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(about two—thirds of the military responses were from Air Force Agencies.)
Project managers were relatively willing to release all classes of data except
direct dollar costs , although feelings vatted widely. All projects had an
organized method of planning and producing software , but few thought actual
planning was adequate. (In general, projec e felt that they were rushed into
code product ion without adequate designs.) ~t projects endorsed the utility
of reviews, but lass than half felt the r ews were adeq uate. Most projects
did not use military standard practices, t had internal procedures . Proce-
dures were critised for lack of at zation, and inadequate information.
Managers controlled their pr through progress reports rather than more
detailed developmsnta tion, and felt the information they got were
most isa he less wall—structured areas of program development:
analys design. The data they received was rated non—standard, subjective

questionable accuracy and validity.

1Auta.ation, standardization, systemization with full understanding of needs
and provisions, and independent verification through audit checks were seen
as the most promising solutions to data collection problems.
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SOFTWARE DEVELOPMENT DATA COLLECTION :

SURVEY OF PROJECT MANAGERS

1. INTRODUCTION

The objective of this survey was to gain an assessment from first hand experl-
ence regarding the problems associated with the collection of software develop-
ment data. When the study of software data collection problems was first
undertaken (See Volume 002 of this report), the project members
intuitively expected the literature to provide such an assessment, an intuition
that proved unfounded. There were actually very few studies reporting real
experience In the collection of data and not many more speculating about them.
To fill this lack , the project prepared a questionnaire covering the problems
of data collection as these were tentatively revealed by our Initial investi-
gations and adelnlster d It to a sampl, of project managers at SDC and at Pro-

= gram Management Offices in the military.

Responses were received from 15 SOC project managers stationed at Santa Monica,
Colorado Springs, ~ shington, and Huntsville. Responses were received from 10
(largely with spare. answers) Military program management personnel, two thirds
from Air Force Agencies (ESO, ANC, SAMSO, SANTECH) and the remainder from Ar~y
and Navy offices. Response rates were about 30% from Internal SOC sources and
20% from military agencies. -
2. PROJECT CHARACTERiSTICS - -

Most projects were engaged In scientific, eflglfleertng or ‘R&D projects with
very few 1~ business data processing, as mi~ it be reported. Time sharing and
batch were about equally emplOyed with a greet many projects using both
and a few using remote batch (4 projects out of 25 ). Almost .11 SOC pro-
jects re orting’Wre engaged In federally sponsored developments, but son. were
dealing w$th’ØP$v$te INdUStry, OthirS with local gaverr*usnt and some were
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In ternally sponsored. The computers used were very heavily IBM 360/370 or
HIS 6000 serIes machi nes , with a sprinkling of CDC , Xerox , UNIVA C , and
Burroughs machines , plus some minicomputers In communications and avioni cs
app lications . The only specialized peripherals widely Interfaced with were
communication equipmen t, but four projects deal t wi th avionics and sensor
equipment and two with navigation gear.

Project size varied from 2 persons and 5000 object tr.structlons to 200 persons
and 1.2 million Instru ctions . Modulari zation used on the projects did not
seem ext reme, ranging from around 300 to 2000 object instructions per module
or routine. Languages used Include FORTRAN , JOVIAL , COBOL, GMAP , BASIC and
assembly language . Experience ranged from 2.5 to 15 yearS wi th a modal val ue
of 8. Projects ranged from 8 months to 6 years in length .

A most all projects used compilers, utilities, dumps, link editors and pro- fgram libraries . Nearly as many used debug packages, recording/reduction tools ,
and flow char ters. Al most a third of them used simulators and data manage-
ment tools and a spri nkling used verifiers , auditors and timers. Hal f the
projects thought the ir tool package quite adequate, some (‘10%) thought they
were marginal and a few (15%) thought the* Insufficient . Additional tools
suggested included project management and scheduling, configuration manage-

• ment, automatic documinters, and automatic verifiers for all languages.
Grapldc output and debugging packages that are easier to use, less constraining
and having few instrumentation effects (1 .e., whose use forces pirticular
structure on the tested item) were suggested. Tools were also criticized for
being inadequately standardized--compilers too diverse in the efficiency of -‘

code produced and the errors checked, data management programs were too
specialized, flow charters existed at s~evera1 liy 1s of detail, and compliance
with specification standards was Judged very variable

Except for the R&D projects., projects are of modunate size, produced by
exper1enc.~ craftsmen usi~g~tnad1tioaal or standard tools and techniques,- t
The possibl. exception lies In the larg, proportion of projects using Inter-
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active programming at least part of the time.

3. DA1A SENSITIVITY
Data concerning software development varies tn sensitivity . Data may either
reflect adversely on project performance or disclose proprie tary Information
to competi tors. Managers may be reluctant to release such data freely. How-
ever, to be maximally useful for comparative studies of software methodology
and reliab ility , all types of project data are desi rable. In this question-
naire the respondents were asked to rate their relative reluctance or willing-
ness to release data to a semipublic data bank given reasonable guarantees of
pri vacy to avoid open cri ticism of project performance .

Unfortunately, quite a few of the milita ry PMO personnel did not respond to
this section on the apparent grounds that such reporting did not apply to their
operation. It was intended that the PM0~-s rate their contractors in terms of
the resistance the P140 encountered in gathering data from them, but either the
questionnaire instructions failed to make this clear or the project management
offices did not collect such data or experience customer behavior In regard to
ft. Consequently, no separate analysis for P140 responses is reasonable; the
ratings of those who did respond are Included in the internal counts shown in
the following figures ., 

-

- - - ,

There was a wide range of opinloi on every Item. On every item at least some-
one said that they would be very reluctant and someone else said they would be
very willing. (A rating of 9’ IndIcates willingness , a rating of ‘5’ indIcates
reluctanc, in the figures.)

Figure 1 shows cost and schedule data ratings. To su~~ rIze, - “s project man-
agers wer most reluctant to relisas dollar costs, rather willing to release
costs In Os±~~~p~~nd v rp wilting to release ~~~~~~ In aechine th is. Although
not pronounced, there is som, greater reluctanc,~to release fine costs (Costs

—
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per instruction or per IndIvidual act ivity ) than coarse costs (costs per total

configuration item or total task.) The managers were qui te reluctant to re-
lease variance data for costs or schedules that made them look bad (overruns)

and while more willing to release “good news ” (underruns), they were not over-
whelmingly so. These findings are quite In line wi th what one would expect,
except for the rather sharp differences showi ng up between the “close to the
vest” and “let It all hang out” atti tudes held by different managers.

Figure 2 shows the relative willingness or reluctance of managers to release
resource utiliza tion Information. Various manpower breakdowns received moder-
ate indorsement (more favorable than unfavorable) and computer time breakdowns
was very definitely approved. (There were no facility managers In the sample;
it might have made a difference.) Surprisingly, the managers were quite
willing to release personnel turnover data whether that data were for project
members or for key technical and managerial personnel .

Figure 3 shows how the project managers fel t about releaslnq evaluations of
project performance whether these were proficiency ratings of personnel or
computing facility efficiency. Project managers were quite ambivalent about
releasing personnel proficiency ratings--as can be seen they scattered their
ratings fairly uninformally across the spectrum--but quite willing to release
experience figureS. Again, for productivity ratings they were somewhat
restrained about releasing work unit costs or durations, but were reasonably
willing to rate the computer and other support activities on their ef ficiency.
Again, except for the relatIve willingness of some managers to release pro-

• ficlency ratings of their project members, those findings are fairly well in
line with what one would expect.

FIgure 4 Is also fairly well in llii wi th what one would expect--managers are
quite willing to release configuration data--unless evaluative ratings of

efficiency, reliability , etc., are Involved. Even here the managers are more

willi ng than not to share their experiences.

~ 4~~1
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Figure 5 compares the sensitivity of data concerning various events that
might lead to program changes: requests for modification, reports of problema
encountered, and reports of suspected program errors . The resul ts are quite
in line wi th prSvious findings. Managers are quite willing to release objec-
tive information about the numbers, sizes and types of changes encountered, but

• more reluctant to release data on cost and schedule impacts. Again, the
division between the willing and the reluctant is quite plainly polarized. No
information is readily available from those two parties (the returns were all
anonymous, effectively prohibiting follow up) . However, a more penetrating
Inquiry m1~ it yield Interesti ng ,‘esults. •~ 

-
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4. SOFTWARE DEVELOPMENT PROCESS
Software ‘Is developed and managed in a variety of ways . Currently, new techno-
logles are being tried and the most cos t effecti ve and rel iable methods have
not been determined. However , i t  seems a number of project managers have
solved many of the problems of software development to their own satisfaction .
Their answers to several questions aimed at soliciting satisfaction wi th the
suggested improvements to their current methodology can be taken as the
criterion.

4.1 PLANN ING 
-

Almost all respondents stated that they had an organi zed method for producing
software for all phases of development. Similarly, plans were laid for man-
power utilization, schedules and budgets for work , project organization,
financial matters and testing. Those wi th documentation plans and configura-
tion management plans were only slightly fewer . More specialized plans , l ike

• those for facilities, tralnlhg, conversion, support and liaison fell to
• around 25% of the respondentS. However, when asked to evaluate the adequacy

• of planning, only six respondents fel t planning was adequate. Ten said out-
right that it was not and four said somewhat or only in special projects.
Conmients received on this Item tended toward criticizing product plans (I.e.,
designing) as being inadeqimitely done. Some of’ the coninents lfldude:

“Monetary constraints tend to drive projects Into production
phase prior to proper design completion--customer is to blame.”
“First major delivery Is almost always too early to allow
adeqmate syste m design and project planning.” • 

•

‘Usualty (~adequate3, although the time required for these
áct lv l t let (deve l~prnent and test] and product rel1a~Il1ty
can bOth bi~i~~’O~ d b y  allotting more time to design.”

~• •~‘•d-~
• 

____L~~.. 
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“ (Planning could be improved by] a detailed work break-
down structure.”

4.2 KEY PERSONNEL

Approximately 40% of the respondents said at least some personnel were Sped-
fled by the proposal and/or the contract. Thus current practices do reflect
an emphasis upon key technical resources.

I
4.3 INDEPENDENT TEST TEAMS j
One of the proposed techniques for ensuring greater reliability of software
is the utilization of independent test teams to perform final design verifi-
cation and validation. Less than a third of the project managers sur-
veyed said they used such teams. When used, such test teams were seen as
doing an effective job from the customers point of view. The few coninents
made regarding these questions said:

“Nonitary constraints prohibited this concept (on this
project). Cons, ••equen~ly, many problems occurred in
developing adequate, for the customer, test plans and
procedures.”

“independent tests [and reviews]—~ work best when the
schedule is allowed to slip, to acconmiodate -delays in ‘

the review process.”

“(Independent test teams were) planed, but not effectively
applied.”

~Part1al1y(adequats] from the customer’s point of view,
although a great part of their effectiveness derives from
the adequacy of the Part I specs and the functional break-
outof the CPCI (for the test team to work from].”
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0
4.4 SOFTWARE REVIEW PROCESSES
The use of software reviews to Increase the reliabili ty of software, especially
during the critical early period of software development, has received con-
siderable attention in recent years. Respondents were asked ‘If they did have
a set of consistent and periodic reviews and , if so, which of the standard
military reviews had been instituted. Two thirds of the respondents said they
did use systematic review procedures. Even more (nearly 80%) used Preliminary
Design Reviews (POR’s) and Critical Design Reviews (COR’s). Only 50% however,
indicated they used Performance Requirement Reviews (PRR’s) or Formal Qualifi-

4 cation Reviews (FQR’s). To this list, however, the military respondents

t added System Requirements Review, (SRR) and Functional and Physical Configu-r ration Audits (FCA and PCA), and the project managers added Info rma l design
reviews, structured walk throughs , and technical interchange meetings.

The respondents were asked whether or not there was a systematic procedure
• for Incorporating the discrepancies found in the reviews Into the softwa re

development product in a timely and cost effective way. They were also asked
if the customer was Involved In the review and dIscrepancy resolution process
and , if not, would it help If they were. About 40% of the respondents said
they had such procedures, but the conunents to the question indicated that the
procedures varied from formal design change and error report processing to
informal day to day interactions. About the same proportion, wi th some
qualifications, IndIcated that the customer was involVed in software reviews
End that his attendance was helpful. Some comments received were:

“The project had excellent customer involvement; all
changes were designed, costed and scheduled practically
on a day to day basis. Customer personnel were on the
technical team (a joint programming project] and
participation was excellent.”

_ _ _- - -~~~~~~ ---- --..- -

• 
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“[Discrepancies were resolved] by use of Design Modification
Requests and Discrepancy and Correction Reports and at the , -

larger , more formal reviews by issuing Action Items . More
customer attendance at reviews would be desirable. ”
“Depends upon what you call “systematic ”. Discrepancies
are certainly corrected . More customer participation would
probably hinder the operation. Our customers are mainly
concerned wi th the final product and not generally concerned (
with Intermediate reviews.”
“Not sure [if more participation would help]. May complicate -

‘

things.”
“Our customer sits In judgment at all design reviews and
has a seat on internal review commi ttees. However, he
typically does not understand the system and consequently
slows down the progress made.”
“After a baseline, standard ECP processes are used ; Design
Modification Requests to the Design Control Group at any
time. Customer personnel are in house on the project. Thei r
participation in design reviews Is absolutely imperati ve to
avoid argument and delay.”
“Modifications are made to the design document prior to formal
implementation of the required changes. Customers attend
informal as well as formal reviews .”
“Customer particIpates, but Is usually unqualified to con-
tribute effectively. If the customer represents a user ,
it would be much more beneficial If he could keep the user
constantly Involved. Buyer staffs are frequently unqualified
to moni tor the development of 8 system.” 4 %
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“The procedure followed is very much a ftmction of the
seriousness of the discre pancy , the extent of the effects ,
the point at which it is discovered , an d the people in-
volved . The customer Is Involved through regular written
reports and status meetings .”

“An effecti ve action ‘Item system handles all discovered
discrepancies . Cus tomer lives in the building. ”

“Appropriate documentation Is generated prior to review
and review comments are ‘Incorporated subsequently con-
sistent wi th confi guration control concepts . The customer
is Invo l ved In the evaluati on of Design Review Packages
and coordination of commen ts ei ther at the Design Review

• or Technical Interchange Meeting and is invol ved further
In design review, technical interchanges and management
reviews prior to the formal review . (This project is
primarily an Air Force organization project wi th on-site con-
tractor assistance. )“

The respondents were asked to check a list of Items that might be i ncl uded in
the review process. The Items and the number indicating inclusion were :

Progress Reports 86%
Delivery & Computer Schedules 71
Discrepancy Report 67
Project S~~ aries 62
Program Listings/Documentation 62
Manpower Costs 51
ConfIguration Management Report 48
Cliputer Utilization Report 43

_
- • ‘ 
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The respondents were asked whether the review processes were effecti ve in their
estimation for detecting and correcting significent design errors and how they
might be improved. Only 40% of the respondents thought the reviews were
adequately effective. Suggestions of the reasons for Ineffectiveness and
possibilities for improvement, wi th the first three Items cited several times ,
Included : 

• Insufficiently detailed reviews
• Inadequate budget and schedule for review

• Greater emphasis on review during the design process

• Continuing contact between contractor and customer
e Joint generation by contractor and customer of

specifi cations during a concept/design phase
• Pre-design meetings to establish overall conventions ,

concepts and interfaces prior to Part I design
e Control by a control project office over key technical

aspects manned by competent, responsible personnel wi th
authority to force correct design approach

• Adequate time for design and review
• Improved cost estimating techniques

The emphasis for improved effectiveness is seemingly concentrated on conception
prior to design, close liason wi th the customer, and some improvement In con- ‘

figuration management procedures . -

4.5 CONFIGURATION CONTROL PRACTICES

Configuration control is the systematic eva lua tion , coordination , approval and

Implementation of a computer prQgram and associated documentation after formal
Identification of ~ts requirements . 

• 
The military have established various j

standard practices tor configuration control and for software specification
In response to questions on this matter, just half the respondents indicated
they had followed such practices and believed them an effective tool for
managing the reliability and productivity of the software being developed.

• 
.

4 -~
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Eleven projects were governed by MIL-STD~s 483 and 490, six by MIL-STD-480,
three by DOD Inst. 4120.17-N, two each for MIL-STD-499, NAVSHIPS 0967-011-0011 ,

anti internal progranuwtng standards, and one each for MIL-STO 1521, MIL-R 83313,
and AFR 800-14. Al though the military has devoted a great deal of effort to
configuration management, i t  is not as widely practices as one might hope.
Only about 25% of the respondents thought the existing standards were adequate

j for effecti ve control . However, the only cosment received regarding the
standard practices was that they are “Too vague and subject to interpretation
for effecti ve control , especially as to the level of detail required in the
specification.”

5. CURRENT PRACTICES IN DATA_ COLLECTIO N

The adequacy of the software data collected Is ‘Influenced by many factors
ranging from the standards employed in determining the data to collect to pro-
ject reluctance to release sensiti ve data . The respondents were fi rst asked
what standards they used and what were their major deficiencies .

5.1 STANDARD PRACTICES

First, very few projects (between 10 and 30% for va~1óus standards) used the
military standard practices. However, many did have’ standard data that were
collected for almost every aspect of software development . The list of data
types and the number of projects reporting standards for collection are shows
In Table 1. It would appear that the major emphasis ‘Is upon progress and schedule
reporting with less than 50% of the projects using any standards for reporting
other data Items.

(
)

1-

_ _ _ _ _ _ _ _ _ _  ___________________________ 
___  

i
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Table 1 . Data Item Standards

Percent of the
Projects with Standards

Schedule Variance 76
Cost Variance 28
Project Progress 90
Problem Reports for:
1. Design 38
2. Analysis 38
3~ IntegratIon 43
4. Code and Check 52
5. Installation 43
6. Test 43
7. OperatIons 24

Error Statistics 14
Manpower Utilizati on 52
Computer UtIlization 49
Design Change Statistics 38
Software Module Statistics 33

~tW ~~~~~~~ ~~~~~~ 
-
~ •~

~~~~~~~~ ~~~~~~
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The respondents were then asked what the major deficiencies were in the stan-
dards they used. The responses, in order of their endorsement, were:

• Inadequate for comparative study across projects 43%
e Coarseness of measures 38

• - • Inadequate information on project problems 38
• Failure to apply to all phase of development 29
• Inadequate information on product errors 19
• Excessive collection costs 14
• Inadequate configuration information 14

• a Inadequate Information on design changes 14
a Subject to interpretation; vague 14

If the allegation that data are inadequate for comparative study is true,
developmental costing modules developed from them would have limited utility.
Further, close management would be Inhibited by coarse data, inadequate infor-
mation and missing information for some phases. The other deficiencies are
not greatly endorsed but ‘Indicate some dissatisfaction with current data
collection practices in these areas .

5.2 MANAGEMENT CONTROL

The project managers were asked which of the data classes they used for managing
their projects -and where in the developmental process were the major Inadequacies
in the data Items. Again, usage of these data was not overwhelming and very few

• checked all data classes. Responses were :

• Progress reports 57%
• Error reports 

• 33

• Cost reports (Including manpower and 33 - - •

computer utilization)
• Change reports • 

24 .

• Problem reports • 24 
•

• Schedule - - 
5

• Action items 5

— 

_ _  

I _ _ _
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Agreement was greater on where in the developmental process the reports were
inadequate. Responses were :

• Design process 67%

• System Analysis phase 52

• Program Production 33
• Phase over 10 -

• Integration and Test 00 -

It would appear that the managers were most lacking In information during the
early formati ve and conceptual aspects of the developmental process . Once the
product was wel l defined, the data collected was deemed reasonably adequate.
This does suggest that some attention should be directed at ei ther greater
structurIng of analysis and design or that a different class of data ought to
be collected. Perhaps the responses are merely an endorsement of the
uncertainty that everyone feels while the system is being conceived, but
a lack of good management control over the early phases of development does
seem a most lIkely reality .

5.3 COMPARATIVE METHODOLOGY

One of the principle reasons for collecting software development data ‘Is to
derive measures for evaluating and comparing different progranining techniques,
methods and tools. The reSpondents were asked to evaluate currently collected
data and indicate the chief Inadequacies In the data for this purpose.
Their responses were:

• Project comparability 62%

• Subjectivity and bias - 33
• Continuity through life cycle 29

• • Reliability data 19
• Cost data 14

• Quality assurance information “10
• Standard baselines OS

• 
*I~ - - -

./
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5.4 COST FACTORS

The project managers were asked if they thought that state-of-the-art data
collection was too costly, where the excessive cost factors lay and what
could be done to reduce these costs.

In answer to where the principle costs of collecting software development data
lay, the project managers said:

Volume of data 43%
Difficulty of measuring 43
Nunter of measures - 32
Report preparation 32
Interference with work 33
Frequency of reporting 24
Reduction of data ‘19
Lack of defined goal 05

Additionally, there were several conmients to this question:

“The time required of production personnel in preparing
reports is too great, but support personnel to do the
work are too costly.”
“Due to the lack of clear cut goals toward which data
collection can be ai~~d. too much unapplicable data is

‘~ol1ected,” .. -

0Tbe ~reparatton and maintenance of the (management]
- - data baa. - m d  the generation of documentation aie both

~~~~
° cOstly.’

‘The handling of problem and change requests is In-
- - 1ff1dent.~’ 

- • -
~ 

- -

“Manpower and the expense of indoctrination (training
in data collection procedures] are excessive.’

I
- • - - •  — - -.
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‘Verification of the data is a major cost factor.”
“Attempting to collect too fine grain data.”
“Attempting to let the collecti on of data dr ive the system.”

Costs, especially unbudgeted costs, are a source of great concern to managers
although only a small proportion of the respondents said costs were a major
problem in the collection of data (fourteen percent, see Secti on 5.1 ) . The
suggestions for improvement made by the managers provide a little more insight.
These include:

• Automat1~n
- • Simplification

• Standardization
• Reduction of detail
• Better evaluation of data collection requirements

Each of these suggestions received severa l endo rs~~ nts . There were three
sug gestions for automation, including the monitoring Of a progra*slng support
library as a data collection technique. There were an equal n~~ er of pleas
for simplificatIon (‘make it easier”) with an attendant effort to sell the

• ‘
- benefits of data collection and to exPlain the rationale iw~ procedures to

the project mw h r s .
- - -

The requests for simpl ification were also partially requests for standarized,
cross-project and cross_dt$cIpline systems ahd procethires t h t  could be under-
stood by all. Another benefit foreseen for %tindsrdlzed and utometed systems
Is a reduction of threatening pressu oè~the’~ b~~~ SPs..”IPit mete them feel

j they are being constantly overseen.” Several persons felt less data collectio,
might be the solutiOn. One person advocated a reduction in the detail of the
data collected. Another said: “Be pragmatic. Measure only wh at can be
realistic ally measured .” Anothe r su ued it up: “The real question Is: Can
the collection cost result in sav ings which are greater? If not, the most

~~~~~~~~~~~~~~ 
• 

-
•

- •‘- ‘ •
~

- -
‘

- .— 
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cost effective solution may be simply to “wing it.””

In short , project managers would like a stand ard , simpl ified data collect ion
system, easy to use and explain, that represents a minimum of interference
in ongoing work . Whether such a system can be obtained and still provide
adequate Info nnation for close management control and methodolo gy research
remains to be seen.

6. DATA COLLECTION PROBUMS

One of the maj or obj ectives of the questionnaire was to gather experimental
data on the problems associated wi th data col lect i on. The project managers
were asked to check off what their major problems were -in co llecti ng data .
The results were :

• Subjectivity of estimates 52%

• Interference wi th project progress 48
• IncomparabilIty of projects 38

• Project resistance - 
33

• 
- Collection costs 29

• Invalid measures • 15
• Distorted or fal~ifled date 15

• Non-standard practices 05

• Insufficien t information for valid evaluat ion 05

• knowing what to co llect • • 05

• Convincing management of the cos t .ffpctive- 05
ness of data col lection • - 

OS

• Time to hand’1.minor detai’1s • 
05



- 25

0
6.1 SUBJECTIVITY

The subjectivity of measures can arise from a variety of causes .angIng from
• the alleged insubstantiality of the software product to personal bias on the

part of those reporting. When asked what the contributing factors to the
subjectivity of data collection measures were, the project managers said:

• Continual change 62%
• Optimistic bias 48
• Failure to consider all elements 43
• Lack of measurable performance 33
• Lack of 9nstrumentation”

• Insubstantial product 10
• Innovativeness of process 05

Obviously, the project managers do not agree wi th the old saw t ht  the reasons
for unreliable cost estimates and poor performance are a rapidly changing
technology and a logical, non-physical product. Instead they blame an un-
stable environment and the fallibility of estimators. Although it is not
likely that human nature Will change, certainly an Improved data collection
syst . should provide more objectivity and greater standardization.

The managers gave very few responses when asked how the objecti ty of measures
might be Improved. They did suggest:

• D velop standard parameters
• iso independent audit teams

) • Pe~’fórm data collection research comparing a
nu~ er o? projectS and identify the factors

) th~t~cdntrIbute to the u~w.anted variance

These ire, of course, p rtinInt surns tIOM and are part of the justification

th~~~pOé1tO 7. ~~

-

~~~~~~~~~~:
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6.2 INTERFERENCE WITH PROJECT PROGRESS

When asked which major factors caused data collection to
• interfe re with project progress , the managers checked:

• Time required to prepare reports 52%
• Distracting and Irksome 33
• Interference with line of thought 10

There have been serious arguments advanced for developing more objective
measures that could be taken without Involving analytic and programing
personnel. However, in the eyes of the managers, although data collection
takes time and is irksome, it does not acti vely interfere wi th the worker ’sthought processes .

Suggestions for avoiding interference Included:
• Automation

• Report at higher level s
• Streamline and standardize
• Use IndePendent audits
• Place a data collector on the project staff

Some managers laid It on the line:
“Some interference Is bound to result if you are to get
to the root of problems.”
“If data collection interferes, you are doing It wrong.”

In short, quite a few managers believe that we are doing it wrong and that a
more standardized, automated deti collection system using non-involved data

-
• collectors is the way to go. Al though formal data collection and reporting

costs are quite smell (.stlmat.d at 3% of project costs. spo Volt e 002),
they may require substantially more the of analysts and progr~~~rs than the Fstatistic Indicates. More efficient collection procedures seam highly desir able.

•

•

— -

~~ 
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6.3 PROJECT COMPARABILITY

When asked what project differences contribute to making data collection
measures lack comparability, project managers tended to check a number of
reasons. The tallies were:

• Lack of standa rd measures 62%

• Lack of standard techniques 57

• Software application differences 57

• -Lack of standard organizatIon 52

• Differences In management practices 48

• Technological development diffe rences 43

• Relative “tightness” of schedules - 05

• Customer requl rements differences 05

In short, project managers believe that projects tend to differ on a
complex of factors rather than on a single aspect. This does threaten to
make methodological research difficul t by making it hard to obtain an
adequate sample of similar projects upon which to base an assertion . If

enough of the var iables are “standard ,” it Is possible to select one or

more techniques or organizat ions as basic variables in project compari sons.

Whsn asked how tie comparability of measures taken from different projects
could be Improved, project managers said:

• Develop quant itative measures of project char acteristics
• Standardize tie requ irements .~f the development process
• Raise and broaden tie sampling leve i (above the minor

low-level differences)

• Use Independent tt teams across proj ects
• Circumstances 4iffer too great ly to achieve truly

comparable projects . -

~ -

I - 

_ _  

_ _  
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Since the comparability of projects rose to the top several times in the

survey, it appears to be an Important problem, and one that stymies good
estimates of costs , quality and project requirements. However, although
the suggested solutions appear difficult to Implement, they seem within
the goals of the repository.

6.4 PROJECT RESISTANCE

The reluctance of project personnel to release data is an oft mentioned
proble. for data collection . Project members resist close monitoring

as a perceived threat to their Independence and professional competence

~nd managers say that they will not release data that might help or give
comfort to competitors. Less than a third of the project managers in the
survey checked proj ect resistance as a data collection problem. When

asked what j usti fication was given for proj ect resistance , the project
monitors said:

• Interference wi th main task 43%
• Collection costs 19
• Political consequence 19
• “None of your business ” attitude 14
• Company sensitive info rmation 00

The results are a little surprising In that the objective reasons “ interference ”
and “costs ” are cited and th. rel uctance to release competat ive info rmation
Is not cited at all. However, the porcetved threat and the ways to
deal with it were recogni zed in the suggest$ons for improvement:

• Do not penalize proj ect
rn;..

• keep data sources anonymous “

• Give positive aUur*nc. that honesty is desired and that
corrective Ctlons will enhance rather than hinder project

~r~~j ct1vity
• Explain the purpona of the data col’.ctlom

- - ~~~~~~~~~
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However, in keeping with the main rationale - interference with main task -

six people suggested schedule and budgetary recognition of the data collection
task and making adjustments when data collection did Interfere with cost.

6.5 COLLECTION COSTS

On being asked where the principle costs of collecting software development
data lay, the project managers said:

• Volume of data 43%

• Difficulty of measuring 43

( - . 

• N~~ er of measures necessary 38
• Preparation of reports 38
• Interference with work 33
• Frequency of reporting 24

• Data reduction volume 19
• Lack of defined goals 05

Apparently costliness is due to a broad spectrum of factors rather than any
Isolated one. The amount, variet y and frequency of measuring combine with
the difficul ty and interfere nce effects to inf late costs that are too often
bourne by technical rather than support funds and personnel.

The suggeotions- advanced for raduc4ng costs include four recomeesdations for
automatic collection, thrco .~ P standa,dlzation, and two for streamlining
and generalization. One person r :~T .4ed iett.r planning and one said
“Don’t co11edt~ai~~. On.dtss-idsnt voice suggisted:

“They tcost*3 probably 4mot be, or should not be, reduced
If dny’ ml pro s 1$~t ó b ’~~~~-1s utiliz ing the ex$ri-
enco of 9~~p’~~~q$ ~asth~~~~1s- for xpuctatlons on ai~ ther.
In ~ y case, the costs of *5* collection usy be justified
In the probabl, reduction of other costs.”

________ ——____

____ I 
- - - ______________
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When the managers were asked if they thought cost estimates were Inflated as
a resistance tactic, six agreed ‘yes ’ and five said ‘probably. ’ To some
degree then, the managers agree that the costs of data col lection may not be
as great as alleged , which may account for its low rank as a problem.

6.6 VALIDITY

Despite the low number of persons citing invalid measures as a major problem
for data collection, qui te a few persons responded to the question asking for
the major sources ~of error. These responses were:

ç • Subjectivi ty in measurement - 48% -

• Poorly defi ned parameters 43
• Variability from time to time, project to project 38
• “Different measures project to project - 33
• Insensiti ve measures to project difficul ti es 29
• Too infrequent for adequate control 14

f Al though subjectivi ty ranks high , the heavy endorsement given to the next three
ranking responses indicates that standardi zation and consistency of the measures
collected are seen as problems by many of the managers.

Suggestions to improve the validi ty of measures include

• Derive and enforce stand r4$za-tiow
• Increase prograemsr confidence In the purposes of

data collection
• O.$tsr use of autemated -controls to assess the number

of con$-iations, test runs, 1.1 iwes/succesiss, .tc;
ta genera-i , hettsr 1ns-tr~~ntatfon -

-

• Comprehensive -stump -of each prej.ct wI* respest to
- 
the data to be collected from personnel on the ~wp-
Ject and d f  In. standart and Meesures for *1* p~*Ject

• Ppovide (Use 
~~ 

p~~) an ladepeMlint audit t~~
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• Concurrence on consistent definitions for measures d . d
pertinent, plus objective trecking and reporting of those
measures on a regular basis in terms that do not presume
an intimate understanding of the package measured

It 6.7 FALSIFICATION

Good response was also received to the item on distorted or falsified data
- 

-

- 
despite its low rank in perceived importance. In response to the question
on what sort of distortions occurred, the project managers said:

• Unconscious optimistic or pessimistic bias 48%
• De~~ hasis on failures 48
• Overemphasis on successes 33
• Cosmetic revision ‘In summarization 29

• • Less detail in sumsarlzation 24
• Coverups of di fficulties 09
• Deliberate falsifi cation s and half truths 05
• Poor classificat ion
• Unclear definition 05
• Not considering people ’s reactions 05

Most Interesting here Is the rejection of deliberete falsificati on of deta
and the emphasis on unconscIous bias. Distortions caused ~~‘ fIlteri ng and
su arization of data stand at sIdlevel .

— 
_ _  

- _
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In response to the questions on how managers might penetrate or detect falsified
or distorted data , the project managers suggested:

“Through technica l awareness and thorough counter and cross
checks wherever possible.”
“The only practical way Is to be part of the project and know
i t as wel l as the technical peop le - which may not be really

• • practical!4’ -

- “Use automatic tools.”
“Track performance on a periodic basis and review progress with
project members.”
“Provide IG function with higMy knowledgeable software
experts from PMO staff (not corporate headquarters. ) N
“Allow the data supplier to be c~~ letely free to provide the

• data without reprimand or reward. Cross-check data by data
col lection in some other fashion.”
“Success, depends upon $vlng a very clear understanding of the
need , the requirements, and user biases . Unless a project is
aimin g at clearl y del ineated performance characteristics
almost any assessment Is equally valid.”

“know what you are doing. If you do, falsehoods quickly
stand outs ”

“Avoid distortions by good planning .”

Apparently the projec t managers place their faith in technical competence
reinfo rced by independent audits and cros s -checks . Recogni tion is gi ven to
psychological factors , but without strong emphasis.
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7. HAWTHORNE EFFECTS

It has been alleged that the very act of measuring performance can influence
that performance favorably. The project managers were asked whether they

thought that data collection could enhance the reliability and excellence of
project work. There was moderate agreement wi th this statement according to
the responses:

• Encourages takin g greeter care 43%

• Makes workers aware of inadequacies 38

• Makes job seem important ; g ives recognition to 33

workmen
• Makes worker act more delIberately 05

8. ‘TECHNOLOGICAl. ADVANCE

The proj ect managers were asked what developments they saw in the data-
processing state —of-the-a rt that might improve or hinder the process of
collectin g softwafe development data .~~They said:

I~~P HINDER

• Automated data collection system 67% 05%
• Automated management tools 57 00

• Greater standardizati on of language and tools 52 05

t • Improved measurement techniques • - 
43 05

• • • Proofs of correctness methodology 24 19

• Structured programaing 24 05

• Software engineering techniques 24 10

• More analytic dev ices for softwa re deve lopm ent 24 00

• Increased emphasis on relIabil ity 14 14 ,
.1

_ _ _ _ _ _ _ _  

______ _ _-
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In short, greatest hope is seen to lie in greater automation and better,
standardized measures. Al though not felt general ly, both proofs of correct-

ness and the greater emphasis on reliability are seen as adding somewhat to

the problems of data collection.

9. SUI44ARY

In a survey consisti ng largely of progranuning project managers and system pro-
gram offices , a certain polarization of opinion might be expected. However,
there is a wide spread of opinion on the sensitivity of all kinds of data
items. Most sensitive are cost data and , more so, data that di rectly reflects
project performance evaluations such as cost and schedule variances . Least
sensitive are objective statistics about resources, program modules, modi fi-
cations , problems and errors that do not reflect cost or performance eval ua-
tions . -

-

In reference to the software develo pment process , the managers felt that
planning,, analysis, and review in the early developmental phases were inade-
quate and that insufficient information exists or is collected about these
phases. In later phases, independent test teams are not used as often as one
might desire (only 30% of the time) and data is not often ccllected during
the operational phase of a system. Al thou gh many projec ts (approximately 50%)
were governed by the MIL-SID’s only about 25% thought these standards were

• adequate. Most proj ects (90%) used some sort of progress report and 75% used
schedule variance for project control . No other data were used by more than
50% of the projects. Hence, one might conclude that very few proj ects “ con-
trol by the numbers” f rom which it might be concluded that most proje ct
managers control their projects ‘by personal supervision . On the other hand,
the dissatisfaction of the managers with the variations In data standards and

• j - procedures from project to project may make them distrustfu l of what the
• collection data may tell them.

~~~~

/
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