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Foreword

This manual is a working document based upon experiences
of a number of people in evaluating a variety of information
processing activities. The authors propose a composite over-
view which will be the basis of a systematic apprecach to in-
formation system evaluation. The procedures outlined herein
are intended to be applied to several operational systems and
the results analyzed to determine the value and cost associated
with each step under differing circumstances. Refinenent of
the approach and a revised manual are anticipated after expe-
rience is gained from these evaluation studies.
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I. Introduction

For years computers and computer-nased information systems
have been sold on the strength of intangible, and often illusory,
benefits. Prevailing economic conditions coupled with common
undevestimates of resource and time requirements have engendered
recently an era of greater discrimination by magnagers and computer
users. Formation of profit or cost centers for information pro-
cessing services, application of cgpital authorization criteria for
system development, and closer scrutiny of operating expenses for
computing and informatior processing have resulted. Attempts to
evaluate the effectiveness of systems have been thwarted by diffi-
culty in identifying and quantifying tangible benefits resulting
from operation of the system. This stems from lack of definitica
of system objectives in functional terms, of standardization in
applying data processing techniques, and of formalization in metnods
fcr evaluation. The latter area is of particular interest today,
because current practice becomes relatively less adequate as infor-
mation systems deal increasingly withi more complex, integrated func-
tions. This manual will assume the follcwing general description:

+ Information System -- A set of interrelated rules and pro-
cedures for processing data irto information in order to get

or control action.

A substantial amount of empirical study is directed toward
performance measurement of computer ;ystems. Emphasis therein is
placed on speed of computer operatiors, throughput of the computer,
capacity utilization of processing components, and response time to
the user. These are useful in comp.aring alternative methods of
achieving given results or in assuring timeliness of output. Com-
puter specialists, such as system analysts and programmners, are
likely to appreciate and strive for improved performance in these

areas.l’ 4 5, 8

The customer of information processing services, however, is

more concerned wirh aunalitv of system output. Quality is related
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to accuracy of input, reliability of processirg, and appropriate-
ness of output: that is, insuring adequace, but not excessive,
reports according to need and the situation. The degree of detail
in output and frequency of reporting varies with, among cther
things, the level of activity being served. General classifica-
ticns of these levels ave shown in Table I-1. Various forms nf
management accision-making are requirzd by these levels of cctiv-
ity.7 Decision-oriented systems cormally include attributes of
several activity !.» 1<, especially thoce involving tactical and
operational aspects. The benefit parameters of computer-baced
systems ust be related to these functional activity descriptions
in order to:assess the effect of information on the behavior of
the customer, or system user. This latter acea is of major con-
cern because it relates to impact on management decision-maxing
and short range planning rather than the narrower horizon of com-
puter performance in gathering and manipulating data. This em-
phasis also offers greater challenge to analy’ze information system
effectiveness in light of dynamically changing personal and or-
ganizational requirements for information.

In this sense, information is defined as a response to user
demand that is timed and structured to be useful in decision-
making or control tasks (as opposed to an accumulation of facts,
or data). This suggests a neéd to isolate the results of deci=-
sions from associated input to decision-makers in order to deter-

mine the quality of information provided by the system.Q’ 3 6

Messeges which convey information. have :the following attri-

butes relative to the problem at hand:

« Timeliness
+ RAccuracy

« Relevancy

« Sufficiency
« Conciseness

+ Discovery

I-?
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The latter is particularly important because it assures that the
recipient learns sometning of which iie was uraware before receiv-
ing the message.

The results of studying and developing evaluation procedures
for existing information systems provile insight about assessing
the effectiveness of complex, multivariable situitions. Normally
an information system will include one or more of the processing
characteristics outlined in Table T-2. Study should iIndicate the
blend of characteristics existing or pianned which would satisfy
identified functiors and perform specific tasks. It should then
ke possible o extrapolate tnose resulcs to forecast the demend for
informaticn services and to propose the most effective and econom-

ical means of providing same.

A commonly recognized fault limiting the success of informa-
tion systems is the lack oI customer or user participation in the
definition of system requirements. These should be stated in a
formal document oriented to terminology and functions of the opera-
tional group to be sered. Tne customer should provide about half
of the effort in the analvsis and f{easibility phases which should
culminate in a customer approved report on requirements which in-
cludes: (See Appendix B for detail.)

+ Mission or problem statement
« System objectives
« Output and report definition
- Input description
« File definition
+ Controls and tests
Schedule constraints
+ Coct analysis
. Project plan

It is ussumed that the accuracy of the cost analysis and the
effecriveness of the project plan are assesscd bect during and im-
mediately after the development of the svstem. This set of user
rejuirements then becomes the primary sou ¢ for evaluatina effec-

: . 4, 10, 11
tiveness of information system operation.”™’ !

I-4
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Planning

Management

Communication

Data Base

Monitoring

Reference

Scientific

Table I-2
Processing Characteristics

Models to project and forecast based on historical
trends and estimates of the future. Normally re-
quires a representative sample data base rather
chan live operational data. Interactive mode of
operation is highly desirable.

Analysis of the utilization of resources by func=-
tional managers. Requires complete actual data.
Mode of operation is usually batch-oriented unless
decisions are related to short cycle period.

Transmission of messages among remote sites. Re-
quires proper dis:ribution of input without inter-
pretation or alteration of content. Normally re-
auires on-line processing with store and forward
capability.

Collection of ddata and storing in computer-based
files for future access to content or facts. Re=-
quires frequent, if not continuous, input of data
from a variety of sources. Normally requires on-
line inquiry mode for effective delivery of output.

Gathering and analysis of data from a specific pro-
cess or operation on a continual basis. Normally
involves on-line capturing of digital and/or analog
data and immediate feedback to control the opera-
tion,

Retrieval of documents or references thereto, ofcen
based on material stored in microfoim, technical
papers, and other media not computer=-compatible.
Initial reference is often accomplished by on-line
computer operation. Delivery of the desired input
is normally an off-line, batch oriented library
process.

Algorithm oriented processing related te calcuia-
tion for analysis or estimation of operational
data. Includes statistical and engineering cal-
culation. Processing is normally done in batch
node but input may be collectea on-line or ag-
gregated for subsequent processing.

I-5
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II. Preparation for an Evaluation Study

Purpose of Study

For an evaluation study to be successful, it is necessary
that management be willing to act upon recommendations of the
study finding. Also, it should be likely that resources to ef-
fect necessary changes will be available to implement any deci-

sions resulting from the evaluation.l’ 3

The persons authoirizing
the study and receiving the findings must have purview over the
system operation and the functional activities served by the sys-
tem. Motivation to assess system effectiveness generally stems

from:

Need to diagnose problems in an existing system (including
cost of operation).

Dissatisfaction expressed by users of a system.

Proposal to modify or revise a system.

Flans to implement a new system.

Scheduled event for auidit or evaluation.

In any case, the objectives of the evaluation study need to be
carefully delineated in order to assure that the analysis achieves
management purposes.

Evaluaticn should consider the expected life of the system
but, unlike some life cycle analvsis, the time value of costs and
benefits must be considered at /ppropriate rates of return.19
Particular attention should be given to identifying possible un=
intended benefits or sile effects rather than concentrating on
initial statements of objectives. A number of other considerations
are important to the success of such a study, namely:

-~ User involvement in che evaluation.

-- Written charje to the study team to clarify purpose and
organizational relatiorships.

-~ RAuthority {rom management with purview over full scope of
the systems.

-~ Timing the study for representative periods of activity.

IT-1
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~=- Review of documentation, but validate its accuracy and
completeness by us.  other sources.

-~ Review of prior evaluation or audit reports (By whom,
findings, resulting action?)

~- Avoid the study if it is motivated by coercion or if
management is indifferent.

-- Phrase reports in the language of ménagement, not system
terminology.

-~ Design the system initially to provide performance data
as a by-product of normal system operation.
Above @11, the need for evaluation should be apparent and follow=-
up action possible or the study is almost surely due .or the
archives.

Organization of the Study Team

Because of the diverse interests and broad implications of
most information systems, evaluation should be conducted by a team.
Representatives of major functional activities served by the sys-~
tem(s) and practitioners in data processing should be the principal
constituents. Consultants often supply objectivity and breadth of
experience to the study. Depending upon study emphasis and ob-
jectives, it may be desirable to include an accountant, an orga-
nizational behaviorist, or other specialists on the team. The
role of the system designer, development contractor, and computer
operations should be minimized to that of sources of evidence
rether than team members. In general, four or five people would

be assigned responsibility to conduct the study.S’ 5, 41

Leadership of the evaluation team should come from a con-
sultant or from an operational manager whose activities are
directly affected by the system. In either case, the individual
must have objectivity and also have sufficient influence to ini-
tiate short term improvements or changes during the study that
are proven necessary. A secretary or coordinator should be ap-
pointed to act as a repository for collected data and interviews,
to record notes and decisions, and tc prepare and disseminate re-
ports. The study leader normally arranges schedules and monitors

I1-2
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progress of the study. It is important for all members of the
team to establish and maintain rapport with functional management

requirements throughout the study.4l’ 44

Study Plan

C ce the objective, scope, and team membership have been de-
fined and published, it is possible to develop & study plan. The
major tasks to be completed in the study plan are discussed

briefly.sz’ 41, 47

Task 1l: Orientation. The first task is to indoctrinate both
management and the study team. Higher levels of management

must be oriented to the importance of system users, to the
current state of the art in computing, and to formal descrip-
tion of their functional responsibilities. The study team
needs to consider the boundaries of the system, policy con=
straints, and assumptions necessary to define the problems
and issues before them. Background of system requirements,
related prior studies, and existing performance standards
also help describhe the environment in which the evaluation
will be conducted. Particular attention should be given to
identification of existing base lines for performance and
18, 28, 40 If the latter are not
already established, they must be developed during Task 6.

measures of effectiveness.

Task 2: Selection of phases. The generalized procedure in

part III of this manual outlines a number of potential phases
for the study. Each phase must be considered to determine
its relevancy to the authorized study. The objectives of the
study and likely availability ol staff time and resources
will suggest the degree of detail for the study. For each
possible phase, sclection must be made according to the
Activity Levels (Table I-1) and Processing Characteristics
(Table 1-2) associated with the system(s) to be assessed.

Task 3: Selection of methods. For each phase that is deemed
appropriate for the stuly, there can be a variety of methods

II-3
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employed. In some steps, the comparison of costs among
alternatives can be nil or greater. Table II-1 summarizes
the most commonly used methods and issues related to them.
Cost considerations may eliminate a phase from the study or
suggest a more limited estimate of the situation. The ref=~
erences at the end of this section refer briefly to basic
concepts of system analysis. (See Table II-1). Further,
they provide some overview of the evaluation process and
examples of gaming and Delphi techniques. Both the latter
can be modified to assist analysis of highly subjective
areas and to minimize the bias resulting from orally ex-
pressed opinions. Each rejuires special skills to develop
and conduct investigation by the method.

Particular attention should be given to getting candid
responses in the various methods. Careful preparation of
managers for interviews may promote answers which reflect
how the system should work rather than how it does. Im-
promptu sessions tend to elicit normal reactions and measure
personal understanding rather than encouraging staff brief-

ings which reflect intent or composite views.

Task 4: Establishment of schedule and priorities. The cost/

benefit estimates for each phase will suggest relative pri-
orities.27 The number of personnel assigned to the study
team and the selected methods are the basis for developing a
pattern of investigation and analysis. Restrictions on time
to complete the evaluation will impact this pattern and,
perhaps, will necessitate revision of selected phases or
methods. A stuldy will normally be 4-7 weeks in duration.
Basic studies may rejuire only a week, but major systems
with ill~defined objectives may necessitate six months or

. 3 5
more of elapsed cime.”’

Task 5: Estimation of resource needs. Often the size of

the study team and authorized expenses are fixed. Thus, the
major resource to be identified is the demand for maragement

II-6
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and system user time. Sometimes either the complexity or
volume of study effort will require supplementary team
assignments. The proportion and timing of participation
by each team member should be ailocated to the proposed
schedule. Technical and support assistance, particularly
that related to selected methods, should also be included.

Task 6: Affirmation by maragement. It is important to re~

inforce management interest and to ensure their understanding
of the study. The objectives, time schedule, format, and
resource needs should be presented for review. Particular
attention must be given to the contacts and interactions
expected between the study team and operational management.
Groundwork is laid to overcome possible resistance to change
and anticipated personal conflicts. Agreement in advance of
the study proper identifies the groups that will be involved,
approves the study plan, and reaffirms the study team au-
thority.

Task 7: Conduct of phases. The conduct of each selected

phase is discussed in part {II. Instruments for collecting
data are designed; treatment of data is planned, and criteria
for analysis are designated. Data are gathered, aggregated
and stored using the various methods and sources. The study
team analyzes input and debriefing sessions are held to keep
management and team personn¢l aware of progress and interim
findings. The results of rach phase are documented as ex-
hibits to the final reporc.

Task 8: Dissemination of findings. Principal results of the

study should be reported to the affected management orally.
This may be done by meetings, talks, or highly visual pre-
sentations. A written follow-up should be presented by a
formal report, a series of mnemoranda, or other hard copy media.
The content should bc expreszed in management or user vernac=
ular and limited to important issues rejuiring attention.
Exhibits and background material should be maintained on file

II-7




}

o 4L 4 gne written report should contain:

by the study team.

-= General information

* Purpose and goals of evaluation

* Team composition

* Methods used

*  Timing

* RAreas assessed

* Summary of meetings and oral presentations
~-= Summary of findings

* Significant accomplishments

* Adverse performance areas

* Recommended action(s)
-- Management rebuttal or comment

== Study team rejoinder

Recurring Audits

Periodic evaluations should be conducted on the basis of
the expected system life, which is rarely longer than 3~5
years. Each study will determine the current effectiveness
of the system and predict its capability to handle expected
growth and change. In addition, the recurring audits wili
measure results of implementing recommendod action which stems
from pricr evaluation finding536 and will appraise the system
against alternative ways to support the same functional re-
quirements.
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IIT. CQCeneralized Evaluation Procedure

The evaluation of information systems involves six major
areas of study and analysis. The first three phases (Al-3) de-
scribe the organizational functicns performed at the various lev~
els of activity, the remaining three phases (Bl-3) relate to
identification and descriotion of the information system(s) which
serve these functions. An outline of the procedure follows:

A. Characterize the function served

1. Define Organization Mission
2. Describe F nctional Performance
3. Identify T .ternative Courses of Action

B. Assess the current state of the iniormation system

1. Define the system(s) charactaristics
2. Audit economics of the information system
3. Measur- information system activity

Each of these areas must be assessed as to its importance in
a given evaluation study. Thus, the actual study plan must be
tailored from the generalized procedures in order to achizve study
objectives. The contribution of each area must be considered in
light of the kind of system under study, the level(s) of activity
involved, and the methods of analysis to be employed. The Purpose
amplifies the contribution of this step to an evaluation study.
Circumstances under which the step would be appropriate are indi-
cated under Selection. Possible methods of investigation and sug-
gestions about Conduct of each facet of the study are also dis-
cussed at some length. Information for further study, charts and
reports produced in the step are described briefly in the Result
section.

A. Characterize the Function Served

1. Define Organization Mission. This is a clear statement cf

the mission and expected life of functions performed by the
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requirement.

a. Major Functions

+ Selection:

Characteristics

o T RS R R

Planning
Management

ML

Communication
Data Base
R=ference
Monitor
Scientific

corisensus

customer organization to accomplish the mission. The nature
of information services used and interactions with cther
groups in handling data are important parts of the description.
{ Particular attention should be given to identifying environ-
mental influences on the funccions performed. It is particu~
larly important to note changes in assumptions or requirements
which would obsolete documentation about a pertinent system

1 + Purpose: To explore the character and expected life
of functions performed by the customer organization.
Changes and trends in the functions performed should be
carefully noted, as these may not be reflected in the doc-
umentation on policy and procedures.

Relevant and necessar

Relcwunt and necessary

Not relevant

Relevant and necessary
Relevant and necessary
Possible for tactical activity
Relevant in some situations

Activity Levels =-- Strategic and tactical

Methods =-- Structured or depth interview; group

+ Conduct: The evaluation team meets upper management
for an overall orientation to the organization and its
goals. Major functional comj.onents of the organization and
the corresponding manag=ment personnel are identified.
Members of the evaluation team tiien conduct interviews with

managers i1t the tactical level, soliciting individual views



on the nature of each function and its expected life. A
structured interview should require from about half an
hour per manager to a maximum duration of one hour and a
haif. 7In open-ended depth interview would generally re-
quire at least half a day, preferably being conducted in
several sittings. If functions are not well defired or
established, it may be necessary to resolve subjective
opinions using more e¢laborate methods to develop a con-
sensus.

The evaluation team should meet at frequent inter-
vals Auring this interview phase to cross-check the func=-
tions served and their interrelationships. Inconsisten-
cies should be resolved by going back to the managers for
clarification. If key subfunctions are recognized at
this time, the evaluation team may then decide to include
subordinate managers in the interview procedure. Schedules
should bz modified accordingly.

Following is a checklist of qQuestions to guide the
evaluation in conducting the interview:

(1) What are the major functions in each area of

responsibility?

(2) How have these changed over the past several
years? (Use time frame of current information sys-
tems)

(3) What trends are anticipated in performance of
these functions?

(4) What is the expected life of each function

within the organization?

* Result: The evaluation team should reach general
agreement on the major functions performed by the organiza=-
tion so that the functional components of an information
flow diagram can be sketched as input to later steps.

b. Information Support Requireu or Provided

« Purpose: To examine the general nature of infcermation
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support required or provided in the course of performing
major functions.

« Selection:

Characteristics
Planning Relevant and necessary
Management Relevant and necessary
Communication Not reclevant
Data Base Relevanc and necessary
Reference Relevant and necessary
Monitor Advisable for tactical activity
Scientific Often relevant and advisable

Activity Levels =~ Stratesic anl tactical

Methods -- Structured interview, questionnaire, or

observation

+ Conduct: If possible, this should be investigated
during the process of defining user functions. The struc-
tured interview is preferred for this phase, with the fol-
lowing checklist of questions to guide the interviewer:

(1) Describe the activities which are dependent on

information service support to perform each function.

(2) Describe the activities which involve providing
information service support to other group(s).

(3) Describe the nature of each such information
service.

(a) Normal use of the service.

(b) Special uses of the service. Under what
conditions?

(¢) Schedule cof usage and correspondence to
events.,

(d) Consequences of failure.

(e) Required tor how lonj?

"In-basket" analysis is often useful in determining
interaction of information services. This entails observa-

tion of the coutent of material received and disseminated
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by a manager in order to determine the frequency and
nature of information from and provided to other groups.
Questionnaires may be utilized to conserve time and/or
expense.

* Result: The evaluation team should reach general
agreement on the information used in conjunction with
performance of functions. Major information flows should
be described in matrix or network format.

¢. Environmental Influences

* Purpose: To explore environmental influences on
groups within the organization; especially those restric-
tions which limit effective use of information support
services.

* Selection:

Characteristic
Planning Relevant and necessary
Management Relevant and necessary

Communication Sometimes relevant

Data Base Frequently relevant
Reference Frequencly relevant
Monitoring Relevant at tactical level
Scientific Frequently relevant

Activity Levels =-- Strategic, tactical and opera-
tional

Methods -~ Delphi study, questionnaire, depth inter-
view

+ Conduct: External influences should be elicited
during the process of defining user functions and informa-
tion support. Other methods involve substantial expense to
get more than cursory views. This phase deals with future
events and its speculative nature frequently necessitates a
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Delphi study. Since there is little precedent for deter-
mining effects of environmental factors, an open-ended
depth interview of specialists in several management and
staff areas is appropriate. A checklist of questions
follows:

(1) What external problems or restrictions limit ef=-
fective use of information and information systems?

T1echnology

Resources Available

Experience and Capability of Personnel

Market and Competition

Management Policy

Political and Governmental Issues

Economic Factors (GNP, employment, productivity,
price and wages)

Demographic and Social Factors

Public Incterest and Acceptance

(2) In reference to the above factors, what changes or
trends have altered use of information and information
systems in the recent past?

(3) What changes or trends are anticipated in the
foreseeable future?

(4) Alternatively, does use of informatior and/or in=
formation systems exert any positive or negative in-
fluence on thesc factors?

The evaluation team may also decide to seek expert
opirion from outside the organization to help weigh the
affect of environmental factors. This is especially
important in resolving controversial issues raised in

this step.

A questionnaire will generally be the most cost-
effective way to seek comprehensive opinions; although
a full Delphi study may be warranted in instances where
environmental factors play an unusually significant
rolc. Nuestions should follow the general interview
nutline, but should be tailored to emphasize coverage

of important arcas revealed in rarlier intervicws.
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+ Result: This phase should produce a clear state-
ment of environmental factors and their possible effects
on information usage.

2. Describe Functional Performance. The major tasks and se-

quences to perform functions are reviewed and developed into
a scenario of personnel interacting in activities which re-
quire use of information services, identifying the various
classifications of activity levels. Options and possible
events related to functional performance are recorded. The
nature of data flow and the intcractions among people are re-
viewed. Often it will be necessary to assimilate subjective
opinions about desired or actual performance. Operational
gaming can be developed to observe individual behavior toward
information when confronted with functional tasks and to in=-
struct in more effective methods of information use. Job
descriptions and procedures manuals are considered to the
degree that they prove accurate and current to actual prac-
tice.

a. Major Tasks and Sequence

« Purpose: To describe major tasks and activity se=-
quences for each function. These may be derived from those
functions identified in earl.er phases of rne study.

¢« Selection:

Characteristics
Planning Rarely relevant
Management Relevant and necessary
Communication Relevant for executicn and
3 operational levels
Data Base Relevant and necassary
Monitoriny Relevant; normally documented
Reference Sometimes relevant
Scientific Relevant; normally documented
II1-7
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Activity Levels -- Tactical, operational and
execution

Methods -- System documentation, interviews

¢+ Conduct: Any existing documentation on job descrip-
tions and standard procedures for performing repeated func-
tions should be collected and reviewed by the evaluation
team. Since it frequently does not reflec: antual practice,
it is also advisable to question informally managers as to
the relevance and accuracy of this documentation.

If there are strong indications that the documentation
does in fact deviate significantly from actual practice,
then interviews should be conducted in depth. Ccnversely,
if the documentation is felt to be relevant and accurate,
then the interview can be conducted as a verbal review of
the documentation, clarifying minor deviations from and
implications of the written procedures.

Followingy is a checklist of questions to guide the
evaluator in conducting the interview:

(1) Describe step by step the tasks which are per-

formed to support previously idertified functions.

(?) What events affect performance or sequence of
these tasks?

(3) What options are possible in performing these

tasks?

+ Result: A diagram or flow=-chart of the tasks per=-
formed in sequence should be developed tc accompany the
verbal descriptions elicited during interviews. External
events and internal options which affect task sequence
should be depicted as branch points on the diagram.

b. Scenario of Information Use

« Purpose: To review major tasks and procedures in

iight of requirements for information support. A scenario
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of information use in parforming tasks is developed.

At this point, we are still dealing conceptually with
"information support services" rather than with particular
"information systems". This is true because the user may
1 require several related reports prcduced by different sys-
tems in order to perform effectively a function. The user
may in fact be totally ignorant of which system is gener=-
L ating a specific output. Analysis should cover not only
the current use of information services, but potential use
as well.

+ Selection:

Characteristics

Planning rRelevant and necessary

Management Relevant and necessary
; Communication Often relevant and advisable
? Data Base Often relevant and advisable
| Monitoring Relevant and necessary for opera-
; tional, possibly tactical
é Reference Often relevant and advisable
E Scientific Relevant and necessary
';

Activity Levels =-- Strategic, tactical and opera-
tional

Methods =-- Open=-ended depth interview; gaming,
Delphi technique

+ Conduct: Existing documentation is not apt to be
helpful for this approach, and heavier reliance is there=-

fore placed on an open-cnded depth interview. A checklist
of questions follows:

(1) What specific use(s) arz made of information sup-
port services in performing each functional task?

(2) Wwhat additional use(s) could be made of each in=-
formation service in performing each task if minor
changes were made to the service?

III-9
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(3) Are there uses for which an information service
#as intended, but for which the service is unsuitable
or ineffective? What are the problems?

(4) Are there uses for which the information service
was not intended, but for which the service proves use-
ful in performing assigned tasks? What procedural
changes, if any, were made to take unforeseen advantage
of the service?

(5) What specific effects would failure of a support-
ing information service have on each task? Are there
backup sources of information? In what ways are these
backup sources inferior to the primary information
service?

(6) VUhat options are available in performing assigned
tasks? What are the possible outcomes of each task?

(7) What alternative courses of action are iafluenced

by available information support?

During analysis of interviews, the evaluation team is
apt to discover differences of opinion concerning the de-
sired or actual use of information support services. Such
differences may occur because of the diversity of functions
performed by user yroups or because of the varying breadth
of perspective associated with each management decision-
making level.

Depending on the criticality of the area in which a dif-
ference of opinion might occur and on the degree of polarity
of user views, the evaluation team may decide to utilize
more expensive operational ‘jaming techniocues and/or Delphi
techniques to attempt resolution cf subjective opinions.
Gaming techniques are generally more appropriate TO 2Ssess
personnel reactions and behavior under simulated situations.
Approaches assist in more consistent description of pre=-
scribed procedures for perform:ng tasks.

* Result: At the end of this step, an overall func-
tional diagram of the organization should be developed
which depicis major functions (primarily physical processes
such as production) and major information networks. The

III-10




diagram should be accompanied by a written scenario of
information use by each functional group. Both the diagram
and the scenario description serve as a reference point for
subsequent evaluation steps which reexamine information
service usage at a finer level of detail.

c. Forms of Data and Interactions Involved

* Purpose: To examine the nature of data supplied by
and provided to each function to support defined tasks.
Intervactions between groups in supplying and using informa-
tion are an important part of the description. The objec-
tive of this analysis is to be able to trace the flow of
each data element from its source to its ultimate use(s)
in performing functional tasks.

» Selection:

Characteristics
Planning Sometimes relevant
Management Relevant and necessary

Communication Relevant and necessary

Data Base Relevant and necessary
Reference Sometimes relevanv

Monitoring Relevant and necessary
Scientific Relevant and advisabhle

Levels =-- Strategic, tactical, operational, execution
Method -- Observation, interview, analysis of forms

*+ Conduct: Samples of the paperwork involved in col-
lecting, processiny and interpreting data should serve as
the basis for supplementary observation or structured
interviews. Examples of such paperwork are data prepara-
tion forms, computer printouts, hard-copy of cn-line trans-
actions, input media and report formats.
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If non-paper media (CRT, voice etc.) are used for col-
legtion and retrieval of data, then samples should be
transferred to a hard copy medium (picture of CRT or script
reduction of voice)s This will faéilitaté planning of the
"interviews to assess all such msterials jointly by the
.evaluation team and affected managers. As a minimum, mem-
bers of the evaluation team shouiq observe data collection
aqd re?rieval procedures first haﬁd in order to prepare

~notes as the basis for interviews.

In the process of-anaiyzing the forms, printouts, etc.
in detail and conducting interviews, the following should

be considered:
!

(1) Describe idencify briefly the data in functional
termms.

|
(2) 1Identify groups required to collect, analyze,
search, interpret and/or summarize data for functions
being reviewed.

(3) Identify groups which request the group under
study to collect, analyze, search, interpret or sum-
marize the data for their use.

(4) 'Describe groups which interact during effective

use of data.

Questions 2 and 3 serve:a véluable purpose in showing
ipterrelationships amony different groups. Omissions, dis-
crepandies and conflic;s can generally be resolved by
tracing data flow from fuuctional tasks back to the source.

* Result: The tangible output of this activity is a
set of matrices depicting the flow of data from the source,
through intermediate levels of activity, to the business
function(s) served. Such matrix models facilitate analysis
of the alternate paths of data from source to functions.
Specifically, the matrix may reveal (a) data which is being
collected but not used or (b) data‘which can arrive at a
business function through several, possibly redundant,
paths.
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3. Identify Alternative Courses of Action. For decision~
making and planning activity support, it will bz necessary to

identify the major decisions to be made and to describe pos-
sible alternative courses of action in terms of the functional
operations served. Then the information required to make a
choice among alternatives must be analyzed. Study of the de-
cisions involved must assess for each alternative:

a. Payoffs and consequences if selected.
b. Risk and utility of related course of action.
c. Probabilities of selection and success thereafter.

This is a particularly difficult and time consuming step.
It involves technical preparation in decision analysis and
skill in interpreting empirical utiiity estimates on the part
of the evaluation team. The system user must also exhibit
substantital patience and cooperation to derive full under-
standing and benefit.

a. Description of Alternatives in Func ‘onal Terms

* Purpose: To identify the kinds of decisions made
and activities controlled as part of task performance. For
each such Jdecision or activity, the available alternatives
are spelled out and described in operational teims.

« Selection:

Characteristics
Planning Relevant and necessary
Management Relevant and necessary
Data Base Relevent and advisable

Communication Rarely applicable

Monitoring Relevant and necessary
Reference Relevant and advisable
Scientific Sometimes relevant

Activity Levels: Strategic, tactical and opera-
tional
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Mcthod: Interview, analysis of documentation

« Conduct: The interview should be conducted within
the context of the just developed scenario of information
use. Nuestions 6 and 7 of the previous step are especially
pertinent and should serve as the basis for this interview.
Documentation may describe the programmed decisicns ade-
quately for operational systems. In this phase, the study
team enumerates a comprehensive list of the viable alter-
natives for eacn situation involving decisions about or
control over execution o. tasks. This should be done in
terminology characteristic to the function under study. A
checklist of quecstions follows:

(1) What are the major kinds of decisions made or

activities controlled? Relate these to task per-
formance.

(2) ¢hat viable options and alternatives are avail-
able for each decision or activity?

(3) that possible events and parameters influence

selection of an option or alternative course of

action?

« Roesult: A list of alternative courses of action for
each decision or point of control related to specific tasks
Each should be discussed in terms of the variables which
influence seliection of the alternative.

b. Information Required

Purpose: To describe the specific information re-
auired to seleat each identificd alternative.

« Selection.

Characteristics
Plarning Relcvant and necessary
Management Relevant and necessary

Communication Normally relevant
Daca Base Normally relevant
Monitoriny i'mrmally well-defined
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Reference Sometimes relevant; expensive
Scientific Sometimes relevant

Activity Levels: Strategic, tactical, operational
Method: Interview, observation, gaming

+ Conduct: The interviews snould be conducted as an
item by item review of alternatives. Determination of all
the information required to choose an alternative may cake
considerable prodding and skillful questioning on the part
of the interviewer. Situational gaming, in the form of
posing hypothetical decision situations to the manager, and
observing reactions, is often useful in discovering and
verifying vhat information is actually needed. Actual per-
formance can also be observed by "in basket" or activity
sampling techniques. The care and patience which must be
exercised in this procedure make the activity time=-consuming
and therefore expensive.

The default option, appropriate when insufficient in-
formation is available, is an important part of this anal-
ysis. The default option takes the form of maintaining
the status quo or postponing positive action until neces=-
sary information is available. Such passive alternacives
should be considered as viable options for the decision
alony withh all positive actions.

Followiny is a checklicst of questions to guide the
intervicwer:

(1) What irformation is necessary before selecting
each alternative?

(?) What is the role of information in increasing or
decreazing the probability of success for each alter-
native?

(3) %Yould more or less detailed, accurate, timelv,
r¢levant, or reliable information alter your decision?
What are the upper and lover limits for each factor
which would leave the decision unaltered?

III-15



——yr

L wge et ww ow ameii e

(4) At what point is decision or control action

taken no matter what additional information is re-

ceived?

*+ Result: Faets elicited in this investir,ation should
be summarized in tabular form, clearly depicting the alter-
natives available for each decision and the information re-
auiremonts for eacnh. Diagrams such as decision trees show=-
ing sequences of decisions and all possible paths for
alternatives, are useful outputs at this stage. Subsequent
steps cover identification and further definition of the
branches and options identifi~d.

c. Goals anl Consequences of Alternatives

* Purpose: To identify all possible outcomes of each
alternative in terms of both the effects and consequences

that may result if the alternative is sclected and imple-
mented.

+ SCelcction:
Characteristics

Planning Relevant and necessary
tanagement Relevant anil necessavy
Communication Rarely applicable

Data Bsse Sometimes relevant

Monitoring Desirable for constrained area
Reference rarely applicable; expensive
Scientiric Sometimes relevant and aJdvisable

Activity Levels: Strategic, tactical and opera=-
tional
Method: Interview, Delphi techniques
+ Conduct: The intervicw in this phase builds upon
and amplifices the vesults of tvhe previous two steps.
Again, this step is time-consuming and patience is needed
to gct accurate arnd comprehensive results. Delphi may be
required to predict possible consequences of important
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decisions for which the organization has little or no
precedent or where subjective estimates vary widely. Tac-
tical managers within the organization and, possibly, out-
side experts should pe included in such a Delphi study.

Following is a checklist of questions to guide the
evaluator during the interview. These same questions can
serve as the basis for a Delphi study, however they should
be directed to specific issues and situations for this pur-
pose.

(1) What goal(s) is associated with each alternative
under consideration?

{2) What other effects or consequences may result if
each alternative is attained? How are these possibil-
ities affected by events over which you have no con-
trol?

(3) What is the source of determining the likely ouc-
come(s) of applying an alternative? (If subjective, a
Delphi study is suggested.)

+ Result: The findings of this phase should be in-
corporated with the results of the previous steps into the
decision tree diayrams which were roughly stated in step
A3b. They should iniicate all feasible outcomes from se-
lection of cach possible course of action. The decision
tree should indicate the sequence of decisions involved in
performiny a task. Branch points or nodes should clearly
differentiate management alternatives from chance or ex-

ternal influences.,
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B. Assess the Current State of the Information System

1. Define the System Characteristics

The goals and functions of each system affecting an operation-
al activity area should be reviewed, noting carefully the changes
in purpose or benefits derived in comparison to earlier documenta-
tion. A scenario should be developed to describe activities of
various groups interacting with and using the system. Paramecers
to measure the system effects on its usere and criteria of satis-
factory performance should be developei. This m3y again entail the
transformation of subjective opinions into tangible measures.

The degree o wnich expected benefits are realized will depend
greatly on the user role in development, project team discipline,
and realistic planningy. The evaluction team should not be surprised
that serendipity often provides unintended benefits or shifts in
utilization which drastically alter the worth or objectives of an

existing system.

As an important adjunct to this evaluation phase, the adequacy
of computer system periormance should be assessed in light of the
enhancement ov detraction [rom attaining system goals. The com=-
puting environment including standards, controls, security, and

personnel Jqualificetions, is also a strong influence.

a. System Goals and Functions Served

* Purpose: To raview system goals and relate the sys-
tem to the orjanizational functions served. Emphasis is
placed on listinguishing both intended goals an! the actual
current use to which the system is beinj put.

+ Selection:

Characteristics
Plenning Relevant and necessary
Management Rellevant and necessary
Communication Relevent and necessary
Data Rase Rzlevant and necessary
III-1%3




Reference Relevant and necessary
Monitor Relevant and necessary
Scientific Relevant and necessary

Activity Levels -~ Strategic, tactical, operational
{ and execution

Methods -- System documentation, interviews

+ Conduct: Existing system documentation should be
examined to determine tne stated goals and the functions

P

each was intended to serve. The evaluation team should as-
sess tTie accuracy aund currency of system documentation.

‘ Stated goals are very likely to have been supplanted by

new ones, either formally or informally.

Information support services should be reviewed in
detail (part A2) and the role of specific systems in pro-
viding each service should be clearly delineated. The
interdependencies among systems necessary to provide ef=-
fective service should also be noted at this point.

The interview is a useful technijue for assessing
the changes in purpose of or bencfits expected from a sys-
tem in comparison to earlier documentation. Followiny is
a checklist of questions to juide the interviewer:

(1) %hat information system(s) provide necessary
support services?

(2) “hat is the current status of each system and
how dces this af “oct your assessment?

(o) Newly inscalled?
(b) Fully operational? For how long?
‘ (¢) Unler vevision?
f (3) that techalcal, cconomic and operational benefits?
4
£
i a) vere expected from the system?
1) Heve been realizei! by Lhe system?
¢) Are still ant:icipated for the system?
{ (4) ‘“hat problems limit tle e{iecctiveness of each
syscem?
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(5) that is the expected useful life of the system?

(a) Could system modifications extend or
shrink the useful 1ifz? Specify.
(b) Could envircnmental changes extend or
shrink the useful life? Specify.

(6) that growth in emphasis, use, tr2-cactions, and/

or files can be anticipated?

+ Result: This phase of the analysis should result in
a basic unlerstaniling of the relationshin between functional
requirenercs and information systems. All clhianges in func-
tional reluirements, evolution in use, and modifications to
systems should be axplicitly documented. Finally, systems
should be essessed according to their ability to fulfill
current ond future neels for information support.

b. Scenacio ol System Use

« Purposc: To develop @ written description of actual
interaccion among user groups and the systen. This will
incluie operational “iescription of system use, efiects of
the system on users, satisfaction of users, and impact of

the output on decisioris or control of activity.
+ Sclection

Characteristics

Planning Relevant ani necessary
Management Relevant and necessary
Communication Relevant, usually simple pattern
vata Brse Relevant and necessery
Reference Relevant and necessary
Monitor Usually implicit in documentation
Scientific Relevant ond Jesirable

Activity Levels -- Strategic, tactical, operational,

execition
liethod == Unstruscturel intevvieu; observation; gaming
IIT-20
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+ Conduct: The scenario description of information
system usage should be obtained primsrily through unstruc-
tured interviews of system users combined with direct ob-
servetion of system operation.

Results of the previous phase, matching systems with
the information support services they provide, shoull be in
hand during development of the scenario of information sys=-
tem usage. This will help to insure thet variations in
system usage will be inclulded in the scenario description.
Situaticnal descriptions can be used to supplement knowledge
of procedures by using operaticnal geming techniques. Re-
actions to these situations can be morc authentic when pre-
sented in en impromptu fashion. In-basket analysis can
give a picture of ¢ctual dnta flows and can serve as the
besis for observation of system users under controlled,
simulated conditions.

Following is a checklist of Questions to quide the
interviewer and to direct ettention to important observa-

tions during simulation of system usage.

(1) that is tne nature of interaction with the system?

(a) UWhat means of occess cr communication?
(b) Describe Forms of input end output?

(2) Vnen to you use eacl. system?

(=) How frejuently?
(b) Under what conditions?
(¢) What ave the restrictions on use?
(3) How arc bosic functions performed?
(a) Describe procedurcs for creating, modifying
cnd acressing files.
(b) Describe responsibilities for error covrection
anl verification of -lata inputs.
(c) Describe eiforcs to interpret and analyze sys-
tem outputs.
{(4) Uhat is the purpose of the system?
Contraiet vavious views of purpose among functional

users with the formelly st-ted objectives eénd goals.
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Differentiate the gonls at various levels of manage-

ment and activity.

+ Result: This phase of the analysis should result
in a written description of actual system usage in scenario
form. It should include all sigynificant vsvistions of ex-
pected usage which provide different informetion support
services. This scencrio is contrasted with system docu-
mentation to produce 8 summary of variances between curront

and intendcel system function.
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c. System Evaluation Measures and Criteria

Pnrpose: To define quantitative measures and
criteria useinl for system eveluation. The criteria shonld
indicate thireshold levels of satisfactory system pcerfor-
mance. Subjective opinions must be translated into tangible
measures or eifectiveness. Preferebly, this step should in-
volve only uplating ol measures identified during system

desi‘n.

+ Selection:

[ Characteristics

} Planningy Normally relevant and advisable
Management Relevart and necussary

E Communication Possitly relevant

E Data Base Relevant and lesirable

? Reference Relevant and desirable

| Monitor Felevant and necessary

E Scientific Possibly relevant

Activity Levels =-- Strateyic, tactical, operational
and execution

dMethols -- Unstructured interview; Delphi; analysis
ani gaming based on scenario; accounting and performance

recorlds.

« Conduct: The evaluation team should start this
program phace by reviewing system goals and proposed meth-
ods of measuring in order to assess these in light of the
functions served ani information support rejuire:!l. Gen-
eral goals must be refined to specific objectives which

make clear what constitutes satisfactory system perfor-

‘ mance. Typically, this involves identifyirg critical
paramecers ol the system and speciiying the levels to be
attained lor satisfactory performance. This step is ex-
tremely Jiflicult and time-consuming if objectives and
measurenent of projress were not articulated in tne ini-

tial desiqn.
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A measure of effectiveness (MOE) is generally an
operational factor which is expected to vary directly with
information system(s) effects. Functional performance
ratios are frequently jood candidates for such measures.
For example, a production control system might use the pro-
portion of indirect to direct employees as an MOE. Of real
interest is the percent or dollar value of improvement
which can be acttributed to the informetion system. In order
to isolate system effects, it will be necessary to review
historical data on operations under varied conditions and
processing methods. Where possible, the factors analyzed
she1ld be also usel for operational purposes in order to
reduce bias in the statement of tenefits derived [rom the

syston.

User opinions of the technical, economic and opers-
tional benefits expected from & system, Jdeveloped ecrlier,
are valuable inputs in the formvlation of a MOE. In the
absence of well Jdefined measurcs, gencral concensus among
users concerning an expected benefit shiould be emphasized
in formlation of o MOE. Normelly, careful delineation of
en expected benefit will maeke evident a corresponiing MOE.
1f a wide disparity of opinions exists among users concern-
ing exnmected benefits, the Delphi technique may prove to be
uscful for reachiing concensus. The Delphi technique may
also prove usclui in orderinyj and compacting an initial set
of possible MOEs. oeveral members of such a set may cor-
relate so highly that only one of the measures need be re-
toined. Care must be taken to diiferentiate the desired

bene”its at various levels of management and/or activity.

In some cases, historical data can be used to perform
a reqression analysis in ordcr to determine tiie contribution

of various factors to system success. Often the operational

paramoters nsel Co measure improvel performance relate to
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normelly kept statistics. In many cases, the parameters
can be cipressed in terms of dollars by nsing accounting
practice already cstablished.

Structure is given to the interview through use of a
predeternined list of general performence factors. The
list includes factors most frejuently significant in a
variety of functions, and the user may choose to define ad-
ditional ones of unique concern in a particular application.

his set is useiul in comporiny views of a system from
varied sources and in comparing difflerent systems.

For ecach factor, the user is asked to rate his dayree.
of concern in using the system over impact on operations,
and actual or anticipated performance by the system.
Ratings are subjectively weighted at one of fivo levels

as follows:

teight Degrce of Concern
4 Critical or major
3 Special attenticn necessary
2 Desirable, stanlard approaches a-izuate
1 llot considere:
0 Insignificanc
Weitht Actual or Anticipated Performsnce
4 Nov:bly etrfeccive
5 LYoticsfactovy; improvement possible
Eifects not iiscernable
1 Aanoyiny; improvement desirable
( Detrimental; correction of serinus flaws

e lacory

Followiny is tle list ol generel pecformance factors
to ve rate’ in Table III-l.

I
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27.
28,
29,
30.

TABLE III-1

Output rotention eni distribution -

'Schedule restrittions

' PERFORMANCE CONSIDERATIONS

| . Concern
Weight

Performance

Gathering and recording data
Accuracy ani verification of input
Editing and'encod§ng of data

Trgnsaction {low characteristics and
grovtn potoential '

Mutuol Jependence of users 'and files
- ,

File size and growth potential
Retention and intejvity of files
Compatibility of dats among systems

Duplication of effort or records

Response time

Interaction or intervention during
processinj |

. Accessibility @nl ease of use \

Bzgroluet use of data

Format vaviabil%ty in output [
—

Reproducible results i :

'

Comn.nic tion amony user locations

Comparisou amony trials

Statistizal malyses |
' Content retrieval

Skill of ude an progromudng

Independence of hnrdware/soit@are

Control over operation of system

Flexibility, in c¢hanging parameters
or proce lures ‘ ' :

Manual eifort reduaction
Tlulﬂln% 1§4UL1e1

Anclysis n7 system activity
Reliabilicty #ni backup
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» Result: This phase of the analysis should provide
a set of measures of effectiveness which reflect the true
objectives of the system. Some effort should be malie to
minimize this set by eliminating redundont MOEs. A level
of achievement should be established for each MOE which
is the minimum rejuired to achieve "satisfactory" system
performance. Alsc, 8 compens~tory objective function may
be established to relate the various paraueters.

A description of chosen MOE, methods for measurement
and analysis, and factors influencing the choice of a MOE
should be included in a8 formel report. This report should
be reviewed and explicitly approved by management author-
izing the evaluation study.

d. Computer System Performance

« Purpose: To assess the role of ~omputer performance
faccors in influencing tiie effectiveness of the system.

Each performance factor must be considered relative to its

potential impact on operstions. For this reason, the deyree

of onerationsl corcern over each factor must be essessed as

well os actual computer system performance for each.
« Selection:
Charecteristics

Planniny Sometimes irelevant
Mana yement Sometimes relevant

Communication Relecvant anld necessary

Data Base Relevent and necessAary
Relervence Often relevant

Monitor Relevant and necessary
Scientific O%ten relevant and advisable

Antivity Levels == Operational, execution

Methods == Structured interview, analysis of system

ant depertment lotumentation.
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+ Conduct: At this phase, operational limitations
or charac=eristics caused by the computer system are
analyzcd. Taus, the environment in which the information
system must work is characterized and contrasted with ex-
pected or desired siturtions. This normelly consists of
reviewingy and updeating Jdepsrtment and system <Jdocumentation.

In addition to subjective estimation of performence
factors, actual measurement of certain highly Qquantitative
factors is often feasible ot very little expense. In many
cases, thc system itself will have facilities for expedit-
ing its own performance measurement. Performsnce factors
like response time, file size anZ growth, and reliability
are exccptionally good candidates for this sort of treat-
ment.

The particular items related to computer system per-
formante whicn shnuld be recoried are outlined in Appendix
C. Emph~sis should be on estimates and exicting date

related to use end operc~tion of the information system.

« Result: A sumaary of computer performance findings
which limit system ecifectiveness should be incluiled in @
formz1 report; perhaps the same report as discussed in the
previous section, System Evaluation Measures &nd Criterica.
This report siiould highlight the notably effective par-
fornonce 7actors i1, the system 7s well as problem arcas.
System problems should be discussed 1o relatioan to their
egresi ey ef fects on performance in operaticnal areas.
Sugyestord eomputer system chan~es and their anticipated
bene; its should also be reporteld. Details identificd in
thic nrea ciiould be used to uplate existing docamentstion
¢bout orjanizat.on anl computer system utilization. The
imprcssions ani {celings about the system will be verified
later in the phese relateld to sctunl measirement »f ac-

tivitv.
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2. Audit Economics of the Information System

Using standard job and task definitions, the initial in-
vestment in the system is assessed and then reviewed in light
of revisions implemented and planned. Both operating expenses
of the system, including programming maintenance and user in-
volvement time, and operating savings are audited. Where
possible, the results are compared to prior operations or
alternative methods. To the extent accounting procedures al-
low, resultant changes in performance are translated to vari=-
ances in expense dollars.

a. Investment

* Purpose: To evaluate the fixed development: cost of
each system. This must include the initial investment as
well as all subsequent costs incurred for refinements a.d
additions to the system. It presumes that standard job
and task definitions exist in the organization conducting
the study.

« Selection:

Characteristics
Planning Relevant and necessary
Management Relevant and necessary

Communication Relevant and necessary

Data Base Relevant and necessary
Reference Relevant and necessary
Monitor Relevant and necess2ry
Sciantific Relevant and necessary

Activity Levels -~ Strategic, tactical, operational,
execution
+ Method =- Accor.ting and project management records

+ Conduct: Records dating back to the initial stages
of systems analysis and design should be collected for this
phase of the analysis. Considering both data processing
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and customer or user commitments, the initial investment
in the system should be calculated, taking explicit ac-
count of the following aspects in the development of each
system:

(1) Systems Analysis

Definition of system objectives; feasibility
study; user rejuirements.

(2) Systems Design

Specifications for programs, procedures, file
structures, input and output report content, algo-
rithms and models; flow charts and decision tables;
programming conventions and standards.

(3) Programs

Coding or acjuisition of compute pror~rams in
operational status.

i (4) Testing

Verification that software and hardware performs
according to specifications and rejuirements.

(5) Conversion
Operational changeover of files and procedures.
(6) Documentation
User manuals, program descriptions.
1 (7) Hardware additions
New hardware necessary to support the system.
{ (8) Planning, orientation and education

Indoctrination of users and operators in ef-
fective system use.

(9) Overhead

Proiect management, administrative support and
personnel services.

o

In scme cases, it may be necessary to distribute
these costs ove. several systems. For example, new
hardware or a newly converted common file may serve
several systems and overhead costs must be prorated
among the systems.

Costs incurred in these areas subsequent to initial
system development should also be obtained from accounting
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records. Care must be taken, however, to account

for the time value of money by discounting all costs
back to a standard time period--generally the period
during which the original system development activity
was begun. The interest rate to be used for this

cash discounting is a matter of corporate policy.

Fixed system costs can then be spread over the entire
expected life of the system, facilitating consideration
of the original investment with operating costs and
savings.

* Result: This phase of the analysis should yield a
summayy statement of all costs incurred in the investment
in each system. By expressing these in terms of well=-
defined major tasks and jobs, it is possible to compare the
effectiveness of development amony systems and to plan more
effectively for future development.

b. Operating expenses

+ Purpose: To evaluate the recurring expenses asso-
ciated with system operations. All expense levels should
be measured for a standard accounting period.

+ Selection:

Characteristics
Planning Relevant and necessary
Management Relevant and necessary
Communication Relevant and necessary
Data Base Relevant and necessary
Reference Relevant and necessary
Monitor Relevant and necessary
Scientific Relevant and necessary

Activity Levels =-- Strategic, tactical, operational,
execution

+ Method -- Bcocounting and functional activity records

+ Conduct: Financial data and activity reports from

ITT-31



—

recent accounting pericds should be collected for this
phase of the analysis. Using standard job and task def-
initions, operating expenses for the period should be
calculated taking explicit account of the following areas:

(1) Personnel
(a) Operations
Supervision, clerical, equipment operators
(b) Maintenance of system

Preventive and corrective hardware mainte-
nance; corrective software maintenance; operating
system improvement.

(c) User involvement

Time spent by user in preparing and editing
inputs, collecting and interpreting outpurs.

(2) Supplies

Forms, cards, tapes, paper, etc.
(3) Ejuipment

Hardware rental charges or amortized cost.
(4) Software

Cost of using software, generally based on utiliza-
tion of scarce resources

(5) External services

Programming, consulting, communications, time
sharing etc.

(6) Overhead

Ongoing costs for operations management, adminis-
trative support and personnel services.

The apove expenses should be sampled in several
recent accounting periods, noting variations due to en-
vironmental and system changes. Additionally, there may
be variations due to seasonal factors in system usage
which must be considered in the sampling plan. Care
must be taken in this phase of the analysis to distin-
guish normal on-going costs from intermittent costs.
Large intermittent custs which occur by chance in the
accounting periods under study could invalidate the
analysis if not distributed over time to give a fair
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picture. Particular attention must be given to ap-
portioniny costs consistently among systems for items
that are shared. For example, costs of running and
maintaining an operating system must be rationally
apportioned among systems for various time periods.

+ Result: A report on actual expenses is the basis
for estimating the financial worth and life of the system
in question. The investment in the system, allocated over
the system life earlier, can then be combined with oper-
ating expenses to form a total tost statement for each
system. Further analysis of the costs involved in system
operations can be a worthwhile venture, often revealing
which areas offer the greatest potential for cost reduc-
tions.

c. Operating savings

« Purpose: To identify the improvements in cost of
or benefits from system operation. The savings are ex=-
pressed in terms of cost reduction for similar services
or of improved services for a lesser increment of cost.

« Selection:

Characteristics
Planning Not relevant
Management Perhaps relevant

Communication Relevant and necessary

Data Base Relevant and desirable
Reference Difficult to define

Monitor Relevant and necessary
Scientific Relevant and advisable

Activity levels -- Operational and execution, often
tactical, rarely strategic.

Method -- Accounting and functional activity wrecords.

« Conduct: Records may support direct comparison of
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alternative ways to provide similar services or to com=-
pare performance before and after systom changes. If ac-
counting and controller oftices have agreed upon the
measures of effectiveness derived earlier, it should be
possible to ascribe c¢,llar value to changes in these
functional parameters. This normally entails negotiation
of the amount of savings or benefits which can be attri-
buted to system improvements alone. For instance, a re=-
duction in personnel turnover or of inventory level may
be aided by better information service, but is normally
also affected by other variables.

Again, standard definitions of tasks, jobs, or costs
and consistent application of procedures is necessary for
meaningful cost/savings comparison for a system. The ef-~
fects of different systems cannot be compared unless sub-
stantial disciplin. is achieved in defining and recording
operational data relaced to costs.

+ Result: For those systems which afford assessment
of savings, the return on investment in the system can be
calculated for its estimated life. Decisions can be made
about continuing operation, redesign, or replacement of
the system.
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3. Measure Information System Activity. In this phase, all
tangible evaluation factors should bs measured to assess actual

versus expected performance. This would involve comparison of
ratios related to expected resource use and benefit achievement
over several time periods. Analysis of activity should include
observations as well as statistics recorded by the system it~
self. Accuracy of input should be verified and related to
earlier subjective views of confidence in output. Particular
attention should be given to determining the sensitivity of
system output to changes in input from either the function
served or the environment of the system. Statistics should be
analyzed on various aspects of system use and growth to verify
both projections and subjective opinion. A single system must
be placed in context with related systems and functions served.
The growing trend to broaden perspective and to integrate more
areas suggests that a system will normally impact others, either
with demands and side effects or with added benefits recognized
elsewhere. If so, the audit should include those credits or
debits for the system being evaluated.

a. Accuracy and Control over Input

« Purpose: To assess accuracy of input data and ef-
fectiveness of controls over data gathering, transcription
or encoding, transmission, and editing. A description of
the linkages between data sources and reports or listings
for various functions will also be developed. Included are
counts of transaction or message activity and structure or
format of the different types of input.

« Selection:

Characteristics
Planning Relevant to consistent and
representative samples over
time
Management Relevant, but may have trade-
offs with timeliness and/or
cost
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Communication Relevant and necessary

Data Base Relevant and necessary for
operational, possible
tactical

Reference Relevant; usually a problem
of completeness

Monitor Relevant and necessary

Scientific Relevant and advisable

Activity Levels -~ Tactical, operational, and
execution

Methods -- Work sampling, procedure analysis, matrix
or graphical description; hardware and/or software moni=-
tors.

+ Conduct: Work measurement methods can be used to
determine the amount of effort expended by users in pre-
paring inputs, verifying entries, and making corrections.
Work sampling procedures can be used extensively to deter-
mine the volume and nature of input, including proportion
by type and frequency of errors. Traditional statistical
methods can be used to determine factors such as required
sample size or confidence limits. Integrated Procedures
Control (IPC), outlined by Richardson in reference 38 of
chapter II, provides methods for systematic collection of
pertinent facts regarding inputs, outputs, files and
transactions involving these. Use of IPC facilitates sub=-
sequent analysis of data forms by standardizing data collec-
tion procedures and allowing summaries of facts regarding
data forms to be prepared in a variety of ways.

Input/output charts provide a visual portrayal of sys=
tem inputs and their relationships to reports or input to
other systems. Expansions of this concept show the rela-
tionships between data elements at source, in messages, in
files, and in outputs while indicating frequency of use and
both the size and means of transmission. Matrix models de=
picting data paths from input sources to output functions
can be used to study the flow of data through the system.
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This analysis may reveal alternative paths which can be
used to audit or validate transactions within the systen
relative to inputs. Alternatively, analysis may reveal
redundant processing, in which case certain input sources
may be eliminated. The relationships among activities and
data flow may also be shown by graphic methods. (See
Table II=l.)

* Result: The volumes and descriptions of all types
of inputs are recorded and the nature and frequency of
errors, including omitted and faulty transactions, are
indicated. This can then serve as the basis for a data
flow analysis which shows the effectiveness of gathering
and controlling input and the relationship to output.
This phase results in a formal representation of data
flows and estimates of the accuracy, cost, and timeliness
of data available to various functions or other systems.

b. Performance Versus Expected Benefits

* Purpose: To determine the accomplishment of the
system with regard to the criteria and measures of effec-
tiveness established earlier. The effects of each system
are assessed to develop both qualitative and Quantitative
estimates of the level of attainment of each M.O.E.

+ Selection:

Characteristics
Planning Relevant, but effects may be
ill-defined
Management Relevant and necessacy

Communication Relevant and desirable

Data Base keievant and desirable
Reference Relevant and desirable
Monitor Relevant and necessary
Scientific Relevant and desirable

Activity Levels =- Strategic, tactical, operational,
execution
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Methods =- Observation; accounting &nd operational
records; structured interview

* Conduct: The very nature of each MOE will limit
the selection of measuring methods and the evaluation
team will need to carefully weigh the cost of measuring
to determine appropriate methods. Least cost is associated
with results generated as by=-products of normal operation.
Records already kept by the organization often contain the
information needed for MOE calculations. In many in-
stances, these are records generated and maintained by the
information system itself. Again, the use of statistical
analysis allows control over the accuracy and precision of
the measurement process.

Occasionally, the evaluation team will need to ob=
serve operations first-hand in order to evaluate measures
of effectiveness. Thi 1 be a time=-consuming and costly
project. If such custs are high, and no alternative means
of measurement are feasible, then the value of the MOE
should be reconsidered. A related parameter may be found
which is more amenable to measurement. Hardware and soft-
ware monitoring and measuring devices may be useful at this
stage for systems geared to the operational control and
functional execution activity levels.

Structured interviews may be used to rate the merit
of the system in relation to specific functional parameters
or objectives. This approach is necessitated when objec=-
tives or MOEs are ill-defined, or not quantifiable, and
when measurement is excessively expensive, difficult or
erratic.

+ Result: The level of attainment reached for each
expected benefit should be compared over different time
periods for trends and against criteria for achievement
success. The report shoulu also describe any special con=
ditions or extenuating circumstances which make the
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measurement results suspect, including accurdacy or pre-
cision of measurements and subjective bias. Finally, the
report should contain a summary view of system success
relative to critical parameters and/or a net judgment
based on weighted qualitative and quantitative factors.

c. Actual Versus Expected Resource Requirements

Purpose: To compare actual resource requirements
with those expected and defined during planning and de-
velopment. Much of this analysis follows from economic
analysis of investment and operating costs in relation to
those budgeted or advertised. In addition to the cost
items mentioned earlier, special attention must be given
to computer capacity or time utilized and to personnel
skill levels needed. File storage, software, communica-
tions, and personn~l effort are frequent offenders at de-
manding more capability than c¢xpected.

Selection

Characteristics
Planning Relevant and necessary
Management Relevant and necessary
Communication Relevant and necessary
Data Base Relevant and necessary
Referernce Relevant and necessary
Monitor Relevant and necessary
Scientific Relevant and necessary

Activity Levels -~ Strategic, tactical, operational
and execution

¥ -hods =- Observation; project management, opera=
tiona. and accounting records; feasibility studies,
project authorizations and budgets; hardwave and soft-

ware monitors.
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* Conduct: Ratios should be developed for all kinds
of resources expended during both the development operation
of the system. For system development, typical ratios
would involve resource requirements for manpower and cap-
ital. For manpower .requirements it is useful to consider
resources at various skill levels such as clerical, pro-
grammer, and systems analyst for various specific tasks.
The ratios of actual usage to planned usage of these per-
sonnel resources will help to facilitate planning of
personnel rejuirements for future systems work if the
tasks are sufficiently described and standardized.

Resource requirement ratios for the operation of a
system should not be limited to those applied to run the
system, such as'manpower and supplieé. Resources internal
to the system should also'be considered relative to the
hardware and software capability absorbed by each system.
Examplbs are capacity utilization. of mass storage, CPU
time and peripheral or I/O;devices.

To measurelthe current utilization of computer re-
sources, a variety of hardware and softw~:ze monitoring
tools are available. These tools ar. especially useful
for measurement of time or capacity. The system itself
will often provide outpu-s which indicate the current
level of dtilization of 'such resources.

Information regarding actual utilization of personnel,
consumables and éapital can be found in project management,
operational and accounting records. Where these are not
available, it may be cost justified to observe system per-
formance to measure critical resource utilization.

Comparison is impossible unless target or budgeted
requirements are documented by manayement and changes in
needs are carefully included. These records must be spe-

cific about weli-defined tasks and activity to be meaning-
ful.
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« Result: This phase of the procedure produces a
documented comparison of planned resource requirements
with actual resource utilization. These comparisons are
normally expressed in terms of ratios which indicate the
relative level of performance. These statistics should
be gathered for different time periods to assess trends.
Care should be taken in interpreting needs during transi-
tional periods, such as installation.

For ratios of significant resources which indicate
unusual variance from norms, the team should report steps
taken to find r2asons for the discrepancy. Frequently,
changes in original objectives or specifications have not
been factored into the expected resource requirements.

d. Sensitivity of System Qutput

* Purpose: To determine the effect of variations in
data input or assumed environment on the success of the
system. The sensitivity analysis determines the likely
magnitude and character of changes in system output and
their subsequent impact on user behavior. These changes
may result from normal fluctuation of input values, from
input error, from suppression or filtering of input, from
changes in source, from time period inconsistencies, from
system alteration, and from changes in the functlonal or
system environment.

Depending on the expectation for variation in these
areas, the ability of the system to adapt to change may be
a highly desirable or even necessary asset. On the other
hand, wide variations of input may have no significant
effect on user performance or selection of alternatives.
The latter suggests that the system imay have little value
for anything other than execution and some operational

activities.
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e Selection:

Characteristics

Planning Relevant and advisable
Masagement Relevant and necessary
Communication Rarely relevant

Data Base Relevant and advisable
Reference Relevant and advisable
Monitor Relevant and usually necesSary
Scientific Relevant and necessary

Activity Levels -~ Strategic, tactical and often
operatio. al

Methods =-- "aming; simulation; graphical snalysis;
work sampling

* Conduct: Problems associated with this phase of
the analysis stem from the fact that measurement is not
always possible if the system is currently constriined bv
active use. Thus, in addition to usual measurement prob-
lems, the evaluation team also faces the problem of hy-
pothesizing and imposing likely changes to the environment
or the input stream. Earlier phases of the analysis (es-
pecially Al) should provide a good bsckground in the general
types of changes to anticipite, but interpretation of these
in terms of the system may be Aifficult. Gaming techniques
may be useful in determining the user's modified system
reeds when changes are hypothesized.

In some cases, it will be possible to use the system
under changed conditions. Work sampiing cn then be used to
study the resulting effects on system output< and/or user
behavior. Systems based on certain specific mathematical
models provide the potential to gather sensitivity informa-
l tion as a direct consequence of applying the algorithm.
Relationships among inputs, outputs and prohable alterna-
tives of actvion can also be depicted by graphical methe's
to show the possible chanjes in user behavior.

III-42




Probably the most widely useful technique for sen=
sitivity analyses is simulation. Actual experimentation
with the system may be infeasible because of ongoing opera~
tions or because of economic considerations. Simulation
facilitates sensitivity testing under a wide variety of
conditiuns and input factors. The main problem with sim--
lation is ensuring that all critical factors of the real
system are included in a valid simulation model. This
approach allows controlled experimentation to assess the
statistical significance of changes in the parameters and
factors comprising the simulation model.

* Result: Conclusions of the sensitivity analysis
should be included in a formal report. This report should
describe the types of changes which the system can accom-
modate and the boundaries within which these changes cause
no major alteration of output significance. Also, expected
changes which will alter substantially or deteriorate either
system performance or user function should be indicated.

If little change is possible or system output is impervious
to change, the value and cost of the system should be made
commensurate with the highly rest.icted potential benefits.

e. Impact on Other Systems/Functions

* Purpose: To measure the effect that this system
exerts on related systems and functions. The net worth of
the system may be impossible to measure if considered as
an isolated entity. In such cases, this phase of the
analysis assumes a great deal of importance.

* Selection:

Characteristics
Planning Desirable; usually relevant
Manzagement Relevant and necessar)

Comnunication Relevant and necessary
Dat. Base Relevant and necessary
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Reference Relevant ard necessary
Monitor Rarely relevant
Scientific Rarely relevant

Activity Levels ==~ Tactical and operational;
strategic in its relation as a by=product of other
systems; exacution in its relation as a source of data
to others.

Methods -~ Accounting records; consensus; simulation

* Conduct: This phase is particularly important in
situations where several systems serve the same functional
activity or where new systems are introduced. Assuming
that the effect on key performance indicators can be mea-
sured, it will be difficult to determine tha exact cause
of any change. It may be possible to asce:tain the credit
due to a system by accounting methods or pre-determined
criteria. In any event, it is normally necessary to so=-
licit subjective opinions about the relative contribution
of system or environmental changes to differences in func-
tional performance. The consensus may be used as the basis
of an accounting allocation or of a qualitative judgment
of systerm worth. If sophisticated models of the organiza-
tion exist, it may be possible to assess the cause and ef=-
fect relationships by a series of experiments. The latter
approach is normally too costly for such an imprecise
estimate.

- Result: The benefits and costs assigned to a given
system must be modified in light of its impact on other
proximate syscems or its contribution to functions relative
to other systems. This phase reports the proportion of
direct benefits and the absolute value of any indirect ben-
efits which can be legitimately (with managenent concur=-
rence) claimed by the system. In addition, any costs
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incurred by other systems or functional overhead which

can be attributed to the system under study are identified
as supplements to costs considered earliar in the evalua-
tion study.
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IV. Summary

This manual is a working document to assist in evaluating
a variecy of information processing activities. A generalized
procedure is outlined to assess the capability of an information
system to meet functional, user-oriented requirements. The
auchors propose a composite overview which will be the basis of
a systematic approach to information system evaluation. Stress
is placed upon identification of tangible benefits and measures
of effectiveness. Refinement ard standardization of the approach
are anticipated on the basis of experience in applying its phases
to systems operating undexr differing circumstances.
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APPENDIX A
Glossary

Activity levels -- Categories of functional activity and tasks
which involve varied degrees of decision-making and opera-
tional involvement. See Table I-l.

Characteristics, Processing -- Categories of data processing ac~
tivity designated by fundamental nature of handling, storage,
operation, and dissemination within a system. See Table I=2.

Decision System -- The set of decision rules which are integral
to a functional activity in an organization. Information must
be provided tc employ the rules and the decision system spec=-
ifies the supperting information system(s).

Delphi Technique =-- A systematic, iterative means of gathering and
aggregating subjective opinions about uncertain or speculative
situations from a group of knowledgeable persons. Avoids bias
normally associated with face to face encounters among partice-
ipants.

Functional Activity == Activity directly related to the functions
which must be performed in order to achieve organ:zational ob-
jectives or mission.

Gaming =- An exercise in which humans play roles in a contrived
typical or actual environment under controlled conditions.
The players are confronted with competitive or cornflict situa-
tions which include chance results from performed tasks. The
environment and situations are described in scenarios. Pur-
poses of evaluation emphasize operational gaming rather than
training, diagnosis, experimentation, or entertainment.

In-basket Analysis -- A gaming approach which involves reaction of
an individual to a series of planned conflict situations rep-
resented by documents delivered to him. A scenario establishes
the role of the individual, background facts, and the opera=-
tional circumstances for which the documents are typical.
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Alternatively, the analysis may refer to sampling of the
documents, and their sources and destinations, which are en-
countered by an individual. This provides a description of
activity and information flows of the individual. It may be

used as representative gaming material for his circumstance
. and position.

Information service or support -- Assistance required or provided
by a group which involves transfer of information. This may
utilize a number of sources or systems to provide the service
or support.

Information system -~ A set of interrelated rules and procedures
for processing data into information in order to get or con-
trol action.

Measure of effectiveness (MOE) ~- Parameter or variable which
indicates the level of performance in an essential aspect of

a system. Usually expressed in tangible terms related directly
to functional objectives and effects.

Methods of analysis ~= Variety of techniques which can be utilized
to study characteristics and activity of a system in either
quantitative or qQualitative terms. See Table II-l.

Performance measurement ~- Analysis of computer system performance;
normally in terms of speed of operations, computer throughput,
capacity utilization, response time and other factors related
to the computer itself.

ReqQuirements -- Functional description of a system(s) expressed in
terms of the needs of the user or customer of the system and
its output. (See Appendix B.)

' Scenario =-- Description of the environment, tasks, and roles asso-
ciated with an operational situation. Normally shows the setting
and scripts of behavior related to actual use or operation of

functional activities or information systems. Since it is based
upon current experience, it can be contrasted with intended




procedures or ,eactions. Often includes instructions for
gaming participants under varied conditions and for those who
conduct or assess the performances.

Simulation =~ Process of generating representative numerical re-
sults by using a model of the actual process or activity.
Normally used when uncertainty or comple.. interrelationships
make analytical solutions infeasible. Distinguished from
gaming which uses a simulated (modelled) environment to de-
velop human behavioral reactions and output.

A-3




APPENDIX B

System Conceptualization and Definition

1. Preliminary Phases

a. Problem Investigation. Customer exploration of ideas
about new or revised applications or systems. This includes ini=-
tial rformulation of project requests, evaluation of available re-
sources to solve a customer problem, and development of proposed
solutions to customer problems. This may replace or be included
in feasibility studies for small or well-defined problems. Results
in a formal Problem Statement and leads toward economic analysis

and Justification of a proposed approach to problem solution.

b. Feasibility Study. A study for management analysis, pre-

pared primarily by systems analysts, to assess the technical,
operational and economic issues related to achieving a stated cus-
tomer objective. For simpler applications, economic analysis for
Project Justilfication in the Problem Investijation phase may be
adequate. Most systems will require a formal study and report,
consistingy of the following general content:

+ Objective.

« Preliminary statement of requirements and design
features.

+ BAlterrative approaches.
« Recommended solution.
« Justification, priority and benefit analysis.
+ Scheme for implementation.
+ Estimates of resources.
-~ Persorael
- Equipment
- Financial
+ Organizatioral effects and support.

. Task force or project team requirements and possible
composition.,

« Preliminary project plan, including overall networks
and major task definition.
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2. User Requirements. A functional description of the system
prepared by customer representatives and system analysts subse-
quent to feasibility study and development of priority assignment.

The User Requirements should emphasize a new system and its char-
acteristics rather than describe an existing one. If substantial
differences with the Feasibility Study appear, it may be necessary
to reevaluate the economic, operational and technical justification.

This phase is dedicated to system analysis and to user orientation
and understanding. Facts must be collected about the current and
proposed system through:

a. User interview.

b. Operations observation and activity analysis.
c. Source data identification.

d. Organization review and analysis.

Correlations with dzta in other systems and identification of crit-
ical outputs must be accomplished. The processing relationships
must be estublished and the possible impact of the new system on
affected organizational units must be indicated. The Requirements
should be documented into a formal report, subject to customer ap-
proval, with the following content:

« Mission and/or problem statement.

+ System Objectivus.
- Management agreement with scope of system
- Establish criteria for success
- Determine:

a) primary functional and/or organizational
units served by the system

b) secondary functional and/or organizational
units servel by the system

¢) inter-intra organizational operation rela-
tionships

- Establish a glossary of terms pertinent to the
system.

+ Qutput and Reporting Definition.
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Determine management reports required by the
business, indepcndent of cost of supplying such
reports.

Establish a rough cost/value relationship of each
management report.

Define terms and ficlds for each report.

Identify report quantity, distribution, and
schedule constraints.

Ascertrin security and/or proprietary aspects of
eacli report.

Identify influences on report requirements:
a) Government regulations
b) Company auditors
c¢) Public accountants and auditors
d) Customer requirements

Evaluate possibilities and value of improved
customer service.

Definition.

Determine input data requirements based on anal-
ysis of output.

Determine files in which such data already exist
(these files may be "common" to more than one
system).

Establish sources of date that may have to be
gathered from new forms or procedures.

Outline data preparation instructions.
Study volumes:

a) Normal

b) Peak

c) Frequency of peaks

d) Expansion allowance

» File Definition

Define content and purpose.

Estimate size, form and rate of expansion.
Describe record types and storage media.

Define maintenance, updating, access activity.
Outline procedures to afford and validate access.
Define file retention constraints.




a) Legal restrictions

b) Functional requirements, e.g., closed
charge numbers, inactive name and address
files, etc.

Controls and Tests.

- Indicate edits for data validity and reasonable=-
ness.

Specify disposition of cdata rejected by edits.

Establish requirements for control totals, hash
totals, record counts, programmer or operator
access restrictions, checkpoints or restarts,
etc.

- Determine backup and recovery requiremerts in
casc of file loss or damage, or catastrophic
error.

Indicate test requirewents, quality assurance
necds and sensitivity to system performance.

Schedule constraints
- Describe operating cyclc and turnaround character-
istics.
- Prescribe capability and priority commitments.
- Ani:lyze fluctuations and cycles of act.vity.

- Effect of schedule delays on system and related
systems.

- Define requirements for the system to "carry-on"
on a manual basis if computer is down for a
prolonged period.

Cost Analysis and Resource Constraints
Proposed Project Plan
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APPENDIX C
Computer System Factors

A. Organizstional Environment

1. Fiscal operations procedures and control of the computing
service department.

2. Personnel qualifications and dryanizational structure

3., Processing.standards, controls and security of progrem

and data files

B. < Application Description

1. Dominant Operations
Identity the nature and extent of each:

a. I/0, user and system communication

' b. Editing, reformatinjy, error checking
c. Computation
d. File create, updqte, restructure

2. Storage

3. File name or cateyory
b. Contents =--'proyrams, data, dQueries, purpose

c. Medium
d. File orjanization -- access requirements, key fields
e, File sizc -- current or expected, gFrowth allowdnce

f. Record structure -- fixed, variable lenjyth, codification
3. Input

a. Input message'name or category
. be Data type =-- Dijital, analoj, alphanumeric, text
c. Content, purpose, descriptive
d. Format -- rigid, free, special requirements, restrictions
e. Entry mode

(1) Transcribed centrally
--keyboard
--optical scAau
--mne 11 conversion

(2) Transcribed at work site
--portable keyboard
-- paper tape punch
--magnetic tape recorders

(3) Direct entrt from remote work site
--analoy -~ Dizital
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-~-graphical display with light pen (etc.)
--0CR
--interactive keyboard

f. Trensaction frequency and volume

(1) Intermittent Single, intermittent Bursts,
Continuous

(2) Normal entry rate current

(2) Peaks entry rate current

(4) Peaks entry rate maximum growth

For (2), (3), and (4), estimate mean, range

4, Output
a. Output message name or catejory
b. De¢ta media -- hard copy, graphic3l, voice, machine

c. Contents, purpose, description
4. Format rejuirements
e. Reporting mode

Scheduled

By exception

Background (ss time available)
Articipated inJuiries , . "
Spontaneous injuiries What input?
Browsing or tutorial

f. Output frequency and volume

(1) Normal rate current

(2) Peak rate, current

(3) Peak rate, maximum growth
Estimate mean, ranje

C. Computing System Attributes

1. Which of the following system attributes are existing
problems for your application?

2. Which are apt to become as problems with anticipated growth?

3. What additions or changes to the system would help &lleviate
the problem?

Program Development Cycle

Hardware independence - ability to develop and execute programs with
varying hardware confijurations

Development of new projrams (adeluacy of programming lanyuages and
debuy tools)

Standard Library routines
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Modularity ol programs
Modification and maintenance of programs

Adaptation and psrameterization of progyrams
Preparation an.J gencration of test cases and materials
Verification of test recsults

Progrzam Operations Cycle

Impact on existinj applications
Turnaround time

Accuracy ani verification
Frejuency of ase

Schedule of execution

Trans.er of data among systems
Sensitivity to job mix

Common processing stondards

Compatibility of projyrams, data, vocabulary
Reliability and backup of equipment
Accommodates sources

Data Base Upkeep Cycle

Data Freparation Activity

Modularity of files
Ease of updating files
Commyn recorlin; stanlards

D. Computing Environment

1. Harduvarg Description
a. Processiny units (CPU)

(1) How many processing units? Do they perform
spesialized tunctions? TIdentify the nature oi each.

(?) Suppont tor fixed point arithmetic - word size(s)
floating point «1.thmetic - word size(s)
Decimal arithmetic - word size(s)
(3) Describe special hardware orovisions for
~=-interrupt haniling
--projram cclocation and addressing
-=leotecting cluipmeat malf mnctions
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b.

--modularity and configuration of hardware
components

--protection of data integrity

~--storaje access

--emulation, microprojramming

~--multiprocessing

Storage - For each type, identify manufacturer, name
of unit, how muny you have, how many can be supported,
anl storage capacity per unit (in bits). Describe any
special features.

(1) Core storefge
Hiyh speed main storage
Slower speed mess storage
(2) Sejuential access
Magnetic tepe
(3) Direct access
Disk
Drum
Me ynetic cards

I/0 Communication

For each type, identify manufacturer, name of unit,
how many can be supportci. Describe any special
features.

(1) Unit record equipment

Card Reader/Punch

Paper Tape Reader/Punch
Mo-ynetic character realer
Line piinter

(2) Interactive Ccmmunication

Printer/Keyboari - TTY or I/0C Typewriter
Graphics - keyboard ond CRT
Voice input and/or response
Spa2cial purpose console
(3) Intersystem Communication
Phone lines
TTY
Snecial purpose

(4) Others

Plotters
Optical Scanners
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d.

Configuration of 3, b, and ¢

2. Support Software Description

For each category of system support, list which services

are available under the system, describe the service briefly, and

indicate whether you have it. Following each cetegory below are

some key features to consider in the description.

d.

Task Execution Support tLervices

Multiprojrommed? Fixed or variable number of tasks?
Maximum number of tasks? Multiprocessing?

Local bntch, remote Latch, interactive modes.

Projramming Languages

What lanquages?

Available in what modes; local or remote batch,
interactive?

Compile, Assemble, Interpret, Generate

Dete Menagement Methosls

Describe in terms of flile organization requirements.

Debug and Test Facilities

Projrem tracing, dumps
Test data preparacion

Projr-m Library Facilities

Crestion and up.~te 2apabilities
Nature oni Size of Libr.ry

Support Projrams

Utility, data conversion, test genevators, debujging
aids, edit features

C-5




