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This thesis will explore Hospital Information Systems and
explain an approach for the successful development and im-
plementation of an information system. Tracing the develop-
ment of Hospital Information Systems to the present will
reveal the inadequacies of many of the currently installed
systems, The enactment of recent regulations affecting the
way hospitals are reimbursed for treatment costs has created
the need for more sophisticated information systems.

Whereas prior automated systems where primarily used in

transaction processing applications, new systems must be

developed which can provide comprehensive information for
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decision-making activities.

The impl:mentation of hospital information syétems has

heretofore been relegated to venders who provided a "cauned"

system which was sufficiently broad enough to be used at

many hospitals. The more sophisticated needs demands imore
individualized sytems. The administrator will have to be=-

come more involved in the management of the development
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process. The Systems Development Life Cycle is an approach

which can be used to successfully produce the needed Infor-
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mation system. In particular, the use of the Structured
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Techniques for systems development will be explained. It

will be shown that the major costs of an information system
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are not in the development process but in the maintenance of

the system after delivery and the benefit of using the
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Structured Tools is in reducing the maintenance costs by
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decision~-making activities.

The implementation of hospital information syétems has
heretofore been relegated to vendors who provided a "canded"
system which was sufficiently broad enough to be used at
many hospitals. The more sophisticated needs demands more
individualized sytems. The administrator will have to be-
ccne more involved in the management of the development
process. The Systems Development Life Cycle is an approach
which can be used to successfully produce the needed infor-
mation system. In particular, the use of the Structured
Techniques for systems development will be explained. It
will be shown that the major costs of an information sysvem
are not in the development process but in the maintenance of
the system after delivery and the benefit of using the
Structured Tools is in reducing the maintenance costs by

developing systems that are easily maintained.
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ﬁ CHAPTER I
'?:.3,
X INTRODUCTION
™ '
ﬁﬁ The age of the computer is upon us, For some disci-
it
plines the advancing use of the computer has been faster and

;% more all-encompassing than for others. The business sector
' and the military must be regarded as among those in the

forefront, while the social sciernces and most hospitals have

lagged behind, It is the intent of this thesis to examine
the historical development of hospital information systems

(HIS) with the hope that from its history one can learn

those ideas that have worked and lead to further progress
o and also those ideas that have been less than successful,
In addition, this study will provide a thorough look at an

accepted approach to developing an automated information

P
.‘ll

LR

(7

system. This approach involves using the Systems Develop=-

ment Life Cycle by first doing a Systems Analysis, a Systems

o Bl L 2NN

: Design, coding and testing and then finally, systems imple=-
;% mentation. The study will lean heavily on discussion of
structured tools as a technique for performing the steps of
" the life cycle; however, space will also be given to discuss
traditional techniques. Given the lessons of history and a
proven successful process for developing an information

system, the reader should then be a"hle to knowledgeably

. : -- ‘~: - Ll - I‘ .I. '- -.; ‘I ,. '-l. ‘- "Q .-. 'l.'-l-"-."lh'.' ~ ‘. .{ .‘. "# .‘. H‘. -
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participate directly or indirectly in the evaluation of an

existing hospital information system or in the development

r_ 4= - : -
APPSO

'
P J

of a new one.

s S R L

A A

i

What 4o an HIS

"What does 'hospital information system' mean? 'It

-x
%

R XN
3 4

PSS

means Jjust what I choose it to mean -= neither more nor
less,' said Humpty Dumpty."[1, p. xv] Here is the first
problem to be encountered. The typical hospital administra-

Ao AN T

# tor is either deeply entrenched in the process of determin-
% ing if an automated hospital information system is needed,
ﬁ in trying to maintain a system, or in trying to updaté the

system currently in place. It is the administrator who is

: in the middle, besieged by demands from the board of direc-
tors to "modernize", frustrated by staff who can't under-
stand why things can't be done like they have always been
done, and inundated by vendors who have "ilae perfect system"
for the hospital. This pressure-cooker atmosphere has often
lead to short-sighted and disasterous decisions. It is
imperative in situations like this to be fully informed

before a decision 1s made. The first step to being knowl-

edgeable about a subject is to insure that when discussing Mol
e
it, all involved are understanding the same message. The ;gﬁﬂ
RN
way to do this is to define terms. P

------------------
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Definitions

A System is any set of objJects and ¢as, and their

1]
]
]
4
.

interrelationships which are ordered t« ommon goal or

ST e m

purposel2, p. 9]. Thus broad definition gives room for the

- < EERS

concept of systems within systems or subsystems. In a

ilospital setting this could be seen as the hospital being

the overall system and each department or division within

the hospital belng another system or subsystem. A typical

5

y list of systems within a hospital is included in Figure 1-
:: 1[9’ p' L‘]c

ﬁ Infermation is in the eyes of the beholder. A trite
N

and overused statement but true noneiheless., And, if somew-

thing is information for one and not Jor another, what 15 it

Lty - Sy

for the latter? It is data. An important distinction must

s e
-

AR

be made between data and Iinformation. Data are raw facts.

€

Information is data placed into a meaningfu. context for its
2 recipient[2, p. 4], For those who doubt there is a dif-
:ﬁ ference, visit a manager who frequently receives "management
ﬂ reports" and ask him how much of what he reads is useful. _
:i Even more revealing Ls to look in his trash can to find i;;
Eﬁ those "indispensable" reports. What's in the trash is data Eﬁ&
p;, and what's on hls desk being used 1in making management :1-:-4.;
éé decisions is information. The tragedy with this possibly fﬁ?
;2 lighthearted poke at information versus dafta is that the %f
:: consequences of developing an information system that pro- ;é;
‘ﬁe duces data and not information can easily be converted to ﬁié
2 A
e AN
&. : y
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PATIENT SELVICES

Inpatient Services Systems

% Admissions, Discharge,
Transfer/Census Control

Medication Distribution

% Nursing Services

% Support Services Systems

Fatient Food Services

Linen/Laundry

Patient Transportation

Housekeeping

Sozi3l Services

Patient Infoimation
Services

*

+

++ 4+ 4

Ambulatory Care Services
Systems

¥ Emergency Services

# Referred OQutpatient
Services

# Clinics

General Patient Services
Systens

# Diagnhostic Services
Systems

Laboratory

Diagnostic Radiology
Therapeutic Radiology
Nuclear Medicine
Respiratory Services
EKG/EEG Services

* Rehabilitation Services
# Surgical Services

++ 4+ + +

+

Patient Records Management
Systems

# Transcription

¥ Indexing, Storage, and
Retrieval

* Quality Assurance

MANAGEMENT SERVICES

Financial Management Systems

% Patient Charging, Billing,

and Accounts Receivable
Systems

Charging

Credits

Billing

+ Accounts Receivable
Budgeting

Accounts Payable

General Accounting

Cash Management

+ + +

* x k %

Personnel Management Systems

% Timekeeping/Payroll
% Position Control
% Bvaluation and Training

Materials Management Systems

% Capital Equipment

% Purchasing and General
Store

# Central Supply

‘Facilities and Equipment

Management Systems

* Work Orders
* Scheduled Maintenance

Management Planning and
Control Systems

¥ Internal Management
Reporting
% External Reporting

Flgure 1=1: Typical List of Systemse
Within & Hospital
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millions of dollars and thousands of man hours wasted.
This cannot be better illustrated than by a situation

reported in Computerworld newspaper on February 21, 1983.
The article, titled "Proprietary Language Snags $3 Million

gk SSow Tb amciae FaNew e S TRy PR DY SN S

Budget System", describes cthe frustration encountered by the

-
e

- =
i et

Santa Clara County, California, government while trying to

implement the Comprehensive Budget and Management Informa-

g - Dhoky

= .5
Pty

tion System (CBMIS) produced by American Management Systems

=
= x

=
-

of Arlington, Virginia. Granted; this product is probably

-
TE

very well written and could work well for the right company,

gy k=

g

but after three years of trying to install and modify this

N DTS ] 2
..

$3 million dollar program the results were very disappoint=-

» =

ing. The following quote shows one of the major problems

IRE-
-

Santa Clara County had with the sysﬁem but shows even more

e

7
- the importance of differentiating between data and informa-
b"‘

tion.
M. Another of CBMIS' major purported shortcomings is
i that the management reports it produces are typically ill
£ formatted, overly complicated and just downright useless,
e Rixman [the county's fiscal services manager] said. "We
) receive a voluminous number of reports from the system,
i but most of them I simply throw away," said Maya
;g Bernardo, a senior analyst with the county's Revenue and
4 Systems Agency. "Only two or three of the reports that
E: cross my desk contain just thhe right level of detail for
hq someone in a position like mine," Bernardo sald.[47]

Hopefully one of the results of correctly developing a
formal HIS is that everyone with information needs will get
information and not data. ‘ .

An Information System, in the context of previous Qﬁ%

definitions, is really a subsystem of a larger total system, ,Qﬁ

-
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One can look at the hospital as being logically divided into

B e
kS

three subsystems:

1) the operations subsystem which includes all
the activities, material flow, and people directly related
ﬁ to performing the primary functions of the hospital, i.e.,
! the doctors, nurses and the other health care providers;
. 2) the management subsystem which includes all
the people and activities directly related to determining

the planning, contrnlling, and decision-making aspects of

the operations subsystem. This would be the CEO, the hospi~

tal administrator and all the administrative staff; and,

3) the information subsystem which is the collec~-,

tion of people, machines, ideas, and activities that gather
and process data in a manner that will meet the formal
information requirements of an organization[4, p. 26]1. The
pervasive nature of the information system can be expressed
as a network reaching into all parts of the organization «-
the connective tissue which links all other systemsl5, p.

361, Figure 1-2[4, p. 27] shows the interrelationships

between the three major subsystems of the organization. iﬁz'

A problem which arises when defining a Hospital Infor- F*N
mation System (HIS), is that there are so many differing §3$€
views as to what an HIS is and what it should do. There
tgnds to be a plethora of definitions. Each author slants ;;é%
his definition to fit the emphasis of his writings. Another ??SE
controversy is whether to call this as yet undefined system :%?g
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: m Flow of people, work, material, etc. R
]
: Figure 1-2: Relationship of the Information gt
3 Subsystem to the Tetal System . A
ﬁ a Medical Informaticn System (MIS; not to be confused with ﬁ}{t
i Management Information Systems) or a Hospital Information ;;;1
f Jystem. OCne author states his preference for MIS because it -Y:_
emphasizes the patient care component ¢f a computer bhased gj;
ﬁ system which i3 able to provide all the information perti- :tjj
. nent to a patient's care throughout the hospitall6, pp. ﬂkﬁﬂ
7,81, Still another author goes so far as to divide HISs :iﬂﬁ
into classes and levels within classes based on whether the 1 ":
HIS is composed primarily of individual stand-alone systems \j
in various departments or whether the systems in the depart-
ments are all tied together. Furthermore, he mezkes a dis- ;T§
tinction whether the system is administratively oriented or fﬂ@f
-\."::'
patient oriented(7, p. 13]. And finally, another author ;ﬁyﬁ
defines an HIS very succinctly as, "A set of formal arrange- Q¢¢
ments by which facts concerning the health or health care of "
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H individusal patiénts are stored and processed in comput- -
Lﬁ ers."[18, p. 9] Another factor is added here to the problem @g%
g of defining an HIS -- the computer. ﬁ§§
u The question arises -~ is a computer needed to have an 'hfﬁ
g HIS? The answer to this question will be developed more Vi
ﬁ fully later, but for the moment the answer is "no." The

temptation here is to provide a lengthy definition that

» e ¥ e T a
COES B

WSS T

encompasses everything anyone has defined as an HIS or MIS.

Unfortunately, neither time nor space permit this, so logic

is used. e
Fi'st, since in the research for this paper, most !

Lo,
references are to Hospital Information Systems, the author !Cﬂh

will défer to the majority of the writers. The reader
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snould keep in mind however, that although some authors

o x
£y

prefer another title for the information system discussed Eé;
here, most of the time there will be agreement on the sub- t:ﬁ
stantial points as to what that system is and the function Egi
it performs. Secondly, since information and system have Eﬁﬁ
been previously defined, those definitions should be uti- E:j

lized here realizing they are combined in the context of a

hospital setting. So the definition of a Hospital Informa-

tion System follows: -
R

a system in a hospital that collects data and N
transforms it into information. R

Notice no assumptions are made about what method is used to

perform this task, whether it be automated or manual and no

presumptions are made as to the final destination of the DY

RIS
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information, whether it be primarily for e¢linical use or

S

administrative. Correctly, the only assumptions made are

about the terms already defined.

So, what is the distinction between an information

system at General Electric Co. and the one in a hospital?
The answer is,.there is none. Both fulfill the same objec-
tive, turning data into information. The distinction occurs
not in the definition nor the objective but in the implemen=
tation. Later the distinctives of an HIS will be discussed,
but it should be noted that much of the research for this

paper, especially that of Chapters 2, 3, 4, and 5 was done

in the field of information systems proper. And, the reason

this study can still be useful to a hospital is because an
information system is an integral concept of every business

and the techniques used to develop an information system can

be used universally. 1ﬁ¢;
s

Areas of Information Needs gﬁég

The definition of a hospital information system is Ef:

like a shell which gives form to the thoughts, but the
actual information needs of each area within a hospital is 5%%
what gives life and meaning to the HIS. ﬁ:ﬁ
The value of information to a hospital's operation 3;2
cannot be overstressed. The speed and accuracy with which %ﬁ?
information is handled bears directly on the quality of care i;;
a patient might receive. One reason for a hospital's exist- %ﬁg
t
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ence is to allow health care providers to gather information
about their patients and, then, to diagnose and provide

therapy based on that information([6, p. 4]. It is obvious

that inaccurate information or information that is not

- —~2 -~ 8. K- B & -
s Dl Pl i

available on a timely basis can have catastrophic results,

& Y

l'_‘

not only in terms of human life but also in terms of the

el Ding’
PR AP

>

financial impact a malpractice claim might have cn the

2 e

hospital and practitioner.
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But the value of information is not just internal to

the organization. There are many outside agencies that

O 5 R

demand accurate and timely information. Some of these ex-

~X-C K -V E e ¥ W W e
> .B’F“" »
Pt LI RN

ternal demands for information are needed to provid accred-

itation of hospitals or departments of hospitals such as the

accreditation issued by the Joint Commission on the Accred- .géﬂ
itation of Hospitals. However, a possibly greater demand g%ﬁ
for this information is placed on hospitals by governmental E:j
agencies, third party payers, and the public[6, p. 61. éé%
These latter groups are very interested in the fiscal per-~ EE?E
formance of the hospital as reflected in reports provided t::
from accurate information and can have much to say about the iﬁé
future well being of a hospital. tﬁﬁ
While understanding the increasing importance of in- ﬁi:
formation, many hospitals have the tendency to overcollect ;%%
data. This results from not knowing exactly what to col- &?ﬁ
lect[8, p. i15]. Considering that between 23 and 39 percent ?;;
of a hospital's expenses relate to the collection of data S§§
c
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and production of information(6, p. 16], it is not difficult
to see that the overcollection of data can really tax an

already overstretched budget.

o e e e e e e 2R RS YA

Considering the value of information to the hospital,

-

it is imperative that the information needs throughout the

hospital are precisely determined. An excellent method for

. .
R e S’ T S

accomplishing this task is to use a book called, Analysis

o

Y Manual Fopr Hospital Information Systems, which is designed
9

v\ (through the use of a multitude of questionnaires) to aid
¥

q hospitals in the analysis of information needs in each

department[9, p. 1]. This step will be discussed later as
an integral part of the System Analysis phase of the Systems
Development Life Cycle.

The information needs of departments within the hospi-

tal seem to fall logically into two categories -- informa-

tion needs concerned with patient services and those related

to management services.
Patient Services

Inpatient services
Adnissions, discharges, transfers/Census contrcl.
This service receives information from the physician vho

will admit the patient, as to the purpose for the admission.

The service will collect demographic and payment information

from the patient and will also receive information regarding

T
A
.
" %
«
.
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Y
LoRe
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.

any transfers of the patent from one bed to another, includ-
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i ing whether the patient is discharged.

; Medication distribution. Information from the doctor
E . as to the name, quantity, and the method of administration

I of drugs is required by this service. Also, the matching of
§ patient information to insure that the correct drug gets to
i the correct patient is very important. Drug information

from the wards is also necessary to issue floor stock. The

]

PPy S

pharmacy must also have a method of collecting information

T
»

needed to prepare purchase orders for replenishing their

W
4

supplies. To prevent thec possible administration of drugs
whose interactions may not be desired, a patient profile
should be maintained showing the drug history for each
patient.

Nursing service. This service requires information

from many sources. Beginning with admissions, nursing ser-

vice must know when and whom they are to receive, This may

come from another ward if the patient is being transferred,

LS8 204 S
. P
' r

from the emergency room, or from the admitting office. The

GG
nurse must gather a history from the patient and also deter- i:j
mine the patient'sAcurrent condition. Information from the ng;
doctor in the form of orders must also be recorded. Ongoing Eﬁ%
information such as additional orders from the physician, i;i

test results, patient progress, and vital signs is neces- N

sary. When pertinent, surgery must keep the nurse informed
as to schedule changes and information pertinent to schedul-

ing of nurses must also be available.
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i Support services system. This system typically in-
~ cludes Patient Food Services, Linen/Laundry, Patient Trans-

portation, Housekeeping, Social Services, and Patient Infor-

i mation Services. All of these support services require

ﬁ information about the patient pertinent to their service.
ﬁ Most important to several of them is notification of the
ﬁ patient's discharge or transfer which then triggers action

-~ in their departments. Most of this information is received
from nursing service. Patient information services receives

initial information about the patient from the admissions

°F

¢

office and updates from nursing service.

- 1
% "er 'y

o Amhulatury care services

i Emergency services. The information required here is
similar to that needed for admissions and for nursing cer-
vice, Patient demographic'data and payment information must
be determined from whatever source is available. Physicians
orders and results from tests are also needed. If a patient

is not admitted, information needed to determine appropriate

charges is gathered and coupled with the patients payment
information and is used to prepare a billing.

Referred .utpatbient services. This situation occurs

E s i PR
FIACIRCIE R G
te R
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o e et e A
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when a physician determines that treatmert is required in DN

the hospital but does not require the patient to remain

, -

NN

overnight. This might be for services such as X-ray or -

T

physical therapy. The services may be required once or as

an ongoing treatment. The clinic involved is usually

- .‘ . " \ -. YRR ] Ve )
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informed by the referring physician of the basic patient

inrormation and the type of service to be performed. Addi-

tional information is ga“hered from the patieht on the

y 7 . v
[ T WU L L

scheduled day and includes demographic data as well as

billing information.

f S

Clinices. A clinic operates essentially as described

- -
T

in referred outpatient services except that the patient

Seow_w

utilizes the clinic instead of a "family physician." 1In

£
PR

i this case there is no outside physician so all patienat
% - information and billing information comes entirely frou the
& patient and information regarding treatment of the patient

. comes from the staff physician in that cliniec. Test results
from other services are sent to the requesting clinic for
file in the patient's record. Charges are determined based

on services rendered.

General patient services systems

Diagrostic services system. Typically, information

flows into the sections that make up this system; Laboratory

Services, Diagnostic and Therapeutic Radiology, Nuclear

Medicine, Respiratory Services, and E¥G/EEG Services in the

form of a requisition from nursing service or perhaps the
outpatient clinic as a result of a doctor's orders. Re-
quired information often includes the name of the attending
physician, patient identification, hospital identification,

admitting diagnosis, and the diagnostic service requested.
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surgical procedure. Usually prior to surgéry the anesthe-

! Rehabilitative services. As in the previous section, .
; the primary source of information is based on a requisition éﬁg
|§ for services from nursing services or the outpatient clinic, §§§€
i Included on the requisition is patient identifying informa=- EE%
“ tion and the requested services, Due to the ongoing nature ;g;
of these services, usually more complete information from ﬁﬁg
é the requesting physician i1s obtained. Eﬁ%
EE Surgical services. Here the flow of information be- yﬁr
g gins with the physician ordering surgery. Patient informa- :.
i tion as well as hospital identification will be provided tfi
3 along with the type of procedure to be performed. Informa= gﬁ}
S tion is also gathered during the time of surgery as to the iﬁ;
h condivion of the patient as well as notes on results of the Eﬁf

S 3% e oo d
Ll

v siologist will gather information from the patient and with e
i other fa:ts gathered from the physician and nursing staff, =
:? will determine the type of anesthesla to administer. ij}

Patient records management systems ibﬁ

Iranseription. Of primary importance in this depart- TT:

ment 1s the actual information that will be transcribed from

,r.'-. RN
LLr T et
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the dictetion equipment, The only other information needed

el
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is the type of report being dictated, history, physical,
operation report, or discharge summary. This information
Wwill determine what type of form is used for the report.

Indexing, storage, and retrieval. As its name im-

plies, this section's main interest is the disposition of
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information about the patient gatheired throughout the hospi-
tal. Usually this section, Medical Records, will receive a
patient's record after discharge. Their Jfurnction at that |
point 18 to insure the completeness of the record and to
extract information from the record to be used for indexing
or for preparing an abstract which might be used for quality
control. They also will gather information from the record
to prepare statistical reports. Most likely the record will
be indexed by patient name, physician, diagnosis, and sur-
gery performed., The only other information received is in
the case of a retrieval, in which case information that will
match an index key as well as verification of authorization
for the retrieval are required.

Quality assurance. A very necessary function is per=
formed through quality assurance., The quality and appropri-
ateness of care provided a patient is evaluated by review of
information extracted from the medical record, Ih addition,
if the case warrants, direct testimony from the health care
provider may be used. Informational directives from outside
agencies such as Professional Standards Review Organizations
(PSROs) and the new Professional Review Organizations (PROs)
are needed to evaluate the standards of care provided by the

hospital.
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Management Services

,Financ¢al management services

mmmmm_mwnmgﬂumﬁ
systems. Normally co-located in the Busineus Office, these
functions depend on information provided from the entire
hospital. Initial records are established at admission as
to patient and payment information, Verification is often
done on insurance coverage claimed by a patient. Nursing
services must inform the business office of all services and
supplies usea as well as any bed transfers, Any credits for
unused supplies and servioeé must also be provided by the
apporpriate department. Discharge information including the
discharge diagnosis must be provided to initiate billing of
the patient and third parties. Notilce of payments must also
be received to adjust the patient's balance correctly.

Budgeting. The budgeting process involves gathering
information from every department in the hospital as to
projected revenues, personnhel needs, supplies, and equipment
needs, After the budget is in place, this office monitors
the budget by receiving ieports from various departments
such as Personnel or Purchasing as to the current expenses
and compares these agailnst budgeted expenses, producing
periodic reports.

Agcounts Pavable. When purchases are made, a purchase
order i1s sent to this department to initiate an account

payable, When items are received, notice is sent here so
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the payment process can begin, When payment is actually
made, the accounts payable section is notified and the
account adJjusted.

General acgoounting. Probably the most interactive
department, General Accounting receives data from almost
every department in the hospitai in order to make appropri-
ate accounting entries. From these data, periodic reports
and financlal statements are prepared.

Cash management., This section must have information
on cash receilpts and disbursements, projected cash receipts
and disbursements and cash account balances, This 1s neces-
sary to insure the best use of avallable cash and to provide

for ongoing cash needs,

Personnel management systems

Iimekeeping/payroll,. Initially data are gathered on
each employee which include demographic data, Jjob title,
starting salary, and starting date. Perilodically, updates
of pay rate are made as information is received from super-
viscers, For hourly workers, information at the end of each
pay cycle must be received as to number and types of hours
worked (regular or overtime) and any vacation time used. In
the preparation of paychecks, deduction information must be
known for each employee.

Position control. Executive management informs this

section what types of jobs are needed and the number of each
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needed to run the hospital. Job descriptions must be deter-
mined for each type of job. Employee information is matched
againat each position. Supervisors notify the section when=-
ever an employee will be leaving the position or when anoth-
er employee 1s hired so each position will accurately re-
flect a status.

Evaluation and training. When an enployee is first
hired, this section must be notified to provide an orienta-
tion., Specific training requirements must be established
for employees so this department can schedule appropriately.
This section also must be told how often an employee will be

evaluated so they may schedule evaluations to be done by

supervisors,

Materials management systems

Capital aquipiment. Much work is done prior to a re-
quisition for purchase of capital equipment. This often
long process includes the initial request and justification

followed by several levels of review, Depending on the cost

of ﬁhe item, additional procedures involved with filing a

Certificate of Need may be required. Lease/purchase deci=- E&;;

sions and vendor decisions must also be made. However, ;?E}
after all this has been accomplished, the requisition in- bﬂ;*
cluding bertinent equipment information and vendor informa- ﬁﬁﬁ
tion is received in “his department to initiate the pur- E;?j
chase. When equipment is received, information as to the ?ﬁ:
condition of the equipment, the identification information Eﬁﬁz

bt o
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and other receiving information must be sent to this office
so payment may be initiated.

Purchasing and general stores. Informaticn about sup-
plies needed throughout the hospital are sent to this de-~

partment so inventories may be maintained and restocking

- &l T -

procedures followed. It is important to have information on

F - .

the projected usage of supplies, normal delivery times fdr

j reorders, and space available to store supplies in order to : ﬁé?
: effectively manage this section. Requisitions from depart- Eé}
! ments are used to supply the hospital and purchase orders 'ﬁﬁi
g are used to buy from vendors. Accurate information about i%ﬁi
: each line item must be maintained to provide an accounting cﬁﬁ%
!' of this department. &Eﬁ!
EE Central supply. Patlent care supplies are stocked E§§§
13 here as well as sterile equipment and supplies. Requests E%?%
! for these items are made by nursing service and surgery. ;ﬁé;
g Patient information must be received so charges can be made. Eéﬁi

RN

This section is responsible for training on new equipment so

they must also be informed as to who will be using the

et i N

. equipment.

Facilities and equipment management systems

WPV R . P CR

Work orders. Requests for work are received from &ﬁﬁ
i departments describing the work needed and when it should be §%ﬁ
) completed. In order to schedule work this department must ﬁ;;

know what supplies and equipment and manpswer will be needed

e %
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g for the job. As a job is started they must also be kept
5 informed as to the progress and consumption of resources so
5 appropriate :harges can be made.
i Scheduled maintepnance. When equipment is received at

the hospital the maintenance department is informed about

f the receipt and it is determined how often preventive main-

E tenance is to be performed. A spare parts inventory must be
ﬁ determined based on projected need, critical nature of the
Ea equipment, and projected resupply time. When maintenance is
ﬁ performed workers must inform this shop how much time and

'S what supplies were used so proper charges can be made and

inventories adjusted.

? Management planning and control systems

;i Internal management reporting. The amount of informa-
! tion needed for this function is determined by many factors.
:' These factors determine what reports are generated. Infor-
EE mation might be required about personnel, resource utiliza-
bi tion, accounting transactions, quality assurance, patient

e data, case-mix information, or about other hospitals in the

area or across the nation. The importunt thing to remember
here is that the temptation is to repcrt too much, As in
the previous discussion regarding information versus data,
it must be determined precisely what information is needed

for this function to be performed properly. Currently, one

of the more important areas of concern for hospitals is

management of the product line, the services most frequently

SRR R A R AT R L st
? RN N A ‘:'... L 17‘..1.-_{,';‘.'.’:‘.( Tfp*{




™ TCR P S SO S L Y. S W Y R, "IV, TSP By LU, 5 IR, SO, ML T PN, RO, ¥ PP SR P R TV B R it A T e e R Tt e lia st i chin bt andittaiedittuinnd ettt

22

provide to patients. In this case an internal report list-
ing cases by Diagnosis Related Group (DRG) as well as summa-
rized clinical statistics about each group and the revenues
and expenses for each group would be helpful. The key ==
know what information is needed beforehand so information,
not data is produced.

o External reporting. The information here will be
related to the type of hospital, the location in the country

and the particular regulating agencies that are demanding

information. A survey of the names of the reports required,

e Y T e & -
. - m e - & T
"’IEI,A- LR g
P I L NC R G g

X
2

-

the type of agency needing the report, the frequency of the
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report, and the source of the information within the hospi=

tal will aid in efficiently organizing and reporting the

information required.

:
?

Unique Characteristices of an HIS

Although every organization has some sort of informa-
tion system, differences arise in the extent to which they
have been developed and the purposes to which they are
applied. It is generally accepted that "hospital informa-
tion systems lag well behind their counterparts in the
profit oriented sector."[10, p. 951 There are two reasons
which can help to explain this as well as point out the
uniqueness of hospital information systems.

First, until recently, hospitals have not been too

concerned with cost containment. This is because they have
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been able to recover costs, especially from third parties,
without much justification of their expenses. The emphasis
has always been quality of care without regard to cost[11].
Without the regard for tight controls on cost, the informa-
tion system was not forced to mature.

Secondly, the medical field is still very much an art.
Because a physician often cannot define the logical steps
leading to his conclusions, it is very difficult to trans-
late that process into a very logical algorithm. Many times
the key to a breakthrough of a medical dilemma is from a
very obscurely related or seemingly totally unrelated piece
of data. For example, when a physician is perplexed about
the cause of a particular ailment, he will leaf through the
patient's record looking for a clue to the solution, This
undefined search is not well suited to automation([18, p.
118]. Therefore, one of the reasons for automation, to be
able tc do something the physician cannot, is often elimi-
nated.

The complexity of the hospital information systems and
the heretofore lack of concern for cost containment are two
unique aspects of an HIS that have limited its movement into

more sophisticated information handling systems.

Automated Systems versus Manual Sygtems
The development of an information system is not depen-
dent on its being a computer based system. Although the

discussion has centered around automated information sys-
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tems, many of the concepts and methodologies can be very

useful in the development of manual systems.
This is said tongue-in-cheek because all indications

point to a greater use of automated HISs in the future.

v - - ™ e T e Ee e R iy - W W W Nl R W _——

With the advent of new reimbursement policies by the govern-

ment and other private insurance agencies, hospitals are

-~ - r s

being forced to keep detailed records which would not have

x

been feasible ten years ago. However, the continuing reduc-
tion in the cost of processing information is now forcing

hospitals to use computers[11].

P, e e

History of HISs

Comprehensive information systems are, perhays, the
single most critical factor in dealing with t..e complex
problems facing health care executives in the decade to
come. Only inscitutions that have the human productivity
and the technical ability to process data quickly and
easily will be able to adapt to the changes of the fu-
ture.[12]
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. This indictment is being echoed by many others. Per-
haps the panic would not be so widespread had the develop-
ﬁ ment of HISs occured much faster. Yet, while looking at the

j historical development of HISs one must remember there has

never been the motivation, until now, to progress more

g rapidly.

9 Development of HISs

.-|

Y Prior to the 1960's, computers were not used in hospi-

tals. Most of the activity in the hospital was grouped into

departments with much duplication of data gathering and not

-
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j much of an attempt to integratel[13, p. 13). If you had

S visited the hospital then, it would not have been unusual to

E

ﬁ be asked the same information every time ycu turned around.

l During that decade, as overall use of computers increased, 5
y pas
3! some hospitals began to utilize computers primarily for RN
X accounting and other typical business applications. At the ,:;ﬁ
! same time others saw the potential for applications in gﬁ%
. ‘:| t‘ltt‘ )
i clinical use, Vendors noted the interest in these areas and bk
T l-‘ﬁ:“-'-;,
- began to produce "packages" for the automation of hospital \Hﬁ

functions; however, the promises made by the companies often
fell far short of actual performance(l14, p. 5]. Due to the

cost of equipment and personnel required to support an in-

house developed system or even a vendor produced system,

some hospitals decided to operate in a shared-system en-

vironment such as Shared Medical Systems, operated by'the
McDonné{ Douglas Corporation which began in 1969. In this
situation, the vendor maintained the computer and programs,

usually off-site, while the hospital supplied the data to be

processed either by batch or over terminals tied to the main
computer.

The progress in the 1970's saw the proliferation of

minicomputers and continued emphasis on the development of

commercially prepared packages. There appeared to be a E}i
segregation of applications into three areas: (1) financial- iﬁi;
/administrative information systems; (2) patient information %;?
systems; and, (3) departmental information systems. The &Eg
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failure of vendors initially to produce integrated packages
that would service all functions in the hospital, led to
emphasis of non-integrated, stand-alone systems spread
throughout the hospital. The problem was that there was
still duplication of data collection and an inability to
relate information between systems easily. Shared-systems
continued to expand during this time. An encouraging sign
during the latter part of the 1970's was the growing concern
for developing information systems that would not only be
useful for the management of every day operations but also
for management and planning purposes.

Overall, progress up to this time had centered around

the use of computers primarily for transacticu-oriented

tasks such as financial applications. However, as these

applications have grown in sophistication, accuracy, and
speed, the one area that has been lacking is the use of

computers for decision making support systems.

State-of-the-Art
"The challenge of the 1980's is to develop flexible
systems that integrate data from diverse systems and to
utilize these data effectively and in decision-making."[12]
With the passage ¢of the Tax Equity and Fiscal Resposibility
Act (TEFRA) of 1982, the direction of the development of

HISs has changed dramatically. In order for hospitals to

survive, they are seeing the need to be able to integrate -
&
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N
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information from all their previously separate systems.

£ g g

% With the advent of the microcomputer and the continued
% decrease in cost of minicomputers, many hospitals find them-

.

selves with a proliferation of independent systems through-

A

out the hospital, and no plan for integration or compatibil-

ity[281.
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This clearly must change if a hospital is going to be

. -
LRI S

able to gather information that will report its costs for

each DRG. Under DRGs, instead of retrospective reimburse-

o
2alae

ments for whatever their costs might have been, hospitals

are reimbursed on a prospective basis. "For the first time,

LIS

hospitals are being forced to collect data and allocate

|
N
i

a costs the way other businesses do. Disease groups beccome

4
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'product lines' and hospitals have to know precisely what

their costs are for each."[11] If hospitals cannot pull

together patient clinical data to determine the DRG, patient
billing data to determine revenues, and institutional cost
data to see what it cost to treat that patient, they may

find themselves being reimbursed for much less than their

costs. If this persists, it isn't difficult to see that a
hospital will fold.

Y Currently, state-of-the-art HISs are developing around
?j the need to provide decision-making information. As one
N
5 writer put it, "Decision-making is perhaps the most signifi-
)
o
3 cant new challenge facing health care information
‘,.;': S
t systems."[12] - R
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i Outlook for the Future %n_
S In the future, as today, Canada's health care industry F
ﬂ must deal with capital shortage, more pervasive and ever- A
& ‘ changing government regulations, continuing technological l
i change, more demanding professional and community needs,

and increasing pressures for cost control. Effective

; information systems are imperative to meet these growing
demands."[15]

Although written about Canada's health care industry,
! the same goes for the United States. Indeed, "hospitals can
E no longer afford the luxury of a laissez-faire, evolutionary
- approach to the use of information."[13, p. 41] Although
technology continues in the direction of diagnostic-aids for
health care practitioners, the use of artificial intel-

l.gence, the further automation of medical records, and

continued development of paperless claims, it appears that

the most pressing needs are in the area mentioned above,

that of integrated information systems capable of providing
decision making assistance.

Progress in the future will not be without barriers.
The public perceptions have changed concerning the belief
that "all technological advances are good regardiess of the
cost." With the escalation of cost has come the backlash
that causes many to question this earlier standard. The
problem is that computers are now lumped in with "all tech-

nological advances" and the very tool that can aid in cut-

ting costs is now questioned as being tor expensive. Along
with the development of these integrated HISs has got to

come public education.
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In looking at the past development of HISs as well a

IR

looking into the future, a glaring need stands out, that of

Yy e e I
Rl

0 a'systematic way to develop hospital information systems.
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"Hospital administrators must take responsibility for a
s careful, orderly process of planning to insure that hospital
information requirements are satisfied."[13, p. 41] The
next section will describe such a systematic approach that
will insure those requirements are met,
9 n
an Automated HIS
The pressure is on. Whether or not a hospital is
still around five or ten years from now depends on the

hospital's ability to develop an advanced information

system[17]. Some of the hospital's problems have been
caused partially by an abandonment of the hospital adminis-
trator's responsibilities to the technocrats[28]. The

result has been a welcomed response by vencors to provide ‘
what they think is desired, but as often turns out in reali=- ?f{?

ty is not what's needed at all. "We have today a supply

push, not a demand pull . . . from vendors, [consequently] :
hospitals must guard against being steamrolled into a pur- if;g
chase that may not be appropriate."[28] As business learned
long ago, a systematic approach to development of an infor-
mation system along with involvement from upper level man-

agement will help insure a successful implementation. A

[
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a Two Appreoaches

g In the late 1950's and early 1960's the concept of the
ﬁ Systems Development Life Cycle came about([19, p. 103]. The
i exact definition of the life c¢cycle varies depending on which

i author is read. Some are five steps and others more, How=
% ever, when looked at as a whole, the progression ls the
same, from systems analysis through maintenunce of the im-
plemented system, the difference being in the divigions
among steps. The importance, though, is not how many steps
there are, but the sequential fashion through which the life
cycle is traversed. The stepping through the life cyocle
insured the customer's visibility of the progress and pro-
vided decision points along the way before committing to a
full-scale development of the project[20, p. 3931, The
sveps of this life cycle are:

1) Systems Analysis ~- identifying the information
needs

2) General Systems Desigh -- a broad design of the
system which includes several alternatives

3) Systems Evaluation and Justification -- a look at
the impact of the system on the organization and cost/bene-
fit analysis

4) Detail System Design -~ a formalization of the de=-
sigh and coding and testing

5) Systems Implementation -- the installation, train-

ing, and maintenance of the system.
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n The way ¢ user would evaluate the progress at each
; step was through the delivery of written reports and de=-
tailed written specifications. Although much better than

earlier methods, the production of extensive narrative ex-
;ﬂ planations of what the information system was supposed to
do, was also its primary inadequacy([19, p. 103]. The re-
quirement for an analyst or designer touse English text to
desoribe the technically complex workings of a system not
only produced frustration on the part of the user, but it
also did not lend itself to transferring easily between
analyst and designher. This plus the fact that it forced the
analyst to get too detailed (overlapping into the design

area) oreated a need for some new methodologies.

In Ehe mid to late 1970's these new methodologies came
on the scene in the form of what was called structured
teechniques., The use of these techniques or tools, c¢entered
primarily in the areas of structured analysis and design,
still accomplished the purpose of the Systems Development

Life Cycle. Their use, however, was Iintended to involve the

user more fully at each step along the way by producing

products that were realistically understandable. The most
nhoticeable changes were the use of graphic representations
of the system instead of voluminous reports and the use of

coding techniques which allowed the user to see working

models of the system very early in the coding process in-

stead of only at the end. A benefit of these new tools was ﬁ;ﬂ
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the ability to request changes to the system early whenh the
cost was not nearly so high [21, p. 7], becavse the user

could actually know what the proposed systen vas going to

2 AL -

w
e 4

do. And if they knew early what the proposed svstem would

X 3

do, they could be somewhat guaranteed of receiving the
system they wanted, not what the vendor "thought" they

wanted.
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Through the use of the Systems Development Life Cycle

S W = W e
Pulr P

and the new structured tools (and to a lessar dagres the
earlier traditional methods), a hospital administrator can
now have a systematic way of developing m:oh needed informa=-
tion systems. The approach is not difficult to grasp and
does not require a mastery of the ﬁools, only an awareness

of the process; the goal of this thesis.

Project Estimation
Perhaps the best context in which to put this seciion
is served by quoting Edward Youdon,

This is the one arva about which I have to admit to
being a complete cynic. I honestly don't know how people
estimate projects or how they determine when a project
can be finished. I amaware that there arc¢ very complex
formulas for estimating how long a project will take, and
how many people will be required to complete it in the
allotted time*, And I am aware that there 1s a body of
knowledge on scheduling manpower for large pro sctsh*®,

......

nnnnnnnnnnnnnnnnnnn
---------------
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a Nevertheless, I remain a cynic. Perhaps this is be-
cause of my experience as a consultant. I have seen too

; often that people cannot devise reasonable estimates

" because they are working on a programming project of a

h type never before experienced.

i # See, for example, the discussion in George Weinwurm's

y ming (Philadelphia:

Auerbach Publishers, 1970)

& ¥ See Philip Metzger's Programming Project Manocament
» (Englewood Cliffs, N.J.: Prentice-Hall, 1975)[22, p. 222]

A quote like this from such a well known consultant
does not give one much confidence in the arca of estimating
projects. However, as one looks at the people who are
experts in the fleld, the most often recommended procedure
for estimating involves keeping track of past projects.

Even then, the figure estimated for cost and duration is

only accurate to plus or minus 20 - 30%[(21, p. 1731.

One of the real temptations for the manager of a
systems development team is to be pressured by the demands
of the user for quick delivery. This false scheduling makes
it "very difficult to make a vigorous, plausible, and job-
risking defense of an estimate that is derived by no quqnti—
tative method, supported by little data, and certified
chiefly by the hunches of the manager."[23, p. 211 Too
often the response to a bad estimate is to add manpower,
But as F. P. Brooks has said, adding more manpower tends to
lengthen, not shorten the schedulel[23, p. 191].

Indeed it may seem that there is no sense then trying

to estimate a project; however, this conclusion will not be

tolerated by business which must have figures in order to ﬁ#?
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make decisions. The implications of this dilemma are two-

SLRPR, L el

fold. For the user, it must be understood that the estimate

SLIC I

is at best a method of comparative bracketing based on the

vendor's best guess tempered by their historical data. In-

-4 B

A,

deed "such comparative bracketing may be the only method of

-5
L

B .

estimating the scope of the project, other than 'sticking a

.

wet finger in the air.'f{21, p. 173]
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The onus 18 on the software developer to be as realis=-

tic as possible and up front with the acocuracy of his esti-

3 mates, and not to be pressured by the user into making "1
E: unrealistic projections. éﬁ%i
1 Estimating must be done. Even'Mr. Yourdon realizes ‘€$¥
that. It is only fair to balance his cynicism with his N
later advice to "Continue estimating your projects Jjust as ﬁ%ﬁ
before. If you have a scientific method of scheduling your Qﬁﬁ;
projects, fantastic! Keep doing it! If you schedule your Q;%
projects according to a combination of your horoscope, the ﬁé?
stqck market, and the phase of the moon, keep doing iti"[22, 'ﬁﬁ
p. 224}, My only advice to the administrator -- let the e

buyer beware.
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CHAPTER II

SYSTEMS ANALYSIS

The first step in the Systems Development Life Cycle éﬁ;
is Systems Analysis. Normally, however, there will have iii
been several events occur prior to the initiation of the aﬁi
Systems Analysis, | éf?
First, there must be some reason an organization has Eﬁﬁ
arrived at this point. Normally it is either the result of Eﬁﬁ
reacting to a pressure or taking an opportunityl21, p. 1551, ;g:
Perhaps a hospital has decided to take advantage of some new kﬁg
technology or just decided to do an overhaul on the present hﬁé
. system., These reasons will have different i@plications on ;3%
the development of a system than will those caused by pres- Eﬁ?
sures on the hospital. In the previous chapter, it was tiﬂ
apparent that hospitals are under great pressures to utilize o

information systems to reduce costs. The pressures that the
hospital feels are no doubt going to carry over into the
Systems Analysis phase in the form of tighter scheduling
demands and a more inhibited flow of information due to the
stresses involved.

Hopefully, the hospital's management realizes the
importance of this phase of the development. If they have,
they will have committed beforehand the resourccs necessary
to carry out the Systems Analysis. This will include the

necessary committees and other personnel required to make

. e - . e - R TR RN N A i T S

RN PR - . e - ORI
e S I R T i R T e T e DN T e



Pl i

oo g=s B

.
2

o e

D ._‘-‘v& &5

36

policy and oversee the day to day operations of the project.
The wise hospital administrator, realizing the time demands
on the péople involved in the project, will schedule the
time needed for each individual so there will not be a
conflict with their other daily duties. Of course the size
of the hospital and the complexity of the project antici-
pated will determine the makeup of these committees; how-
ever, it is imperative that the administration be fully
committed. As one hospital put it,

Willingnhess on the part of the administration %o take
an active role in the planning was important, because
hospital leaders not only provide direction needed to
achieve the desired goals but also demonstrate attitudes
toward the project that have widespread influence on the
opinions of others.[24, p. 131]

Another integral part of the project is the complete invol-
vement of the users. Another hospital goes so far as to say
that,

Because the failure of an HIS can almost always be
attributed to the noninvolvement of user personnel, the
steering committee was asked to actively involve hospital
personnel from all areas of the hospital ir all stages of
the system's planning and implementation.[25, p. 144]

The success of the HIS is contingent on each.

Another step that must be done before the Systems
Analysis is the creation of a master plan for information
systems development. Too often the hospital's response to
pressures 1s just to react. They have a vendor come in and
tell them what's needed or rely on someone in the hospital

tocome up with "the answer", This is somewhat like having

a builder construct a building for you without giving any
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specifications[13, p. 42]. It is essential that a long and

e « ses =
. .t a-enw

E short range plan be created to provide the guidelines neces-
?. sary for development of the HIS,

! A question that must be decided before the Systems

ﬁ Analysis is, "Who will perform this analysis?" There are

e
e,

x

h O

several options including using in-house capabilities, hir-

A

ing an independent consultant, or contacting a vendor. All

Jale .

have their place but a comment on each is in order.

s *x

“.b
3
S
L'.‘,

The use of in-house people is acceptable if they have
the necessary expertise and the time. Usually a data proc-

essing shop 1is so involved with the daily operations that to

take on a project of this proportion would cause significant

degredation ¢f the current system or require an investment
in more manpower.

The use of an independent consultant is good buﬁ he

should be somewhat knowledgeable of the complex hospital
functions. It is true that knowledge of the tools used in
the Systems Development Life Cycle can allow one to go into
any setting and produce the desired information system, but

the question must be answered, how much time is the hospital

willing to take to familiarize the analyst with the intri-
cate workings of the hospital?

The value of a vendor who knows the hospital business

must always be balanced with the inherent bias toward his ﬂfﬁi
own product. It would be niceto believe a vendor would '.;:;'.j'-';';
come in and, realizing his product was not sufficient, RS
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recommend another, but that is highly unlikely.

Lastly, as has been mentioned before, it is necessary
for the administration to understand the process that is
about to evolve. They must realize that this first stage is
designed to ask WHAI things are presently being done and the
results of this first stage are not going to be an opera=
tional HIS - = yet. They must realize that this is the
beginning of a process that is iterative in nature. The
development of an idea; the feedback and the redesign of
that original idea will continue throughout the life cycle.
They need to be prepared for many hours of discussions. The
administrator must realize that this whole process may
change the way business is done in the hospital. This first
phase may reveal bad policies or procedures that are cur-
Eently in place. An added benefit of a Systems Analysis ia
getting to know the systems much better than before and
having the opportunity to changeAthose policies that aren’'t
working. Too many times an HIS is looked at as the answer
to all the problems. The truth is, the automation of bad
procedures only produces bad results faster. Administrators
must have a realistic view of what an HIS will do and about

the process by which it is developed.
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Ihe Traditional Approach

As stated by Austin, "Systems analysis is the process

By By ¥y Y-
LT

130

of collecting, organizing, and evaluating facts about infor-

mation system requirements and the environment in which the

L )
PSS

et

system will operate,"[13, p. 163]
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The difference between the traditional approach to

Systems Analysis and the approach using structured tools is

-

not in the _urpose for conducting the analysis nor is it

5..
.‘-
o
"\
W)
.
'.I

necessarily in the methods used for collecting or evaluating

the facts about the system under analysis. While discussing

more fully the Structured Systems Analysis, many of the
steps of the process will also apply to the traditional

approach. The primary difference is in the way the facts
are presented and the extent to which the proposed system is
developed.

The primary outcome of the traditional Systems Analy-
sis 1s a document describing the proposed system which is
often hundreds or thousands of pages of "computerese" which
the user must interpret to determine if it will meet re-

quirements. Realistically, the user often relies on the

integrity of the analyst (not wanting to be considered
ignorant) and signs off on the proposal only to be sorely

disappointed when the system is implemented. When confront-

ed with this frustrationby the user the analyst falls back
to his line of defense, "But you signed off on the speci- .

fication." ’ -
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The prublem can best be seen by an analogy presented R

O,

by Gane and Sarson. RO
Ty

s
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Can you imagine spending five years' salary on a.
custom-built house [or hospitall] on the basis of an
exhaustive narrative description of hew the house will be
built? No pictures, no plans, no visits to a similar
house - just the 150 page narrative. "The living roon,
which faces south-southeast, will be 27'x16' at its
greatest width, with the western half taking a trapezoi-
dal form, the west wall being 13'4" long (abutting the
northern portion of the east wall of the kitchen). .

GRS A Y

oy Rk U S 3

" 0"[21, pc l‘]

J

¥ The problem now appears quite obvious.

)

% Yourdon lists t'ive reasons these traditional documents

pose such difficulties for the user,

1) They're monolithic¢, and must be read from beginning to
end. A user cannot easily find information ahout a
particular part cf the proposed system without search-
ing the entire document.

LI
LTS U o

SR L L
Py
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2) They're redundant, sgiving the same information in
numerous locations throughout the document, but with-
c¢ut benefit of cross-reference.

3) They're diflicult fo modify and difficulf to maintain.
A simple change in the user's requirements may neces-
sitate changes to several different parts of the func-
tional specification - and, because the document is
monolithic, it's exceedingly painful to change. Con-
sequently, %the specification may not be kKept current.

4) They're often physical.instead of logical, in that
they describe the users requirements in terms of
either physical hardware or the kind of physical file
structure that will be used to implement the system.
Such information often muddles the discussion about
what the user want.s his system todo by giving details
about how the system will do things.

5) They are pot a3 ugeful target for ongoing development
of the system; indeed, as one of my company's clients
said, the classical functional specification ig "of
historical significance only." Consequently, the
system that is designed may differ considerably from
the system that was specified.[22, pp. 37-38]
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i Hospitals cannot afford to pay for this service and

P Sl

receive from it a document they cannot completely understand

- 2
rZ

ey )

with the consequence being the implementation of an HIS they

x L

+ ..

cannot ugse. The development of structured tools for Systems
Analysis goes a long way in preventing these problems with

the traditional approacth.

Structured Systems Analysis

Certalnly you've heard it said, "A picture is worth a

€ -k <
ERRC P gI% G g

. -

thousand words." If there is any one feature of the Struc-

-

tured Systems Analysis that stands out, this is certainly

it.
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A significant problem for the systems analyst_is brid-
ging the gap betweszn the user and the systems designer,

They must be able to define the system the user needs accur-

ately and present it in such a way that both the user and
the designei understand. Not only must they do this in an
uncerstandable way, but they must do it without becoming
"prematurelx physical"” and limiting the options of the de- ;i;
signer. While looking at the tools of Structured Analysis,
it should be quite noticeable that the graphical approach

(pictures if you will) is going to aid immeasurably in

solving this problem.
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The Tools of Structured Analysis

L

;:I:: This section will look briefly at the tools of Struc-
ﬁ tured Analysis. For a more in-depth description, several
. books, which are also listed in the Reference sectioun of

;; this paper, could be studied, includinrg: Structured-Sys-

L

fems Analysis: Tools and Techniques, Managing the Strug-
fured Techniques, Structured Analysis;, and Struc-

Data Flow Diagrams
A Data Flow Diagram (DFD) is a graphic representation

of the flow of data through a2 system, whether the system be

manual, automated, or a combination of both.

The purpose for using a DFD is to represent in a
logical way, all the facts about the current system ahdthe
requirements fcr the new system. This convernient method for
summarizing these facts makes it easier for the aualyst and
user to communicate about the system.,

Characteristically, the DFD will be graphigc, using the
symbols listed in Figure 2--1 to portray all the component
parts of the system and its interfaces. It will be parti-
Lioned in that each function or working part of the system
will be identified. The DFD will be gultidimepnsicnal, tak-
ing ¢ach function and reduc.ng it down to its lowest ievel,
going from functions described in very little detail and
being very abstract to functions that are very specific and

detailed. Flow of data is emphasized and the flow of con
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Flgure 2=1: Symbels for the
Date Flow Diagram (DFD)

trol is de-emphasizedi26, p. 48].

The symbols, listed in Figure 2-1, used to construct
the DFD are described below. This is only one representa-
tion of the symbols; others may be used also. For example,

instead of using a rectangle for the sink/source, a triangle

might be used. Or, instead of using a circle for the pro-
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cess, a rounded corner square might be used. The importance

<rer
-

is placed on consistency of use throughout the DFD and
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conformation to the definitions below.
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1) The process, takes data in, performs some operation to

S
<
P

change them, and then sends them out, .
2) The data flow is the path on which data travel LWT

throughout the system,
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3) £iles are places where data remain temporarily, and
4) sources and sinks are entities outside the system
under study which either receive data from the system (sink)
or input data to the system (source).
As a hospital administrator, it is not important that
all the intricacies of producing a DFD be known; however,

there are some conventions used in developing the DFD which,

if known, would aid in reducing the confusion encountered e
upon seeing the first DFD, e
First and foremost, the DFD is a logical representa- | E:i

tion. Hence, it is not going to show control or timing of
events. These are not important at this point in the devel-
opment process.

The DFD is going to be presented in varying levels of
detail. From the highest level, least detailed DFD called
the Context Diagram which may be only one process, down to
the lowest level, most detailed process called a Primitive
(see Figure 2-2 for examples of both). Each level should

contain about seven processes and be represented on a dif-

ferent page. This "leveling" process involves taking a

process at a high level and exploding it into more detailed

processes, Each process that cannot be exploded any further

(a primifiive) will have what is called a mini-spec (mini- Egé
specification) written for it. The mini-spec is a logical ggé
description of what the function does using dec¢ision ;%;
trees/tebles or structured English, ;gg
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Reading a DFD is similar to reading a map. Usually
the flow of data has a beginning point, a source, and flows
in the direction of the arrows along data flows, through
' processes that change the data, into files, ad possibly

into a sink. Files could be thought of as any temporary
5 storage place for usata; a c¢lip board, a physical file, a
i magnetic tape, a card index, or even a desk drawer,
« The marking of symbols is significant also. Data
flows should be named to represent all the data that flow on

that path., Processes should use an action verb and an

CURLIEES g~ G

object meaningful to the user. Usually processes are num-
bered, files are labeled with a letter "D" followed by a

i number, and sources and sinks are identified by a capital
letter. In the interest of clarity, it is often better to

show the same process, source/sink, or file more than once

I on a page to prevent extensive crossing of data flow lines.

‘ In this case, additional hash marks are used to identify e,

‘ those symbols as being duplicates.

) Although the DFD may seem strange at first, the defi-
nite advantages to the use of this tool will be seen in the ;3:}':‘1

ey .,
M .

. ".n

f long run., Cften the strangeness of the DFD comes from

§
% trying to relate it to a flow chart. Even though there are ;%%
g some similarities, the differences end up being the '3

strengths of the DFD. Whereas a flow chart is very physical ?
b, in its use of certain symbols, the result of the DFD is a T%;

picture from the view of the data not the processors of the ":j::l‘

R
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ﬁ data. This allows great flexibility and clarity in defining P‘
P the system which the detailed, physical nature of the flow B

:,:, l:::.":,‘
» chart does not. it
ot "l.':i
' The flexibility of the DFD lets the analyst look at P

D et

¢ possible man-machine boundaries within the system by segre- ;%3.

3 A

E; gating functions that might be done manually and those that Fgg

X N

could be done by a machine. The ability to experiment with [

these boudaries allows the analyst to present several op~ Eﬂ;

tions for implementing the proposed system. &&?

RO

Data Dictionary

It is not difficult to imagine the nightmare of trying lfﬁ

to keep track of all the names of the elements identified R

during the construction of the DFD. The solution to this j@ﬁ

problem is the Data Dictionary (DD). The DD is a method for L

organizing and defining all the data elements used in the e

DFD.

Typically the DD is organized in one of two ways.
Either it 1is divided into alphabetized sections of data
flows, files, funrctional primitives, and sinks/sources or it
does not differentiate between these sections and lists all

elements together, alphabetically.

The DD can be maintained manually or commercially

P R

developed computerized packages can be obtained. The bene-

T &

fits of the automated system include ease of use and main-

s
-t &

tainability. However, whichever is used, the overall bene-

fits of a DD are significant.
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Without the ability to keep track of names of data
eiements, duplication would creep in causing great confu-
sion. Or, if an existing system is under analysis, the DD
permits handling duplication or the same data known by anot-
her name (aliases), gracefully. In this case all the ali-
ases of adata element would be listed for each definition,
allowing for cross-referencing. The DD also allows you to
locate unnecessary data or data whose sources are not de-
fined. Data residing in a file but never leaving could
indicate data that are not needed. On the other hand, data
which are in a file but are not shown on an incoming data
flow could indicate a missing process. Perhaps the most
important aspect of the DD is that it is a place to go when
you do not understand what is meant by an item on the DFD.

An added henefit of the DD is the manner in which it
can be used as documentation for the system after implemen-
tation. A DD will aid immeasurably in the maintenance or

upgrade of a system,

Structured English

As has been mentioned before, the functional primi-
tives, ur lowest level processes, of the DFD are referred to
as mini-specs. They are mini-specifications which when
combined make up the totzl functional specification. Each
mini-spec will describe the process used to transform the

incoming data intoc the outgoing data., Along with decision
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i trees and decision tables, structured English is a method

ﬁ used to describe that process.

% Structured English uses action verbs, elements defined
i ih the DD, and certain logical constructs (IF-THEN-ELSE; DO-
ﬁ WHILE; CASE) borrowed from structured programming to present
g the logic used in each mini-spec. It is intended to be

i readable for the u English uses action verbs, elements

? defined in the DD, and certain logical constructs (IF~-THEN-

ELSE; DO-WHILE; CASE) borrowed from structured programming
to present the logic used in each mini-spec. It is intended
to be readable for the users sake and yet rigorous enough to
describe the process accurately.

A more detailed description follows in Chapter IV in
the section titled, "Stuctured Programming".

Recision Tables/Trees
As DeMarco says, "Certain kinds of policy [processesl] &JQ
simply cry out to be described using a Decision Table [or

Treel."[26, p. 215] Some may not have ears attuned to the

cry, so another guideline might be to use a Decison Table

NONORASS: T BRSO
ENGKRE e
s Seerereigt, ,.'.'»“

.“:j'
.:gl,:.'
when there are several conditions acting in various combina- Qﬁ
LA
tions to produce differing results. Eﬁf
An example from Gane and Sarson might help clarify the E n

use of the Decision Table. Suppose you had the following iy
description of a policy: B
Customers who place more than $10,000 business per §§$j
year, and in addition, either have a good payment history [
or have been with us more than 20 years are to receive :.‘:',;.Z:
o
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l priority treatmeat.

E The fact there are several conditions which can be combined
g in different ways to produce different results, might dic-

i tate the use of the Decision Table.

% The table is constructed by assembling all the conditions
§ in rows at the top'of the table and all the actions in rows
‘ at the bottom (see Figure 2-5721, p. 83]1). All the possible
ﬁ combinations (rules) are listed in columns at the top. To

g determine the number of possible rules, take the produ;t of
: the number of possibilities for each condition. 1In the

% example there are three conditions each with only two possi-
% bilities, either yes or no. The number of possible rules

H would then be 2x2x2 or 8 possible rules. Many of the rules
E can often be eliminated because some combinations of condi=-
ﬁ tions are not feasible. However, for each realistic combi-
i nation of conditions, the appropriate action(s) is(are)

@ marked. In the example, the action is marked with an "X" in
% the column containing the applicable rule. When more than
ﬁ one action results from an individual rule, each action, in
3 the order to be taken, is marked[21, pp. 82-831.

E The Decision Tree 1is nothing more than a "tree" repre-

sentation of a Decision Table. It's use is often dictated
by the user who may be more comfortable with its form. Gane

and Sarson's example is shown in tree from in Figure 2-4[21,

p. 821].
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{8) With conditions and sctions filled in: '

& '

i RULES

;; 112[3]4[s]6]7]e

;\ c1: more then $10,000 a yr? D rows.

‘;I CCMDITIONS ¢2: good payment history? 3 conditions

¢3: with us more than 20 yrs? each of which

? T orioritu trestment has 2 possibilities §
al:priority trestmen

3 ACTIONS RAGAL 123 . 3 rutes

i a2: normal trestment - “

RULES '
L1]213]4]5]s]7]8]
¢1: more than $10,000a yr? [¥]y]Y{YIN|NININ

c2: good psyment history? YIYININIYIY|NIN
¢3: with us more than 20 yra?|YIN|Y|MIYINIYIN

al:priority trestment
a2: normal trestment

RULES
[ [2]3]4]s]6[7]8]
c1: more than $10,0008 yr? |vly|Y|YIN[N[NIN
c2. goad payment history? Y|YININIY]YININ
¢3: with us more than 20 yrs?|y|N|Y[N]|YINIY]N
al: priority treatment xlx[x|[1x|x
82: normal treatment ¢ x| | |x|x

Flgure 2=3: Example of
Decision Table
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- During the construction of the DFD it will become e

A ,-_"“-2_‘1

> apparent that groups of data will always be associated. ?,

: They will travel together down data flows and they will
% .

o Vi

reside together in files. This logical association is re-
ferred to as a data structure. For example, a data struc-
ture may be made up of a customer's name, address, phone

number, last order date, and salesman. A group of these

(records) may make up a file of all your customers. Perhaps A
you might have another file made up of records whose struc-
ture included salesman, region served, and salary. K

In the normal course of business a user will require )
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access to these files. Access is usually gained by a prede-

N
a

a«a’a

fined key, an element(s) that can be used to differentiate

Lehtaris,

&

between all the records in the file. In the example above,

customer name might be a key for the first file and salesman

At %

(4

for the second. By using these keys the user will be able

,.,4,
Tod

to see all the salesmen who make over a given salary or all

S

the customers who reside in a certain part of the country.

Ly

DA
. T

The Data Structure Diagram (DSD) will show graphically

the logical representation of all the files. Figure 2-5
shows an example DSD, each file representec by & block with
the title of the file at the top and the key(s) listed
immediately under the file name and all other non-key data
elements listed under the key. 7This graphic display allows
the user to confirm accuracy. By showing each file and the
keys used togain information from the files, a user will be
able to see where he might combine files to reduce duplica-

tion.

The use of the DSD is also a way t¢c show the user how
files are related. The arrows between {iles show their
interrelationship via a key access, whether by a2 predefined

key or by another element of the structure. Through the use

of the DSD you can show the relative importance of access to
a file. If access nceds to be immediate, then use of a Key
is in order; however, if access can wait for a sorc, then
access by a non-key element can be used. This is al=zo

helptul in showing the relative coust of accessing the files.
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1
CUSTOMER _FILE

CUST_NANME
fiddress

Phone_no

Last_order

Salesman )|

SALESMAN_FILE
SALESMAN

Region

Salury

Figure 2-5: Example Dala
Structure Diagram (DSD)

Generally, immediate accesses to a file will be more costly

than tiaose that can wait overnight.

Feasibility Study

Prior to conducting the Systems Analysis, it 1s commeon
to perform a Feasibility Study. As the name imnlies, this
study is intended t¢ show whether the reason for conducting
the Systems Analysis is feasible. Normally five areas of
feasibility are addressed:

1) technical feasiopility - is there technology avail-
able to implement a solution to the prcblem?

2) ecnnomic feasibility - can the business afford the
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solution to the problem?
3) legal feasibility - can a solution be implemented
that does not conflict with the law or gov<-nmental regula-

tions?

4) operational feasibility - can a solution to the

&

EPESCHLIE. * - Shd A L s
LIPS Sl i She SR SRS

.

problem operate in the company?

5) schedule feasibility = will the solution meet with
scheduls co41straints?(2, pp. 341-342]

These questions must be answered in a feasibility

-
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study; howevcr, they are also questions that must continual-

s B vl

&
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r ~ £

ly be answered throughout the development of the system.

In a sense, the feasibhility study is a mini-Systems

L

- .
i
juibiay

a Analysis that determines as inexpensively as possible, the i:f
g feasibility of developing a system. Consequently, the_tools ﬁéé
E of Structured Anal-1's described above, would be used during fié
i the feasibility study, but only at a very high level with ﬁ;ﬁ
&E little detail. The process used during a feasibility study Eﬁ}
Eg is essentially the same as that used during the analysis %ﬁ?
phase. Based on the data processing plan. established for )
g the hospital or an explanation of the problem, the analyst
ﬁ collects information from the users about the present sys-

tem, trying to formulate at a very high level a possible

solution to the problem.

The success of such a study is dependent on many

; factors but the conflicts created by one desarve mentioning. ﬁgf
0! N ‘-‘-‘
i Naturally, the .nospital wants tc provide every opportunity ;Qﬁ
N . .:,."x
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i for the analyst or analysts to complete their task., The

% conflict arises because the hospital also expects business
ﬁ operations to go on as usual. The personnel that will be

i involved with the system must be available for the analyst
% and the hospital must expect some loss of productivity. The
t: result of people not being available will be either an

untimely completion of the study or inaccurately drawn con=-

clusions by the analyst. The hospital must counf the cost
before entering into an agreement for systems development.
The result of a feasibility study will be a document
generally consisting of three sections; the Project Ab-
stract, a Statement of Goals and Objectives, and Schedule
Coﬁstraints. This document provides the hoépital an oppor-
punity to first ensure the analyst understands what is

desired and second decide how to continue on.

Project Abstract

The Project Abstract contains necessarv information
such as the Project Title, the person respors.ble for re-
questing the study, a proposed budget, a description of the
method used in conducting the study, and perhaps a list of
the sources of information used in the study. Some consid-
eration might be given to inecluding information that sup-
e ports the study, such as interviews and sources of informa-

tion, in an appendix available on demand.
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ﬁ This section of the feasibility study should clearly : g%g
K define the problems or reasons for conducting the analysis g&g
i and state the goals and objectives of the new system. It is &:;
gi here the hogpital will determine if the analyst understands igﬁ
E% the proposed scope and objectives of the system. This E;%
; section should contgin DFDs showing alternative compositions t:%
%% of the system and a recommendation. Examination of DFDs ‘éﬁg
%: will show whether the analyst has included too much (ex- ﬁgﬁ
’i ceeded the scope) or not enough (did not meet the objectives -

of the hospital). If there are problems with the analyst's
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study the hospital should not hesitate to reevaluate the
proposal. Better to do it here than wait till the code is

written.
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Schedule Constrain
This portion of the feasibility study will show a

-

proposed schedule for the next phase, the Systems Analysis. gﬁ;
This might be shown graphically but should reflect any con- . ﬁﬁﬁ
straints imposed by the hospital. An extended schedule for ;3?
the complete Systems Development Life Cycle might also be Eiﬁ
included but the hospital should understand the fact that it éﬁ:
is only a rough estimate [3ee above section, "Project Esti- E;?

mation"],.
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E Deriving a New System

i Assuming the project is determined feasible by the

E hospital, the analyst continues with the Systems Analysis,

. the first phase of which is documenting the current physical
? system.

%

Normally, it is advisable to start with this step

e A P
h Fe-tesTe i it
[
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e S
[

since the new system will probably resemble the present

1

system and the current system is the only place to start

where both the analyst and user can verify an understanding
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of what is happening. Lt

AGO
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There are several sources of information which may be L
used to get a picture of the current system. If the current

system is automated, then much information can be gained by
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looking at its documentation. If the analyst is lucky, and ;;;;
the current system was developed utilizing the structured

tools, they will be of great value in analyzing the present

system. ‘ ;E;i

"The single most important source of study facts ::?
available to the analyst is people."[2, p. 302] This Eﬁéﬂ
source, which is internal to the hospital, is invaluable in ;ﬁ;i
providing information about how the system really works (as E?E
opposed to how it's supposed to work) and expressing expec- g?%%

tations about what the new system will do for them.

Another source is external to the hospital and in-

cludes facts about other similar hospitals with information
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systems like the type desired.
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LA AR

Several techniques are available for gathering this

y

E

information, including interviewing, using questionnaires,

observing, and gathering documents used in the current sys-

-":"‘ -~ -f LN LIS

H tem. Generally the most useful technique is the interview
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i because it leaves less room for misunderstanding of what the

user is trying to say.' However, some circumstances may

£ a8

warrant the use of a questionnaire. The caution here is to

CF
devise a questionnaire that will provide the information 35
desired. Several books are available which have sample §r
questionnaires that might be helpfull2, 9, 13]. Observation gz
can often be useful to verify or clarify previously gathered ﬂi
information. Documents can be very useful in showing pre- é:
cisely what data are used in each situation. | gs
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The summary of all this information gathering is the

development of a DFD showing the current physical system.
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et
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"Remember{ingl that you are attempting to build a verifiable

o’
.'

model of the current environment,"[26, p. 28] it is not ;§
unusual to use very physical names for processes, data ;f
flows, files, and sinks or sources. A Data Flow may be Eﬁ
called by the name of a form or a process might be the name L.
of the person or machine performing that process. At this g?
stage, the overly physical nature of the DFD is acceptable 53
for the sake of being able to verify its correctness by the %2
user. Characteristics of the logical DFD still remain g
:

though, in that this DFD still represents the flow of data ﬁ
e e A R A e AR ST i T e e N A A T
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without regard to controls or timing. It is still a picture
of the system from the viewpoint of the flow of datal26, p.
271.

Derive the logical equivalent
of the current system

Once the hospital has verified the correctness of the
physical DFD, the next step is to convert it to a logical
DFD. This involves changing the description of processes

from names of people to the function that is performed. For

example, a Process might have been titled "Mary produces
paychecks". This would need to be converted to the actual

functions that are performed to create the paycheck. An

example for a Data Flow might be converting the physical

title of "Form 212b" to the actual information contained on
Form 212b.

As DeMarco says, we need to "'logicalize' cur model of
the current environment"[26, p. 28] to produce the logical
DFD model of the current system. This product is again

checked by the user to determine accuracy.

Define a new logical system -
N
2y

Up to this point the analyst has not concerned himself -

(S

with the requirements of the new system as defined in the tfﬁ
feasibility study. The analyst has to make sure the current Qﬁ

i

system is understood before the changes can be made. This

is emphasized by Youdon when he says,

-
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i In most cases, the analyst can expect at least 75
- percent overlap between the 0ld system and the new system
> - and it's extremely hard to determine where the new
= features fit if one doesn't have a good model of the old
3% system.[22, p. 48]
i The process whereby the new logical DFD is derived
E: will usualliy involve many iterations of adding, deleting, 'fﬁ_
fﬂ and changing processes; conferring with the user; and re- ;?ﬁ
drawing the DFD. The product of this phase is going to be f;:
the multi-leveled DFDs, the DD, and the DSDs. R
Selecting the Right System o
j -

Once the DFD for the nes system has been produced it
is easy to play the "what if" game and propose many alterna- Sty
tive solutions. The key, though, is the inherent logical
nature of the DFD and the absence of any restricting physi-
cal references. If the analyst has done his job and pres-

ented a DFD that deals only with what the system does with-

out referring to how it is done, then the process of defin- R
s‘ 'k:"‘ﬁ
ing options and selecting the right one is much simplified. gg;
e

i _— i i a
Basically, establishing these boundaries involves et
proposing alternative solutions based on aulomating all, iﬁﬁ,
Ll o
none, or part of the proposed system. This can be shown on PTJ
el
the DFD by partitioning it into groups of functions that RRAY

T~
~.
Ve

PURY )

might be automated and those that will be done manually.
Although this process involves physical considera- ——

tions, it does not become overly phvsical in the sense of

-----
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choosing hardware and software, because that does not happen

e

“

until the design phase has begun. However, it is physical

N

«
.
'

in the sense that this step does provide necessary alterna-
tives for the hospital to decide how automated their system

will be.

Perform cost/bepefit analysis

For each option defined in the last step, a cost/bene-
fit analysis should be performed by the analyst. Because
neither the specific vendors or hardware will be specified,
this analysis should be limited to costs for a type of
computer (mainframe, mini or micro) that might be used in
each option. As many factors as possible need to be consi=-
dered in deriving a cost or benefit of a parﬁicular system,
including risk, financial terms, facility modifications,
maintenance costs, operating costs, training, personnel, and

other set-up costs.

/S0
3 8 r

"
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There needs to be an understanding by both parties.

‘-J:'..' R

The hospital needs to realize that the figures are truely

only "ball park" figures, but the analyst needs to realize Ffﬂ

how important it is to provide the best estimates possible

0y
gy

so the hospital can make a decision on the continued direc-

tion of the project. P
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Consider constraints fo the system
As much as the analyst tries to develop a totally

.

2 L
-i.;_.-—

o5

d logical system, there are usually constraints that will
influence the physical structure of the system. Normally,
these will be specified during the feasibility study, but

they may also be introduced during the evaluation of alter-

natives. The constraints should be included in the Struc-
tured Specification, the document resulting from the Systems
Analysis, for the benefit of the design team but they should
also be considered by the analyst as they develop the alter-
natives and cost/benefit figures.

These constraints could fall into two categories,
physical and organizational, |

Physical constraints might include such things as a
user specifying the dimensions or brand of computer that

must be used.

Organizational constraints deal more with hospital

‘e ® '.r RN ) of-
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philosophy of management that might dictate whether a cen-

—
'

tralized or decentralized system is desired and whether or

not a reduction of personnel is acceptable.

R
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Select an option

This step is important because of what the analyst
doesn't do. Once the previous steps have been accomplished, u&
it is then the responsibility of the hospital, not the ana-
lyst, to pick an option. Cranted, a responsibility of the

analyst is to make a r :commendation, but the final decision
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for the next step is up to management. F ik
The basis fqr this decision will be the information

presented in the Structured Specification, which is discus- ’%a

sed next,.

The Structured Specification

Although the Structured Specification (which encompas- W

e

ses all the work performed during the Systems Analysis) EE&
<

entails assembling all the structured deliverables previous- L?&,

ly mentioned, the presentation of this package should not be
taken 1lightly.

If at all possible, a formal presentation, utilizing

'many visual aids, should be made in person to the people who

N
have the authority to make the decisions. This face to face ;ﬁﬁ
meeting limits the possibility of misunderstandings by al- 3%%-

- .\.q

lowing an opportunity for the hospital representatives to
question the analyst about the Structured Specification.
Considering all the factors involved, the hospiﬁal
will make a decision. Although they may decide to pick one

alternative with no modifications, this is unlikely. There

are really five alternatives a hospital has in deciding the

next step: 1) Stop, 2) Wait, 3) Modify, 4) Conditional

)
5.
b L)

Proceed, and 5) Unconditional Proceed[2, pp. 342-343]. o

.

1.

5.5 %

The benefits of using Structured Analysis are por-

- s 8
*4"‘
bgp

trayed again in the Structured Specification., It is a
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document that is easy for the user to understand and main-
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tain. The result for the user is a document that they are
confident depicts the specifications of the new system they
desire. Also, benefits accrue to the designer in that he
has a document that is logical and doesn't limit his design
options, After the transition to the next step in the
Systems Development Life Cycle, Systems Design, the hospital
will see more clearly how use of the structured toolis of

Systems Analysis impact favorably in the design process.
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SYSTEMS DESIGN SN,

In the analysis phase, the primary responsibility of

e
PR
* a T

the analyst was tn derive a logical representation of an

information system that would meet all of the users require-
ments. The emphasis was in determining "what" the system
would do to meet those requirements. Assuming the success-

ful completion of the analysis phase, the next step is to

translate that logical picture of the system into a physical kﬂﬁ

design that will provide the answers to "how" the system Eh%
|

will meet the information requirements defined during the

analysis. Gane and Sarscn define design this way,

.+« the (iterative) process of taking a logical NG
model of a system together with a strongly stated set of vt
objectives for that system and producing the specifica- F:g
tion of a physical system that will meet those objec- -
tives.[21, p. 1761 o

The output of the Systems Design phase will be docu- Hﬁﬁ

ments that are given to the programmer to turn into code Eﬁi
b
which will run on a computer. This documentation includes L
structure charts, detailed module specifications, input and f?
output definitions, and file designs[30, p. 7T]. By neces- ;;i
sity, the decision on hardware must also be made during the o

design phase.

Although a user may end up with a design that fulfills

all of the specified requirements, other factors should be 5]
considered in deciding whether the design is good or bad. A Q;%
RN
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q fact that surprises many hospitals who have not dealt with
& automated systems before, is that nearly 90% of all the

i .

ﬁ costs incurred during the life of an automated information

2 |

q system are in the areas of maintenance (debugging in produc~

ot tion, changes to fit new hardware/software, and enhance=

ments) and testing and debugging during systems develop-

G,
:::
.
el

ment[21, p. 183]., With this in mind, it is not hard to see

T
-

3

]

that any factors which produce a design that would decrease

LY RE A
P NP

]
[pirs

the time (cost) spent in these areas would be of immense

e
ST
i

benefit. This is the main reason the concepts of Structured

Design were introduced.
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. Many hospitals decide to take the information found

during the Systems Analysis and immediately prepare a Re-
quest for Proposal (RFP). This would be the case for a
hospital which has decided to acquire a system that is
already designed and running. There are advantages and
disadvantages to this decision, but, in the context of the
discussion here, the hospital must realize there will still
need tc be maintenance of the system after it ig installed.
It would be wise for such a hospital to know the methods
used to design the system they purchase to determine how
easily maintained it will be. Even if maintenance will be
provided by the vendor, the easier the system is to main-
tain, the less time the vendor will spend and the less you
will be charged.

With this said, it must be pointed out that Systems
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Design will normally be performed for a hospital which is

Y el l VR A

4 seeking an individualized system of their own, instead of a
) vendor piroduced “package". Whether this design is done in-
‘ house or contracted out, the hospital shruld be familiar

with the deslgn techniques that produce systems which will

TR =W Ko -
¥URL 4G

Sl

be least costly over their lifetime, i.e., are most easily

x

maintained. The two apprcaches to Systems Design discussed

- .

next will have that as their primary distinction.
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Two Approsches to Systems Design

Of the concepts used in developing information systems

uﬁilizing the structured technigues, ftructured Design and

Structured Programming have probably been around the longest

and are the most widely accvepted. These concepts resulted
from nearly ten years of study done by Larry L. Constantine

and first appeared in print in 1974 in the IBM Systoms Jour=-

nal in an article entitled "Structured Design", co-authored

Pl S
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with Wayne P. Stevens and Glen L. Meyers. Even though some

-
&

of these ideas (primarily documentation conventions) have
trickled over into the traditional method for System Design,
it is important to contrast the differences.

If it has not already become obvious that this author
prefers the use of structured techniques, it will become so
in the remaining chapters. But at this point the role of
Structured Design in the total context of Systems Design
must be explained. Structured Design does not replace all

the functions discussed during the section on Traditional
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Design., As Stevens explains,

Structured design is not a comprehensive system design
technique, since it will not aid in file design, input
and output lay: choice of access method, cperating
environment, ha:uware or software, and so forth . . . It
is done prior to detailed program design, where the
decisions are made as to how to implement the require-
ments of the program in code.[30, pp. 6-T]

As can hn ~een Structured Design would not be formal-
ly used vnt1l the latter stages shown in the section on
Traditional Design. By vhis time, the General Systems
Design will have been done and many decisinns such as which
parts of the system would be automated and which would be

manual would have be2n made. This is not to say that the

concepty used in Structured Design could not be useful
during the earl'er stages of General Systems Designﬂ The
idea of t. 2aking the system down into modules that perform
single specific tasks can be very useful in producing an
early flexible design.

With the context set for Structured Design, let's look
at how it differs from Traditional Design.

Traditional Design
Traditional Design involves the steps of General Sys=~
tews Design, Evaluacion and Justification, ard Detail Sys~

tems Design.

The purpose of General Systems Daosign is to take the

functional specifications developed during the Systems Anal~

ysils and produce alternative designs that will meet those

" -
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specifications while utilizing the present and expected
resources, The alternatives must then be evaluated and one
picked for Detailed Design. The reszult of Detailed Design
is a document which can be sent to programmers to be turned
into code.

One problem has traditionally occurred during this
process. Not coincidentally, it is also a problem that has
been attempted to be corrected by the techniques of Struc-
tured Design. It relates to the thinking that typilcally

accompanied the transition from analysis to design. When

the product of the Systems Analysis was & wriftten functional
specification's document, the first step a designer had to
perform was a tra slation of the written specifications into
a picture of the proponsed system. The most well known tocl
used was the flowchart. However, the problem with using a
flowchart 1s that the designer must think procedurally, step
by step through the system. First this procedure must be
done then this one ... The problem with this is that the
resultant deslign is prematurely bound up in the details of
the system and the overall design tends tobe very inflexi-
ble and hard to maintain{26, pp. 303=305]. This 1is commonly

called bottom-up design.
Remembering that one goal for the design is easy

maintenance, this method of design should be rejected.
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It has been mentioned that Structured Design is a
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technique that occurs after many of the steps in Traditional

W
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Design havé already been accomplished. In other words,
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AR e

"Structured Design is specifically a program design tech-

-
— T

i: nique." 30, p. 6] Most important, though, are the concepts @fﬁ
g behind Structured Design. i,/
Eﬂ As opposed to the procedural fashion which character=- i;ﬁ
Eﬁ izes the Traditional Design, DeMarco says Structured Design ;ﬁﬁ
L KA
h: « « » Should take its shape from the hierarchical view of
A the application . . . The top level shows the most impor- el
« tant division of work; lower levels further subdivide the A
work allocated to each of their managers. The underlying yiij
philosophy of the system appears at the top, and the iy
details at the bottom.[26, p. 305] L

The idea is to look at designing a system the way one would )

an organization, with the boss at the top and various levels

- 'ﬂ."u‘- LA
> T2 “Tu * ST T P
RE S ST AL RIS

of managers in the middle and the workers at the bottom.

Onz would not organize a hospital based on what 1s done step
by step throughout the day, and the same applies for design-
ing a system,

Anotner conhcept used in Structured Design is the use,
again, of gruphic representations of the system. The use of
Structure Charts and HIPO (Hierarchy plus JInput, Process,
and Qutput) charts will be used to show the hierarchical
nature of the system. The virtues of using graphics have

bech espoused before during the discussion of Systems Analy-

818 and the same applies here. The increased ability for Hfh

everyone involved, the usor, designer, analyst, and program-
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mer, to understand what the design of the system looks like
and does, cannot help but ensure a system that will end up
being just what theluser desired.

Another concept that is vital to Structured Design is
that of modularity. A system should be "built up from
manageably small modules, each of which are as far as pos-
sible independent of one another, so that they can be taken
out of the system, changed, and put back in without affect-

ing the rest of the system."[21, p. 184] Latter discussions

will deal more with modularity and the relationships between
modules needed to accomplish the goal of independence.

The goal of Structured Design is to produce a design

that is easily maintained, changed, and tested. What does
this mean to the hospital? Structured Design will save you
money because less time will be spent on the most labor
intensive aspects of the system life cycle, maintenance and

testing.

Traditioinal Design

General Systems Design
At this stage of the Systems Development Life Cycle
the hospital has decided to continue with the development of

their information system. Until now, the hospital has in-
vested relatively little proportionate to the total costs AR
accrued during the entire life cycle. Some of the alterna- RO

tive man-machine boundaries presented during the presenta-
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tion of the structured specification have been eliminated
and others have been chosen to be pursued. Decisions wheth-
er to modify the existing system or design a totally new
system should also have been made or will be made during
this stage. With the prospect of much larger expenses for
development and implementation of the system confronting
them, the hospital must now be given more detailed options
to chose from. Whereas, details were not considered rele-
vant during the analysis of what the proposed system would
do, those details must now be included in our design. For
example, this includes determining what kinds of edit rou-
tines need to occur and what should happen with rejected
inputs; timing and control should be considéred now as well.
Whereas, the cost/benefit estimates developed during analy-
sis were very much only "ball-park" figures, these must now
be refined. Although this design will not be as detalled as
the one produced during the later stage of Detailed Design,
it must be more detailed than during the anhalysis phase.
Many ideas introduced during analysis will continue
during the design phase. These include the absclute neces-
sity for participation by the administration and the users
and also the con?inued questioning about the feasibility of
the project. There will be predetermined meetirg times
where the decision to continuve will be raised, but if 1t
becomes obvious before those times that the project is no

longer feasible, then the hospital should have the foresight
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to stop, regardless of the money already spent, and pursue
another plan.

Specifically, during this early stage of design, the
following events will occur: refine the system's goals,
develop a conceptual model of the system, apply organiza-
tional constraints to the design, define data processing

activities, and prepare a Systems Design Proposal Report.

Define the system goals

The system goals will be gleaned from several sources.
The functional specifications which define requirements, any
constraints identified during the analysis phase, and the
hospital's short and long range plans for the information
system will all provide input to defining the system goals.

A distinction should be drawn between the hospital's
organizational goals, system goals, and system requirements,
Normally, the organizational goals that apply to the infor-
mation system being developed will fall into one or more of
the following three areas: 1) Inhcrease Revenue; 2) Avolid
Costs; or, 3) Improve Service (IRACIS){21, p. 156]. For one
or more of these three reasons (objectives), a system is
being developed. The system goals should be defined to
state how the system will help achieve the organizational
goals. It 1s important to realize, though, that Jjust be-
cause the designed system achileves its goals does not mean

the organizational goals are automatically fulfilled. For
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example, if an organizational goal was to avoid costs in the
warehouse by implementing a system goal of having more up-
to-date information on the inventory, the fact there is more
up-to-date information does not necessarily insure that a
warehouseman will utilize it to keep the inventory as low as
possible. Although there may be cases where the new system
will automatically fulfill organizational goals, usually the
system will only make it possible to satisfy those goals[21,
pp. 162-1631.

In the same way, user requirements don't directly
translate into system goals. The contrast can be seen in
our inventory example by realizing that our broad system
goal, to provide more up-to-date information on the inven=-
tory, could be fulfilled by many different user require-
ments. The user may require a daily written report when the
system is first installcd but later require an on-line query
capability to get even more up-to-date information. The
broader system goals will not likely change over the life of
the system hut the user requirements needed to fulfill those
system goals might indeed changeld4, pp. 375-3761.

As important as knowing the context within which sys-
tem gouis are placed 1s knowing how to write them. A goal
that is obscure or amblguous will pose a great problem for
both the designer and the hospital. For, after the system
ls designed, the confllict will invariably arise where the

desnigner feels the system meats the goals and the hospital
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does not. Each goal should be reviewed thorougnly to deter-

mine if these defects occur.

Revelop a conceptual model
Whether or not all the Structured Design techniques
are used, most software development companies have seen the
value of instituting some of them. One of these is the use
of top-down-design. Yourdon detines top-down-design as
a design strategy that breaks large, complex problems
into smaller, less complex problems - and then decomposes
each of those smaller problems into even smaller prob-
lems, until the original problem has been expressed as
so?e combination of many small, solvable problems.[22, p.
59
Another technique used is the HIPO chart which docu~

ments the inherent hierarchical and conceptual nature of a

system. This 1is used instead of a system flowchart which is
procedural in nature and prematurely emphasizes the details
of the system. When designing a conceptual model, the
procedural fashion of a system flowchart i ’'nadequate whi.e
the HIPO chart accomplishes the task very well. Although

the use of top-down-~design and HIPO charts don't comprise

the subatance of Structured Design, they are compatible with
the more esoteric concepts relesting to module relationships. b

Top-down=-design and the use of HIPO charts are linked

LS et

by the fact that top~down-design implies breaking down the

,'..
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system into manageable parts or funoctions while HIPO charts kf
are a way to display those functions graphically. When ij

Data Flow Disgrams are used during Systems Analysis, it 1is a
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simple matter to turn them into HIPO charté. This process
will be discussed later ip the chapter.

The HIPO chart is very similar to the Structure Chart,
which will also be discussed later in this chapter; however,
the difference is that HIPO charts do not show how the
modules .are interfaced or what information is passed between
the modules. HIPO charts are also used to show the inner
workings of each module using the same format of hierarchy
plus input, prozess, and output. An example of an overall
HIPO diagram documenting an inventory control application is
shown in Figure 3-1[2, p. 380] and the use of the HIPO
format describing one module (module number 2.0, "Update
Inventory Master") is shown in Figure 3-2[2, p. 381]. No-
tice the hierarchical (bosshood) nature of the modules with
the main function "Maintain inventory control" being very
general and successively lower levels being more detalled,
with the bottom level of modules performing the werk. As
can be seen in Figure 3-2, the function of the intermediate
levels i8 to handle timing and control and make the deci-
gions about when to call the lower-level ;odules. The flow
of the overall HIPO chart also follows the characteristic
that the input functions appesr on the left, the process
funotions are in the middle, and the output funations are on

the rignt.
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Figure 3-1: Example of s
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HIPO Chart
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The dream of every designer might be to design a i

system in a vacuum where he would not have to be concerned

B iithg »

=

with the realities of organizational constraints (often

. w_w®
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called "limiting the creative potential"). To the contrary,

AL I
SR I
i

X the true creative genius of a designer comes when they are }@i
@? required to produce the best design they can, which fulfills f?ﬁ
the requirements of the user, while utilizing only the ;%;

resources availlable., By resources we mean people, money, Eﬁii
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‘;:Z; FROM: Maintain-Inventory-Control (0.0)
n Input Process I Output
N ( ) (1,11 ON-HAND minus QNTY-REQD is 1eas thanzero | A
g, ON-HAND then a. QNTY-AYAIL= ON-HAND
v QNTY-REQD —'ﬂ b. Perform "Determine-Quantity- Back- QNTY-AYAIL
N Order (2.1)"
i else ¢ QNTY-AVAIL= QNTY-REQD
2. Perform “Reduce- |nventory-0On-Hand (2.2)" R
- 3. Perform "Update-Total -Sales (2.3)" S
o ON-HAND 4. Perform “Revise-Activity-Dste (2.4)" Ny
a ON-ORD [P 5.1fON-HAND plus ON-ORD is less than REORD- LYL L
" RECORD-LVL then a. Perform “Calculate- Reorder - Require- s
H L ) L ments (2.5)" ) . ) s
5 T0: Detern-ine-Quantity- BeckOrder (2.1) N
. Box No. L& Reduce- inventory-0On-Hand (2.2) ET;“
Update- Total -Sales (2.3) 'T
Diagram Title: Ypdarte /nventory Mosler Revise-Activity- Date (2.4) RS
Calculate- Reorder - Requirements (2.5) e
R
Flgure 3-2: Module Description Using T
[
HIPO Concept R

equipment, materiazls, methods, and others, Often an organi-
zation must make trade-offs which result when two con- “

straints conflict. For example, a hospital may require an

extremely reliable system, but is not willing to make the ?fﬁ
money available to obtain that reliability. As a conse=- ?ﬁ%&
quence, the designer and organization must weilgh constraints i&;;
such as reliability, cost, installation schedule, maintain- Fﬁ;
ability, flexibility, growth potential, life expectancy, and | ?E%
others, to come up with the proper designl2, pp. 377-3781. ;%Qi

by e pen
It 1s the meshing of the users requirements with the con- N
strained resources that produces the optimum system. ST
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] Define data processing activities %1?4
@ A goal of the designer is to produce several alterna- ﬂﬁg
oY M
) ES
q tive design solutions from which the hospital will pick one e
| NOAD
%\ to continue with into the Detailed Design. As a rule the ﬁ;:
Fﬂ designer should try to provide at least three alternatives: ?ﬁ:
i ot
A 1) A low cost solution that does the job and nothing E‘f
- more. ran,
» NN
Fﬁ 2) An intermediate cost solution that does the job well, Fﬁﬁ
$¢ " and is convenient for the user ... g
B 3) A high cost "Cadillac" system, with everything the

N user could possibly want.[31, p. 12]

o

Pg An important factor in establishing these alternatives

?ﬂ 1s'the extent to which each is automated. During Systems

Analysig, the ana}yst segregated different functions or

i
Lt
processes in the Data Flow Diagram (DFD) into man-machine yw
I
n
boundaries. The same process occurs here except that now 3\

* o -
-.. x
x R -

the hospital has a better idea of the work that must go into

RN
each part of the system. Many considerations must be made @%
tocome up with these boundaries but the task is much easier ::E“
when proper time is spent on the previous step, applying ;}
organizational constraints. To a large degree, the con- &%
straints on the system will dictate which functions will be EE
automated. | ﬁg

Gane ang Sarson give good examples of generic slterna- ;%a
tives that might be considered for design. ?ﬁ
1) A batgh system where work can be accumulated man- ET

ually and then presented for entry into the system at one

LY . '»
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2) A source data entry system with gvernight update
where data is input continuouély during the day but the

computer stores it until the processing is done overnight.
3) An on-line data entry system with immediate update
and and gn=lipne inquiry feature. In this alternative sys-
tem, entries during the day would be immediately processed
and users of the system could inquire as to a status at any

time without having to wait until a report is generated

later.

4) A distributed system where sections of the hospital

would have Lhere own limited data processing capabilities

but would transfer transactions or updates to a centralized ?égi
or host computer with results possibly being returned to the EE;%
section. In previous discussions this configuration has &;ﬁ}
been called an integrated system. FE;;

5) A system with dedicated computers where each sec-
tion would have their own data processing capabilities but

would not have the capability to directly pass information ”Tf“

between computers., Another term for this is a stand-alone
or non-integrated system.

6) An improved manual system without automation. Con- ;??ﬁ
sideration should always be given to this potential solu- ..
tion.[21, pp. 165-166] fﬁgﬁ
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Prepare Systems Design Proposal Report

Another formal opportunity is now provided the¢ hospi-

-~ a- “acor -
sy X
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Cal il
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% P 3
e

tal to decide how to continue with the project. The de-

ey
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g
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e
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' signer will provide documentation showing HIPO charts for ?;S
ﬁ each alternative and again estimates of costs for each. A Qi
% restatement of system goals and user requirements should be .
i made with indications of how each altérnative will satisfy

% them. It is also important to show how each alternative

i: will impact the resources of the hospital.

ﬁ Lastly, the designer must make an effort to clearly

ﬁ identify each assumption made during the design. This orit-

;f ical point, if not developed fully, can lead to many misun-
derstandings and possible legal ramifications, These points
must be brought in the open and clarified or a plan devel-

oped to deal with each assumption.

i After this package is presented to the hospital a
éé decision must be made on how to continue. Normally, some of {
?i the alternatives will be rejected and some retained for jka
Ji further development. A Request for Proposal (RFP) will be fﬁﬁ
ﬁ; prepared for each alternative chosen for continuation. This %:3
: will allow more detailed analysis on the hardware that might {ﬁg
be chosen and the costs and benefits for each alternative. ;~:
One option for the hospital that grows harder to éﬁﬁ
choose as each step in the System Development Life Cycle éﬁi
passes, is the option to terminate the project. Even if g;:
there is no feasible solution, a hospital will rationalize E&ﬁ
nﬁg
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continuation based on the money already spent. As appealing
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as this logic may appear, it could be a death knell to the
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hospital that forgets that about 80% of the costs associated L
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Wwith the system can be attributed to maintenance. If an

infeasible solution is accepted, the costs involved with
~ manipulating the system to meet the original requirements
are going to be great. The way to proceed when there are
no feasible solutions is to ignore the sunk costs and stop

the project.

Evaluation and Justification

Assuming a decision is made to continue with certain
alternatives, the designer must more specifically ascertain
.the costs and benefits associated with each alternative.

The hardware is one part of the system for which the de-
signer must gather price information in order to do the
cost/benefit analysis. If the designer's company is not
going to produce the software for the system, then proposals
for that work must also be requested. Once all costs have

been determined, the analysis can be done and a Final

PR AL
s “a-Toe
TR

General Systems Design Report can be prepared from which gne

L3

I
RS DR X

design will be chosen for Detailed Design and coding.

Regquest for Proposals (RFP)
"The RFP provides you with an opportunity to gain, in
a systematic and comprehensive manner, vendor information

needed to make sound purchasing decisions."[32, p. 18] As

-
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necessary as the proposal from a vendor is , it will be only

==

as good as the RFP, If the RFP is ambiguous and unclear

- e
Cand)

.

»

then the resulteat proposal will obviously not provide the

";J'-_-
4.

accurate information necessary to make a sound decision.

30 :":

If, however, the steps taken during analysis and design were

P

done correctly and completely; the information provided to
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the vendor should be precise.

A step that is sometimes taken just prior to sending
out RFPs is that of making a Request for Information (RFI).
This is done primarily when a hospital uses in-house capa-
bilities and is not familiar with the availability of serv-
ices in the marketplace. It is essentially a preliminary

screening to determine which companies should be sent an

RFP. The RFI usual;y is not as detailed as the RFP and may
contain only summaries of system goals and user require-
ments{32, p. 171].

Several alternatives are open to the hospital when
sending out an RFP, Th~? hospital may decide to request
proposals for a specific configuration. In this case the
decision has already been made as to whet type of equipment

is desired and how it will be utilized. The equipment

supplier is asked to provide only costs and other informa-

ticn related to that configuration.

If a hospital has not decided on the specific config-

uration but has determined specific performance requirements
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based on the system's requirements, it may request proposals
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ﬁ for only those performance requirements. Bas? . .y * «

s hospital is saying, "This is what we want the - =. 1t -,
o

ﬁ what equipment do you (the vendor) propose will sa’ ‘i |y

these requirements?"
Finally, the option exists for the hospital to request

proposals from only one vendor. Obviously, the impact of

competitive bidding is lost in this situation, but there may
be times when its use is desired., In the case where a brand
of hardware is in use at the hospital and the proposed ;ﬁ%
system must interface with it, a proposal from one vendor

may be called for. Political influences may also lead to

“his approach, especially when the CEO of the requesting ﬁ;m
hospital is also a stockholder or board member in a hardware f;"
firm. L

Whishever approach is taken, certain information
should be contained on the RFP as well as requested from the i
vendor. The RFP will consist primarily of documents already fﬁﬁ
developed during the previous stages of the project. This jﬁﬂ
points up another value of the use of structured tools. The '

ability to supply the vendor with graphic representations of AN

the current system as well as the proposed system, goes a
long way toward preventing misunderstandings. As well as
showing the two items (the current and proposed systems) the

hospital should supply as much information about the desired

performance requirements as possible. These are important -

because only if the requirements are measurable will there R
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E be any way to determine whether a vendor's equipment is

R actually meeting the desired system design goals. The RFP
P '

3 should also ask th- vendor to detail all other peripheral
i costs including delivery, set-up, equipment maintenance,

financing, and training costs. Another item the hospital

might include is a brief profile of itself. This might help

the vendor by allowing them to compare the proposed system
with systems they've already installed or with installed
systems of other vendors.

In addition, the RFP should request the vendor to
provide certain information, Costs of all kinds are ob-
vious, but other items such as maintenance agreements, war-
ranties, training requirements, data conversion require-
ments, financing plans, and a vendor profile are all neces-
sary for the hospital to consider. Another important item
to request is information relating to other similar instal=-

lations the vendor lLias done. This will enable the hospital

to verify some of the claims made by the vendor.
Finally, to aid in evaluating the proposals, the hos- 4
pital should specify a format for the returned proposals.

This will insure comparisons are done fairly and between

like items. In other words, the evaluators want to compare

apples with apples and telling the vendors how to format

their proposals will insure this happens and speed the

evaluation process. Note: An excellent guide for preparing k%%

an RFP, called Hospital Computer Systems Planning, has been et
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- 5- W

written by the American Hospital Assoclation. It is in-

information presented by the vendor is not comparable with

ﬁ cluded in the References listed at the end of the paper.

%

N Evaluation of proposals

2 Evaluation of proposals may require several iterations
ﬁi because it is not uncommon for the evaluation team to need
-

h clarification on items presented by the vendor. Also, if

that provided by the other vendors, it must be converted,

Once all the proposals are back and ready for evalua-

tion, the process of elimination begins. Some vendors can

be eliminated immediately because they cannot meet the es-

sential system requirements of any alternatives. For the ﬁﬂﬁ

contending vendors, several methods can be employed to rate E::

7 e
'y
(3

.
F e 0
2 % €
v
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them and narrow the fileld.
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One method involves creating a matrix with all the

system requirements listed on the left side and the vendors

N
listed across the top. How each vendor satisfles the re- ﬁgg
quirements can then be viewed easily and an initial group Eéé
can be selected. ?ﬁﬁ

When the field has been narrowed to a few vendors, the Eg;
hospital may then want to verify the claims made by the ;ﬁ;
vendors by calling the hospitals l;sted in the vendor's Eﬁ
proposal. Another way to verify equipment claims is to do EE%
testing. Two common tests include benchmark testing where ;;Q
the hospital uses a program written to model the anticipated ?S
workload of the system and simulation testing. The criter- :?

.
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ion for benchmark testing is the execution time of the

<

Tt

aquipment. Because the program will model only the prejec=-

§ ied wofwload. the validity of the results aré only as good

'v as the test program. Simulation tests use mathematical

% modela to prediet the way the equipment will operate based

? on certain parameters such as file sizes and structures.

i nuwbers of transactions, and file accesses, ﬁgﬁ
i? The final evaluation sometimés requires the hospital Eﬁﬁ
' to pick one vendoi out of several that meet all the system {&
g requirements to scme degrre, At this point the hdspital can f

E§ give a priority to system requirements and assign a weight-

Sﬁ ing factor to each. Then the hospital can rate how well

i each vendor meets the requirement and multiply the rating by E$Q
§§ the welghting factor to get a weighted value for how well &é;
EE each vendor satisfies each requirement, When this is done Qii
- for each vendor, summing all the weighted values will give EE%
%E an overall value that ranks the vendors by how well thay :%%
g; meet the most important (most highly weighted) requirements %g;
?4 of the system. : :TT
%i Most rnspitals have statistical methods similar to g;i
Eﬁ these for ranking vendors; however, a hospital usually in- ﬁ;;

clude. wsome subjective rating also. The value of this

o
ST
3%

|
P

;
)
:

should not be overemphasized nor discounted totally. There v

. Ty
TR

is something to be said for "gut feelings" by executives who

v, T LT
[ 4

"1‘Vl; " v _ e
45

have been in the business for many years.

'
.

o

Whatever methods are used, the hospital must now
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choose a vendor and proceed to the next step of considering

acquisition methods.

Acquisition considerations

Basically there are four methods for financing the
acquisition of computer equipment: 1) rent from the vendor;
2) purchase from the vendor; 3) lease from a third par:y;
or, 4) . combination of thesel2, p. 414)., Many factors must
be considersad in deciding which method to use and is an area
where accountants and lawyers must assess each possihility
and decide which is best for the hospital. Figure 3-3 is a
chart listing the relative advantages and disadvantages of

eachl2, p. 41717,

Cost/Effactiveness. analyais

The purpose of this analysis is to determine "if the
proposed system produces benefits which outweigh costs."[2,
p. 418] The procedure is simple; determine the life of the
equipment and tally all the annual costs incurred by imple-
menting the system, and do the same with the cost savings or
increased revenues and see which is greater over the useful
life of the system. If there is a net savings, the next
step is to determine whether the internal rate of return on
the investment is acceptable. If there is a net loss, the
system should not be considered favorably. As simple as the

procedure scunds on paper, the determination of specific

T PR R S R R D R S R R R e S
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X
\ METHODSE ADYANTAGES DISADYANTAGES
z RENT 1. Helpful to user who is uncertain | 1. QOver approximately five years,
i~ 83 to proper equipment application. | thisis the most expensive method.
o 2. Nor mally psychologically more 2. Rentsl payments inc.'ease by some
- acceptable to management. factor less than one 1f usage exceeds
. 3. High Nexibility. a specified number of hours per

4. If an organization does not have month, assuming prime shift

past experience with computers, contract.

this may be the safest method.

5. Maintenance charges included in

rental payments.

6. Allows a favorablie working

relationship with the vendor.

7. No long-term commitment.

8. Avoids technological obsolescence,

PURCHASE 1. The more mature users no longer | 1. Organization hes all the responsi-

need to depend on the security of
renting.

2. Stabilization of computer industry
means that changes in technology are
not as disruptive as they once were.
3. Lower costs for an organization
with a fairly stable growth pattern
thet will keep the equipment rela-
tively longer than a growth company
(i.e., not subject to operational ob-
solescence.)

4. Investment credit offers certain
tax advantages.

5. All other advantages accruing to
ownership.

bilities and risk of ownersahip.

2. Usually if equipment is purchased
separate arrangements must be
made for maintenance.

3. Inagrowth company there is g
high probability of being locked 1nto
a computer configuration that fails
to meet the changing requirerments
of the system.

4. Must pay taxes and insurance on
equipment,

S. If the organization has better
alter native investment opportuni-
ties, it would be more profitable
for it to use the funds for these
alter natives.

6. Ties up capital, thereby imping-
1ng upon cash flow.

7. Increase risk of technological ob-
solescence.

8. Low resale value.

Figure 3-3: Adventages and
Bisadvantages of Acquisition

Methods
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; METHODS ADYANTAGES DISADYANTAGES

‘ LEASE 1. Inthe long run, can save 10-20® " *. Lessee i3 obligated to pay a contrac

! over rentsl method. ted charge if 1ease is terminated be-

o 2. Tax benefits. fore end of lease period.

3. Conse: sation of working capital
because of low monthly payments,

4. Allows users to select their equip-
ment, have it purchased, and then
have it leased to them.

2. Little support and consulting ser-
vice.

3. Lessee loses § great desl of negoti -
sting ieverage.

4. For maintenance, the lessee must
depend upon a service contract from
the vendor, not from the leasing co.

COMBIMATION

1. Optimizes the best of other
methads.
2. Flexible.

1. More recordkeeping.
2. Might have to deal with several

vendors in case of breakdown.

a
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though,

Intil 19757

savings from the system.

ted earlier[1, p. 2311].

Figure 3-3 (con't): Advantagss and

Disadvantages of Acquisition

Methods

costs and benefits is very difficult.
evaluate the cost/effectiveness of a large HIS.

ted at E1 Camino Hospital in Mountain View, California.

allowing procedures to go on as they nad before.

intangible benefits included reduced errors,

In other words,

there are not many supporting data to

In 1975,

a comprehensive study was done of the HIS implemen-

The

results of the study showed a $3 to $5 per patient day
The study also showed that 35% of
the savings were labor related but were attaired only when

management enforced personnel changes that had been predic-

an attempt was made

to realize the potential benefits of the system instead of

Other

improved time-
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i
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e S -

liness, and enhanced availability of medical information(é6,

p. 201].

~ -

From this and other studies it is seen that benefits

WS gl il )

can be clas. "fed as either tangible or intangible. Tan-

ota

gible benefits are those that might be associated with the

s laese

elimination of a position or a process which results in a

! quantifiable benefit. More difficult to measure are the

i intangible benefits which are usually qualitative in nature.
;j It is hard to assign a value to the enhanced availability of

ﬂ medical records, but an effort should be made to estimate

where possible. A technique that can be used when someone

G —
i

.
F A L N
-

S ey

hedges at an estimation for fear of being held liable, is to

estimate three different values and multiply each by the

likelihood (odds or probability) of its occurring. Summing

Tl ok NS0

the products gives an estimate that is more realistic.

y ¥

Although it is less difficult to estimate costs, the

]
aliTay

important aspect of this part of the analysis is to make

a- v
'4‘-'.

sure all the costs associated with the implementation of the

¥
= F

system are included. The hospital should be sure to in~-

»

..
rer -
-

clude:
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1) acquisition costs which are the actuzl costs of the

kot §

equipment;

4
.

2) environmental costs which include such things as

R e P
r r S

e )
.

4

power requirements, air conditioning, furniture and fix-

o

R

e

L. tures, and other room modifications; kT

) N

N 3) physical installation which includes costs asso- N
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ciated with the actual setting up of the equipment;

=

4) training costs for both users and operators;

o

P

5) additional project development costs which include

software development;

. oe—
.-

6) conversion costs incurred when changing from the

‘ _‘_‘_‘_'
»
3

¥
FRLRs

present system to the new one; and,

7) operations costs such as staff costs, supplies,
‘quipmen* wnain enance, systems maintenance, power and lignt,

and ;. ' irancej 2, pp. 422-4241],

tnee the .~nual costs and benefits have been deter-

mined .3 Lf the benefits are greater than the ccsts, a net
annual saviangs shovld be calculated. The net present value
of L..e flow 0 annual cost savings should be determined and

compared against the costs required to continue the project

(the investment). If the net present value of the cost

3

savings is greater than the investment, the project is

favorable and should be continued.

.. v v
P ]
PR

Now that a design alternative has been chosen and the

.

method of acquisition has been determined and appropriate i{“l

cost/benefit analysis has been done, the Final General Sys-

LR AT
.u’-.‘ Ay
. e
. A

tems Design Report can be prepared. Also included in this

report will be a detailed implementation plan which indi-
cates the schedule of events for areas such as equipment
acquisition, software development and testing, training,
set-up of the system and any conversion activities, plus the

remaining steps in the System Development Life Cycle. Again
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the hospital will decide whether the project is still feas-

2 !
. e

ible and how to continue. If the hospital decides to con-

"B 5 &Y i
s SR

tinue, the chosen Systems Design will then be further re-

fined during Detailed Systems Design.

Detailed System Design

By this time the hospital and designer have escab-
lished a design for the proposed information system. The
decisions have been made as to which parts of the sysfem
will be accomplished manually and which will need to have
programs written so they can be automated. A general idea
exists about which hardware will be used. The purpose of
Detailed Systems Design is to move from the conceptual ideas
to detailed plans that a programmer can use to generate
programs and detailed equipment specifications that the
purchasing department can order from. In general, it has
been decided how the system will operate. Now the question
must be answered, "How specifically will the system oper-
ate?"

To answer this question, details concerning the HIPO

charts or program specifications must be refined to the
level necessary to develop the software and controls, forms

and reports designs, and procedures manuals,

.
hd - - - - - - - - -
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Controls

If a hospital considers information important enough
to invest millions of dollars to develop a sophisticated
information system, that hospital would also want proper
controls placed in the system to insure the veracity and
integrity of the information and thus protect its invest-
ment.

Controls can be included in many places throughcut a
'system. The extent to which this is done depends on the
amount of money a hospital wishes to spend. Like an insur-
ance policy, an organization must establish the value of the
information and insure it accordingly.

Generally controls can fall into the following cate-
gories:

1) External Controls might include auditors or evalua-
tors from outside the hogpital that would evaluate the
system,

2) Administrative Controls are those policy and ma: -
agement controls that dictate the overall operation of tie
system both for normal and contingency operations.

3) Jnput Controls are used to insure that garbage does
not get inte the system so garbage will not come out of the
system (GIGO). Some tools thaf control input are transac-
tion codes which provide a check that proper types of trans-
actions are being done, forms designs which can provide an

easy to read document for data entry, verification of the

A ;n".‘n""x' . 2. vl'-\-":' : -'L‘\- < :;:L (Q*tr‘m -\I-:};: M, \".Lim."f ; e -‘* '4“.1.“;:..1::.:‘. b
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X accuracy of source documents by another individual, and

{ control totals. Control totals are especially useful when
3 blocks of transactions are processed several times in dif-
i ferent locations. The totals are calculated by summing a
:'; code used for each transaction in the block to come up with
j a total that can then be checked each time the block is

w |

E processed to insure a transaction was not dropped or an

ﬁ extra one added.

4) Programming Controls can be used to check that a
: value is within prescribed limits, or arithmetic checks

ﬁ3 might be done in a case where values can be correlated.

s '

. Error logs can also be used as a programming control to

i decide if processing should continue or when errors are

;5 occurring too frequently. Another necessary control is a
?2 transaction log that provides an audit trail.

i 5) Data Base Controls are necessary to prevent unauti-

orized changes to the data base and to insure that proper
back-up procedures are carried out if a data base must be

recovered.

6) Qutput Controls are a final check on the accuracy

- of the information and include visual inspections or screen-
ij ings. Strict controls should be placed on especially valu-
ﬁl able outputs like paychecks or classified informaticn.

: 7) Documentation Control refers to the need for docu-

s € 7

FRal

mentation such as a general .ystems manual, a user's nanual,

AR

and technical manvals.
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8) Hardware Controls are built in checks which the

KN

-

user normally does not notice, included to catch pessible

-

ot g4 Su g8

errors caused by the hardware itself, This might include

e

sk

3

¥

sophisticated algorithms to detect transmission errors or

vendor software controls which are related to programming

TS weTw
e
.

controls buf refers specifically to routines an operating
system might use to verify the correctness of its opera-
tions.

9) Computer Operations Controls include physical con-
trols related to the actual environment of the equipment and
procedural controls involving the operations of the equip-
ment.

10) The last area of controls, Security Controls, is
becoming more important all the time. There is much that
can be said about this area but it is outside the scope of
this paper. A brief description is presented to stimulate
the reader to consider these controls and seek more informa=-
tion about them.

Many accidents can occur at a computer facility, some

from natural causes and others premeditated. The specific

goal of security programs should be to deter, detect, mini-
mize impact of the disaster and loss, and then to investi-

gate and recover.

Bacically, the techniques used for security fall into
two categories, physical and procedural. Some of the many

physical techniques that can be used ar: controlled access,

.om BT U T S S S T TP U VRGP VLI S B
B T T T U N S A
P e e e e R e e e e e e e T
URLE T SO VLIS PO Sl et S PY DI R W™ WA N Wike? WAL U RN AT W YV e, 05 5 YA

- "
et




Yo - i ._K"_E_‘ _"“c_'_'q w ICR """ Rl M) —'1“\1 AR Tl i M4 £ A Sude Ju i DOS FARCIASE Fag TN

98
ﬁ physical location of the facility, and actual physical pro-
S
;g= tection of the facility. Procedural techniques involve
N
A procedures that insure that only approved personnel have

access to the appropriate information in the system[2, pp.

449-4731, T

The value of information and of the investment in if?
systems to produce information dictates that the highest “:1;
level of accuracy be achieved for that information. The ?ﬁﬁ
extensive use of controls bears directly on the quality of g;;
the product generated by the system. ,?'
Forms/Reports design s

Another factor that can determine the effectiveness of . ;ﬁ:
the system is the quality of the forms and reports that are %ﬁ?
used. A hospital can have the most accurate and potentially j;?
useful information available, but if it is not presented in ii;
a way the user can clearly understand, it is .asted. zg;

When evaluating the design of input forms or output %%S
reports, several factors should be considered. The function S@?

of the document, its distribution, and the required physical
characteristics of the document will help a designer decide
how the form should look. Ergonomic factors should also be

evaluated when designing inputs and outputs.

During this time, consideration should also be given

.

to alternative means of input and output. Automated inputs
such as optical character readers and point-cof-sale termi-

nals might be used as well as analog sensing devices tied
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directly to the computer. Outputs could be gerzrated on

A__ﬁ _
Pty 3 Sy

terminals or by voice sythesizers,
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Humanp procedures

Too often, a system is installed and people are
trained but very shortly the user forgets something and
there is nowhere to turn. Perhaps the reason so many people
are intimidated by computers is because they have seen this
happen to their friends., Without properly written proce=
™ dures and enforcement of those procedures, many anticipated
p, benefits of the system may never appear. As El Camino
\

Hospital in California discovered, this was a major factor

in their realized cost savings(1, p. 2311

Two aspects of human procedures must both be present
for procedures to be effective. The content must he valid
and its presentation must be clear and understandable. One
without the other will not do. Good procedures muddled in
an unreadable format are as useless as bad procedures writ-

ten well.

Of course management is responsible for providing

procedures that work but thought shoulc be given to having a
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professional write the documents, Included in the document

should be a description of the procedure, how it fits into

-
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the total picture, and the actual details of how and when to

perform the activity. As a feedback to those involved in

the activity, the anticipated results should also be ex-
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plained. This concept follows closely to those detailed in
the discussion on HIPO charts; show hierarchically how the
procedure fits, show the inputs and outputs and how the

actual procedure is performed.

Structured Design

"When we have decided on the automation boundary and
carved the computer system up into subsystems, . . . we have
to design the software within each subsystem."(33, p. 137.
In the cxample of an architect, this stage can be compared
to producing a blueprint from which the structure will be
constructed, Many companies that produce software claim to
have implemented Structured Design. They base this asser-
tion on the fact they use top~down-design and HIPO charts;

however, they have missed the point of Structured Design.

Top~down=design and HI’0 charts are tools that may be

-, ST
2 e

found in Structured Design but it is the modular approach

which produces easily changeable and maintainable systems
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that def.ine Structured Design. ‘'The concepts by which mod-
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ules are determined allow Structured Design to accomplish
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its goals, not Jjust the fact there are modules. It is

L4
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important for a hospital having software designed for it to

understand these semantic differences in order to make cer- :

tain it gets the best produzt, ﬁ&:
L‘. ‘.‘."l.
P
o
e

)



V% T YN R N YA NN N Y Ty v W & 0 T T T Ty T Ty TR T TR U T R T o T e
TN TR TN T T TN T TG T TR TS AT T T L TR T TR TR GeB e LF et et awT

g 101

The Goals of a Strnatured Design Approach
DeMarco claims that, "As the average life of a system
increases slowly toward six years, the average percentage of
the lifetime software cost devoted to maintenance approaches
60 percent! (Figures agaln from Barry Boehm)"[26, p. 2981].
This supports earlier claims by Gane and Sarson. If these
figures are anywhere near accurate, an obvious desire for a
hospital would be to reduce those costs as much as possible.
The goals of Structured Design, the production of designs
that are easily changed or maintained and tested, have

proven to accomplish this reduction in cost.

A maintainable system - modularity

A module can be thought of as a program segment that
is characterized by the features listed below. To say that
each module should be manageably small leaves much room for
interpretation, but a good guide is program code no longer
than a page or twol[30, p. 94]., Besides being manageably
small, modules should be able to be changed without creating

a ripple effect throughout the system. Also, functions

should be limited to as few modules as possible, Lastly,
the results of each module should be predictable. These

characteristics of an easily maintainable system are accom=
plished by incorporating the concepts of coupling, cohesion,
morphology, and scope of control/scope of effect during the

design process.
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i Coupling

ﬁ Coupling is a measure of the dependence of modules on
§ each other. The more dependent they are the ‘more chance

i there is that when a change is mad¢ in one module it will

ﬁ affect others. This rippling effect meakes it very difficult
g to make changes to the system and predict the results with-
a out spending a great deal of time tracing through the system
Eﬁ to see how a change affects each module. Obviously there is
:3 no way to create completely independent modules since they
.‘j must be nalled by someone to be useful, but as we limit the

connections (coupling) or dependence we eliminate the poten-

tial ripple effect.

Cohesion

T e
Pl gt

Cohesion measurcs the unity of purpose for a module.

“a Fu "2 Fd
i
PRgiP P

Each module should perform one and only one function and all

SR -
. o=
5

the code in that module should be written with that one

e function in mind.

Morphology

Morphology refers to the overall shape or structure of
the Structure Chart or HIPO chart. A well designed system
should of course be hierarchical with one module at the top
and more and more modules at each level below until a point
i8 reached where commonly used mnodules (utilities) are
called by several modules from above. This would appear

similar to a diamond shape structure.
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Scope of Control/Scope of Effect

-
-

These two related concepts refer to the relationship

-
a1

R

between modules. As in a military setting, if a superior

(module) has control (calls) over too many subordinates
(other lower level modules), the superior's ability to con=-
trol those subordinates effectively could be questioned. If
one module calls too many other modules, the chances that a
change in that superior module could unexpectedly affect a

subordinate are much greater than when a superior calls on

only a few subordinate modules. In such a case the superior

should be broken up into logical subsystems.

Scope of Effect refers to a situation where the action

- of one module affects another module other than an immediate

superior or subordinate. When this happens, changes in the

module could have unexpected rippling effects throughout the

system.

An efficient gysten

This topic is mentioned not necessarily because it is
a goal of Structured Design, but because so many place so

much emphasis on it, This is perhaps a carry-over from the

days when main memory was limited and it was desirable
(almost to the point of being a status symbol) to perrorm a

function with the least amount of code. Now that memory is

much less expensive and even microcomputers normally come

r "‘IV:E . :"“.
-‘j:i"'":') I8 _- !.

with more memory than many mainframes used to, that reason

ae
. .

« v - - -
7,
(S

b &g
=

N

+

Y
'A“ i,.:‘.
] )
. Sttt e
N

by . ) X .
T T AT AL 4T A A A O L L e N g T N g M R L S R Wt LA W
P AT TR A R ASG 7 | TRN N T Ol NSNS N s T S TN Y R R N D I R AT I S R T T G T (VTR ORI e



e Ay R T T T L T N T AL e Tl TG W AT AT R DA AT AT v LT W AT WA AT G0 MU AT UG WS R R Bt R "‘—'"mh"?': "

ALY

[ .
Y

104

for condensing code is not nearly so valid.
Despite the fact the use of Structured Design tech-
niques can add as much as 10 percent to the CPU time and

memory requirements of a system [22, p. 101], the cost

=
P )

factors related to maintenance of the system should over-

r
Al L

|- - Wy

whelmingly suggest that the benefits of using Structured

Y 5
i &

Design far outweligh the costs in efficiency.

=

=

If efficiency is ¢ ill a concern for the hospital,

Yourdon has a very reveaiing discussion in his book that

will help alleviate those concerns{22, p. 101-1021,

Transition From Analysis to Design

The documentation tool most often identified with

Structured Design is the Structure Chart. The Structure ' .Eﬁﬁ
Chart is very similar to a HIPO chart in that it is hierar- ;§i§
chical in nature and modular. The difference betwéen the‘ EEE&
two is primarily in two areas. The Structure Chart shows 7
interfaces between modules. It shows what data are passed :ﬁﬁ%
between modules. The other difference is that the Structure Efij
Chart shows control and to a limited degree, decision tﬁ%
making. These items not included on the HIPO chart are &f&\
normally documented elsewhere. The value of the Structure ‘i;ﬁ
Chart is that one has not only the hierarchical, graphical '%ﬁ?
representation of the system, but also all the pertinent %ﬁi
information about the interfaces. ﬁ;:

In describing the Structure Cnhart, it is not unremark- ég%i
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able that it sounds similar to a DFD. Whereas, the DFD
showed what a system would do, the Structure Chart will show
how it is implemented in design. Because the two concepts,
DFDs and Structure Charts, are linked so closely, the task
of converting between the two is made much easier. The
processes used to do this conversion are called Transform

Analysis and Transaction Analysis.

Iransform Analysis

One typical configuration for a DFD is to have an
identifiable input stream of data, a section of the DFD
where the input is transformed to output, and an identifi-
able stream of output data.

To reduce this type of DFD to a Structure Chart,
identify the stream of data that can be considered input and
follow it from its inception to the point at which it can no
longer be considered input. Conversely, determine the out-
put of the system and trace it back to the point where it
can no longer be considered output. The point at which the
two streams meet is called the point of transformation.

The actual Structure Chart would look like a pyramid.
The module that describes the overall process taking place
would be the top module and would call modules on the left
that get the input, then send the input to another module in
the center that would transform it to output, and then would
send it to modules on the right that would deliver the

output. Once the modules are identified, the data flow
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between the modules (interfaces) are inserted along with any

controls.

Obviously this.is a simplified description, but it
does represent the essential steps that would be done itera-
tively to produce a Structure Chart. An example of this is

shown in Figure 3-4[21, p. 1871.
Iransaction Analysis
The difference between Transaction Analysis and Trans-

form Analysis is based primarily on the type of system

represented by the DFD and more specifically by what happens
during the transform phase, between input and output.

Whereas in a transform type of DFD there is one identifiable
stream of data through the transformation stage, with trans-

action type systems, the transformation stage appears as

many parallel data flows.

An example is when a transaction comes into the tranc-
formation phase ( depending on the type of transaction it
was), it might take one of several paths and then converge
with all the other transactions again to produce the output.

The steps for conversion are essentially the same as
Transform Analysis and an example showing the DFD segment
and the Structure Chart for a transaction typedata flow is

shown in Figure 3-5[21, p. 1891.
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Structure Charts

Examples of partial Structure Charts have been shown
in the last two flgures. A completed Structure Chart is
sﬁown in Fi ire 3-6[21, p. 207]. The added symbols are what
makes this different from a HIPO chart. |

The symbols are described below.

a data structure or element

® O

a4

a control flag or sequerice symbol

' N
<> a decision process

Y a looping process

These symbols are important tools to show explicitly the
programmer what is happening in the design of the system.

Whether the " 'ansform or Transaction analysis is done

to produce a Structure Chart, the goal for the design is to
be easily changeabls, maintainable, and testahle. This is
accomplished by producing modules tuat are independent, non-
complex, and thac produce predictable results, If the de-

signer follows the rules established for producing good
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modules that have strong Cohesion, limited Coupling, a good

i~
« s
(3
a.a

Morphology, and the proper Scope of Control/Scope of Effect,

R I SN

the design will undoubtedly reach its goal and the hospital >
will get a good design that will save them money over the

life of the system.
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- CHAPTER IV

~

1‘1

?- CODING AND TESTING

! The decisions have been made. A design has been

Eﬁ selected, schedules approved, budgets agreed upon; the work
i? is now to begin. For the first time, perhaps, the hospital

believes the will be a.u automated information system pro-
duced from alil e effort that has preceded. The hospital
typically responds in two ways. First, they want to be let
alone to resume their business, only to be interrupted again
when the project is complete, 2nd second, they want it done

"yesterday".

The traditional programming techniques, using bottom-
up development, have courted this first desire of the compa-
ny. The only bother the software developer would be to the
hospital was to call a meeting periodically to announce
successful completi.n of another milestone, The hospital
executives would be ecstatic to hear tha‘t 95% of the coding
was done and the developer anticipated on-time completion if
not an early delivery. The scenario was repeated at each
completion milestone, but, suspiciously, the coding was

always 95% done. The final scene, though, was not a cordial

PRY
P

one. Inexplicably, the delivery date would come and the

il
2"

developer was still 95% complete with Just a few more bugs

=4
"E to correct. The hospital's desire was honored; they had no ji:
o N
g real involvement in the program development and testing nt
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g phase. However, the unfortunate result was that their sys-
& tem was, and probably remained, 95% complete.
& Conversely, a goal of the top-down structured program-

ming techniques is to involve the users by delivering pro-
gressively more complete, working systems.

One of the major objectives of top-down testing [and the
top-down structured programming techniques] is to involve
the user in the early skeleton versions of the system.

If something is wrong with the system (from the user's
point of view), it is better to discover the problem as
early as possible.[22, p. 84]

RadliA A il s 2 b F X ¥ v

Also, the hospital can put great pressure on the
developer to get the system up and running as quickly as

possible. Often the request is not so subtle and it turns

into a demand that the software be ageveloped as quickly as
is not possible. Perhaps these unreasonable demands are

what lead Brooks to observe that, "More software projects

have gone awry for lack of calendar time than for all other :Ef
causes combined."[23, p. 14] The developer needs to commu- <
nicate to the users that their "urgency . .. may govern the
sScheduled completion of the task, but it cannot govern the

actual completion."[my emphasisl[23, p. 21] While the impa-

tience of the hospital can be understood and tolerated to a
degree, hospital management needs to be educated early in —_—
the Software Development Life Cycle, that the analysis and "
design phases of the cycle take approximately one third cf
the cycle while coding and testing consgme the other two A

thirds (excluding maintenance)[40, p. 3). Although use cf
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the structured techniques reduces the overall time for
coding and testing, the vendor still cannot produce a system
as fast as some companies desire; however, the'ability of
top~down structured programming to produce tangibleAdeliver-
ables often satisfies the unrealiistic demands of the hospi-
tal.

Considering again the scope of this paper, it is not
the intention to provide exhaustive information such that a
hospital administrator or any other company executive could
sit down and program a system. It is one thing to observe
the need for continued user involvement and realistic time

demands, and quite another to teach the techniques of pro-

gramming in CCBOL. However, it is important that a hospital
which has contracted for software development be aware of
the techniques and philosophies used by the developer. For,
just as how analysis and design are performed affect di-
rectly the quality of the product and its subsequent main-
tenance costs, so too do the techniques used for coding and
testing.

As in previous chapters, the discussion will be di=-
vided among two different approaches to coding and testing,
the Traditional Approach and the Structured Approach. In-
cluded in the Traditional Approach are the concepts of |
bottom-up coding and the various stages of testing;
unit/module, integration, system, and acceptance testing.

These traditional techniques will be contrasted to tlie
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Structured Approach with its integral concepts of structured
programming and incremental testing. While it is true that
all the stages of testing in the Traditional Approach are
also accomplished while using the Structured Approach, there
are obvious philosophical and technical differences which
will be noted.

One common aspect, however, is the need for test data
and a test plan. "Testing 1s the process of executing a
program with the intent of finding errors."[34, p. 51 This
idea is confused by many who believe that testing is done to
provide a product that is bug (error).free; however, this is
corrected by Dijkstra who claims that, "Program testing can
be used to show the presence of bugs, but never to show
their absencel"[35, p. 38-39] Still, the inexperienced
would say to test all the possible inputs and determine
whether the program produces the expected outputs or test
every path in the program and then one could be sure of a
"correct" program. While it sounds like exhaustive input
and path testg would certainly accomplish the task of prov=-
ing the correctness of a program, its economic feasibility
and possibility are questionable(34, p. 101].

So, how can the software developer confidently produce
a program and turn it over to the customer without the
feeling that it could blow up at any moment? Two factors
come to bear on this question. First, testing must certain-

ly be done, but with the proper perspective. Test data must
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be developed by the hospital and by the developer to test
the modules to determine whether they meet the functional
specifications; to determine whether they do what they are
supposed to do. The task is greatly simplified by properly
developed documents resuiting from the design process. How-
ever, the amount of data used is golng to depend onh factors
such as the criticality of the program and the economic
constraints imposed by the hospital. So while the program
cannot be tested exhaustively, 1t can be tested to the
degree that the developer and hospital are confident in the
product,

Secondly, the use of the structured programming tech-
niques can also provide confldence that the product is
correct. The use of the structured programming techniques
has shown that more cites than not, a programmer can produce
error free code. While 't 18 iogically and mathematically |
impossible to prove the correctness of a program, being
confident that the tools and techniques one 1s using will
normally produce error free code, can perpetuate itself into
more and more error free code[35, p. 1211,

Therefore, wbile it can never be proven by testing
that a perfect product has been produced, the use of clearly
defined tests and structured programming will greatly in-
crease confidence in the product and the likelihood that it

ls indeed correct,
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The Iraditional Approach

Coding =~ Bottom-up

ﬁ Traditional bottom-up coding, as the name implies,

‘ involves programming the lowest level module first and then
; successively higher levels, until a..l modules in a system’

| are completed. The technique seems reasonable. Since the

i programmer must start somewhere, why nhot start at the bota

tom?

- & &« *
PR Pl

One problem has been mentioned already == lack of

1= RIS

user involvement. Throughout this paper one of the watch-

o«-a X
w e ma

words has been "user involvement". If this virtue has been

[N

; accepted in the previous stages of the life cycle, why is it Eﬁw
! not here? For ong,the method forbids it since a working é@?
Eé system cannot be provided until the entire system is com- E§§$
E plete, . For another, nho one ever really knows how far along ,&Eﬁ
! the codlhg 1s. One writer observed that, "In the tradi-

; tional approach, where the coding and testing were done from

ﬁ the bottom up, managers never knew Jjust where the project

/

- stood."[36, p. 14] It is no wonder the users are not asked
i to participate more often.

o In addition to the lack of user involvement, the

X negative effects of the bottom-up approach to coding are

3N seen throughout the different stages of testing.
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Unit/Module Testing
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The first step in testing involves unit or module

Y 4

testing. In bottom-up module testing, the lowest level
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modules (ones whisch call on no other modules) are tested

first. Testing at this level centers on two questions:

v ¥
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"does the module perform according to specifications and is

5
PR

the logic correct?t

Testing whether the module meets specifications means

providing inputs and determining whether the outputs are

S e =

according to specifications. To provide data to the module,
a "driver" routine or "harness" must be written to pass data
to the module and then capture and display the results. The
value of the test is directly related ‘o the test data, so

careful consideration should be given to its selection. As

mentioned previously, it is practically impossible to test

all data that might be input to the module, so the determi-~

the range of inputs and test data should test hot only

nation should then be made, "What subset of all possible &%ﬁ

NN
test cases has the highest probability of detecting the most tkﬂ
errors?"[{34, p. 361 The functional specification will give i":

common values within the range but also values that are at

the extremes of the range. Exception tests should also be

done to test how the module handles data ontside the range ﬁ;ﬁ

or in a form it is not anticipating. z§$
In addition, the logic of the program should be test- ;;;

ed. Obviously the programmer checks his code as he progres=- S;&
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ses; however, the motivation for a programmer to find errors
in his own project is suspect. Having another programmer or
an independent test department do the checking of the logic

is of more value,

o

After modules at the lowest level have been tested and

ﬂ corrected, the next stage of testing is integration testing.

Integration Testing
This testing involves putting together independently
tested modules and determining if they work together. As
the testing progresses through these later =tages, more of
the testing will rely on test data than checking the logic.

Several problems usually arise at this stage when using the

bottom-up method.

Baecause dit ..rent programmers have been sent off to

create thelr program modules without the benefit of clearly

established interfaces, a common problem is that each pro-
grammer will have his own idea about what the interface is
supposed to be., As a consequence, the modules have great
difficulties passing data among themselves and extensive
revisions are often necessary. The problem is compounded by
the fact that the major interfaces (the ones that would

occur at the top of the hierarchy) are the ones hardest to

deal with, but which, because of their location in the ;iﬁﬁ
design, are left till the end of the coding. Consequently, Eﬁﬁ;
it is not uncommon for the majority of the debugging to be :ﬁ&ﬁ

done immediately prior to the delivery date or later. hﬁﬁ
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Besides the interface problem, there is a problem of
trying to decide where a bug is located when more than one
module at a time is tested. When several lower level

modules are tested together for the first time, the ability

NS . PRI PLIFLPL R ST R et e S

to locate a bug is greatly reduced because one has no idea

which module is causing the problem. The even greater

; problem exists when two modules have errors which cancel

n each other out to produce an overall correct answer. All is
well until an unsuspecting programmer corrects the error in
one module only to be rewarded by another error "somewhere"
5 in the system.

As in module testing, a separate test department with-

8 in the developer's company usually carries out the testing.

Systems Testing

' At some point (hopefully), all modules will have been
- combined to pass the integration tests and the result is a
completed system. Usually, the last test done under the

ﬁ control of the developer, prior to turning over the system

to the users, is the system test. This test combines all

F- aspects to determine if the total system meets the specified
% system objectives. In a sense, this is the last chance the —
ﬁ; developer has to refine his product before displaying it to ﬁiié
Eg the world. With the pressure of meeting a deadline and an iéiE
| inability to test the system objectively, it is recommended ;;;
this test be done by an independent organization[34, p. ﬁi?
; !
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1181,

Myers lists the following categories that should be
explored when developing test data for the system:

1) Facility Testinyg - tests if all specifications
have been implemented.

2)

Volume Testing tests if the system can handle

extreme numbers of transactions.

3) Stress Testing - tests the ability of the system
to handle volumes of transactions over time.
) Usability Testing - tests how ergonomically

designed the system is.

5)

R
v 3~

Security Testing - is used to evaluate specific

—rgi — %
Y,

security measures.

6)

Performance Testing - is done to see if the system

meets standards set for such things as response time and

throughput.

7) Storage Testing - looks at how the system handles
main memory and secondary storage requirements.

8) Configuration Testing - is done to test if the
system will work on the hardware specified,

9) Compatibility/Conversion Testing - is needed when
the new system must interface with an existing system or
convert from an older system.

10) Installability Testing - tests whether the system
can be installed correctly and easily.

11) Reliability Testing - tries to establish that

. . e e T
- L
N

e e e e e
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Mean-Time-Between-Failure (MTBF) rates are acceptable.
12) Recovery Testing - test the recovery procedures to

determine if they function properly.

13) Serviceability Testing - might test diagnostic

les
e
> "-

tools or utilities provided with the system to aid in

<

v o e
)
AR AP,

service or maintenance of the system.
14) Documentation Testing - is important to determine
- if the written documents are readable and useful.

15) Procedure Testing - tests if written procedures

involving the system produce the desired outcomel[34, pp.
112-118].
While all of these tests may not be applicable for

each system, they are listed for the reader's consideration.

Acceptance Testing

The system test is completed and the system is turned

over to the users for their evaluation. It would seem the
developer's work is completed since, to the best of his ifﬁ
knowledge, all specifications have been implemented and
confirmed during the systems test. Unfortunately, this is 'TTT
not the case. More often than not, because of ambiguities
in the specifications, what the developer thought a specifi-
cation required and what the users actually wanted are two
different things. This situation leads to several observa-
tions.

First, the use of bottom-up techniques compounds the

problem. Regardless of how well system objectives, design
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goals, and functional specifications are written, there is

WRT

still going to be some degree of misunderstanding. The top-

N

B e
ps 2 » A

down approach tends to minimize the impact of this eventu-

N

ality by forcing the users to evaluate the system early in SRS

- -
LY 4
a’ e

N B
L,

the development instead of at the tail-end. Conversely, in

»
S e e e et o e 4
LTIl .
- .
»

the bottom-up approach, the results of misunderstandings can
have devastating effects on the software developer.

Also, the frequency with which this scenario is car-

ried out should again point out the need for diligence in

establishing specifications. The added time needed to in=- et

sure clear, measurable specifications will pay for itself
during a relatively "painless" acceptance test. An added
benefit to the clearly written specificatioun is the ability

of the developer to ascertain whether the users are honestly

enforcing a specification or just trying to add another

feature to the system. It is true the users may realize the

need for another function in the system, but they should not

be able to gain its implementation without cost, through the '

F.\- £S
use of ambiguous specifications. ,jﬁd
N n‘ s
, ”:n#
IThe Structured Approach o ;-.-4
. fa !4
As is so often necessary, a proper context i1s needed e
-‘-.'."f
for the following discussion on structured programming. N
RS
H a:".‘-:"
Yourdon, a well known protagonist of the structured techni- :zhj
e
ques, provides this insight. &’T
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Structured programming, ro matter how brilliant, can-
not cumpensate for poor design and poor analysis. Proper
structured analysis and structured design are of para-
mount importance; they far outweigh the impact of struc-
tured programming.[22, p. 118]

e -a .
B X0 2 3

e T

Y Tl

Said in another way, the proper utilization of each of the

\‘1

structured techniques is necessary but not sufficient by
themselvecs to produce a good system. It becomes apparent
when operating with the structured techniques that not only
are they each individually necessary, but they also build on
each other with a synergistic effect. This is no more
apparent than in the programming phase where the top-down,
hierarchical design produced during Structured Design be-
comes the foundation for structured programming. While the
value of structured programming is not to be minimized,
there are other techniques often associated with the struc-
tured approach which should also be mentioned.

"Step-wise refinemenl" or "top-down development! are
terns used to describe the reduction of modules from broad
functional descriptions into code utilizing the structures
described later. This concept, very similarly described in
top-down design, carries out the common-sense approach that
a problem .s best attacked by breaking it down into smaller

more understandable parts; from high levels of abstraction

: to lower levels of abstraction.
1 R
Pﬁ: The programming team is also employed with the struc-

:..

-

.

tured approach. This tactic combines three or four people,

Fy
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oirr.

a chief programmer, backup programmer, programming secre-
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tary, and possibly other junior programmers or necessary
personnel, into a single team. The goal of the programming
team is to produce programs using the structured tools while

at the same time eliminating the degrading effect caused by

xS etir e " 8

" -

B

0}
"
.

3

communications among larger numbers of programmers. In

addition, the function c¢f the programming secretary is to

assume all the administrati.e tasks which also tend to

Lo s
Py
(B @A 0

stifle the productivity of a programmer. The chief program-
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mer should be a senior programmer and one who is given the e

-

ey el
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responsibility of running the team. The backup programmer

LY

is also a senior person and is considered the chief program-

gj mer's alter-ego. Depending on the size and type of the
Fi project, a few junior programmers or other necessary person- L
- nel (other engineers or trainers) might be added to the ?}

Al i
» .
A

team.

ow
B s
.

An added benefit to the team concept (using a program-
ming secretary) is that better documentation is usually
produced. With a secretary to take care of the busy-work of
5 maintaining the documentation, programmers are more apt to
keep it current and refer to it.

Walkthroughs can also be used to have a peer review of

the programs. The successful use of this tool depends on a

conscicntious walkthrough coordinator and peers who will S

.:_ :;

prepare before the meeting to provide constructive criti- el

v

cism. Not only will walkthroughs provide an environment for —

detecting errors, they will also provide training time fcr lﬁﬁ
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programmers to learn new programming styles.

Many benefits accrue to the software developer using

" the structured zpproach. Some other benefits that have been

observed by those at IBM who have used these technidues in a

4 production environment are:

2)

3)

4)

o
[

1) A project [is allowed] to staff up more gradually and

reduce[s] the total manpower required.

Computer time requirements [are]l . . . spread more
evenly over the development period. .

The user [can] . . . work major portions of the system
much earlier and identify gross errors before accept-
ance testing. :

Most of the system [has been] . .. used long enough
by the time it is delivered that both the user and the
developer have confidence in its reliability.[35, p.
2001 '

The Transition from Structured Design to
Programming - The Implementation Plan

At the beginning of this chapter a scenario was pres-

ented in which the users were excluded from the development
process except for being notified month after month that the
project was 95% complete. Throughout the chapter, the er-
rors of this situation have been brought to light and a
solution, the use of the structured approach, has been
proposed. This proposal is formally carried out through the

development of an implementation plan.

A SNy AL TR & S et (8K SN - 0o ., o B
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The implementation plan is a schedule showing the 52

users to what extent each version of the system will be ;.,‘l' j

:
usable. In other words, "The implementation plan should ~?3ﬂ
specify the deliverables of each version in terms of strong- :{33
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ly stated objectives."[21, p. 220] In a large system with

f: :. u. ..-

many subsystems, the implementation plan will establish a

-
iy

~priority of production most beneficial to the users, This

¥

" will enable the developer to develop portions of the system
first which can be used ina limited way by the users.

A A key figure in the development of the implementation
! plan is the analyst, since he should be most familiar with
i | the needs of the users and the realistic capabilities of the

sof.ware developer. The analyst will agt almost as an

ﬂ interpreter for the users, explaining the development of the

Y
(LY .

’

system and encouraging the users to participate actively.

.8 K
ATl
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Structured Programming
When confronted with the concept of structured pro-

gramming, what wmost often comes to mind is a programming

technique which absolutely forbids the use of the GOTO

statement. However, ". . . the essence of structured pro- Eﬁfi
gramming is not the absence of GOTO's in programs, but the l&ﬁi

AR
presence of rigor in programming."[35, p. 6] The outcome of

this rigor is programs which are easily tested, changed, and

T

maintained. While a product with these characteristics is
an output goal, another ". . . major objective of structured
programming is simplification of the program development
process."[35, p. 12] A major element necessary for attain-
ing the goals of structured programming is the use of only

three programming structures,

.
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I, Ihe Structures

% The mathematical Jjustification for using only three
ﬁ programming constructs was provided by two Italian computer

o scientists, Bohm and Jacopini, in the mid-1960s. Their work

showed that any flowchartable logic can be represented by

LI .
B2 RSt

e these three structures(37, pp. 366-371]. These structures,

g ", . . also have the desirable property of being black-box
@ in nature. That is they all are characterized by having a
. 'K

£ single entry point, and a single exit point."[22, p. 1071
tn

. The result of using these structures is a program which is
easy to read, change, test, and maintain. This cannot be

said of programs written from standard flowcharts which

detail logic that wanders incoherently throughout the pro-
gram.,

The three basic structures are shown in Figure 4-1 and

include sequence instructions, decision instructions, and
loop instructions. The basic instruction is the sequence

instruction (Figure 4-1(a)) which chains together in order,

%

T several processes. Through step-wise refinement these pro-
i: cesses can be refined further to any of the three struc-

o tures.

The decision instruction involves a binary decision
whose path through the structure is determined by the re;
sults 6f a test. In Figure 4-1(b), if the result of the
test is true or yes, "process a" would execute while if the

test was false or no, "process b" would execute.
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SEQUENCE INSTRUCTIONS
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TRUE J process

e 4 v ]

one entry one exit

process

— b

(b)
DECISION INSTRUCTIONS (IFTHENELSE)

FALSE

process

a

test
logical
axpression

one entry one exit

FALSE

_/ (c)

LOOP INSTRU_TIONS (DOWHILE)

Flgure 4-1: Basic Structured
Programming Constructs

.
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: Lastly, the loop instruction shown in Figure 4-1(c)

g5 performs "process a" until the "test logical expression" is
&3 false,
. Acceptable variations of these structures, supported

by some higher-level languages, ihoclude the case statement
and the repeat-until statement,
The_transitions through Struotured

- English to coding

During Systems Analysis, primitive processes had their
B logic described by one of several methods. Decision tables
fﬁ and decislon trees were used to desoribe loglc involving

many conditions and combinations of conditions which pro=

duced certain actions. However, another way to express the
logic of a less complicated process was through the use of
Structured English. By using the structures defined above
and aoctive English verbs and data elements described in the
Data Dictionary, it was possible to express concisely the
logloc in a way the users could understand and in a way that

could be utilized later hy the programmer.

file acoess procedures, the Structured English was converted

Later, during the design phase, when more detalls ?Lh
concerning the physical structure of the system were devel- :Ex
oped, these details needed to be included in the description ?;g
of the functional, primitive process. By including such ﬁ%ﬂ
things as control features, initialization procedures, and £$ﬂ

to a more programming-like expression called Pseudocode. Q%m
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While still not a program, and while it Stilldid not dic-
tate to the programmer how to program the module or process,
it was much closer to a program than Structured English., In
essence, 1t was a more precise, rigorouc definition of the
function to be performed.

From the Pseudocoda, the programmer is then able to

understand more clearly the funoction of the process'and
convert lt to a higher-level longuage using the structured

programming oconstructs,

Inoremental Testing

Much of the discussion above on testing applies to the
inoremental testing done during the structured appreoach.
The goals of module testing, integration testing, and system
testing are all acoomplished with incremental testing, al-
though the time divisions between each are not so clearly
defined. The differencer, though, are seen in several
areas,

Whereas the traditional approach coded and tested from

the bottom=up, incremental testing follows the top=down

approach., The Iinherent difficulties of the bottom=-up ap-

proach are eliminated., The problem of not being able to

deliver a workable system until the very end of the project i§ﬁﬁ
and thus not having the users actively involved in the :iﬁﬁ
development process is solved by top=-down, incremental test- L;,,

ing., This is important because one must,
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x + « o keep in mind that many of the problems will come
ﬂ from the user - . ., . There is no point in finishing the
N entire design and letting the programmers reassure them-
~ selves that all the interfaces are proper, and that the

. design is perfect, only to have half of the entire effort
N thrown out because the user changed his mind."[22, p. 81]
i Another major flaw in the bottom-up approach is that

. major interfaces, which are most often hardest to deal with
and consume the most debugging time, are left until last.
These interfaces should be defined first and ". . . that is
axagtly what the top-down approach is trying to accomplish:
foroing the precise definition of major interfaces, and
forcing those interfaces to be coded and exercised in a
cotnputer to ensure that they work."[22, p. 831

Incremental testing i1s accomplished top-down by start-

ing with the top module and testing 1t by connecting it to

its subordinate modules. By definition, an untested module
18 not tested with another untested module, s0 the unhtested
subordinate modules are replaced by "stubs",

A program. sgtub is some very short code . . . [used] to
serve as a place holder for an uncoded segment. A pro=-
gram stub should at a minimum permit any code that ref:r-
ences 1t to continue executing. A stub must therefore
meet any interface requirements specified for the uncoded
segment.[38, p. 971

As a module 18 successfully tested, the stubs are replaced
ohe at a time by actual programs with hew stubs written as
needed.

The procedure of testing only one untested module at a

time greatly simplifies the task of tracking down bugs.

- Since all other modules would have been determined error B
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free, any bugs discovered can be =attributed to the new
module.

When the modules for each version of the system are
completed and tested, the "deliverable" (a version of the
system) is shown to the users, who then have an opportunity

to evaluate it. Consequently, the module tests, integration

tests, and system test are finished together as the last

module is added to the system and tested., No 11th hour iﬁr
herolcs are needed. éﬁg

While the acceptance test still needs to be accom- iﬁf
plished, the ordeal should not be nearly so traumatie. The EEE
users have seen, and perhaps used parts of the system for ﬁis

most of the development time. There should be no surprises
during that phase of testing as most of the diéorepanoies
have been worked cut, When it comes time for installation,
the users should be quite familiar with the system, and more
thah that, will be getting the product they need and one

which will save them money over the life of the system.
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SYSTEMS IMPLEMENTATION

'
[}

The art of progress is to preserve order amid change
and to preserve change amid order.

Alfred North Whitehead

Perhaps the greatest challenge during this phase‘of
the Systems Development Life Cycle 1s expressed in the above
quote. It 1s quite possible to develop a technically sound
information system and yet have the system fall far short of
its anticipated goals and objectives. In many cases a
bospital will spend much time and money developing the tech-
nical aspects while neglecting the organization which must
deal with this system on a daily basis. This is substan-
tlated by a survey done for the Hospital Financial Manage-
ment Assoclation which identified major problem areas asso-
clated with Systems Implementation., Of the five most fre-
quently mentioned problems, four dealt with the organization
and staff. They were:

1) 1integrating the system into the hospital environ-

mcint;

2) communicating between data processing and other
departments;

3) planning; and,

4) trainingl39, p. 111].

People are just one part of an organization and while
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a adequately preparing staff for the impact a new HIS will
ﬁ have on them is important, impacts on other aspects of the
N organization must be considered also.

When going from a manual system to an automated one,

ﬁ the structure of the organization will be impacted. Whereas
ﬁ prior to implementation there might not have been a need for
E{ a separate Electronic Data Processing (EDP) Department, the
?3 g}owth or emergence of this function may demand it. As

happens in many hospitals, the situation is not one of going

from no system to a fully automated HIS, but rather proceed-
ing from a partially automated to a more automated system,

In these cases, the earlier EDP functions were most likely

under the auspices of the finance department since they were

usually the first to use automated applications for its

financial functions. However, as the automated HIS grows

beyond the boundaries of just financial applications, many
hospitals have seen the need to establish an autonomous
department which reports directly to the administrator[24].
Woodrow Wilson once said, "If you want to make ene-
mies, try to change something." This is especially true
when applied in a situation where a department head (busi-
ness department, perhaps) has grown quite accustomed to the
power derived from being in charge of the EDP functions in

the hospital. To suddenly strip that power away and give it

o
to someone else {probably to a "computer person") can cause N
1) - "
AT
animosity and possibly account for a system that works far -T{Q
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less effectively than anticipated., Careful consideration,
however, of all the political implications and power strug-
gles a change like this and other structural changes will
have, can help allay many problems.

Another aépect of the organization that will be affec=~

ted by the HIS is the way things are done; the procedures.

Hopefully, during the earlier stages of the Systems Develop-

- 7

Pl

ment Life Cycle all affected procedures were reviewed and
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decisions made about whether those procedures were valid

implementations of current policy or whether they needed to

i
o
. aon

be changed. As a result of this analysis and the intrinsic

S

changes to procedures a computerized system will bring,
chances are people will have to start doing things differ-

ently. The way a hospital goes about developing and prepar-

ing for the implementation of these new procedures can make
the difference between a good system and a good system that
works well,

When looking at installations of HISs, one can con-
clude that the success or failure of a system depends on a
myriad of factors which can be categorized into two groups.

Although there is some overlap between these two categories,

basically, problems relate either to the technical develop-
ment of the system or to the system's impact on the organi- | ’
zation. The previous chapters have attempted to provide 2%3
guidelines for establishing a technically "good" system. .

This chapter deals with the way the technically "good"

----------------------
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E system is introduced to the organization that will work with
ﬁ it. The way the system is introduced (installed) is as

important as the way it was developed. One author goes so
far as to say that, "It is the organizational impact of
computerization that can determine the success or failure of

a hospital information system."[39, p. 112]

Installing/Conversions
The actual installation of a system can be a mammoth
task, which, without proper planning, could turn into a

disaster. As well as the technical problems which could

arise from such things as improper site preparation, other
problems result when the installation causes the hospital
staff to question the systems credibility. Remembering that

first 1mpressions often stay with people far longer than the

physical effects of the meeting, it is very important to

create a gooud impression of the system for the staff. Both

P

types of problems need to be considered regardless of which

Lrdl

approach to systems conversion is applied.

s &
R

a~e ¥

Approaches to Systems Conversions

-
W

-

Basically, there are four approaches to installing or
converting to a new system. They are the direct conversion,
parallel conVersion, modular conversion, and phased conver-
sion.

The direct conversion involves one day stopping activ=-

ity of the old system and starting the new. An advantage of

-' M ~:‘ T ;.‘.. ' 'b N ,': :u‘ .‘ . TS .4".‘1.'. ,'_‘-f'. ‘\ » l-. " ‘,
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this method is the cost savings generated by not having to
run both systems a% the same time. Normally this approach
is taken when it is either not feasible.to run both systems
together or there is no nther system tobegin with, While
the monetary advantage may be very appealing, the decision
should be weighed against t!.e inherent risks of using this

approach. The hospital must have great confidence in the

reliability of a system installed this way since there are

no checks on the data produced by the new system which would %ﬁ
@ be available if both old and new were run together. And, g}
?% even if the hospital management is confident, a good "sales EE
Pi:l job" must be done on the staff to instill that same confi- t'
,g dence in them. Lastly, much consideration needs to be given EE
gé to the added stress on the organization incurred during a ﬁ;
33 direct conversion. A little stress over an extended period ﬁ:
%g of time is often toleréted better than a great deal of E?
EE stress inflicted all at once. ﬁi
]ﬁ The antithesis of the direct conversion is parallel %ﬁ
F, sonversion. When the situation permits, many companies opt ?ﬁ
ég for this approach. While it may not be feasible because the E?
tg old and new system are tovo dissimilar or the cost of running ;*—
both systems is prohibitive, when it is possible to use the h
parallel conversion it can offer several advantages. Where- iﬂ
as, in the direct conversion there are no data to check the ;3
operation of the new system, in parallel conversions the ?;
outputs o both the 0old and new systems can be compared and
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discrepancies evaluated. Some might consider this an exten-

sion of acceptance testing, and to a degree it is. In the

+.p ¥ 3 ¢ 1
FLDNAR Faaryd &
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last chapter it was shown there was no way to prove the

el

. R
PR §

correctness of a program, and it is very likely tha{ even in
a fully tested system the user will discover errors. This

fact does not, however, imply that acceptance testing should

! be any less stringent, thinking that the errors might be

.}

ﬁ found when the system is installed. The consequences of

~

f:j this kind of thinking can lead to a system with no credibil-
%

ity because all the user sees are errors continually being

- uncovered. While some may consider this a form of testing,
ﬁ it should only be so considered to the extent that during
- the rest of the life of the system, it is inevitable that
% scme errors will be found. The fundamental difference is

that formal testing is done with the intent of trying te
make the system fail, while parallel ccnversion is not done
with this intent. Parallel conversion might also be done
because of necessity. If a system, for some reason, is not
complete, parallel conversion may be the only way to proceed
until the new system is done. This approach might also be

used to compensate for inadequate training done prior to

installation. Whenever parallel conversion is chosen, the

decision of when to move completely to the new system should

continually be evaluated.
= In situations where the same system is going to ve

P; installed at several locations, a modular conversion ap-

v -
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proach might be used. For example, if a company has several
warehouses throughout the country-an inventory control sys-
tem might be installed in one location as a pilot case.
After successful implementation ¢of the system, it would then
be installed at the other lccations. The use of this ap-
prcach does not preclude the use of either a direct or
parallel conversion at each location.

The fourth approach to conversion: is the phased ap-

proach. Similar to the modular approach in that the instal-
lation is done in stages, the difference is that the phased

approach segments the system itself and a different segment

is installed at each location. This approach combines well

with the structured programming techniques which provide

usable segments of the system throughout the develcpment of

the system. It seems this approach also lessens the shock

of implementing the entire system all at once. The benefit S
RN
to the user is similar to that desired by Jerry Brown, ex- ,-,;:%;:;
P
h',"v)"."
governor of California, when he said, "I reject the get-it- Moy

done, make-it-happen thinking. I want to slow things down

’
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T
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80 I can understand them better." The phased approach
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allows the user to deal with manageable parts of the system

¥
B

and better understand its function.
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a : Data Base Considerations During
\ System Conversion

" "...adata base is a repository of interrelated

data of interest and value to the users of the system."[2,

L AR

p. 1631 Whether it be a physical file or a computer disk-

LI
B

L

pack, every hospital accumulates valuable information neces-

'“'--"VArI L3
SRS P 2

+

N sary for the functioning of the business. When a new infor-
' mation system is installed, many of the ways data are stored
will be affected. For example, the new system may require
information that is how stored on paper ina file be stored
instead in the computer. Or, a collection of data which
included only name and age may now also require the social

security number. Another example of a conversion that might

need to be done is i'f the dates used in certain files were
recorded one way and now the new system requires they be
done in another. Generally, these changes will fall into
one or more of three categories: 1) changes in the format of
a file, 2) changes in the content, or 3) changes in the
storage medium of the filel2, p. 5241,

The oversight of these changes will normally be left

to the data base administrator with assistance from the

develcpers of the system. Often times, the systems devel-

opers will provide utility programs used during the start-up

e 3 W-wroe -
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of the system which are used for these conversions. When

e

conversions involve much entry of data by hand, it is some-

-

- times helpful to hire extra data entry operators to assist. ;ﬁﬂ
. . . e Nt
., Also important during data conversion is verification Qe

.
.
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of the accuracy of old data. A valuable asset of a computer
is its ability to consistently perform accurate calculations
and produce reliable information. This presupposes, though,
that the computer has accurate data to begin with. Many
times the accuracy of information produced by manual or
other means is not so reliable. Data conversioa is an
appropriate time to correct any inaccuracies in the old data
to insure the information produced by the computer will

indeed be correct.

The Conversion Plan

The method by which a system is installed is often
dictated by factors other than preference. If a system is
developed using the bottom-up approach where the system is
not available for use until the entire system is complete, a
direct conversion might be required. If the top-down ap-
proach techniques are used in which parts of the system are
available for use throughout the development of the system,
a phased approach might be possible. Whichever of the
approaches is used, its impact on the organization must be
considered.

The organization will understandably be interested in
getting the system installed as quickly as possible. They
should, however, realize there will be an enormous burden on
the users of the system'during the conversion. The hospital

must accept this fact and anticipate either a 10ss in pro-
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ductivity or, if this is not acceptable, plan to increase
the manpower to sustain the acceptable productivity. The
hospital that fails to accept this inevitability will cer-
tainly end up with staff who resent the system because of
the unrealistic workload it placed on them.

The approach used to install or convert the system
will also be affected by or affect the way hardware is
procured. The availability of equipment might determine how
the system can be installed, while, in a situation where the
equipment is readily available, the proposed installation
plan will dictate the timing for equipment purchases., The
idea here, then, is that the installation plan must matoh
the plan for purchasing compdnents of the system,

In addition, site preparation will affect the instale
lation plan. Such things as power requirements, building
modifications or construction, safety preparations, physical
security, environmental requirements such as air condition=-
ing and humidity, and the actual delivery of equipment must
be considered when determining a conversion plan.

Another item to consider during the conversion plan is
the hiring of new personnel. If possible, the timing of
these staff additions should allow for proper systems train-
ing prior to the arrival of the equipment.

Probably one of the most important parts of the con-
version plan deals with training. The proper training,

especially of users, can not only result in more capable
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i users but also in users with a more positive "feeling" about f‘”
y Li:
' the system, ¥
¥ c;'f
‘3' Iraining ;
Y "Use is indeed the oritioal element in successful

. systems, rather than technical perfection in the design
concepts."[18, p. 121] If this is true, then it behooves
the hospltal to determine methods which will stimulate users
to use the system., An integral part of getting this done is
training.

User Truining

Perhaps the single most prevalent yet underappreciated
negative phenomenon accompanying computerization 1s user
resistance., Professionals und clericals have consistent=
ly tended to challenge the use of computers in thelr or~
ganlzations, DBecause nahaugers huve falled to deal with
staff resistance, muany teohnically sound computer applie
cutlons huve been inordinately troubled or have falled
altogether.l7, p. 135)

User resistance cuh be displayed 1ln varying ways. It might
be seen as open rebellion or "bad-mouthing" the system.
Resistance, whether it be the very lnsidious aspeoct of Jjust

not using the system to ity potential or the sometimes

destructive act of sabotage, ultimately results in an inef-
ficlent system.

What causes people to act in these ways? Some fear
that the computer will replace them. Others don't use the

system because they don't understand well enough how it

works and are embarrassed to admit it, Some have not been o

convinced of the value of the system and have not been shown v
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i how it will benefit them, Those who were not consulted
during the planning of the system might be resentful. The

implementation of new proocedures or the break-up of a close=-

! ly knit work group might also cause some to see the systen
& as an intruder instead of a helper. The 1ist ocould go on
Xy

and on, but the tragic part is that with proper training
3 much of this resistance could be stemmed.

.

A Why is user training so often underutilized? One

N reason could be a lack of uwareness on the part of manage-

% ment of the need for this training. For those who have been
E} involved in the development of the system and who are so
!ﬁ famlliar with it, 1t ds diffioult to reallze that the users

have not been as concerned about the system's development

nor do they understand as well how it works, Mansgement

assumes more khowledge and motivation on the part of the

user than 1s actually there,

Another reason could be the financial outlay required

for a good training program. While it 1s easy to project

the costs of training, it is much more difficult to quantify ?t?
the benefits., However, a shortsighted decision to trim the ﬁ%ﬁ
training budget will compound itself in limited use of the %Eﬂ
system, §§§
Training should also not be viewed as a last minute ‘.:
event. Trailning should begin as soon as system procedures ﬁ?ﬁ
have been established and equipment is available. A vendor ?ﬁﬁ
mahy times will provide training on their equipment. This E&ﬁ
..a
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may require some added expenses, but if a few key people can

R SR LR il 3L AR SR s e

be trained early they can be a very valuable asset when

R v g

T~
3

training the rest of the users later.

i

Training should be tailored to the needs of the dif-
ferent users. A hospital should evaluate the impact of the
system on the physicians, nurses, ancillary staff, patients,
administrative staff, and management and should providq the
specific training needed to counter those negative impacts
and turn resistant users into motivated users.

An aspect of trailning users that 1s sometimes over-
looked is the need for ongoing training. As staff leaves a
hospital or are moved to new sections within the hospital,
requirements for training continue. This requirement can
best be fulfilled by a training prograﬁ that produces quali=-
fied people, capable of training others, in each function of

the system.

Operator Training

Usually, operator training is not as involved as user

training. Because it is the operator's Jjob to work with the %ﬁﬁﬁ

computer (which they have probably been doing for some time) &ﬁ%?
the problem of resistance does not need to be overcome. l;:
There is, however, still a need for training because of the :ﬁﬁﬁ
new equipment involved or new software that is installed. Eﬁé?

Both the equipment vendor and the software developer

should be responsible for training the operators to run the
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new system. In addition to initial training, operators
should also be trained as changes or additlions are made to
the system. As in user training, this will require an on~

going training program.

Training Methods

Considering the importance of training, it is not
unreasonable for a hospital to solicit professionals who
know how to train others effectively. Whether the vendor
supplies these professionals or they are hired by the hospi-
tal, the methods used should belsuitable for the particular
needs of each user.

Methods that might be used include:

1) Seminars and group instrugtion, which cah be used
to train a large humber of people who perform the same task,

2) Progedural training, which involves giving the
user written procedures for a task and allowing them to ask
questions,

3) ITutorial Ltraining, which, although very expensive,
is very effective for explaining complex tasks. ,

4) Qn-the-Job training, which is used extensively and
can be very effective if proper time is available in the
work environment[2, pp. 511=-5121].

Regardless of which method is used, proper planning is
required for effective training. This requires that each
task needing training be established along with the skills

needed to perform the task and a plan for teaching those

TR T Tt TR CEE T D i S BB PR R Wi A RS AR T K\le 1 T BRI s R e A - Fa W R

‘‘‘‘

e P e '
v e e, AT T ’ . . o .. N St me ATt et
LN Thd? e ST B SR AR e e f ¢ ,,- -~ DRI R I I )

- PR R L) 1 uuuuu “. Tut ot e, N Caw, T
M T R L S \A AR, lL’n ...J_ ..,Ln_ll._m Pt LL[ CRg g, ! .&.Jn.‘l ..h. n _'! et s_...\..“ﬂ ) .'x...n... PN YRS, AP TR



Ve T N AT e M LTl T T Te M T T e T TR T T e T T Tal Te T, e e Tl e e et e e e s et R M RAR PR et EAREE

147

s Y L Te T

=

skills. Surveys of the work done by new trainees should

v So SR

also be evaluated to determine the efficacy of the training.

r

Reviews should be done periodically to determine if training

! is needed in previously undocumented tasks.

Maintenance and Managing

"A program doesn't stop changing when it is delivered

- N .

-

for 'ustomer use. The changes after delivery are called

program maintenance . . ."[23, p. 120] One book claims that
67% of all costs assoclated with a system can be attributed

PRI ) PR RNty

to maintenance[40, p. 9]. The culmination of all work done

.- &
- e

during previous steps of the Systems Development Life Cycle
will determine whether this is true or not. If techniques

PLIGFE ! 2R R

have been used which make this inevitable maintenance eas-
" ier, then the costs will be lowered. Whichever the case,

' the maintenance must be managed or chaos will reign.

Managing Maintenance
- Besides the obvious maintenance required to correct

errors in the program, changes to the system can be gener-

ated for several reasons.
e From a very broad perspective, these requests are

going to arise for exactly the same reasons the system was

;i developed in the first place except the originator might be Ciﬁ
' o
;, at a lower level within the hospital. Requests to change ;?d

the system are going to result either because an entity SRS

within the hospital wants to take advantage of an opportun-
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% ity to increase revenues, avoid costs, or increase service,

S or because it is reacting to a pressurel21, p. 155]. Either

N

W~ of these could result in requests to enhance the system or

- change it to conform to new policy.

-

ﬁ. The methods and considerations used to develop the

system can and should be used to perform maintenance on it,

H This involves going through the Systems Development Life

:E Cycle of analysis, design, coding and testing, and implemen-

;J tation. The same'considerations need to be given to who

) performs the maintenance, whether it be in~house or by a F;gf

~ ) ‘C:T:':

@ contractor. Granted the maintenance may not take nearly the %ﬁ@

: 2N

[:a effort required during the original system development, but {‘.'T-.*

if these steps are not taken, over time, anunwanted meta- ,~".;

' iy
morphosis can occur with the resulting system being a hodge- E?@f

AR

podge of unreadable, illogical code and the hospital would AN*

have wasted the money spent on the careful development of
the original system.

A situation that often occurs when new systems are
first installed is a flood of requests for changes to the
system. New users who have had their imaginations stimu-
lated by the use of the system think of new ways the system
could be enhanced. Without squelching this very useful pro-
cess, it is fmportant for the hospital to allow the new
system to "settle-in" before extensive changes are made,.

The formation of a user's committee to prioritze and period-

e St Y

«
P N N

ically review requests will allow a forum for new ideas and
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Auditing the System ?ﬁf

®, . ., [audits] are performed to ensure the integrity

o
y and operational efficiency of the system."[2, p. 545]
3 Whether it be an information system or any other system,

A
.

audits are necessary to make sure a system is still perform-

g

*

ing as it should. It has been established that the system

PR

E

r-r ¥

will change and if audits are not done the system could

i R S |

ﬂ certainly change to the point where it no longer functions
3 as it should.

g Several types of audits can be done. A post-implemen-
a _ tation audit is used to ensure that the system and all

ég vendors have satisfied the contracts. This audit could also
§ finalize all costs involved during the development of the

i system and a comparison could then be made between projec-
EE tions and actual costs. This information could be very

g? valuable when other systems were contemplated later.

ﬁ Routine operational audits are necessary to determine

.y

if established procedures are still valid and if they are

]
3
3
3
v
3

iy
Ay

T Do

being followed.

Financial audits are not unique to automated informa-
tion systems. However, since an HIS usually performs finan-
cial applications, a financial audit is necessary to insure
proper controls and accounting methods are being applied.

A systems audit is done to evaluate all aspects of the
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:

4 system, hardware and software, to ensure that current opera-
iy tions have not degraded the effectiveness of the system.

A

5 This will forestall the situation where a hospital suddenly
\'

! finds itself overtaxing the system and ends up with costly

E emergency changes to keep the system operating. Systems

E audits should show trends that will predict these occurences

and allow proper planning to take place.

pes DR

Audits can be done either by reviewing output informa-

L
Il

134 tion to see if it matches the expected results or the compu=-

|:1

ﬂ ter can be used to accumulate data used in an audit.

3 Thought should be given when using the computer for audit, Eﬁ}
. O
N as the additional overhead needed to perform audit tasks can e s

e
P

sometimes degrade the system and give skewed results,
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

,SW

f

g Conc¢lusions

2

p- ‘ Over the years, Hospital Information Systems have been
]

ﬁi found primarily in the administrative areas such as account-

ing and patient billing and in the ancillary services 1like g

the laboratory and pharmacy. Attempts to develop integrated ?
systems which would allow data to be shared among all areas
of the hospital met with limited success. The result, many
times, is hospitals with many separate stand-alone systems
that make it difficult to consolidate information to make
important decisicns. Until recently, this has not been a
very serlous problem.

When the federal government and other third party
payers who reimovuirse hospitals for the cost of treatment
rendered its members enacted new procedures tor determining
the amount to pay hospitals for those costs, serious prob-

lems arose. Whereas hospitals had not previously been as

cuncerned about monitoring costs which they knew could be

recovered from third party payers, now they found themselves 1

forced to lnstitute new ways of doing business or go bank-

rupt. For many hospitals, procedures needed to be insti- §g

kY

tuted which could track the typres of services provided their _—

e

patients (customers) 2nd also determine specifically what o0

\" -

t.

151 =

e

. “ " AR R ) -;‘ vy o® . L] .." e, ".. - u..'\ b S ™Y 3‘....-.'..-'..\.. '.. ,\;_ ‘-..‘.. ... A ....--_.,._..._.. . N . . . :-_.....o-.:-..-'...."-.‘.-"..;.:-:
N T o i e A e o A A A N T i A A



et SN P VLT AGTR S LT AGTU R T NSRS PG IR T BT T Ml L S LTI LT T RS e

W Ere

RO Ir g

152

Faltatala -1 ¢ 1
AN 'J."l"

costs had been incurred. Not only was this needed to deter-

e M

mine where to concentrate efforts in attracting customers,

.

kPl

it was also necessary to determine if reimbursements were

o .;t’,‘;

going to cover costs.

-

ST

For the first time, decisions needed to be made which

- ‘-
Rl
5

a3,
"t e

required detailed information from not only the financial

w B 1V
[y

L NICRR

atrea but also the clinical area. Administrators had to have

financial information which would indicate revenues and

s

hd Sd-1
R
IS L

T r-y ¥
e T
z .t;.x. B

ccsts but also needed clinical information which would show

i 5o
x4

the type of health problem being treated. This clinical

N

information was important because the type of health problem

would determine the amount of the reimbursement. At once,

the folly of investing in stand-alone systems became appar=-

b
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B
-
4
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s
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ent. The need to share information between the administra-

tive activities and the clinical activities, in most cases,

was next to impossible.
As a result of this new impetus, hospitals are search-

ing out information systems which "'ill consolidate informa-

tion that can be used in decision-making activities. The
overwhelming amount of work entailed in doing this manually
dictates that automated systems be used when possible. This

late start in the field of computerization has caused many

problems for hospitals. It is not that the problems are any

(]
* 1’_'/;-“. - o

IS :

different than those experienced in other businesses, but 53;
F .;_:“
that hospital administrators are generally less experienced S

in dealing with those problems or even recognizing where the &~C
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h e
! problems might lie.  —
) . et
\ Perhaps for this reason, many automated HISs fail. Q?q
> : -\
3 . S
2 Lack of management involvement, lack of user involvement in qgg
3

planning, iack oflproper training, unrealistic claims for

- »

the systems, not taking advantage of all benefits of new

S
L)

systems, not planning for future expansion of information

3
;
i
.
2

needs, and not adequately dealing with the impacts of a new

system on the organization are other specific reasons why

HISs do not perform as anticipated. Sensing the void in
managing the implementation of information systems, vendors
have stepped in tc market their products.

It is much easier to have a vendor come in and tell
the administrator what should be done and vendors are ready

and willing to accept the resposibility abdicated by the

hospital. While many products can be very useful to a
hospital, the lack of involvement in managing the process
almost always results in less than adequate systems.

This thesis has been written to provide basic informa-
tion about the development life cycle of an information
system so administrators will be more able to manage the
process of implementing their Hospital Information System.
By no means is this paper meant to be exhaustive, and, for
the areas which an administrator feels he needs more compre-
hensive explanations, the referehces at the end of this

paper are provided.
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Recommendations

There are many barriers to the successful implementa-
tion of Hospital Information Systems. They are not so great
though, that they cannot be successfully dealt with. The
first step in managing the problems is knowing what they are
and then learning ways to overcome them. This common-sense
approach should be ample cause for the profession of Hospi-
tal Administration to insist that more academic coursework
relating to the development of automated information systems
be included in Health Care Administration undergraduate and
graduate programs.

Resistance to the use of computers in hospitals could
also be more adequately controlled. Almost every member of
a hospital staff requires extensive training through col-
leges and universities. The great increase in the use of:
computers in hospitals should encourage these programs to
include sufficient training in their use so that profes-
sionals would feel more comfortable when confronted with
them in "real life."

While the most benefit can be derived from an informa-
tion system developed specificclly for an individual hospi-
tal, sometimes this is not feasible. The empahsis of this
paper has been toward this total development approach, fol-
lowing all the steps of the Systems Development Life Cycle.
For those hospitals not able to justify a personalized

system, there are many "package" systems on the market.
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Much benefit cculd therefore be gained from research done in

;3 analyzing the current canned HISs.
;3 A recommendation to include more training in profes-

sional programs is a very brnad one and the decisions of
exactly what training and how much should nct be done withe-
out much thought. Research in this area would be very
useful.

Finally, the development of automated Hospital Infor-

mation Systems is still in the infancy stages. While this

paper was concerned with the management of the developnent
process, research into the development of specific applica-

P
Fc tions for hospitals is greatly needed.
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