetic 
expression yielded from the above recur-
sive formula, and compare the result with 
a direct (non-recursive) combinatorial 
solution.  
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By Hazem Said,
University of Cincinnati

The Information Technology discipline is defined as 
meeting the needs of users within organizational or societal 
context through the selection, creation, administration, 
integration, and application of computing technologies [1]. 
Successful IT professionals are those with strong hands-on, 
communication, and problem solving skills [2]. The need for 
skilled IT professionals continues to grow in many subareas 
such as mobile development, Cybersecurity, administration 
of cloud services, and others [5]. The information technology 
profession’s demand for strong hands-on skills puts 
pressure on colleges to produce graduates with increased 
level of skills. However, the 3-5 years that students spend 
in college may not be enough to build the level of hands-on 
skills expected by employers. 

THE MUSIC EDUCATION ECOSYSTEM
Our colleagues in the music education discipline have been facing 
the same situation for many decades and have developed an ecosys-
tem that strengthens the level of hands-on skills needed for the pro-
fession. Recognizing that the hands-on skills are what employers 
want in a music performance graduate, conservatories established 
an audition system to set a baseline of skills before joining college. 
To prepare students with these skills, a collaborative music educa-
tion ecosystem was formed. Figure 1 is a schematic of some of the 
elements of this ecosystem. 

SCHOOLS (K12)
K-12 districts have music rooms, music teachers, music classes 
and music bands. These elements are utilized in different 
degrees depending on the school. Two important elements are 
implemented in all schools. The first is the required classes, 
which provide a level of music literacy to every student, and the 
second is the school bands. The bands offer opportunities to 
identify and nurture interested and talented individuals. Several 
levels of bands are usually available, which create a competitive 
and rewarding environment for students. 

PROFESSIONALS
Music professionals play many roles to support this music edu-
cation ecosystem. In particular, they mentor students, develop 
music scores, and serve as judges. Recognizing the hands-on 
and skill nurturing needs, a system of private music teachers is 
in place. This apprenticeship and mentoring relation between 
music professionals and students starts as early as kindergarten 
and continues through K12 and postgraduate studies. The men-
torship takes place in the school, at home or in private tutoring 
centers. Professionals write music scores with varying levels of 
difficulties to help students learn the basic concepts and devel-
op hands-on skills with their instruments. A strong system of 
copyrights has created the economy needed to enable the cre-
ation and distribution of these scores. Music education associ-
ations bring together professionals to judge different regional, 

Rethinking  
IT Education:  
Lessons from  
Music Education

Rethinking  
IT Education:  
Lessons from  
Music Education



acm Inroads • inroads.acm.org  35

ARTICLES

the students’ progressive hands-on skill experiences. Conserva-
tories offer summer enrichment programs and yearlong week-
end programs including classes, bands and concerts. 

THE MODEL
In music, the student needs an instrument to practice playing a 
score mentored by a private teacher in order to be a member of 
a band and perform in a concert.

For information technology, the student needs a device to 
practice implementing a solution mentored by a private teacher 
in order to be a member of a solutions team and perform in a 
showcase.

AN ECOSYSTEM FOR IT EDUCATION
In music education, students are rarely asked to write their own 
music. They perform already written scores. The focus is on 
nurturing the students’ understanding and practice of their in-
strument through playing known scores. The students develop 
complex skills over their K12 years using scores with varying 
difficulty and length. A concert brings together students with 
different instruments to perform one or more scores to the 
public. In rethinking information technology education and 
recognizing the importance of hands-on skills, I envision a sim-
ilar ecosystem that identifies and trains the students early on. 
Figure 2 is a proposed ecosystem for IT education.

IT SHOWCASE
The IT showcase will be similar to the music concerts. The show-
case will be a public event where the students are able to demon-

state, and national concerts as well as 
other adjudicated events. These events 
provide degrees of challenges to the 
students and offer aspiring rewards. 

ORGANIZATIONS
Music education associations, such 
as the National Music Education 
Association [3] or its state affiliates 
such as the Ohio Music Education 
Association [4], serve as a place for 
K12 teachers, college professors, and 
music professionals to collaborate 
on promoting music among students 
and parents as well as nurture the 
skills of the students. For instance, 
through these associations, regional 
honor bands and state bands are 
organized. Furthermore, a skill-rating 
system (competency) for individuals is 
developed and students can audition 
to know their skill level through annual 
adjudicated events for individuals and 
ensembles in different categories. 
Colleges form bands for K12 students with required audition. 
Finally, symphony organizations form their own K12 bands and 
collaborate with teachers and colleges to offer students higher 
level of experiences.

INDUSTRY
The music retailers, orchestra companies, and music founda-
tions are all involved in the ecosystems. The music retailers de-
velop economic systems to distribute instruments and music 
scores. Schools, bands, and individual students are able to pur-
chase or rent equipment, educational books, and music scores 
to support their learning. Foundations offer skill-based scholar-
ships and grants to bands and schools. Small business compa-
nies organize trips for bands to travel the country and the world 
to perform and give students varying and exciting experiences. 

PARENTS
Parents are keen to give their children broad experiences that 
enrich their spiritual, intellectual and physical growth. They 
volunteer to manage the different bands for their students; they 
fund their students’ activities; and they coordinate with the 
professionals, the organizations and the industry about their 
students’ learning process. Parents organize and attend con-
certs and events where their students demonstrate their skills. 
These public concerts are important in building the students’ 
self-confidence and in learning the protocols of the profession. 

CONSERVATORIES (HIGHER EDUCATION)
Higher education is heavily involved with K12 through the 
music education associations. These associations enable K12 
teachers and college professors to work collaboratively to give 

Figure 1: Music education ecosystem

http://mags.acm.org/inroads/march_2016/TrackLink.action?pageName=35&exitLink=http%3A%2F%2Finroads.acm.org


36  acm Inroads  2016 March • Vol. 7 • No. 1

Rethinking IT Education: Lessons from Music Education

ARTICLES

strate their ability to implement the 
solutions they learned and practiced. In 
music concerts, the students perform 
the music scores and similarly, in an IT 
showcase, the students would imple-
ment solutions of different problems 
in front of the public. As an example, 
the students could learn and practice, 
during their IT solutions teams, how 
to build an IT solution to follow the 
scores of their school’s sports teams. In 
a semester, they learn and practice the 
steps to set up a webserver, a database 
server, and a development environ-
ment. They will be divided in teams 
for the database, the different sections 
of the solution, the user experience, 
and so on. They practice how to imple-
ment the solution during class meeting 
times. At the end of the quarter (or se-
mester depending on the solution), the 
students demonstrate to the public how 
they put together the solution. 

IT SOLUTIONS TEAM (BAND)
The IT solutions team is the equivalent of the bands in the mu-
sic ecosystem. It will be made of sections representing the dif-
ferent components of the solution. Three main sections can be 
used as a start: model, view, and controller. However, several 
others can also exist. For instance, data section, user experience 
section, security section, server section, programming section, 
networking section, and so on. As there are different ensembles, 
jazz, and other types of bands, there could be different types of 
teams to cater to different interests of the teachers, schools, and 
students. The team will purchase solutions books to practice 
solving different problems. 

IT SOLUTIONS BOOKS
IT solution books will play a similar role to the music score. 
They represents a solution to a problem distributed for the 
different sections of the IT teams. In a music score, each in-
strument contributes to the performance. Students purchase a 
score for their instrument and practice playing their part during 
the classes. In many bands, assistant teachers (college students 
or professionals) can be section leaders. An IT solution book 
will be distributed in a similar manner to students and teachers 
and will generate revenues to the developers and publishers. 

EQUIPMENT
Students need equipment and while a computer (or laptop) is 
generic equipment that can serve the needs of the different sec-
tions, there is room for specialized devices that a student in a 
user experience team, for instance, can purchase. This device 
will be installed with the tools needed for the students in their 
different roles. Retailers can offer lease-to-purchase programs, 

maintenance programs, and purchase programs that will be 
needed for students, schools, and private bands. 

SCHOOLS (K12)
Some level of required classes is needed in all K12 schools. These 
classes will offer varying degrees of information technology litera-
cy through project-based and hands-on approach. In addition, IT 
solution teams should be formed as part of the elective classes not 
just as after school clubs. Using the same approach, these IT solu-
tion teams will offer interested students opportunities to learn 
collaborative complex solutions to known problems. The students 
will demonstrate their skills through regular IT showcases. 

PROFESSIONALS
IT professionals will play different roles. For instance, they will 
write solutions books, mentor students through private teach-
ing, and judge during the IT showcases. While judging will 
likely be a volunteer activity, the private teaching and compos-
ing solutions would generate revenues. Foundations may offer 
grants to subsidize the cost of private teaching or purchasing 
the solution books. The market will adjust to what is a reason-
able rate for the private teaching and the books. The current 
pricing model used in the music education ecosystem may be 
a guiding start. 

ORGANIZATIONS
The role of organizations such as the Ohio Music Education As-
sociation in connecting the different elements of the ecosystem 
is indispensable. There are several non-profit organizations in 
the IT and computing sector and some may evolve to become 

Figure 2: Ecosystem for information technology education
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music performance is parallel to the hands-on skills required 
for successful information technology professional. Several 
elements of the music education ecosystem can be mapped 
to a parallel ecosystem for information technology educa-
tion. The proposed model suggests focusing on training stu-
dents on solution implementation skills so they master the 
capabilities of the devices and platforms. College professors, 
K12 teachers, IT professionals, and retailers would come to-
gether in a community organization. For instance, an Infor-
mation Technology Education Association. These regional 
or state organizations will coordinate information technolo-
gy showcases where IT teams demonstrate their skills in im-
plementing solutions. Solutions books for different problems 
will be developed by professionals and distributed through 
retailers enabling teams to practice the solutions before the 
showcase. Grants from philanthropists and government can 
initiate this ecosystem.  

References
 1.  Ekstrom, J. et al. “The information technology model curriculum.” Journal of 

Information Technology Education, 5 (2005): 343-361. 
 2.  Gowan, A., & Reichgelt, H. “Emergence of the information technology discipline.” 

Computer, 43, 7 (2010): 79-81. 
 3.  National Music Education Association; http://www.nafme.org. Accessed 2015 

September 7. 
 4.  Ohio Music Education Association; http://www.omea-ohio.org. Accessed 2015 

September 7. 
 5.  Snyder, B. “The best jobs are in tech, and so is the job growth”. InfoWorld, February 

5, 2015; http://www.infoworld.com/article/2879051/it-careers/the-best-jobs-are-in-
tech-and-so-is-the-job-growth.html. Accessed 2015 September 7. 

Hazem Said, PhD
School of Information Technology
University of Cincinnati
2600 Clifton Avenue, Cincinnati, OH, 45221
Hazem.Said@uc.edu

DOI: 10.1145/2838737 ©2016 ACM 2153-2184/16/03 $15.00

an IT education association connecting colleges, schools, in-
dustry, professionals, and students. The association will coor-
dinate the district, state, and national teams as well as set skill 
ratings for individual assessments. 

INDUSTRY
The industry will need to support this ecosystem through 
grants, solution books, and sponsorship to teams and showcas-
es at the different levels. A new industry may evolve to support 
the creation and distribution of solutions books and devices. 

PARENTS
Parents are the first to identify their student’s talents. However, 
parents need to know what to look for and books and informa-
tion targeting parent can help inform them of what they need 
to know. 

COLLEGES (HIGHER EDUCATION)
IT programs in colleges may consider audition (or qualifying 
exams) to ensure that a baseline of skills is established for all 
students. Through the ecosystem, colleges could develop work-
shops or classes for K12 students, form solution teams that 
work on larger and more complex problems, and organize 
showcase events. 

IMPLEMENTATION ROADMAP
The ecosystem can be implemented at a regional, state, or 
national level. A possible roadmap of implementation is 
outlined in this section. The roadmap assumes a region that 
has interest in implementing the model. Several regions can 
start at the same time and grow into a statewide or national 
implementation. 
•  A group of companies or foundations could come together 

and commit to launching this ecosystem.
•  A new local organization may be formed (or an existing 

organization can expand its mission) to connect teachers 
and professionals. 

•  A kickoff meeting is held for interested K12 IT teachers, 
college professors, computer retailers, and IT professionals. 
The meeting can take the form of a roundtable, symposium, 
or conference.

•  Initial meetings then develop plans for:
  Selecting pilot schools and grade levels
  Forming school level solutions teams (year 1)
  Forming regional level solutions team (end of year 1 or 
year 2)
  Forming college level solutions team (year 1 or 2)
  Showcase events
  Sample solutions book

CONCLUDING REMARKS
The music education discipline has done a good job in in-
creasing the pool of skilled students. The hands-on nature of 

Several elements of the music 
education ecosystem can be  

mapped to a parallel ecosystem  
for information technology 

education. The proposed model 
suggests focusing on training 

students on solution  
implementation skills so they  
master the capabilities of the 

devices and platforms.
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An exhibit of posters and a slide show of covers of popular 
computing magazines from Turkey, Greece, Cyprus, and 
Bulgaria accompanied the 2010 ItiCSE conference. This 
exhibit, supported by a SIGCSE Special Projects grant, 
provided one look at computing history in the eastern 
Mediterranean through the representations of covers of 
popular magazines for hobbyists and other computer users.

The 2010 ITiCSE Conference in Ankara, Turkey was the first 
ITiCSE meeting that wasn’t held in the European subcontinent 
and the second one to take place in the Eastern Mediterranean 
region, along with the 2003 meeting in Thessalonika, Greece. The 
conference is international, but its location offered an opportu-
nity to focus on computing in the region. Most of the attention 
given to popular computing has been focused on the USA and 
Western Europe, and it seemed appropriate to look eastward.

With support from a SIGCSE Special Projects grant, Aris-
totle Tympas, professor of the history of technology at the Na-
tional and Kapodistrian University of Athens, and I planned to 
collect images of popular computing magazines from Greece, 
Turkey, and Cyprus and to display them at the Ankara confer-
ence. The display was a set of 24 large posters and a slide show 
of nearly 250 more. Six of the posters are figures 2-7, and the 
appendix has the other eighteen posters. The complete slide 
show is available online [5].

We were fortunate to have the help of Prof. Tympas’ graduate 
student, Serkan Karas, in gathering the images. Mr. Karas was 
writing a master’s thesis, “Representations of labour in comput-
ing technology advertisements: A study of the Greek computing 
journal Computer Gia ´Olouς [Computers for All],” and so this 
project was related to his research. He is a native of Cyprus who 

speaks Greek, Turkish, and English and he undertook scanning 
all the magazine covers in libraries. In addition to those in his 
university library in Athens, he traveled to Turkey and to Cyprus 
to scan others available there. And he visited Sofia to acquire a 
small number of images of Bulgarian magazines.

The title and introductory slide of the show follow here:

The Varied Faces of Popular Computing  
in the Eastern Mediterranean:  

Bulgaria, Cyprus, Greece, Turkey 1983–2009

David Hemmendinger, Union College, USA,  
Aristotle Tympas, National and Kapodistrian University  

of Athens with the help of Mr. Serkan Karas,  
National and Kapodistrian University of Athens  
supported by a SIGCSE Special Projects Grant

One way to study computing history is to look at the 
representations of computing in popular magazines  

for hobbyists and other computer users.

Most of the study of popular computing history has  
focused on the USA. The ITiCSE 2010 meeting  

at Bilkent University offers an opportunity to look at 
computing in the Eastern Mediterranean.

This display includes posters and a slide show of popular 
computing magazine covers from Turkey, Greece,  

Cyprus, and Bulgaria from 1983 to the present.
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available (in number of computers per 100 people, according 
to Trading Economics [7]).

The figures for Cyprus are strikingly larger than for the other 
countries, but the reason isn’t clear. In general, developed coun-
tries have more computers per-capita, while developing coun-
tries show greater rates of growth of those numbers. World 
Bank data show the same gross national income (GNI) per cap-
ita in 1995 and 2004 for Cyprus and Greece, however, and low-
er GNI per capita amounts for Bulgaria and Turkey, with only 
slightly greater rates of its growth in the 1995-2004 decade. [9] 

The two Greek magazines were published by Compupress, 
a publishing house established in 1982. The images from these 
magazines include the first issue of each, in January and October, 
1983, shortly after the IBM PC appeared. Computers for All is 
the more technical of the two, while Pixel, particularly in its early 
years, focused on small home computers like the Sinclair (later 
bought by Amstrad). The first issue of Computers for All, howev-
er, carried, as its lead, “Tribute to Sinclair Research Computers.”

Two of the Turkish magazines, Byte and Chip, are local ver-
sions of the parent magazines, published in the USA and in 
Germany. The third, PC Net, is a Turkish publication. Of the 
two Cypriot magazines, PC Kypriako is a regional version of 
the Ziff-Davis publication, PC Magazine (or PCMag), as is the 
Bulgarian PC Magazine. Ram Cy is published in Cyprus. The 
Bulgarian Computer has a German publisher, and Computer for 
You is a Bulgarian publication.

Mr. Karas visited several libraries to gather the cover images, 
and also acquired some of the Greek ones from websites. In 
Greece, he used the Eugenides Foundation library for science 
and technology. He visited three libraries in Istanbul—Beyazit 
State Library, the Atatürk Library, and the library of the Istan-
bul Technical University (ITU). He went from Turkey to visit 
the archives of the library of the University of Cyprus in Nico-
sia, and from there to Bulgaria to visit the Sofia Central Library 
and the library of the Technical University of Sofia.

The visit to the Eugenides library was uneventful, but at the 
time of his visit, the ITU had a policy of allowing only students 
to enter campus—Mr. Karas had done graduate work at the 
ITU, however, and still had friends there. His ex-roommate, 
who was still a student, lent him an ID card, at a minor risk of 
trouble from campus security, which fortunately did not arise.

Mr. Karas used a portable scanner to copy the magazine cov-
ers, and had a taste of bureaucracy at the Sofia Central Library. 
When he and a Bulgarian colleague bought tickets to enter the 
library, they asked permission to use the scanner, as they were 
not common. After five minutes of discussion in Bulgarian, the 
clerk gave him a document granting permission to use the scan-
ner, for a fee for each cover. The main library room had drawers 
holding index tags for the magazines, and to get a magazine, he 
obtained the tag, filled out a form and submitted it for an applica-
tion document. After a half-hour he got the document stamped 
and acquired the magazine. The process was simpler in the Sofia 
Technical University library, but while he was at work, two wom-
en from the library office came up to ask to see the scanner at 
work, since they hadn’t seen a portable scanner before.

The exhibit had covers of the following magazines: 

The selection of magazine issues was not systematic and 
some periods of each magazine are better represented than 
others. Stylistic and topical differences among the magazines 
reflect their differing functions and audiences rather than indi-
cating any national characteristics.

The earliest covers are from 1983, not long after the IBM 
PC appeared in 1981 and when personal computing began to 
grow. I do not have data on the number of computers in these 
Eastern European countries until 1988, when numbers are 

COUNTRY MAGAZINE PERIOD INCLUDED

Greece
Computer Gia´Olouç 
[Computers for All] 1983–1990

Pixel 1983–1997

Turkey

Byte 1994–2009

Chip 1999–2009

PC Net 1997–2003

Cyprus
Ram Cy 2001–2008

PCCyprus [PC Kypriako] 1990–2003

Bulgaria

Komputar za Vas  
[Computer for You] 1985–1989

Computer 1991–1999 

PC Magazine Bulgaria 1994 Figure 1: Computers for All, January, 1983

GREECE TURKEY CYPRUS BULGARIA

1988 1.5 0.3 — —

1990 1.7 0.5 0.7 —

1992 2 1 2.5 1.1

1996 3.5 1.7 7 2

2000 7 3.8 19 5

2004 9 5.5 30 6
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The covers of Computers for All have in common with Pixel  
a frequent display of keyboard and monitors. The magazine fo-
cuses somewhat more on the computer industry, with covers 
listing articles on Greek software houses, the Informatics Insti-
tute of Crete, Greek market models, and on capital for Greek 
companies, with an image of Das Kapital (2.0). 

Computers for All is also the only one of these magazines 
to feature a Sun workstation—a 4/110, called “pioneering.” The 
“for all” in the magazine title evidently encompasses both pop-
ular and industrial computer interests.

Two of the Turkish magazines originate in editions pub-
lished in the USA and Germany. The Byte cover images, at 
least, are essentially the same as their US counterparts, with 
a modest amount of localization. J. L. Borges has shown that 
the same text may have very different meanings when written 
in different times [3]. The same may be true of images that are 
presented in differing contexts, but without Borges’ insights, 
it is difficult to carry out such a study. PC Net, the third Turk-
ish magazine, appears to be a native product. Its early covers 

The April-May 1988 issue of Computer for You had an 
article on viruses—the cover has a hypodermic needle next 
to a 5 ¼" diskette. The article originated in the German 
edition of Chip and in its Bulgarian version it attracted some 
attention. The January-February 1989 issue then had an 
article by a virus researcher, Vesselin Bontchev, “The truth 
about viruses” [2], arguing that viruses were not dangerous. 
The author remarked in a later paper that while his arguments 
were correct, they incorrectly assumed that computer users 
were technically expert [1].

The later paper describes the outbreak of numerous Bul-
garian viruses, some quite clever by the standards of the time, 
that followed publication of his “truth” article. One early one 
was by an author called “The Dark Avenger,” who treated 
Bontchev as an enemy. A 1994 interview with Bontchev pro-
vides further details [4].

In Pixel, the Greek magazine with a hobbyist focus, it is 
striking how many of the early covers feature a prominent 
keyboard even when the topic, such as modems, is unrelated 
to them—keyboards play a larger role than computer screens, 
the other half of the basic interface. One reason for this focus 
may have been that the magazine started as a supplement to 
Computers for All to publish program listings for the reader 
to type into his or her computer [6]. The 30th issue, February 
1987, is the first to highlight computer games, and in the early 
1990s graphics and virtual reality become more prominent, 
and the magazine continued to emphasize these as well as 
listings of code.

Among home computers, Pixel features the Sinclair sever-
al times, the Amiga, Atari, and some, such as the Spectrum 
(by Sinclair), that are not well-known in the USA. It is inter-
esting that the December 1987 cover calls the Olivetti Prod-
est PC1 “the first home PC.” It used an 8 MHz NEC V40, 
80188-compatible processor and had two diskette drives—
IBM XT clones.

Figure 3: Pixel, December, 1984: The Spectrum died …  
Long live the Spectrum Plus

Figure 4: Pixel, December 1987:  
Olivetti Prodest PC1: The first home computer!

Figure 2: Komputar za Vas (Computer for You),  
April-May, 1988: Virus
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as one on Greek characters for Windows 3, another on why in-
ternational copyright law shouldn’t apply in Cyprus, and one on 
equipment for the Cyprus market, as well as market-research 
articles on various types of equipment.

Although looking at popular culture through magazine cov-
ers is both literally and figuratively superficial, these images of-
fer one idea of how computers were seen as they became wide-
spread. For a more detailed examination of one way in which 
these magazines provide some insight into culture, an article by 
Prof. Tympas, Mr. Serkan, and colleagues is an example [8].  
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are very “busy” and not graphically striking, but starting in 
late-1998, the design changes to a simpler and more effective 
layout. Figure 6 is an example.

Ram Cy, one of the two magazines from Cyprus, started in 
2000, and so its covers feature later technology than, for example, 
Pixel does: Xbox, LAN, DVDs, laptops, recent versions of Mic-
rosoft Windows. Several issues are devoted to its annual awards, 
and according to a Cyprus website, www.higrade.com.cy, it was 
the only magazine to have regular product reviews. It appears to 
be Wintel-focused; one of the most recent covers asks, “Should we 
buy Mac?” and answers “DK/NA” rather than yes, no, or maybe.

The other Cypriot magazine, PC Kypriako, was associated 
with PC Magazine; its editor was Lance Ulanoff, also the editor 
of the PC Magazine web site. Despite its connection with the 
USA magazine, PC Kypriako also has a local focus. In addition 
to covers that feature PC equipment, its covers list articles such 

Figure 7: PC Cyprus, June, 1991. Why international  
copyright law should not be valid in Cyprus

Figure 6: PC Net, June 1999:  
Watch out! We’re being monitored

Figure 5: Computer for All, July-August, 1990:  
Capital for Greek companies
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QL: the Diva [a Sinclair PC]
Greece, 1984

Computers and Medicine
Greece, 1984

Computers:  
The Enemy of the People!

Greece, 1985

Telecommuting
Greece, 1986

IBM Dealers:  
the Greek Reality

Greece, 1987

Data Transfer
Bulgaria, 1991

Price Wars
Greece, 1986

Sir Clive Sinclair:  
A Knight of the People

Greece, 1985

Ladies and Gentlemen:  
The Commodore 128!,  

Greece, 1985
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Wireless and mobile
Cyprus, 2004

Should we buy Mac?
Cyprus, 2008

Zombie Computers
Turkey, 2009

Team, fight!  
Do not abandon Notes … Yet  

Turkey, 1996

Word and Excel
Turkey, 1996

Quality Equipment from  
Hewlett-Packard,  

Bulgaria 1995

Child and PC;  
Child and Internet

Cyprus, 2001

Be your PC’s Doctor
Turkey, 2001

  Unlimited Entertainment  
in the Virtual World,  

Turkey, 1999
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We all know that computing is exciting, yet students claim 
to find programming boring. We try to reassure them that 
computing is not just programming. While this is trivially 
true, I believe that it overlooks the fundamental place of 
programming in computing and can lead to adverse effects 
if pursued too zealously.

LET’S GET RID OF THE TERM “CODING”
The term coding may have been appropriate in the early days of 
computing when physicists wrote out detailed algorithms in the 
form of flowcharts, later to be coded into assembler or Fortran. 
However, those days are long gone and a programmer is much 
more involved in requirements, design, and testing than may 
have once been true.

Let me give an example from a MOOC (Massive Open Online 
Course) on introductory programming. The first exercise set of 
the edX course Introduction to Computer Science and Program-
ming Using Python taught by Eric Grimson [5] asks the student to:

Write a program that prints the longest substring of s in 
which the letters occur in alphabetical order.

My solution required 18 lines of Python (6 variables, a while-
loop and two if-statements) to solve a problem that can be 
specified in one line. This is not routine “coding.”

WHAT IS PROGRAMMING?
Henry M. Walker (personal communication) offered the insight 
that the term “programming” is used by computer scientists to 
describe the entire problem-solving process. Carsten Schulte 
reviewed the literature on the role of programming in educa-
tion which he summarized in a similarly broad characterization 
[8, Figure 4, p. 20]. Nevertheless, I propose a definition that fo-
cuses on the program as a technological artifact:

Programming is the formal specification of a computation 
that can be executed by a computer.

My definition should be construed in the widest possible 
sense. Programs are written not only in standard languages like 

Java and Python, but also in educational visual environments 
such as Scratch and Alice. You might find it strange, but I con-
sider advanced work with applications to be programming. 
Certainly, specifying a computation in a spreadsheet falls un-
der my definition of programming. While a spreadsheet moves 
away from explicit loops and pointers, the formulas must be ex-
pressed using a formalism with a precise syntax and semantics. 
Even preparing a document can be considered programming. 
Clearly, LaTeX and HTML/CSS are programming languag-
es where the properties of a document are formally specified. 
WYSIWYG (What You See Is What You Get) software like Mi-
crosoft Word presumably spares the user the chore of program-
ming and this is true as long as your documents are simple, but 
users of advanced features of Word will discover that you can 
get much more than what you see.

Many years ago I carried out an experiment [1] where I pre-
sented subjects with tasks based upon non-obvious properties 
of Word such as:
•  Attributes like fonts can be associated with empty space;
•  Selecting a cell in a table is not the same as selecting the 

text within the cell.

This article is based on a presentation at the 20th Conference on Innovation and Technology in Computer Science Education, July 2015, Vilnius, Lithuania.
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During Microsoft’s early years, … Gates oversaw the busi-
ness details, but continued to write code as well. In the first 
five years, Gates personally reviewed every line of code the 
company shipped, and often rewrote parts of it as he saw fit.

Sergey Brin, Larry Page, and Marissa Mayer shared a com-
mon background as graduate students at Stanford. Brin and 
Page studied for their doctoral degrees, but instead of publish-
ing theoretical papers on search algorithms:

They crammed their dormitory room with inexpensive 
computers and applied Brin’s data mining system to build 
a web search engine.

Mayer was responsible for the user interface of Google, but 
she wrote programs both for her degree projects and at Google.

However superb you are at understanding the customers’ needs, 
marketing the product, and designing a friendly user experience, it 
is the program that “meets the road” (to borrow a phrase from a 
jingle for Firestone tires). It must be correct, efficient, and easy to 
upgrade if you want the software to succeed and survive. Students 
who envision a career in computing must start out as programmers 
if they want to truly understand critical aspects of computing.

THE EXPERIENCE OF PROGRAMMING
Entrepreneur Eran Geffen tells of a meeting with a TV network 
executive[3]. He looked around her office for something personal 
with which to make small talk and noticed a copy of Programming 
for Dummies. He asked the executive:

“Are you learning to write code?”
She replied:

“Yes, I came to the conclusion that it is important to my 
career development as a manager.’’

Everyone who uses computers seriously in her work should 
have an experience of programming. The goal is not to develop 
proficiency, but rather to understand what programming is like, 

The subjects were graduate students in my department who 
used Word constantly; furthermore, they were all experienced 
teachers of science and mathematics. One would hope that 
these subjects would be able to cope with the tasks without 
experiencing mental stress. Instead, I found that the subjects 
displayed anxiety and unproductive behavior very similar to 
what novice programmers experience! I conclude that using 
advanced features of Word requires formally specifying a 

computation, in short, programming.

WHO SHOULD WRITE 
PROGRAMS?1

I find that computing educators are too intro-
spective. The endless debates about attracting 
students to computing and motivating them 
to persevere are entirely framed within com-
puting itself. I believe that it is instructive to 
compare computing and computing education 
with other subjects.

I am sure that you are familiar with Gordon 
Ramsay. He owns successful restaurants and 
has appeared on TV shows. With Ramsay as a 
role model, we can truthfully say to prospective 
students that culinary arts is not just cooking. 
But Gordon Ramsay did not start his career in 
culinary arts as a restaurant entrepreneur and 
TV performer. He studied cooking. So, what is 
cooking education like?

I invite the reader to study the curriculum 
of the prestigious Le Cordon Bleu Diplôme de 
Cuisine [6]. The first part of the course teaches:

•  French culinary terms & definitions
•  Organization, hygiene and safety in the kitchen
•  Professional knife handling and diverse French cuts

This sounds very similar to a classic introductory program-
ming course characterized by Michael Goldweber as:

Students exposed to this style course will wax derisive-
ly about all the hours burned in wrestling matches with 
compilers over a missing or misplaced semi-colon … [4, 
pp. 56–57]

There is no attempt to make cooking education fun, social-
ly relevant, gender-neutral, emotionally supportive, and so on. 
Even the famed Gordon Ramsay was forced by the physical and 
mental stress of working in a professional kitchen to work for a 
year in the less stressful environment of a private chef.

Let us look at how leaders of the computing industry began 
their careers. Bill Gates and Mark Zuckerberg were prodigies 
who wrote programs when they were very young. The Wikipe-
dia article on Gates contains the following amazing statement:

The endless debates  
about attracting students to 

computing and motivating  
them to persevere are entirely 

framed within computing itself.  
I believe that it is instructive  
to compare computing and 
computing education with  

other subjects.

1  The biographical information and quotations in this section were taken from Wikipedia 
articles.
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CONCLUSION
Programming is the fundamental activity of computing. As such 
it must be a major component of courses for students of com-
puting. Courses should not be purely descriptive; instead, they 
must require students to construct implementations. Teaching 
non-majors is hard because of constraints such as the available 
time, the variety of the backgrounds of the students, and so on, 
but given the pervasiveness of computing, it is essential that 
they have the experience of programming. I will close with a 
paraphrase of Goldweber’s claim:

I would argue that an educated population that has spent 
a semester wresting with a compiler or creating games in 
Scratch (and thus understands and experiences the na-
ture of software development) is more important than an 
educated population that has an overview of the big ideas 
of computer science.  
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so that one can set one’s expectations accordingly. Programming is 
not just about writing code; it is also about understanding require-
ments and choosing appropriate tools. There will be constraints 
from legacy systems, difficulties in simulating the environment for 
testing, and long frustrating debugging sessions. If this is experi-
enced in person, it is less likely that software development will be 
seen as magic that can be completed in an hour of code.

BIG IDEAS
One way of downplaying the role of programming is to con-
centrate on big ideas. This position is forcefully put forward by 
Michael Goldweber:

[M]y embarrassment-free non-majors course will con-
tain units on both complexity as well as unsolvability. … 
One might argue that an educated population that un-
derstands the limits of what can be accomplished with 
computation is more important than an educated popu-
lation that has spent a semester wresting with a compiler 
or creating games in Scratch [4, p. 56].

I am afraid that too much emphasis on big ideas like NP-com-
pleteness will cause students to become seriously misinformed 
as to the true nature of the field of computing.

Let us consider a hypothetical scenario, where the head of a 
company calls in his chief software engineer Alice and asks her 
to develop software for haplotyping, a fundamental problem in 
molecular biology. Alice quickly finds a highly efficient algorithm 
based upon a SAT solver [7]. Since there are numerous high-qual-
ity SAT solvers freely available, it will take her relatively little time 
to solve the problem by encoding it in propositional logic. The 
boss—who diligently studied a big-ideas computing course—
immediately fires Alice for trying to sabotage the company by 
proposing the use of an algorithm for an infeasible NP-complete 
problem. Unfortunately, the boss can’t see the trees for the forest: 
SAT solving is one of the most vibrant areas of computing. An 
overview of the topic can be found in the 1000-page Handbook of 
Satisfiability [2]. Its twenty-seven chapters review theory, imple-
mentations, applications and extensions to other important prob-
lems in logic. It is these trees that make the forest of NP-complete-
ness of little importance in practice. Learning something about 
SAT solving is in my opinion at least as important, if not more 
important, than learning about NP-completeness.

Henry M. Walker acknowledged the importance of work on 
algorithms that can solve instances of infeasible problems that 
arise in applications, but he claimed that such algorithms do 
not exist in a vacuum:

[S]uch research is motivated by an understanding of what 
is and what is not possible and feasible—and that founda-
tion comes from a thorough knowledge of computational 
models [9, p. 25].

I would add that, conversely, an understanding of what is 
and what is not possible and feasible is meaningful only if the 
limitations of the applicability of the theory are understood. 

Teaching non-majors is hard  
because of constraints  

such as the available time, the 
variety of the backgrounds  

of the students, and so on, but  
given the pervasiveness  

of computing, it is essential that 
they have the experience  

of programming.
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How should we assess programming skills? Asking students 
to write code in a traditional hand-written exam can 
produce results like those in Figure 1. It is nearly impossible 
to meaningfully grade such code. With sufficient effort one 
can get some idea of whether the general idea is correct, but 
to assess programming skill we need much more than this. 
For example, there will almost certainly be errors in the 
code; how do we know whether the student would be able to 
correct those errors or not?

We pity the marker faced with grading code like that in Figure 
1, but shouldn’t we be even more sympathetic to the student who 
had to write it? Modern programming is an on-line process in-
volving interaction between the programmer and the computer. 
Few programmers get their code correct on the first try—testing 
and debugging is an integral part of the programming process. To 
assess programming skills, we should provide students with an 
authentic programming environment in which they can develop 
and test their code. Only then is it fair for us to run their code and 
use correctness tests as our measure of their ability.

Examinations are just one aspect of assessment. In intro-
ductory programming courses we usually also assess laboratory 
and assignment work.

This article introduces a new tool that helps with all these 
different assessment requirements.

INTRODUCING CODERUNNER
CodeRunner [1,2,6] is a free and open-source Moodle [3] ques-
tion-type plug-in that lets teachers set questions where the an-
swer is program code. Students develop and test their code us-

ing a normal development environment and submit the code to 
CodeRunner through a web browser only when they believe it is 
correct. A key assumption behind CodeRunner is that the quiz 
in which the questions appear is running in Moodle’s adaptive 
mode, which gives students immediate feedback on the correct-
ness of their answer and allows them to resubmit for a penalty. 

Figure 1: What grade is this worth?
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•  In this example, there are hidden test cases to prevent students 
synthesizing an answer that works just for the supplied tests.

The format of the feedback was inspired by Nick Parlante’s 
codingbat website [4]. The green ticks and green feedback panel 
coloring seems to be extraordinarily motivating. Students work 
very hard to get their answers right the first time and obvious 
signs of delight often accompany the appearance of a green re-
sult table in the labs. Even question developers get satisfaction 
from correctly answering their own trivial problems!

CodeRunner provides a flexible penalty regime that allows au-
thors to tailor the grading to the context; for example, one might 
have some questions that apply no resubmission penalties, some 
that allow one or two free submissions followed by an increasing 
10% penalty for each subsequent wrong submission, and others 
that apply a 100% penalty for even one wrong submission.

CodeRunner can support any text-based programming lan-
guage. Built-in question types are available for C, Java, Python, 
PHP, JavaScript and Octave (Matlab). CodeRunner is highly 
scalable: questions can range from simple fill-in-the-blank cod-
ing questions through to fairly major assignments. Because it 
is just another Moodle question type, test or exam quizzes can 
mix CodeRunner questions with other computer-graded ques-
tion types like multi-choice, numeric, short answer, or match-
ing. One can even incorporate essay questions graded by hu-
mans. In a learning context such as laboratories the “quizzes” 
may include “description” questions, which are actually just 
tutorial material, for example, an introduction to if-statements 
or loops. The quizzes can then become the primary learning 
medium. Being web-based, they can be done by students from 
home or after-hours, freeing the course from many of the con-
straints imposed by scheduled laboratories, which can instead 
become help sessions for students who need the extra support. 

CodeRunner is used at the University of Canterbury for 
teaching programming courses in Python, C, Octave and Mat-
lab. CodeRunner is particularly well suited to introductory 
programming courses, for which students need lots of practice 
with small programming problems that teach the different lan-
guage constructs and techniques. However, CodeRunner has 
also been used at higher levels, for example in theoretical com-
puter science papers for testing things like finite-state automata 
and compiler construction, in an artificial intelligence course 
for Clojure programming, and in a web programming course 
for assessing student-authored websites. 

CODERUNNER IN ACTION
Figures 2 and 3 show a simple Python CodeRunner question 
that asks the students to write a function squares(n) that re-
turns a list of the squares of all integers from 1 to n inclusive. 
Figure 2 shows what the student sees after an incorrect submis-
sion. Figure 3 shows the state after a correct submission. Here 
are some key things to note.
•  The student gains immediate feedback by clicking the Check 

button.
•  The feedback is a table that shows the tests that were 

used, the expected output from each test of the student’s 
function, and the actual output. Green ticks denote correct 
outputs, red crosses wrong ones.

•  The feedback panel is colored red if any of the outputs are 
wrong (the default “all or nothing” grading method) and 
zero marks are awarded. When the student resubmits a 
correct answer (Figure 3) the entire panel goes green and 
a mark of 100% is awarded (less whatever penalty has 
accumulated, in this case 10%).

Figure 2: The simple Python question, wrongly answered.

Figure 3: The simple Python question, correctly answered.
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prisingly, teachers appear to actually enjoy designing CodeRun-
ner questions. Devising and implementing a good question 
to test some aspect of programming is both challenging and 
rewarding. Developing a new question type for a whole class 
of programming problems generally involves some coding by 
the question author and proves particularly enjoyable. Contrast 
that with writing questions for written examinations, which is 
rarely if ever thought to be fun.

WHAT SORT OF QUESTIONS CAN BE ASKED?
Every CodeRunner question is an instantiation of a prototype 
question, which essentially defines the “type” of the question. 
A set of built-in prototypes define a range of “write a function,” 
“write a program,” or “write a class” questions for the standard 
languages, but question developers can define their own proto-
types to provide extra functionality.

The prototype defines, by means of a template, what pro-
gram should be executed for a given student answer and test 
case. The resulting program is compiled and run, and the out-
put from that run is compared with the expected output to 
determine if the code passes that particular test. For security, 
execution of the wrapped student code usually takes place on a 
separate machine, called the sandbox server.

The use of a customizable template to define the program 
to be executed provides great flexibility. It allows the question 
author to use the student’s answer in many different ways. A 
major application of this flexibility is some form of pre-process-
ing that validates the student submission before running it. This 
can be illustrated in two important ways.
•  Style-checking students’ submissions. For Python we can 

enforce compliance with the industry-standard pylint style 
checker [6] before the code is accepted for execution. For 
Octave (Matlab) question types we have written templates 
that apply local style rules and can enforce limits on both 
program and function size. 

•  Enforcing and/or restricting the use of particular 
programming constructs. For example, we have questions 
in several languages of the form “rewrite the following 
program using a while loop instead of a for loop.” The 
student’s code is rejected without being run if the pre-
processer detects any for loops present.

The language used for the prototype can be different from that 
used to execute the student’s submission. For example, one of 
our local Octave style checkers uses a template in Python to 
check students’ code before submitting it to Octave for execu-
tion. This distinction between the template language and what 
is being checked is used in most of the following examples, all 
of which exploit the flexibility of templates.
•  A question in a compiler-construction course where the 

student’s submission is a simple compiler that outputs 
Java Virtual Machine (JVM) code. The template code first 
executes the student’s code on a test program and then runs 
the output from that on the JVM.

WHAT’S DIFFERENT ABOUT CODERUNNER?
Computerized testing environments are nothing new but, we 
suggest, the Moodle/CodeRunner combination is fundamen-
tally different from most such environments.
•  CodeRunner is a free open-source plug-in for the free 

open source Moodle learning platform [3], which is used 
worldwide by thousands of universities and schools.

•  The Moodle/CodeRunner combination can be used 
throughout the course in laboratories, tests, assignments, 
and even final exams. Assessment, grade recording, and 
distribution of course material are thus all consolidated on 
the same platform.

•  Because CodeRunner is integrated with the Moodle 
learning platform, CodeRunner questions can be 
intermingled with tutorial information (“description” 
questions) and other question types.

•  CodeRunner supports an essentially unlimited range of 
programming languages and is very flexible in terms of the 
type of question that can be asked (see below), the penalty 
structure used, and even the form of feedback displayed.

•  An added benefit of the consolidated approach described 
above is that students become very familiar with the 
environment so that the stress of online tests and 
examinations is considerably reduced.

STAFF AND STUDENT FEEDBACK ABOUT 
CODERUNNER
Students have generally been very positive about CodeRun-
ner. They particularly value the immediate feedback. In a lab-
oratory context, the instant grading of each question helps 
maintain motivation. Students work very hard to get the 
green ticks and almost never move on having been marked 
wrong on a question—they take the time to get it right before 
continuing. And students report to us that they appreciate 
being able to track their level of understanding throughout 
the laboratory.

In an exam context, students also report finding the immedi-
ate feedback helpful as it removes the uncertainty of not know-
ing how they’re going and they appreciate leaving the exam 
room knowing their grade. As one student said “Instant quiz 
servers are great! Immediate test marks are awesome!”

Teachers have also been very positive about CodeRunner. 
Unsurprisingly, they appreciate having to do little or no test 
and exam marking, particularly with large classes. More sur-

Students work very hard to get  
the green ticks and almost never 

move on having been marked wrong 
on a question—they take the time  

to get it right before continuing.
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functions are named, or how appropriately chosen the 
functions are, we also still have humans evaluate the quality 
of the final superquiz submissions, imposing a small style 
penalty for poor code.

•  Occasional optional drill quizzes, which contribute nothing 
to the grade of the course but provide students with extra 
practice.

•  A mid-semester test. This test, worth 15% of the course 
grade, is an invigilated 1.5-hour test, mostly using questions 
from the laboratories and the drill quizzes. Questions are 
randomized, each selected from a small pool of options, so 
that each student gets a different test but with the spread of 
questions and overall difficulty being very similar for all.

•  A final exam, worth 55% of the grade. This is an invigilated 
3-hour exam, set in the laboratories. Both the exam and the 
test use a locally-developed environment that provides the 
same program development tools as in the laboratories but 
which prevents web access or other outgoing connections, 
except to the quiz server. 

Having an online exam rather than a hand-written one can 
yield some interesting insights. Moodle provides statistics on 
how students perform on each question, so we can immediately 
spot topic areas that might warrant further teaching effort in 
the future and also questions that prove problematic (e.g., that 
appear to discriminate against good students). The progress 
of individual students through an exam—we call this a mark 
or grade trajectory—can be plotted, as in Figure 4 below. This 
shows that most students were close to their final mark just 
one hour into the three hour exam, but there were also a small 
number of slow steady students whose mark increased steadily 
throughout the exam. 

LIMITATIONS OF CODERUNNER
Although CodeRunner has proved very valuable over a wide range 
of assessment activities, there are some fundamental limitations.
•  Code-quality tools like pylint have proved very valuable 

in raising style awareness and improving code quality 
but abuses of the style rules still occur, and the quality of 
comments and identifiers cannot be assessed by computer. 
Hence COSC121 still reserves some small portion of its in-
course assessment for human-graded code quality.

•  A question in which the student’s answer is just a URL 
referencing a web page they have built on a separate server. The 
template code then performs tests on the referenced web page.

•  A question type in which a student submits a textual 
description of a Finite State Machine (FSM) and the 
question developer’s code (written in Python) validates and 
grades the FSM’s behavior.

•  A python-tkinter question type in which the student’s 
answer involves a graphical user interface (GUI). 
The template code for this question includes a mock 
implementation of the small tkinter subset taught in the 
course, allowing the question author to test the behavior of 
the GUI in various ways. 

Normally, the correctness of a student’s submission is val-
idated by comparing the actual output from the run with the 
expected output for each test, but it is also possible to incorpo-
rate the grading process into the template itself, as is done in the 
FSM example above.

In principle any question that can be graded by a computer 
can be posed as a CodeRunner question, though CodeRunner 
is best suited to dealing with exercises where the tests can be 
presented to the students in tabular form.

CODERUNNER IN THE INTRODUCTORY 
PROGRAMMING COURSE
CodeRunner was initially developed for use in our introducto-
ry programming course COSC121, taught in Python, though it 
has since spread into several other courses in computer science, 
engineering and mathematics. While originally introduced 
purely as a way of assessing laboratory work, CodeRunner quiz-
zes have now become the primary way in which the COSC121 
course is taught and assessed. A departmental Moodle server 
has been set up just to run the quizzes.

Currently, there are a number of assessments within 
COSC121.
•  Ten lab quizzes, one per week, each worth 1% of the course 

grade. Having these on the web has had some unexpected 
spin-offs. Students are much more able to work at home, 
easing the pressure on scheduled laboratories, which 
become more like help sessions for students. Maintenance 
and polishing of these “laboratories” is much easier, too. 
If an error is detected during a scheduled lab, we simply 
correct it there and then and all students immediately see 
the updated version.

•  Four “assignment superquiz” quizzes, which replace the 
traditional single assignment we used to set. Together these 
contribute to 20% of the course assessment. Having a staged 
sequence of tasks is less daunting for weaker students 
than a single large assignment and has resulted in a higher 
participation rate in the final exam. Assignment quizzes 
and lab quizzes all require that students submit code that is 
accepted by the Python style checker, pylint [5]. However, 
since no program can evaluate how well the variables and 

While originally introduced  
purely as a way of assessing 

laboratory work, CodeRunner quizzes 
have now become the primary  

way in which the COSC121 course  
is taught and assessed.
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•  CodeRunner is best suited to relatively simple tasks with 
a precise specification. Although any question in which 
the answer can be assessed by a computer program can 
in principle be cast as a CodeRunner question, the time 
required to write a grader for a complex task often makes the 
approach not worthwhile, particularly for smaller classes.

•  The answer to a CodeRunner question must be a single block 
of text (in most of the examples in this article the “text” is 
code). This limits CodeRunner’s applicability in more advanced 
programming courses where multiple files are involved

•  Although the author of a CodeRunner question can in 
principle generate any form of feedback, even including 
graphics, the normal results display is tabular, with one table 
row per test case and with simple exact matching of expected 
output with actual output. If test cases require large blocks 
of code or if there is considerable output from each test, 
the sheer size of the results display can make it difficult for 
students to see why their answer is being marked wrong.

•  Assessing questions with graphical output is problematic, 
though we have started to make some steps in that 
direction. We have built a mock of the Python GUI toolkit 
tkinter for grading GUIs in COSC121 and have questions 
that assess the correctness of graphs generated by calls to 
Matlab’s graphing library. But assessing the correctness of 
an image or even the output from a turtle graphics program 
is hard or even impossible.

•  Finally it must be mentioned that writing good quiz 
questions and good tests can be very time consuming 
even for low-level programming courses. Sharing question 
databases with other teachers would be a huge help here 
and also in setting up some sort of repository to facilitate 
such sharing is a future priority.

CONCLUSION
Moodle/CodeRunner quizzes have transformed several of our 
programming courses. The ability to mix traditional style ques-
tions with coding questions has proved very valuable for both 
laboratory and examinations. Staff and students have both been 
very positive in their response to CodeRunner. Staff enjoy us-
ing CodeRunner and are pleased to be able to directly assess 
the actual skill they’re trying to teach (programming). They are 
particularly pleased not to have to grade hand-written code. 
Students are very positive about the instant feedback they get. 
They like the intermingling of tutorial material, normal Moodle 
questions, and CodeRunner questions in laboratories and they 
respond well to being able to take tests and exams with most of 
their standard tools on hand.  
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