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ABSTRACT

The purpose of this paper is to compare the insight
gained between preparing IS (information systems)
graduates with relevant skill sets to their ability to
function in an entry-level technical position in indus-
try. Based on the needs of educational programs
and professional practitioners, model curriculums
generally position graduates with relevant technical
programming skills. A survey was prepared and
disseminated to compare perceptions of object-
oriented programming language content knowledge
from classroom theory to practical application in the
field across three (3) groups of stakeholders (stu-
dents, faculty, and professional programmers). As an
initial effort to analyze the data results of the survey,
this paper analyzes the findings for the professional
programmer group while identifying overall conclu-
sions.

Keywords: ABET, Accreditation, Object-Oriented
Programming, Programming and Programming Lan-
guage

INTRODUCTION

IS Model Curriculum 97, IS 2002, and IS 2005 have
recognized computer programming languages and
implementation as a significant component of Infor-
mation Systems curriculums. Fundamental program-
ming language structures, procedural and object-
oriented concepts, design, implementation object-
orientation and data structures are included in the IS
Body of Knowledge [6]. While no specific pro-
gramming language or platform is specified, IS curri-
culum models do recommend a comparison of pro-
gramming languages.

The importance of preparing IS graduates to function
in an entry-level position with a technical orientation
based on the needs of educational program and pro-
fessional IS practitioners has been long recognized.
Model curriculums should reflect input from both
industry and universities. "It responds to industry
requests for both increased emphasis in technical
orientation and improved skill in individual and
group interactions" [6]. However, the process of im-
plementing IS curriculum model has been a battle
between 'Hard' and 'Soft' approaches in the IS curri-
culum [15] and challenges to adding new course con-
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tent or tracks to existing foundation course require-
ments [3].

In addition, research has shown the challenges that
exist in building information system programming
courses that meets both the needs of industry profes-
sionals while also meeting the course content re-
quirements for ABET CAC accreditation, as noted by
McCauley et al [21].

To continue research in this area in comparing the
hard and soft skills for a programmer, a survey was
prepared to study and compare perceptions of object-
oriented programming language content across three
separate, distinct groups of stakeholders: 1) students
who have taken object-oriented programming lan-
guage courses, 2) the faculty who teach object-
oriented programming language courses, and 3) pro-
fessional programmers who hire entry-level pro-
grammers. The intent was to gain quantitative data
and analyze the results concerning the knowledge
base and experience of participants in “writing code”.
As a basis to capture the essence of programming
knowledge, the object-oriented program concept sur-
vey questions were not programming language spe-
cific. For the purpose of this study, the data discussed
was drawn from a sample taken from industry profes-
sionals.

BACKGROUND AND METHODOLOGY

The initial efforts in drafting the survey was to com-
pare student’s technical skills to practical application
in the field focused on ABET-CAC curricular issues
related to programming language content. The pro-
gramming language content of the ABET-CAC mod-
el [1] was reviewed and used as the basis for building
the survey questions.  As the survey content was
scrutinized, content from object-oriented program-
ming language text books [4, 5, 7, 9, 16, 18, 19, 20,
22, 23, 26, 27, 32] and professional language certifi-
cation exams [10, 11, 24, 28, 33] were also reviewed
to improve the survey instrument. The intent was to
prepare a hierarchy of language-independent content
categories and to establish an object-oriented pro-
gramming language content domain. Whenever poss-
ible, Computer Science (CS) and IS course descrip-
tions were used to align content boundaries within
the realm of normal CS/IS program courses. A sub-
sequent review of faculty and industry programmers
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recommended the following six sub-domains for the
survey: 1) Fundamental Object-Oriented Program-
ming Concepts, 2) Programming Language Opera-
tors, Control and Algorithmic Structures, 3) Program
Development Concepts, 4) Client Application Tech-
nologies, 5) Data Structures, and 6) Enterprise and
Integration Technologies

There has been considerable research into computer
language courses in the IS curriculum. The research
has been conducted in areas such as language of
choice, features and functionality, and trends of com-
puter languages, as noted by Raadt et al [30], Ali et al
[2] and Parker et al [29]. Each author shares con-
cern over the general theme of comparing the per-
ceived industry pressure for graduates to ascertain
certain skill sets versus academic training gained in
the classroom through generic programming skills.
Also, features and trends for programming language
content continue to evolve with the integration of
eCommerce technologies into the IS curriculum such
as client-side applications (HTML, JavaScript, Ap-
plets) [17] and server-side applications (Websphere)
[31].

In recent years, Internet applications and IS enter-
prise development have to include beyond web ser-
vices and other service-oriented architectures (SOA)
which present new challenges throughout the systems
development life cycle as noted by Kohun et al [13]
and Lawler et al [14]. To address the challenges to
integrate web services into the IS curriculum, Lawler
et al studied the factors that contributed to the factors
that contributed to the effectiveness of SOA as a
strategy in industry. Based on the findings of this
study, the authors saw opportunities for a new pro-
gram of study for SOA in the IS curriculum from a
management perspective than a technical perspective.
Using a more technical approach to integrate web
services to the curriculum, Kachru and Gehring [12]
contrasted the use of using J2EE and .NET Platforms
for Teaching Web Services. One of our intentions
was to further quantify the professional programmers
perceptions on the “readiness” of graduating IS stu-
dents to contribute quickly in the workforce as an
entry-level programmer.

The survey was prepared using the Vovici web based
survey tool. The survey design included a front end
demographic section, sections on institutional infor-
mation, on accreditation, and on programming lan-
guage experience that allowed the respondent to an-
swer questions related to programming concepts
germane to specific object-oriented programming
languages (i.e., Visual Basic/VB.NET, C/C++, and/or
Java).
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The survey instrument was designed to present the
program content categories to all three target popula-
tions—students, faculty, and industry professionals,
but vary the response format to each target popula-
tion. The purpose of this survey and study was to use
an industry professional sub-sample to test the re-
search design methodology and survey instrument
before being disseminated to all target populations.

The researchers utilized a convenience showball
sampling technique to gather as much random sample
data as possible in an expedient manner as possible.
Each researcher sent email to industry professional
contacts that included and introduction to the re-
search project, a link to the survey on the Vovici
website, and a request for the contact to forward the
email to other industry professional colleagues with a
personal request to participate in the survey so as to
“snowball” the sample and response to the survey.
The survey response data was captured and stored in
the Vovici site for later analysis.

Participants were asked to rate the perceived impor-
tance of each topic for entry-level programmers.
Four categories were listed, “No importance was va-
lued as 1, “Awareness” as 2, “Functional” as 3 and
“Mastery” as 4. “Awareness” was defined as to rec-
ognize the topic, and know what it is, but not any
more. “Functional” importance was defined to mean
that a new programmer should be able to implement
the concept in an application or activity. “Mastery”
was defined as being an expert in the nuances and
issues involved in the application of the concept.

Weighted by the values defined above, an average
importance was created for each topic, and the results
presented in descending order of importance. Our
intention for future research was to compare the im-
portance thus defined with the emphases of current
information systems courses.

The survey results were analyzed and subsequent
modifications in the methodology and instrument will
be used for the next phase of the project—inclusion
of student and faculty populations along with an ex-
panded industrial professional population.

FINDINGS, ANALYSIS, AND DISCUSSION
Survey Participants Academic Backgrounds

The participants consisted of 15 computer profes-
sionals. 40% of the participants had a Computer
Science background, and 33% were Information sys-
tems. See Table 1.
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Table 1
Academic Background
Academic Background N| Pct
Computer Science 6| 40%
Information Systems/Sciences 5] 33%
Internet/Network Technology 11 7%
Computer Security/Forensics 1| 7%
Business 1 7%
Mathematics 1 7%

Programming Language and Professional Expe-
rience

The average age of respondents was approximately
39 years. Table 2 summarizes professional pro-
gramming language experience and academic prepa-
ration by specific programming language. The data
indicated that while the respondents had academic C
and C++ academic or technical preparation, no res-
pondent reported professional use of C or C++
beyond two years experience. The data indicates in-
creased academic preparation and professional use of
VB.NET or JAVA. The data indicates a lack of C#
training, but yet increased professional use.

Since these individuals were chosen from expe-
rienced professionals, these roles are not surprising.

Table 3
Professional Experience

Significant Roles Played Pct of Respondents
System Analyst 80%
Project Manager 67%
Standalone Application Devel-

oper 60%
Enterprise  Application Devel-

oper 60%
Requirements Modeler 60%
Design Modeler 53%
Application Tester/Quality As-

surance 47%
Database/Warehouse Specialist 33%
Business Intelligence Specialist 27%
Training 27%
Mobile Application Developer 7%
Network Specialist 7%

Perceptions regarding fundamental Object-
Oriented Programming Concepts

The participants were asked the importance of under-
standing and applying each of the following pro-
gramming language content categories for an entry-
level programmer. Table 4 presents the frequency
and a weighted average of their responses. The
weighted average is ranked them in decreasing order
of importance:

Table 4
Fundamental Object-Oriented Programming Concepts

Table 2
Academic and Professional Programming Language
Experience
>=2 <2 >=2 years <2 years
classes | classes | professional | professional
program program
experience. experience
VB.NET | 20% 20% 33% 20%
or Visu-
al Basic
Java 27% 20% 27% 40%
C/ C++ 14% 33% 0% 60%
C# 7% 0 7% 27%

The roles played by these professionals emphasized
both systems analysis and application development.
Their specific professional roles are highlighted in
Table 3. The most prevalent role most played in their
organization had to do with systems analysis and
project management. At least 60% of the respondents
had professional programming language experience.
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No [Aware-|Func-| Mas- |[Weighted
Im- | ness |[tional| tery | Average
por-
tance

Objects,

classes, primi-|

tives and enu-

meration

types, methods|

and functions 0 0 7 5 2.93

Set and Getl

Func-

tions/Methods | 0 1 6 5 2.86

Inheritance:

concrete 0 2 7 3 2.64
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Table 4
Fundamental Object-Oriented Programming Concepts

No [Aware-|Func-| Mas- |Weighted
Im- | ness [tional | tery | Average
por-
tance

classes,  sub-
classes, ab-
stract  classes
and interfaces

Scoping:  In-
formation

hiding and
lexposing  ob-
jects, e.g.,
public, private;
Persistence:

static, dynam-

ic, final, etc. 0 2 7 3 2.64
Coupling and
Cohesion  be-
tween Classes | 1 6 5 2 2.57

Encapsulation:
Overriding o

overloading

methods 0 2 9 1 2.50
Constructors

(new) and

Deconstructors| 0 4 7 1 2.36
Program-to-

Interface Prin-

ciple 1 7 3 2 2.29
Extend versus|

implement 0 6 5 1 2.21
Polymorphism| 2 3 7 0 2.07
External

Classes 1 7 4 0 1.93

As can be seen from Table 4 most of the fundamental
object-oriented concepts were highly desired at the
functional or mastery level. Of lesser importance
was an understanding of more abstract principles and
concepts. Most of the fundamental object concepts
are typically covered in an introductory object-
oriented programming course.

Perceptions regarding Programming Language
Operators, Control and Algorithmic Structures

Table 5 presents the frequency and a weighted aver-
age of responses concerning programming language
operators, control and algorithmic structures. The
weighted average is ranked them in decreasing order
of importance:
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Table 5
Programming Language Operators, Control and
Algorithmic Structures
No [Aware|Func| Mas- | Weighted
Im-| ness |tion-| tery | Average
por- al
tanc
e
Method/Function|
parameters and
returns 0 0 5 8 2.61
Selection  strucH
tures: If...Else,)
Switch  (Break
and  Continue),
Exception Han-
dling (Try, Catch
and Finally), etc.| 0 0 5 8 2.61
Repetition Struc-
tures: While,
Do-While, For
and For-each
Loops, etc. 0 0 6 7 2.56
lArray Processing
(single and mul-
tiple dimension-
al) 0 5 5 5 2.50
IAssignment,
arithmetic, rela-|
tional and logical
operators; opera-
tor precedence 0 2 4 7 2.44
Character,
String, Date|
objects, methods
and operators 0 1 8 4 2.33
Standard File 1/0]
and streams 0 0 12 1 2.22
Network-based
object program-|
ming 1 7 3 2 1.78
Object serializa-|
tion 1 8 3 1 1.67

Function usage and the basic control structures were
emphasized. File 1/0, Network based object pro-
gramming, and object serialization were of lesser
importance. Only the basic control structures were
expected to be known at the mastery level. Most of
the significant content categories are typically cov-
ered in an introductory object-oriented programming
course. No conclusion can be made at this point con-
cerning the coverage of lesser important content cat-
egories.
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Perceptions regarding Program Development
Concepts

Table 6 presents the frequency and a weighted aver-
age of responses concerning program development
concepts. The weighted average is ranked them in

Table 6
Program Development Concepts
No |Aware-| Func- |[Mas-|Weighted
Im- [ ness |tional [tery| Average
por-
tance
System De- 0 4 5 4 3.0
\velopment
Life Cycle
(SDLC)
Require- 0 3 7 3 3.0
ments Anal-
ysis
Code Trac{ O 1 8 3 2.9
ing and De-
bugging
Program 0 4 4 4 2.8
Develop-
ment and
Deployment
Unit, Inter-| O 3 6 3 2.8
face or Sys-
tem Testing
Program 1 6 5 1 25
Editors and
IDE
Application 1 6 3 2 2.3
Security
Principles,
e.g0., Type
Safety, Buf-
fer Over-
flows, etc.
User/Role- 0 7 4 1 2.3
based or|
Code Access
Security

decreasing order of importance:

Notice that the Systems Development Life Cycle was
the most important concept reported. We found it
interesting that UML and Security principles were
some of the least valued. Entry-level people were
expected to be able to trace code and debug it, but not
have mastery level understanding of an Integrated
Development Environment.

Perceptions regarding Client Application Tech-
nologies

Table 7 presents the frequency and a weighted aver-
age of responses concerning client application tech-
nologies:

Table 7
Client Application Technologies

No [Aware|Func-| Mas- | Weighted
Im- | ness |tional | tery | Average
por-
tance

Event
Handling 0 3 6 2 2.7

Local
Client
Applica-
tions, e.g.,
Applets,
IActive X,
Standa-
lone, etc. 0 4 6 1 2.5

GUI
Forms,
Compo-
nents and
Controls,
e.g.,
\VVBForms,
IAWT,
Swing,

etc. 0 4 6 1 2.5

UML 3 6 4 0 2.1

Application 1 8 3 0 2.0
Encryption,
Data integri-
ty and Signa-
tures

Text-based
User Inter-
faces 2 5 3 1 2.1

Graphics 2 7 3 0 2.1

Plat- 0 10 2 0 2.0
form/Contai

her Security

Multime-
dia, e.g.,
embedding
graphics,
audio, and
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video files| 3 6 2 0 1.8
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Event handling, client applications and their visual
interface were most important, while graphics, mul-
timedia and older text-based interfaces were valued
least.

Perceptions regarding Data Structures

Table 8 presents the frequency and a weighted aver-
age of responses concerning the coding of data struc-
tures:

Table 8
Data Structures

No Im-|Aware-| Func- | Mas- [Weight

por- | ness | tional | tery |edAv-

tance erage
Lists
and Sets 1 2 6 3 2.7
Collec-
tions 1 2 7 2 2.6
Search-
ing and
Sorting
Algo-
rithms 1 3 5 3 2.6
Recur-
sion 1 2 8 1 2.5
Stacks
and
Queues 1 4 4 3 2.5
Hash
Tables 2 2 6 2 25
Linked
Lists 2 2 7 1 2.4
Binary
Trees 2 4 5 1 2.2
Di-
graphs 3 4 4 1 2.1

It is interesting to note that the Data structures most
valued were lists, sets, and collections. More com-
plicated data structures were not considered impor-
tant.

Perceptions regarding Enterprise and Integration
Technologies

Table 8 presents the frequency and a weighted aver-
age of responses concerning Enterprise and Integra-
tion Technologies:
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Table 9
Enterprise and Integration Technologies

No |Aware[Func-|[Mas-| Weighted
Impor| ness |[tional|tery| Average
por-
tance

Database
Connectivity
Concepts,
e.g., JDBC,
IADO.NET,
ODBC,
JDBC, SQL,
etc. 0 0 12 | 1 3.1

Dynamic
\Web Page
Generation
Concepts 0 4 8 1 2.8

Enterprise

Layer Tech-
nology Mod-
els, e.g.,
client, pres-
entation,

business log-
ic, and EIS

tiers. 0 6 5 2 2.7

Server Appli-|
cation Tech-
nologies, e.g.,
ISP, Servlets,
IASP.NET,

beans, etc. 1 4 8 0 2.5

\Web Services|
(XML,
SOAP
\WSDL, and
UDDI) 0 7 6 | 0 2.5

Remote Me-|
thod Invoca-
tion 0 9 4 0 2.3

AJAX 2 6 5 0 2.2

Mobile De-
vice Program

Development| 3 9 1 0 1.8

For these participants, Database Connectivity was by
far the most important topic not only in this subdo-
main, but was higher than many fundamental object —
oriented concepts and all other subdomain content
categories. Students were also expected to be famili-
ar with dynamic web page generation. We suspect
the types of companies these professionals worked in,
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mostly large, well-established firms, were the reason
that mobile device programming was not considered
important.

Languages Desired for New Programmers

Finally, we asked the participants how important
each language was for entry level programmers to
know. Participants were permitted to name multiple
languages. This data is portrayed in Table 10.

Table 10
Language Importance
Language Pct of Par-
ticipants
Visual Basic or VB.NET 53%
Java 47%
ASP.NET 47%
C/C++ 40%
JavaScript 40%
PHP 27%
Cobol 7%

It appears that Microsoft VB.Net with ASP.Net as
well as Java were seen as the most important lan-
guage for new programmers. We were mildly sur-
prised that C and C++ were still considered impor-
tant.

CONCLUSIONS AND FUTURE RESEARCH

This paper was a preliminary study that will be ex-
panded to include a larger industrial professional
population as well as the inclusion of students and
computer faculty. The professional target population
response scale presented in this study focused on the
perceived importance of various programming lan-
guage content categories across six content subdo-
mains for entry-level programmers. Future student
responders will be asked to report their perceived
awareness or knowledge of the same content catego-
ries using the scale of none, some, average, and
above average. Future faculty responders will be
asked to report significant coverage of the same con-
tent categories using the scale of no coverage, first

1. ABET Computing Accreditation Commission
(CAC) Computer Programs Forms and Criteria.
Retrieved April 30, 2010 from
http://www.abet.org/forms.shtml

2. Ali, A.l & Kohun, F. G. (2005) Suggested Top-
ics for an IS Introductory Course in Java. Pro-
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programming language course, second programming
language course and other course coverage.

In phase two of this project, we intend to: 1) compare
the coverage of object-oriented programming lan-
guage content categories in CS, IS and other pro-
gramming language curriculums to the perceptions of
professional programmers concerning entry-level
program requirements, 2) ) compare the perceived
awareness or knowledge of object-oriented pro-
gramming language content categories to the percep-
tions of professional programmers concerning entry-
level program requirements, and 3) to determine if
any possible differences may be associated with a
background variable, e.g., academic major, expe-
rience in a programming language, or professional
experience.

It was clear by the results of this preliminary study
that Database Connectivity and Enterprise Applica-
tion Development were more important to profes-
sional responders than some other traditional pro-
gramming language concepts. Educators understand
the importance of prerequisite skills for these topics.
Enterprise application development, database connec-
tivity, application security and testing, and demands
of project management have presented new chal-
lenges to CS and IS curricula. While the nature and
number of programming language courses may vary
by curriculum, most CS and IS curricula do have one
thing in common - programming language require-
ments. Whether a CS or IS graduate starts their ca-
reer as a programmer, system analyst or project man-
ager, most will be affected during their education by
academic programming language courses.

It is important to periodically assess the level and
sequence of programming language content in rela-
tionship to industry requirements. All CS and IS fa-
culty and professionals are inherently biased to a spe-
cific programming language or prerequisite pro-
gramming language content area. Programming
language content assessment should be a constant
process that is focused on the future demands of our
graduates. This is goal of Phase 2 of this study and
survey.
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