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Fast cycle time and software testing are 
often at odds in many organizations. 
Thorough testing often can delay software 
implementation, but can uncover errors 
that would cause difficulties after the 
software is implemented. Thorough 
software testing, if considered from 
project inception, should increase 
software quality, and decrease testing 
time and overall systems development  
cycle time. 

This article examines a case study of 
software testers in which cycle time 
issues in the testing process of a major 
Fortune 500 corporation were explored. 
The study was designed to gain a better 
understanding of the current issues 
pertaining to software testing and to 
deliver a set of actionable and 
constructive recommendations for the 
purpose of reducing testing cycle time. 

 

istorically, many information systems (IS) 
organizations focused their attention on 
the quick delivery of systems rather than 

assuring that the software had been rigorously 

tested. Now, however,  organizations are 
recognizing that it is more effective and less 
expensive to test for errors earlier in the systems 
development process (Parker, 1991). This “front-
ending” helps to decrease cycle time (Wetherbe, 
1995). To obtain the greatest return on their 
investment, IS organizations must put greater 
emphasis on the systems testing process and 
implement it earlier in the development cycle 
(Bertolino, 1991).  

IS directors should phase in testing tools  
systematically and demonstrate their commitment 
to new testing procedures. Although these testing 
procedures often follow different approaches, 
reflecting differing philosophies and perspectives 
of systems testing, consistent use of these 
procedures over time has proven to be a “best 
practice” (Hall, 1991).  A common denominator 
of organizations considered to use IS testing “best 
practices” is the presence of detailed, accurate, 
and structured specifications. Specifications and 
standards are of great importance in testing for 
they determine what the software should do and 
form the basis for the testing of software 
functionality (Hall, 1991). CitiCorp, Chemical 
Bank, Oracle, and Microsoft, to name a few, are 
now considered to be “best practice” organizations 
in software testing. 

In spite of these best practices, the software 
testing practices currently employed by the 
majority of IS organizations could be improved. 
In order to ensure the quality of software delivery, 
organizations must realize the importance of 
software testing. 

 
 
The Importance of Software 
Testing 
Computer software is a major component of an 
information system, and its reliability is crucial to 
organizational performance. Achieving software 
reliability requires an ongoing effort of systems 
planning, analysis and design, coding, testing, and 
integration (Hall, 1991). In order to address 
business requirements during the “life cycle” of 
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an IS, detailed procedures and feedback 
mechanisms are required to provide feedback at 
each of these stages. This requirement can be 
shown in the form of a series of feedback loops 
(see Figure 1).   

Systems testing, which ensures that application 
programs written in isolation work properly when 
they are integrated into the total system, is an 
impor tant  par t  of  informat ion systems  
development and historically has been positioned 
late in the life cycle (see Figure 1). During the 
software test ing phase in the systems 
development process, many resources are spent 
on systems testing to detect and correct latent 
errors. Therefore, it is important to design 
effective systems testing scenarios and plans in 
order to ensure an effective and efficient testing 
process (Lucie, 1993). Testing should have many 
phases and be conducted throughout the systems 
development process. Testing is so important that 
it should be considered from project inception 
(Zahniser, 1981). If user’s requirements are not 
defined properly from the beginning, errors may 
not be apparent until user acceptance testing, at 
which point it may be too late to make corrections 
in a timely and cost effective manner (see Figure 
2). 

Even though program testing at this phase can be 
used to show the presence of some errors, 
systems testing, when carried out systematically 
and conducted throughout  the  sys tems  
development process, results in greater reliability 
and systems performance by uncovering a larger 
number of errors earlier in the development 
process. 

 

 
 
 
 
 
 
 
 

 

Best practices in software testing utilize both 
structural and functional strategies to ensure the 
delivery of quality products (Parrish and Zweben, 
1993). Structural testing checks the implementation 
of the software design, whereas functional testing 
validates the correct implementation of the 
specified software requirements. While structural 
tes ting is used primarily by the software  
developers to verify that the implemented code 
matches design, functional testing is used 
primarily by testers and customers to validate that 
the software design and implementation deliver 
the required capability and is usually performed 
in a number of qualification and acceptance tests 
(Dyer, 1993). 

Functional testing methods treat software as a 
“black box” and are primarily concerned with the 
software externals (i.e., checking the correct 
mapping of software inputs to expected outputs). 
The internal structure of the software typically is 
not considered since that should have been the 
focus of the developer-conducted structural tests. 
The requirements addressed  through functional 
testing are the functional capability of the 
software externals (i.e., does it meet the user’s 
requirements?), its performance, reliability, 
installability, and various other considerations 
(Rettig, 1991). Structural or “white-box”  testing 
works from the system implementation point of 
view (Rettig, 1991). The aim of white-box testing 
is to develop a set of test cases that cover all of 
the code (Hall, 1991). The set of test cases are 
designed to execute all of the program statements 
at least once.  
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  Figure 1: Feedback Controls in Systems Testing 
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The following section presents a case study of 
software testing at a major Fortune 500 company 
as an example of a “typical” testing practice and 
makes recommendations to reduce the cycle time 
required for this testing process. 

 
 
Software Testing: A Case Study 
The preceding discussion of the importance of 
software testing suggests that organizations  
should begin testing as early as possible in the 
systems development process. Best practices  
suggest that both structural and functional testing 
be performed. This section examines one 
organization’s struggle with the task of software 
testing. 

 

Background 

This study focused on a systems development 
group within an organization that has one of the 
largest IS functions in the United States.  This  

 

 

 

 

 

 

 

 

 

 

 

 

particular group is responsible for developing, 
maintaining,  and support ing one of  the 
organization’s largest applications. The software 
testing process at  this organization,  while 
improving historically,  has not been very 
successful. 

 

Software Testing: A Historical Perspective  

At one time, the organization performed both 
functional and structural testing. Functional 
testing was well documented while structural 
testing was not. This situation, as well as several 
other issues, negatively affected systems  testing. 

Structural testing.  When structural testing was 
performed at this organization, it was not done by 
the systems developers, but rather by a quality 
assurance (QA) group. The sole responsibility of 
this QA group was to perform structural testing 
and find software problems. This approach to 
software testing caused a great deal of tension 
between the QA group and the systems  
developers. Developers felt that the quality of 
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their work was always under scrutiny. This 
tension eventually led the organization to  
abandon the QA approach to testing as it was 
seen as counterproductive to development 
efforts. 

With the demise of the QA approach to structural 
testing, the organization brought in contractors 
(temporary employees working on a contract 

basis) to perform the testing previously done by 
the QA group. The use of contractors did not 
work as well as planned since these contractors 
had no real knowledge of the systems that they 
were testing. As a result, little testing was actually 
done, structural testing was all but abandoned, 
and there was no one in the organization 
accountable for systems testing. 

An issue related to the use of outside contractors 
for structural testing concerned motivational 
incentives. Due to the organization’s compensation 
methods, its emp loyees performed structural 
testing work even though there were no formal 
testing procedures in place. This was not the case 
when utilizing contractors for testing since the 
contractors had no vested interest in “going the 
extra mile” to ensure that testing was performed 
correctly. 

Another problem with structural testing was its 
perception within the organization. It was viewed 
as a thankless job affording little opportunity for 
career progression. For example, one tester was 
told that in order to be promoted within the 
organization he would have to transfer out of the 
testing group. In general, this is not uncommon in 
IS organizations since effective job testing means 
discovering problems that may result in delays in 
software implementation. Therefore, testing is 
often looked upon unfavorably. This perception is 

short-sighted and self-defeating for systems 
development organizations. 

Finally, the organization had no standards or 
procedures for structural testing resulting in many 
problems, including a lack of understanding of 
testing procedures, no formal testing roles and 
responsibilities, a lack of testing documentation, 
and no input validation. Lack of standards also 

caused a problem for functional 
testing. As one tester noted, “for 
every 2 corrections tha t we 
make, we introduce a new 
defect.” This makes the job of 
functional testing even more 
difficult. Functional testing will 
be discussed more in the next 
section. 

Functional Testing.  Overall, functional testing 
within the organization studied was well planned 
and elaborate. However, problems existed. The 
major problem encountered in functional testing 
involved software errors that should have been 
uncovered earlier during structural testing. In 
addition, since testing was performed solely at the 
functional level, there was always a possibility of 
missing many of these structural problems. One 
tester succinctly explains the logic as follows: 

For any given unit test (a test to ensure 
that application modules work properly 
when tested in isolation), a developer 
may uncover 25 errors. During string 
testing (a test to ensure that the 
application works properly when 
modules are integrated) the same  
developer will uncover another 10 
errors. Systems tests will then uncover 
an additional 5 errors. When this  
software  then moves to functional 
testing, only 1 error will be uncovered, if 
any. When testing is started at the 
functional level without the previous 
systems testing, the best that one can  
hope for is to catch, at best, 50% of the 
errors. 

A second problem associated with functional 
testing dealt with creating a good set of data to 

 
Software testing practices currently 
employed by the majority of IS 
organizations could use improvement. 
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test each default or test condition. Given the 
complexity of constructing such a data set, it 
was no longer done. This resulted in the 
possibility of missing important functional 
features, and, as one tester pointed out, up to 
30% of the functional testing time was spent 
investigating problems caused by faulty test 
data.  

While the structural and functional testing issues 
discussed are certainly important, they are not 
the only issues negatively impacting the testing 
environment at this organization. These issues 
will be explored in the next section. 

 

Other Testing Issues   

There are several additional issues that are seen 
as inhibitors to software testing at  this  
organization. They are: 

No formal methodology for systems development. 
While the organization has explored the 
possibility of using a methodology, currently  
they do not use any formal systems development 
methodology. As one developer pointed out, all 
premise of using a development methodology 
was abandoned three years ago. A lack of a 
methodology often means a lack of testing 
standards within systems development. 

No formal walkthroughs. Walkthroughs are the 
peer validation of specification and computer 
programs. There are no formal walkthroughs 
during the systems development process. The 
only time a walkthrough is performed is just 
prior to systems implementation. 

No documentation. Most systems lack formal 
documentation and there is no documentation 
standard. Since documentation is used to explain 
system and program logic to those who may be 
unfamiliar with the system, this presents a very 
real problem. 

Little interaction between groups. Groups within 
the organization are very territorial. This often 
makes software testing difficult in situations 

where information that crosses functional 
boundaries is needed. 

No Stress Testing. Stress testing is used to test 
system functionality under production-like system 
loads. Stress testing has been tried on a very 
limited basis. For example, five years ago, a 5% 
stress test was done, while the most recent stress 
test, performed within the last year, was only a 
0.01% stress test. That is, a workload representing 
only one-ten thousandth of the typical workload 
was used to “stress” the system. 

Summary of Testing Problems  

The organization realized that testing was an 
issue that must be addressed in order to improve 
both testing cycle time and overall systems  
quality. They summarize their testing problems 
as: 

Lack  o f  l eadersh ip .  There  i s  a  l ack  o f  
management understanding of testing problems. 
Historically, there has been little or no 
management support or involvement with the  
testing process, resulting in an out of control 
testing environment.  

Lack of systems knowledge. With the use of 
contractors for testing, the organization’s  
employees have little or no involvement in the 
testing process. Therefore, many testing processes 
were not understood and rarely executed 
correctly. 

Absence of test procedures. There were no formal 
test procedures within the organization. Testing 
roles and responsibilities were not defined or 
understood. 

Lack of formal testing process knowledge.  The 
test ing process was not  documented or 
understood. Any mistakes corrected during 
structural testing were often repeated during 
funct ional testing due to a lack of problem 
tracking. There was also a lack of input validation 
or verification. 

Absence of a formal systems development 
methodology. The organization did not use a 
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formal systems development methodology 
resulting in often overlooked requirements and no 
formal testing methodology. 

These problems led to a lack of confidence in the 
testing process and the overall quality of the 

systems, as well as low employee morale. 
Consequently, the organization has taken several 
steps over the last 12 months to overcome some 
of these problems. These steps will be discussed 
next. 

 

The Road to Improved Systems 
Testing 
The organization adopted an iterative approach to 
improving systems testing that is outlined below. 
The organization has made several changes to 
testing protocol over the last year that have 
improved testing, quali ty,  cycle t ime, and 
delivery predictability. It should be noted that the 
steps taken below deal strictly with functional 
testing. 

 

Round One.  

The first change involved the establishment of a 
test team. A test manager was assigned testing  
responsibilities. The test process was 
documented ,  and dai ly  meet ings  and 
status reports were implemented. With the 
implementation of these changes, testing took 
almost 14 days and was viewed as being much 
more effective than past functional tests which 
took an average of 20 days. Given this success, 
more changes were proposed for the next iteration 
of tests. 

Round Two.  

Building on the successes of round one, the 
process was refined. These refinements included: 
increased management involvement in testing 
decisions, implementation of input validation, and 

establishment of testing roles and 
responsibilities. The resulting test 
required less than six 20-hour 
days. This was a significant 
improvement in testing cycle time 
over the first round of changes. 

 

Round Three.    

Testing was further refined to include formal test 
administration, principles and guidelines for 
testing, and job logs for tracking/resolving test 
problems. This set of tests required less than four 
12-hour days with 50% fewer staff than the 
previous round of tests, a five-fold improvement 
in the person-hours required to test the system. 

The significance of the cycle time reduction in 
systems testing can be seen in Figure 3. While the 
above actions taken to improve cycle time have 
made a significant impact on testing, they are 
confined to functional testing and are the result of 
a small group effort. However, these changes 
demonstrate that the organization realizes the 
importance of software testing and wishes to 
improve the testing process. Because the changes 
made to date have been directed at only a small 
piece of the testing puzzle, the following 
recommendations have been made to further 
improve testing cycle time. 

 

 

Recommendations for Cycle Time 
Reduction in Software Testing 
After conducting the study of the software testing 
process in this organization, the researchers  
recommended the following techniques to further 
reduce system testing cycle times. The sections 

 

Testing is so important that it should 
be considered from project inception. 
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identify “points of leverage” that the organization 
may want to examine and follow based on the 
cycle time framework presented by Wetherbe 
(1995). 

 
Transforming the Process 

The organization should consider changing the 
way that testing is structured. Testing should be 
considered at project inception, not as an 
afterthought. Instead of using contractors for 
testing, the organization should utilize their own 
systems developers to ensure that the implications 
and importance of testing are understood and 
appreciated. Organizations that are considered to 
be “best practices” in this area utilize testing 
experts that periodically drop into each software 
development project the organization undertakes. 
The role of these experts is to ensure that testing 
is conducted appropriately and to act as a source 
for testing information and expertise. 

 

Cross-Functioning of Teams  

The organization should develop a core team of 
testing experts. These individuals should come 
from all areas of the organization. In addition to 

 

 

 this core team of experts, other testing team 
members should be routinely and systematically 
rotated into and out of the team. Ideally, all of the 
organization’s developers should spend time on 
this testing team. This cross-functional approach 
to testing will ensure that all of the organization’s 
systems developers fully understand the 
importance and intricacies of testing. It also helps 
developers  f rom di f ferent  a reas  of  the  
organization appreciate the problems that others 
face. 

 
Rewarding the Players 

To ensure that tes ting is successful, the 
organization must secure the talents of the “best 
and brightest” systems developers available. To 
help accomplish this task, the organization should 
develop a career path specifically designed for 
systems testers. In addition, systems testing 
should become a well-paid,  visible job.  
Incentives,  both monetary and non-
monetary , need to be provided for developers 
and testers to shorten delivery cycle times and 
lower error rates. To this end, the organization 
should empower the “core test team” to teach and 
lead other system developers in their own testing 
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Figure 3. Time/Staff Reduction in Systems Testing 
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roles and tie the team’s performance objectives to 
identifiable testing-related metrics. 

 
Standardizing the Process 

The organization should adopt one systems 
development methodology to use organization-
wide. This methodology would not only 
standardize development, but would dictate tools 
and techniques that would better help systems 
developers meet the needs of end-users. This 
includes testing standards. The use of one systems 
development methodology could serve as the 
vehicle needed to help drive testing practices 
earlier into, as well as throughout, the 
development process. 

 
Conclusions 
Errors are more common, more pervasive, and 
more troublesome in software development than 
with other technologies. Even when programs are 
written correctly, oversights made by one  
programmer are often shared by others. The usual 
case is that software systems do not work well 
until they have been used and have failed 
repeatedly. Therefore, in any IS organization, 
systems testing is a crucial component for the 
production of quality software and information 
systems. Given this importance, planning and 
executing the systems testing function is a critical 
success factor in the systems development 
process. 

This case study outlines some of the testing 
challenges faced by a large information systems 
organization and highlights a few of the steps 
taken so far, as well as some recommendations 
designed to improve the timeliness and quality of 
systems testing.  It is important to reiterate that 
the problems and resulting recommendations  
presented here are not unique to this organization. 
The lessons learned here could apply to the 
majority of IS organizations. 

To ensure quality software development, systems 
testing should be a highly-visible, management 

supported activity. Organizations should use a 
sys tems development  methodology tha t  
incorporates and considers testing from inception 
through project completion. A cross-functional 
team of testing experts, made up of the 
organization’s best developers, should be well 
paid, have a specific career path, and be 
empowered to oversee testing for all of the 
organization’s software projects from inception.  
Finally, testing should become an important 
component of every systems developer’s job. If 
implemented effectively, these steps will reduce 
testing cycle time and improve systems quality 
and overall systems delivery.                          
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