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Computer science is in crisis in South Carolina. It is entirely possible that
computer science is no more in crisis here than it is nationally, but that does not
change the fact that computer science is in crisis. Our analysis here is not much
different from that done by the Computer S cience Teachers Association [CSTA];
this means that if we can find solutions locally to prob lems that are national
problems, we might actually have an edge on the rest of the country.

As in the paragraph above,we will refer most of thetimet o A computdoer sci enc
Both Clemson and USC (and other universities in South Carolina) have a

Acompumnfktor mati on systemso undergraduate deg
Acomputer sci eNvewebl|l pfogrammplicity refer on
scienceoi n part because the customary Acomputer
program is a computer science major coupled with what amounts to a minor

sequence of courses in businessWe do not intend this proposal to refer to

Acomputer engineeringo for two reasons. Fir
often not mixed with computer science (it is mixed in South Carolina only at

USC). Second, the job market in computer engineering is decidedly limited

(resembling engineering in general) by comparison with computer science and

students with an interest in and ability to pursue careers in technical fields might

well be advised away from engineering and from other sciencesand into

computer science due to the wide difference in the job prospectsbetween

computer science and most of the rest of the STEM(Science, Technology,

Engineering, and Mathematics) disciplines.

r
I

We would also like to emphasize that we believe the current situation to be
largely the result of sins of omission, not sins of commission. As detailed in the
CSTA report, there is substantial confusion regarding the lines of demarcation of
computer science, computer literacy, computer applications, and other instances
in which software is used in support of some other instructional purpose.
Although we do argue in favor of a curricular shift as regards computer science,
we realize that this would not only take time, it would also depend on the
availability of teachers and of students to teach and of the practicalities of
budgets.

What we argue most strongly for here is that the nature of the world of

computing be explained clearly to students, parents, teachers, and

admi ni strator s. This Atruth in advertisingbo
abovewill allow students to determine if their interests mesh with one or more of

the academic areas that involve computing and if so what curricular and career

path will op timize their chance of success.



Two factors must also be recognized that contribute to a misunderstanding of
computer science (taken in the broad sense). The first is that as a discipline and
as a career path it does not fit neatly into any of the standard academic
categories. Computer science programs are housed in universities in colleges of
science or arts and science, colleges that contain engineering, standhlone
collegesof computing, and in colleges of business. Departmental undergraduate
programs are sometimes combined with mathematics and occasionally with

business or with electrical engineering.

that chemistry and physics are science. (Nobel Prize winner Herb Simon once
referred tocial assanenaeti hicontrast
since it deals with the artifice that is a computer and not really with the natural
world.) It alsois not fiengineering.0 And, although by far the majority of jobs are
in business applications, the technical expertise necessary for success even in
business applications is substantially beyond that required of the average student
in a business college.

The secondfactor to be considered is the common conflation of job prospects for
holders of two-year and of four-year degrees. Contributing to the confusion
caused by this conflation is that the abundance of jobs and the scarcity of talert
to be hired have causedpeople without formal credentials to be hired in vast
numbers and then trained on the job. There has never been an adequate supply

Wi

t h

of bachel ords degree holders in computer

gualifications of people hired into var ious job titles is misleading. What would
clear up many questions would be a good analysis of the qualifcations that would
be used in hiring decisions if it were ever the case that employers had an
adequate supply of candidates.

Terminology : We believe part of the problem with computing education stems
from a misuse or misunderstanding of terms. We offer in Appendix A a glossary
of terms. Most of the definitions have been taken from Wikipedia; although this
source is not authoritative, we believe that the definitions and explanations there
are reasonablycorrect, and the discussion and links provided through Wikipedia
allow for a reasonable understanding of the terms and the differences among
them.

We will refer in this documenttothe K-12 school system as
will refer to the technical colleges and the four year colleges and universitiesas
the fAcoll eges. o

Background data: We present, in Appendices B, C, and D, data that shows
some of the anomalous situation of computer science with regard to other STEM
disciplines. From Appendix B it can be inferred that preparation in computer
science leads to employment in the computing professions to an extent not seen
in other STEM fields and that shortages of educated computing professionals
have led to an influx of people with other background preparation. Appendix C
has the Bureau of Labor Staistics data on job projections from 2004 to 2014.
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Appendix D shows the decline in computer science enrollments in South Carolina
since 2000.

The Computing Competitiveness Council Is a newly formed organization of

interested professionals, educators, parents, and business interests for whom a

viable knowledge economy in South Carolina is important and who see

improvements in computing education and its enrollmentsasvital t o t he st at eds
economic growth. It was initially formed with the participation of department

chairs or their designees from themmjoricomput er
institutions of higher education offering such degrees in South Carolina, parents,

and high school teachers. Its plan is to involve the business community in the

state to improve the climate for growth in information technology,

telecommunications, software, and related industries that rely on computing as a

core requirement for business success.



An Analysis of the Situation

In t he following paragraphs we outline some of the issues that we believe
contribute t o the problem of computer science beingmisunderstood. We believe
this misunderstanding may well be common among students, parents, teachers
outside the discipline, counselors, and school administrators, and education
administrators at the state level. We do not intend to offend in our analysis. We
do not believe that the current situation is the result of a conscious effort to
create a bad situation. Rather, we suspect that the current problem in the K-12
system is the result of growth and expansion in a new and changing discipline,
but growth that has come without enough coordination to ensure that a coherent
message is presented. At the technical college level, we believe the problems
stem from the inherent dual nature of technical college offerings and an
understandable bent toward satisfying, in an inevitable situation of limited
resources, the need for skills training in associate degree and certificate
programs.

Our overall proposal, then, is not to try to overhaul the entire K-12 and technical
college systems, but to provide information and coordination to those systems.

At the technical college level, students are expected to make choices between
skills courses that provide a benefit but will not tra nsfer to a four-year computer
science program and general education and introductory courses that will
translate to a four-year curriculum. We believe the message about those choices
could perhaps be made more clear. At the k12 level, students and parens need
to understand the difference between Acomput
that use computers but in fact are not computer science; studentswho eschew
computer science because they think it is the same as computer applications are
making as wrong a decision as those who begin a program in computer science
thinking that it involves only the use of software packages.

The K -12 System

The general situation is that computer science education in South Carolina K-12
system and extending into the technical colleges, is disorganized fragmented and
lacks coherence. We do not believe this has been intentional; it has just
happened, for many of the reasons described in the CSTA document cited above
but there are factors unique to South Carolina.

Most obvious is that a state law mandattsone uni t of fAcomputer sci
including keyboardingo for all students grad
none of the courses that satisfy the require
scienceo as d e fine aeademio gr industral) ,chs carncbe geen by

examining the standard computer science curriculum on which accreditation is

based We believethis contributes to a serious confusion and marketing

misrepresentation of the discipline and its career paths. Allowing keyboarding to

satisfy a ficomputer scienceodo requirement, fo
all owing one to satisfy a fAimathematicso requ
Register Operationo.



To compound the K-12confusion, t her e uatreer fisccoinepnce 0 coUur ses
Advanced Pl acement?) taught | argely by math
programmingo courses taught f rlBdgypstdamhe busi nes
These are the only courses that satisfy the state computer science requirement

that are in fact computer science; all the other courses should be labeled as

Acomputer applicationso or something similar

We believe that much of this mislabeling comes from the ubiquitous nature of
computing in our society and t o d gosoféssional expectaions. Computing
permeates virtually all activities and it is certain that every discipline requires a
significant amount of computing literacy for its members to be successful. Having
said that, it is important to recognize that such skills do not constit ute computer
science and we must of necessity be careful with our use of the terms lest we
mislead students into educational paths for which they are not prepared or have
significant interest once they discover what is required by the computer science
discipline. We see this phenomenonin the collegesevery fall i from each
entering freshman classwe hearthe samelitany of false expectations.

Teacher certification

The certification of teachers for teaching computer science is similarly

disorganized. There areapparently several different paths to endorsements and
certification so that one can teach a
are taught from the business program, t
from . But even so the critical element to be fostered is the ability to solve

problems within the machine environment. This is the heart of computer science

and our K-12 teachers should be certified to work within that construct.

We point out that South Carolina is by no means exceptiond in the current

situation. The CSTA has just published a database [CSTAD] of the state

certification requirements to teach computer science, and an article has just

appeared [Whitehurst], written by a Clemson graduate in computer science, of

the difficul ties in getting certified in North Carolina to teach computer science

even with a bachel orbés degree in the discipl

The | ogistical Aprobl emo with the technical
The technical colleges have aual mission, on the one handto be highly job-
related, and on the other hand to provide the first two years of a university
education to those students who will start in the technical college system and

then transfer to a four-year program. Midlands Tech, in response, has an
Information Science and Technology department that teaches a suite of courses
that are designed to provide students, within a two -year time-frame, with the
programming and other skills needed for entry -level employment, rather than for
further study in computer science. However, none of these courses have calculus
as a prerequisite and thus none of these courses transfers for credit into the
computer science major at USC. The situation is similar with Tri -County Tech
and Clemson, andwe suspect thisto be true of the other technical colleges in the



state and the other accredited computer science programs in the universities. To
meet the ABET accreditation requirements for computer science undergraduate
programs, nearly all universities will require calculus as at least a co-requisite to
the first year sequence and a prerequisite for most courses at the sophomore level
and above.

It must be remembered, however, that there are more jobs available (in number)

for those who hold associate degrees and certifications than for thos who hold
bachel or 6s degr etles,isaprililera tcauseddy am aburelance of
richesd the 2-year-degree job market is so good that it is too easy tespend all

oneds efforts t herthed-geardlegtedraptonst o over | ook

Once again, it is not our intent to denigrate the technical colleges. Ther dual
mission produces an inherent conflict for all professions in which there is a
significant demand for skilled people both at the two -year and the four-year level.
Just as with the high schod coursework, it is probably the abundance (and not
the lack) of options that needs to be explained better to students. Those who do
not intend to continue to a four -year degree need not be discouraged from their
curricular path, but those who have plans to continue need to get the best
possible advice at the earliest possible stage of their academic careers.

The marketing of computer science and the job opportunities

Based onadmittedly limited anecdotal evidence, it is entirely possible that

guidance caunselors are not being kept up to date on the job market in computer

science. We do not necessarily fault the counselors for this. There is, as we argue

here, a systemic problem of computer science
responsi bi |l ity eaSonablewassume thatthisioas true forr

counselors as is for those involved in the curriculum.

We present in Appendix Cthe excerpted job projections from the U.S. Bureau of

Labor Statistics [Hecker] f orlO0Dkcaswelast er spec
for life and physical scientists (categories 131000 and 19-2000) and for

engineers (category 172000). The projections to 2016 should be published in

the fall of 2007, and we expect them to present an even more optimistic picture

for computing. As a summary statement, we note [Hecker, page 72] that nearly

one in six Aprofessional 0 j(20dwillbesn be fill ed
computing, with computing having the largest growth (30%) of any of the

professional occupational groups.



The Way Ahead ?

Action Items for the CCC
A summarized version of the action plan proposed by CCC is the following.

1. A plan for correcting the misperceptions about the job market in
computing and about the nature of jobs in computing, including
information for pare nts and students about what the educational paths are
to the various kinds of careers that involve computing.

2.l nvol vement by the business community to
students learn what is needed to succeed in jobs and careers that involve
computing.

3. Gradual changes in the schools and at SCSDE so that computing education
is organized, including the preparation of teachers, more in concert with
the paths in higher education and in the working world.

4. Curricular initiatives to help provide all schools with resources for
teaching real computer science.

The job market in all areas of computing is wide open, and there are relatively

few adults in this century who would not benefit from an increased familiarity

with computing. The real agenda of the CCC is to increase enrollments in
computer science in the colleges, but a general view of the path we have chosen to
reach this goal is to increase an awareness of all levels of sophistication of what
computing is all about.

1. Correct the Misperceptions
Public Relations : At the heart of the problem is the perception of a poor job
market in computing. The CCCwill be mounting an aggressive campaign to
correct this misperception. This will be directed primarily at students and
parents, but apparently ther e is also a need to ensure that teachers, school
administrators, and guidance counselors understand the opportunities available
in computing and communicate th ese to students and parents. Part of the public
relations campaign (ses alnso hlkelScwowhdé&rn i &h
the understanding of the nature of computing in the general populace.
Increasing the understanding of computing in the general population cannot help
but translate to better decision-making on the part of students about careers.

Information for Students and Parents . A primary effort of CCC will be to

produce a Aconsumer reportso guidebook for s
parents on how to negotiate the curricular offerings of the schools and the

colleges that might lead to careers in computing. The multiplicity of courses and

of options in the schools and technical colleges is not in itself a bad thing. But

students need to know that fAcomputer science
software packages. They also neg&to know that there is no real barrier to

beginning a computer science degree at the college level. In a staten which very

few schools teachAdvanced Placement classes in computer science andhany do

not teach programming classes, it is important for students to know that they do

not need high school preparation in order to study computer science later.



Certainly any related courses they mighttake in school would contribute to an
understanding of computing, but they are not required.

Information for Technical College Students  : Itis certainly not going to be

possible to redirect the technical colleges away from their mandated focus on job

training skills, and there is no reason to do this. However, CCC proposes to work

with the technical colleges to ensure that students who start their postsecondary

education there can, if they choose, take an academic program that tracks into

four-year degrees at the stateds universities.
colleges will transfer to the four -year universities, but much of the first two years

of a computer sci edrithe gendrabedutaioneourdes,the e gr e e
mathematics and science requirements, and the courses in the major (if students

exist in sufficient numptught)t-canljeobdainedfaty t he co
the technical coll eges. A studentds judicio
transition as smooth as possible, and CCC proposes making sure that students

know how to make that judicious choice of courses.

2. Business Involveme nt
Nothing that CCC does will make sense if it is not relevant to business and to the
general economic development of the state. CCC will endeavor to work closely
with the business community in this regard. To a great extent, this can be
facilitated thro ugh the colleges, since nearly all computer science programs will
have an Industrial Advisory Board (by that or some name) that can be called
upon. Leadership in coordinating interactions with the business community can
be expected to follow to some exter regional divisions, with USC Columbia
leading in the Midlands and, with Winthrop, in Rock Hill, USC Upstate and
Clemson in Greenville-Spartanburg, and College of Charleston in the Low
Country.

3. Changes in the Schools and atthe SCSDE
We believe that a rumber of changes are warranted at the schools level. We
would like to emphasize that we do not intend this to be a criticism of what was
intended to be implemented at the schools level. Rather, we suspect that the
problem is in part due to the ubiquitous nature of computing and to the limited
resources available to the school system. One cannot fault a dedicated teacher for
creating an exciting computer applications class that tracks into job skills that are
appreciated by local employers. We suspect, bwever, that this has happened a
number of times, without a great deal of overall supervision of the curriculum in
computing as a curriculum in computing per se. The CCC would like to offer
some of that supervision, with direction coming both from a coord inated effort of
the colleges and from the business interests in South Carolina.

Guidance counselors: It is absolutely imperative that guidance counselors
know that the national job market in computer science is vastly more optimistic
than the market for almost any other set of career paths. We have anecdotal
evidence from one of the largest and best high schools in the state that guidance
counselors are advising studentsaway from computer science and into STEM



areas with substantially more moderate job prospects. This simply does not
make sense.

Note: The newPathways brochure for science (which we have not yet seen)
should help in this regard and we are very pleased that SCSDE has made changes.

A Clarification of the AComputTeereqedi enceod Re
one unit of HAcomputer scienceo in the school
offered through a variety of labels in the schools, almost none of which has a

strong relationship to computer science. The courses themselves, listed in an

appendix, include courses labeled computer science and computer science

courses that are labeled computer programming, together with courses in

computer literacy, the use of software tools and applications, and some

technology certification courses.

Therequi rement itself should be clarified. Th
science, 0 but the SCSDE website also include
Acomputer | iteracy. o Al t hough CCC believes

Acomput er s ci en c bedschooks,gvhichatemesent would anly be
met by the AP computer science and the computer programming classes, we
suspect that the law itself is in error and that computer literacy was intended.
One way or another, this issue should be clarified.

Ontheot her hand, one must guard against an oVe¢e
and Acomputer scienceo ar e fundanensabtone t hi ng. F
computer science. The rigorous analytical and algorithmic thinking that

accompanies the actual programming process is crucial to success in computer

science. Programmingper se however, is not what most computer scientists

pursue as a lifetime career. Indeed, the job predictions are for only a 2% growth

in the Acomputer progr ammi rnhat@are pemmpseriti t 1 e; t he
overseas. At the core of any computing application there is software, and

computer scientists need to be capable of writing software. As a career

progresses, however, most computer scientists will enlarge the scope of their

concern beyond the actual programming, but still closely connected to the

management and orderly flow of information through a computational process.

We suspect that these distinctions are notthoroughly understood by the teachers

and guidance counselorsand that students and parents are thus not as well

informed as they could be. And all too often, 2-year-degree job opportunities and

their salaries are mixed in with those for holders of 4 -year-degrees great care

must be taken to ensure that these different categories are disaggregated.

Re-organizin g Computer Scie nce Certification and Curricula: The
current situation is that both certification and curriculum seemdisorganized and
fragmented. Given budget issues it is no doubt impossible to make any abrupt
major changes; changes will be possible only as enrollments rise in relevant and
core courses and as teachers gravitate toward those relevant courses with robust
enrollments.



However, CCC proposes working with the SCSDE tgroduce a cover document
that explains the certification and the curriculum. We also propose with this that
a focus be made on computer sciencger seand not on computer-related courses
and certification as optional add -ons to other plans. In essence, we would like to
re-organize computing education in the schools to reflect how the discipline is
organized in the colleges and how the graduates are perceived by future
employers. We believe that he state would be well served by asingle document
unifying computer science as students and teachers ought to see it.

The CCC also supports a specific SCSDE initiative to support computer science in
the schools, much as Project Lead The Way is supported for engineering
education. We believe that the demands of the knowledge economy and of
economic development in South Carolina, coupled with the shocking declines in
enrollment in these critical programs, demands a formal response from the
educational system in both the schools and the colleges.

CCC also recognizes the importance of the ongoing edcation of teachers, and we
will work to design appropriate coursework to facilitate recertification. In a field
that changes as rapidly as does computer science, this would seem essential for
maintaining a modern curriculum in the schools, but once again the problems of
distance and dispersion in rural communities can be mitigated by the use of
technology for delivery of the coursework.

4. Curricular Initiatives by CCC
Advanced technology education in South Carolina is unquestionably hampered
by the disparity between rural and urban school districts and between the
affluent and the constrained school systems. If there isany one advantage held
by computer science, however, it is that we can take advantage of the technology
in order to teach the technology. CCC proposes, and is willing to embark on the
development of, introductory computer science courses appropriate for distance
delivery to the schools. It has been observed that one of the major public
relations problems facing computer science is the factthat an introductory
programming course seems essential, and yet programming is only the starting
and not the ending of a computer science education. The colleges are
undertaking several initiatives to increase enrollments by emphasizing that which
computer scientists do that is not in fact programming. These initiatives can be
recorded as videos for playback in the schools. An additional course could be
developed in modules, explaining the career paths in computing (business
information systems, comput ational science, network administration, computer
security, media and animation, etc.). By providing these materials, the
professionals in business and higher education could offer the studentsin the
schools the opportunity for expanded horizons.

The Bot tom Line

We cannot hopein the short term to completely re-work the curriculum and
certification in the K -12 system. We can, however, take steps to provide guidance



to all partiesd teachers, parents, students, counselorsthe technical college

system, and the Department of Education d that defines computer science,

describes the options, career paths, and subdisciplines, and correctly categorizes

those options. We should view this as a fAcheat she
students to fill those million ne w jobs in computing and to get the best of them to

go on to graduate school. We cannoimmediately re-work the system nearer to

the heartédés desire, but we can provide gui da
so that the end result is success.
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App endix A
A Gl ossary of Terms

(Unless otherwise noted, all these definitions are quoted directly from
Wikipedia.)

Computer science , or computing sc ience , is the study of the theoretical
foundations of information and computation and their implementation a nd
application in computer systems.l[2l8l Computer science has many subfields;
some emphasize the computation of specific results (such agomputer graphics),
while others relate to properties of computational problems (such as
computational complexity theory ). Still others focus on the challenges in
implementing computations. For example, programming language theory studies
approaches to describing computations, while computer programming applies
specific programming languages to solve specific computational problems with
solutions. A further subfield, human-computer interaction , focuses on the
challenges in making computers and computations useful, usable and universally
accessible topeople.

Computer literacy is the knowledge and ability to use computers and
technology efficiently. Computer literacy can also refer to the comfort level
someone has with usingcomputer programs and other applications that are
associated with computers. Another valuable component of computer literacy is
knowing how computers work and operate. As of 2005, having basic computer
skills is a significant asset in the developed countries.

The precise definition of "computer literacy" can vary from group to group.
Generally, literate (in the realm of books) connotes one who can read any
arbitrary book in their native language[s], looking up new words as th ey are
exposed to them. Likewise, an experienced computer professional may consider
the ability to self-teach (i.e. to learn arbitrary new programs or tasks as they are
encountered) to be central to computer literacy. In common discourse, however,
"computer literate" often connotes little more than the ability to use several very
specific applications (usually Microsoft Word , Microsoft Internet Explorer , and
Microsoft Out look) for certain very well-defined simple tasks, largely by rote.
(This is analogous to a child claiming that they "can read" because they have rote
memorized several small children's books. Real problems can arise when such a
"computer literate" person encounters a new program for the first time, and large
degrees of "handholding" will likely be required.) Being "literate" and

"functional” are generally taken to mean the same thing.

Computer fluency is a term of very recent origin (2004 or later?), stem ming
from a national initiative on computing education and used as the title of a book
proposed for high school or university courses. Fluency is an understanding of
the way computers work that can only come from using, exploring and
experimenting with th em. Fluent people do not necessarily "know" more about
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computers than anybody else, they just take a different approach. They are
willing to try and explore until they get the result they desire. Computer fluency is
more than just knowing "how to use" a computer. Many people who have taken
all sorts of "computer literacy" classes are completely helpless when something
happens that they have not been trained to deal with, because they have not
cultivated fluency. (This definition is from

http://www.connecte dfamily.com/frame4/cf0411hotword/words/cf0411acompfi
u.html).

Computer applications , Or a pplication software, is a subclass oftcomputer
software that employs the capabilities of a computer directly to a task that the
user wishes to perform. This should be contrasted with system softwarewhich is
involved in integrating a computer's various cap abilities, but typically does not
directly apply them in the performance of tasks that benefit the user. In this
context the term application refers to both the application software and its
implementation.

A simple, if imperfect, analogy in the world of hardware would be the relationship
of an electric lightd an application d to an electric power generation plant § the
system. The power plant merely generates electricity, itself not really of any use
until harnessed to an application like the electric light which performs a service
that the user desires.

The exact delineation between theoperating system and application software is
not precise, however, and is occasionally subject to controversy. For example, one
of the key questions in the United States v. Microsoft antitrust trial was whether
Microsoft's Internet Explorer web browserwas part of its Windows operating
system or a separable piece of application software. As another example, the
GNU/Linux naming controversy is, in part, due to disagreement about the
relationship between the Linux kernel and the Linux operating system.

Typical examples of software applications are word processors, spreadsheets
and media players.

Computer technology usually refers to the hardware technology used in

computers, computer networks, and peripheral devices like printers, monitors

and display devi ces, and such. Academi c cou
t e ¢ h n oubually neférs to the maintenance and repair of this equipment, not

the use of the equipment.
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Appendix B
Employment versus degrees in STEM fields

The following chart comes from a National Science Foundation study. The upper

row of pie charts indicates the fraction of professionals (in the darker red color)

working in a particular discipline who have degrees in that discipline, and t he

lower row indicates the fraction of individuals (in the darker red color) with

degreesin a particular discipline who a ctually work in that discipline. What is

clear from this is that computing professionals tend to work in computing

(because they can?) and that professionals in computing often donot have formal

degrees in computing (becausgapeopemphani es cané
formal degree preparation?)

[Fraction of professionals with degreesin that discipline:

Source: NSE/Division of Science Resources Statistics, SESTAT, 1999, preseated by Caroline Wardle, Snowbird 2002



Appendix C

Bureau of Labor Statistics Job Projections 2004 -2014
Table 2 has the projections for the fastest growing occupations. Of the ten for
which a bachel ords degr ee i Hightedireyellovo r ma | requ
would normally require a bachel orodés degree i

794,000 new jobs in these occupations constitute 88% of the projected new jobs
in these ten occupational titles.



