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‘~~There exists a substant ial  l i tera ture  on productivity aids. Software aids have been

dev eloped in areas such as testing, documentat ion , program m ing, desi gn , and ana lys i s.

A survey of almost five hundred organizations was performed to analyze various

aspects of software maintenance. A purpose of the survey was to anal yze the use of

variou s productivity aids , and to ascertain relat ionships between their use and main-

1enar~ce ef fo r t  and character istics. The survey indicates that no productivity aid wasI

widely empioyed in system development and that many productivity aids do not

C..3 address perceived problem areas. Areas perceived as problems include user involve-

ment in the application , handling user enhancements , and management concerns with

resource allocation. Statistical analysis found certain tools (HIPO , automated flow-

charting, data base diction aries , and test data generators) —
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•‘~~ more preva lent among organizations with larger data processing budgets. Use of HIPO

(automated flowcharts) was found to be more prevalent among younger (older) applica-

t ions. Data base dictionaries and test data generators were found to associate with

larger systems. Analysis revealed that the impact of the use of tools on maintenance

effort is dominated by character istics of size, number of reports, system development

experience, and use of data base management systems.

I t
--

W~. *sr~~~

a

p 
Il

~ SU

Mut A I ~ N VLC ~AL

1 TLT1~ :i’



—

1. INTRODUCTION

The use of productivity aids has been widely advocated as a means of improving
software quality , reducing software maintenance effort, and in some cases , reduc-
ing development costs in same phases of design and implement~~ion. A variety of

tool s and techniques have been proposed for di fferent activities , including analys is
(e.g., structured analys is , DBDA) , design (e.g., structured des ign, ISDOS-PSL/l~SA ,
top dOwn design), programing (e.g., structured programing), documentation
(e.g., HIPO, automated flowcharting), management and review (e.g., structured
walk through, chief programer team), and testing (e.g., test data generators).
Less consideration has been given to impact assessment of such tool~s and tech-
niques on operational systems. Some questions that arise are:

4
o How w idely are such tool s emp loyed?

o Does the use of tools reduce maintenance effort?

Al though genera l izations must be made with caution (due to organization differ-
ences , differences In systems , etc.), It is necessary to study suc h questions to
determine where improvements are needed and where tools may be helpful .

The preceding discussion of tools and techniques is part of the larger problem of
understanding development and maintenance. Maintenance here is defined as any
work on a current, operational appl ication system. Al though a great deal of
effort has been directed at development, softwa re maintenance has received less
attention. A review of the literature and Issues in software maintenance of appl i-
cation systems appears in Lientz and Swanson (2). Based on the need for
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analyzing maintenance, a pre liminary summary of eighty-six organizations was

undertaken. The survey was based on a quest ionnaire in managerial, as well as

technical, aspects of maintenance. The results of the survey are given in Lientz,

Swanson, and Tompkins [4] . We will refer to this study later as the initial survey.

Because of the interest generated by the survey and because of the need for a

larger sample to consider specific issues, a larger scale survey was conducted.

The questionnaire was reviewed and revised. It was , divided in two parts- - Part I

dealing with the organization and Part II dealing with a specific application. The

Data Processing Management Associat ion (DPMA) agreed to support the survey by

providing a randoml y generated mailing list of 2000 data processing managers and

super visors as well as an enclosing cover letter to the questionnaire. Responses to

the questionnaire were received from 4S7 organizations. This response rate

• (approximately 25%) is considered excellent considering the length and complexity

of the questionnaire and the factor that limited resources permitted only a post-

• card follow-up. The r~~ponses were edited, keypunched, and verif ied. Statistical

analysis was performed using the SPSS Statistical package. Some tabular results

of questions were presented at the Annual DPMA meeting of Novembe r, 1978 (see

Lientz and Swanson (3]).

In this paper we address the use of some productivitiy tools and techniques in

reference to maintenance. We consider not only the use of such tools , but the

environment in which the tools are employed. The environment includes organiza-

tion size, system age, system size, and perceived problem areas in maintenance.

A more comprehensive analysis of the survey is currently being prepared in mono-

graph form. It should be emphasized that no judgement is bcir.~ applied as to

whether the extent of maintenance is good or bad. This obviously depends on the

particular sett ing for an application.

~ ~ :—~~~~~~~
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• 2. THE MAINTENANCE ENVIRONMENT • •

• Maintenance and operations are the part of the life cycle where many of the

benef its of productivity tools are claimed to lie. The maintenance environment

includes the perceived importance of specific tools and techniques as well as their

effectiveness. Related to this are the prob lem areas perceived by managem ent, J
as well as the measurement data collected during maintenance. More technical 4
parts of the environment include the sources of enhancement and maintenance

requests , the size and growth of the application system , and the age of the

system.

The environment can affect the selection and use of specific tools and techniques

For example , if data is not collected on maintenance effort , it may be difficult to

justify productivity aids since the benefits could not easily be quantified, if

design problems are perceived to be severe or documentation is faulty, then these

• areas might receive more attention for potential im provement .

o ~~g~nization Environment

in the survey we asked whether application programmers and/or systems

analysts doing maintenance were organized separately from those doing

system development. A separate maintenance organization would facilitate

measurement and evaluation of tools. The response of the sample indicated

that only 16.2% (79 out of 1~87) organized maintenance separately. V e see

from this that the measurement problem is more complex in the vast

majority of the organizations, because of a lack of separation.
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If productivity tools are to affect maintenance, then we need to know how

• • much of the total systems effort is involved in maintenance. The survey

indicated that the percentage in maintenance has remained at about 50% (to

be precise, 48.5%) over the most recent two-year period. We also aske d for

the percentage of application programmers and systems analysts relative to

the systems organization. The average was approximately 40%. Note that

one could then estimate average estimated improvement of a technique

which claimed to reduce maintenance by X%. Suppose technique Z claimed

to reduce maintenance by 20%. The net savings to the organization would be

4% (.2 x .4 x .50) of the total systems organization. Of course , this is

f ictitious and onl y intended to show how the impact could be derived. Each

organization would have to be addressed separately for a specific method.

The point is clear , however. The impact on savings is limited by the numbers

of programmers and systems analys’ts and by the effort in maintenance.

o Management Controls and Measurement

The survey asked v~ hich of nine management controls were employed in main-

tenance. The results appear in Figure 1. Productivity aids are sometimes

claimed to reduce the number and extent of changes to the system . The

fi gure reveals that , for many organi zations, measurement of the effective-

ness of tools would be difficult due to the absence of accounting controls.

For example, some methods claim to reduce testing effort by insuring system

simplicity. However, more than 40% of the organizations do not have a

formal re-test procedure. In such cases, measurement of testing effort

would be difficult and would re ly on informal testing. This is particularly

likely to be the case iii smaller org~inizations , which cannot easily absorb the

o~er head associated v i t h  the use of fo r rnzt l controls.
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Figure 1: Use of Management Controls

Absolute (Percent)
Frequency

a. All user requests for changes to the application 384 (78.9)
system must be logged and documented.

b. All user requests for changes to the application 160 (32.9)
syste m must be cost justified.

c. All troubles encountered in the operational proces- 250 (51 .3)
sing of the application system programs must be
logged and documented.

d. All changes to the application programs must be 375 (77.0)
logged and documented.

e. All changes to the application progra m s must undergo 285 ( 5 S . 5)
a formal re-test procedure.

f. With the exception of emergency fixes , all changes 137 (28 . 1)
to the application programs are batched b r  periodic
implementation according to a predetermined schedule.

g. A formal audit of the application system is made 158 (32 .4)
periodi cally.

h. Equipment costs associated with operating and main- 163 (33 .5 )
ta m ing the application system are charged back
(in whole or in part) to the user.

i. Personnel costs associated with operating and main- 150 (30.8)
ta m ing the application system are charged back
(in whole or in part) to the user.
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o Maintenance and Enhancement

Since specific tools address individual system activities, it is of interest to

note where time is expended in maintenance and enhancement. This is shown

in Figures 2 and 3, respective ly. Allocation categories are based on those

developed in Swanson (5). Figure 2 reveals that about 40% of the effort is

expended in user enhancements- - providing new features or capabilities. Only

12% goes to fixing programs on an emergency basis. The effort to improve

documentation and improve system efficiency together consume less than

10% of the m aintenance resources. Figure 3 provides a breakdown of the

40% of the total effort in maintenance devoted to user enhancements.

Almost two -thirds of the enhancement effort is seen to consist of giving the

user “more.” The rates here indicate that methods addressing reporting

flexibility would appear to be of substantial benefit in maintenance. We will

return to this when we consider problem areas perceived by management.

o Technical Characteristics of Applications

The applications studied in the survey were those which involved substantial

maintenance effort , were significant to the organization, and which had been

operational for at least one year. The breakdown of applications in the

survey is given in Lientz and Swanson [3] Of interest are the size and other F
characteristics of the applications. The average age of applications was four

to five years. The average number of programs in the application currently

and one year ago was respectively 126.5 and 115.6. This indicates a growth

of about 10% per year. The average number of source language statements

8
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Fi gure 2: Allocation of Effort in Maintenance

Mean Percent

a. Emergency program fi xes 12.0

b. Routine debugging 9.0

c. Accommodation of changes to data inputs and 16.8
files

d. Accommodation of changes to hardware and 6.0
system softw are

e. Enhancements for users 40.3

f. Improvement of program documentation 5.3

g. Recoding for efficiency in computation • 3.9

Others 3.3

I 
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Figure 3: A llocation of Effort in User Enhancem ents

Mean Percent

a. Providing new , additional reports 38.0

b. Adding data to ex isting reports 25.3

c. Ref orrnating existing reports , without 9.3
changing their data content

d. Condensation of data in existing reports 5.2

e. Consolidat ion of existing reports , reducing 6.0
t!ie nuriiber of rc ç cr ts

Others 9 .4

10
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increased from 43.6K to 48K--again an increase of about 10%. The size of

• the data base or files increased by 5% from 4 1 6  M bytes to 43.8 M bytes.

The number of pre-defined user reports increased from an average of 49.0 to

53.8 , approximately 10%. The source languages used were dominated, as

expected, by COBOL (5 1. 6%) .  RPG was second at 22.4%, followed by

Assembler at 11.9%.

The composite picture here is that the dominant language remains COBOL.

Application systems , measured in a variety of ways , are growing at a rate of

about 10% per year. Again, we must caution that these fi gures are based on

the systems selected by respondents. In terms of hardware , the 10% growth

rate can easily be accommodated by increased capacity due to hardv.are

performance -price ratio improvements.

o Perceived Prob lem Areas

• Respondents were asked to indicate the severity of various problems on a

scale of I to 5, interpreted as follows: I - no problem at all; 2 - somewhat

minor problem; 3 - minor problem; 4 - somewhat major problem; 5 - major

problem.

The rankings based on medians are as follows:

• 2r 11
4.
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Factors

Minor problem: o user demands for enhancements and extensions to the
system

• o competing demands for maintenance programming
personnel time **

o inadequate training of user personnel*

o turnover in u~er organization*

o meeting schedule commitments ’

o quality of application system documentation~
Somewhat minor

problem: o motivation of maintenance personnel

o forecasting of maintenance programming requirements

o maintenance programming personnel

o unrealistic user expectations

o adherence to programming standards

o adequacy of systems desi gn specification

o data integrity in application system

o processing time requirements

o turnover of maintenance personnel

o changes made to system hardware and software

• o skills of maintenance programming personnel

o quality of original programming

o number of maintenance personnel available

o lack of user understanding of application systems
~fr

No problem: o lack of user interest •

o system hardware and software reliability

o storage requirements of application system

o budgetary pressures

12
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Rev iewing these we see that most technical issues arc no more than Some-

what Minor. In the Minor Problem category we have labeled issues of a user

orientation by an asterisk (*), a management concern by a double asterisk

(‘‘), and a technical concern by a plus (+). Only one technical issue

appears - -quality of original documentation. Although turnover of

mnaintcnance personnel is not cited among the top problems, elsc~ here in the

survey it was found that only about half of the maintenance personnel were

involved in the development of the system. This explains in part the need for

good ori ginal documentation of the system.

Of the six Minor Problem concerns, the user organization is involved in three.

User demands for enhancements has already been mentioned. Of the other

tv~o, one is pote rt i a !lv a management issue--turnover in user orgarizat ions .

other-- use r training--could be addressed by applying new or existin g

tech~:ques.

T F~ t~ o mar.agerr.ent prob lems perceived as Minor--competing demands on

~c r~o~rel tin e and meet ing scheduled commitments--reflect a reed for

r ie~surernent , estimation , and control. Competing demands on personnel

ti~i~~ may reflect the gap between limited resources and user r.cecs . The

pr c’~ !em of meeting scheduled comm itments may, in part , be due to a Jack of

controls and data from v~ hich to estimate effort.

3. L S E  Of TOOLS t.NI) RELATIONSHIPS ~ ITH OTF ER FACTORS

r
C 

~X~•~~
_Select rr  Iroduci ivity Aids

In the init ia l  s u r v .y  the snri’plc ~ as ~~~ aS 10 the t0~!s c r~ovcd in the

mJ . .ritenan cc of t h e  sys te n . based upon these findings, a l:st ol tools

13
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• Figure 4: Use of Design and Programming Aids In Systems Maintainance

Tool Frequency of
Use (Percent)

a. Decision tables 46.4

b. Test data generator • 36.2

c. Chief programmer team 30.4

d. Online programming 30.4

e. Database dictionary 26. 1

f. Structured programming 24 .6

g. Struct ured ~ a1k-through 17.4

h. Autom atic f lowchart irg 10.1

1. HIPO 7.2

j . ISDOS (Automated desi gn aid) 4.3

I p.
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Figure 5: Use of Desi gn and Pr~grarnming Aids In Systems Development

Tool Absolute (Percent)
I Frequency

• a. Decision tables 
• 

164 (33.7)

b. Data base dictionary 73 (15.0)

c. Test data generators 80 (16.4)

d. Structured programming 145 (29.8)

e. Automated f lowchart ing 24 (4 .9)

f. HIPO (Hierarch y p lus Input - Process-Output) 34 (7.0)
Design Aid Techni que

g. Structured walk-through 82 (16.8)

h. Chief programmer team 187 (38.4)

Others 47 (9.6)
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was provided in the expanded survey. Respondents were asked to indicate

which of these were employed in the development of the system. The results,

shown in Figure 4, indicate the lack of tools in use. However , from the

previous section we see further that many of these tools do not address the

areas of concern expressed. Of the tools in Figure 5, three relate

particularly to documentation (HIPO, decision tables, and automated

f lowchart ing). However , none deal with the user and management problems

cited.

o Usc’ of Tools and Size of Data Processing Budget

The use of tools was analyze d in relation to the size of the data processing

installation using cross tabulation and the chi square test. Larger

organizations tend to use test data generators , data base dictionary,

automatic flow charting, and HIPO (si gnificance levels- - all less than .04%).

This is to be expected since some of these tools require a subsiantial

hardware environment--more likel y to be present in organizations with larger

data processing budgets. No relationships were found for decision tables ,

structured programming, or structured walk-throughs. Use of a chief

programmer teani was found to be more prevalent for organizations with

medium range data processing buogets ($250,000 to $200,000 per year;

significance level- -less than 1%).

o Usc of Tools and System Aae and Size

Analysis of variance was employed to relate system age to the use of pro.

duct ivity aids in develupwe nt. The use of HIPO ~ as si gnif:c~intl) associated

16
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with younger systems at the ~.5% level. The use of automated flowcharting,

on the other hand, was found to be associated with older systems (at the

10.8% level). There was a limited tendency for the use of data base dic-

tionaries, structured programming, and structured walk-through with younger

systems , but this was not of notable statistical significance. Decision tables ,

test data generators , and chief programmer teams did not associate with age.

Similar statistical analysis was performed for the number of programs in the

system. Significantly associated with larger number of programs were data

base dictionaries (9.1% level), and test data generators (5.8% level). Analysis

of variance for the rate of growth in the number of programs found f~r

increasing growth rates- - data base dictionaries (0.8%) and chief programmer

teams (5. 1 %) .

o Use of Tools and Maintenance Effort

It is of obvious interest to determine if there is any relation between the use

of tools and the amount of the maintenance effort. A preliminary effort

suggested variable transformations to meet normality assumptions in the

statistical model. Natural logarit hm transforms were used for effort and size

parameters. Stepv.ise linear regression was performed with the dependent

variable- -the natural logarithm of maintenance effort. The variables

entered in order were: I - natural logarithm of the number of programs in

the system current ly, 2 - natural logarithm of the number of source language

statements , 3 - natural logarithm of the size of the data base, 4 - system

• development experience , 5 - use of a data base management System ,

6 - natural logarithm of the number of reports generated by the system

currently.

17 
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• The seventh variable entered is the first evidence of a tool- - autom ated f low-

charting. Overall then, the analysis indicates that the tools have a limited

relationship with maintenance effort. Using a cut-off level of F1.0, six of

the eight tools eveotuaily entered the regression equation. Even though the

coefficients of the tool variables are very low, it is interesting to note that

some may, in certain cases , appear actually to contribute to increased main-

tenance effort.  The variables with positive relations to effort are automated

flowcharting, data base dictionary, structured programming, and structured

walk -through. Tools and techniques which are negatively related to main-

tenance effort were decision tables and chief programmer teams.

A similar an~ilysis was performed with the dependent variable being the

number of persons maintaining the system. Here the only tool negativel y

related to the num ber of people in maintenance of the particular application

was the chief programmer team. Caution in interpreting these results is

• needed due to the number of smaller organizations with very limited main-

tenance staffing.

4. CONCLUSIONS

We have presented some of the results of a maintenance study from the per-

spective of the use of software productivity aids. The findings are limited by the

extent of the survey. It should be emphasized that the survey was limited to

standard business applications rather than aerospace or engineering applications.

The results of the survey are that many productivity aids are not widely used.

Second, the areas addressed by many methods miss areas perceived as problems by

respondents. Third, there are arcns th at deserve more attention- -specifically

• 18
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techn iques that enhance the use rs ’ ro le, and methods dealing with management

• concerns. An extension of the fin dings has been the development of a long-range

information ser vices p lanning methodology which has the control of maintenance

and enhancement effo rt as one of its goals (See Licn tz and Chen Ii]) .
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20. (contd.) 
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.

user involvement in the app lication,’ handling user enhancements, and manage nent
concerns with resource allocation. Statistical analysis found certain tools
(HIPO, automated flowchar t ing, data base dic tionaries , and test data generators)
more prevalent among organizations with larger data processing budgets. Use of
HIPO (automated flowcharts) was found to be more prevalent among younger (older) .
applications . Data base dictionaries and test data generators wore found to
associate with larger systems. Analysis revealed that the impact of the use of
tools on maintenance effort is dominated by characteristics of size, number of
repor ts, system development experience , and use of data base management systems.
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