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GENERAL DISCLAIMER 

This document may be affected by ODe or more of the following statements 

• This document has been reproduced from the best copy furnished by 
the sponsoring agency. It is being released in the interest of making 
available as much information as possible. 

• This document may contain data which exceeds the sheet 
parameters. It was furnished in this condition by the sponsoring 
age'ncy and is the best copy available. 

• This document may contain tone-on-tone or color graphs, charts 
and/or pictures which have been reproduced in black and white. 

• This document is paginated as submitted by the original source. 

• Portions of this document are not fully legible due to the historical 
nature of some of the material. However, it is the best reproduction 
available from the original submission. 





The findings in this report are not to be construed 

as an official Public Health Service position unless 

so deSignated by other authorizing documents. 

The citation of trade names or manufacturers in this 

report does not constitute an official endorsement or 

approval of the use of such hardware or software. 

Distribution of this document is unlimited. 
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FOREWORD 

This technical report is the final report on the Analysis of 

Information Needs of Nursing stations. The study was per­

formed and all related effort accomplished by Lockheed Mis­

siles & Space Company (LMSC) for the U. S. Public Health 

Service, National Center for Health Services Research and 

Development, under Contract PH 110-68-47. The work 

performed by LMSC and the report itself are fully responsive 

to the contract and fulfill all its terms. 

Permission has been obtained from the copyright owners 

for use of material quoted or adapted from their work. 

Source material1s referenced and appropriately cited 

where used. 
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INTRODUCTION 
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Under conventional forms of ~ospital organization, the nursing station is the focal 

point for the exchange of virtUally all patient medical information .. As such, the 

nur~ing station is a highly sii,riiftcant element of any hospital communication system. 

Medical information may be operationally defined as data or news conce'rning patients 

and their care. Within the h~ital environment, this information begins with the 

admitting process and flows continuously throughout all the subsequent procedures 
, . , 

associated with the patient or his pathology. As a result of the increasing quantities 

and types of information required for the maintenance of patient care and cure regimens, 

a massive data processing reqUirement problem has developed over the past 50 or 

more years. 

It is the purpose of this study:t~ (1) perform a detailed examination and analysis of 

the information handling reqUi.!ements of typical hospital nursing stations, as they exist 

today, and (2) provide an analYSiS of the findings in light of typical developments in 
, " 

computer-assisted hospital information systems. 

This technical report reflects 'the condensation of data collected at 15 different 

hospitals in 5 different Bureat!,of Census regions of the United States. Several levels 

of data reduction are involved.' The basic raw data collected have been reduced to a 
'-. 

first-level status in a separat~: 'unpublished report. * Some second-level reduction of 

the data is provided in the Appendixes A through F of this report. The body of the 

report contafus third-level or-'more refined data. Some of these latter data are 

presented in the form of computer-generated graphs. 

* Lockheed Missiles & Space Company, Documentation of Sample Observations, 
LMSC-689260, Sunnyvale, Calif. , 17 Mar 1969 (special report to Project Officer, 
National Center for Health Services Research and Development). 
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Data presented in this report are identified at various points by a hospital identification 

code used in lieu of the specific names of the hospitals participating in the analysis effort. 

Codes employed for hospitals where work sampling was performed are as follows: 

• Large Hospitals 

• Medium Hospiials 

• Small Hospitais 
,.,. 

Ll, L2, L3 

Ml, M2, M3 

SI, S2, S3 

Codes employed for hospitals~where computer surveys were conducted are A, B, C, 

D, and E. 

Major aspects of the study for the Analysis of the Information Needs of Nursing Stations 

are presented in the following sections of this report: 

Section 

2 Approach -.Overall approach to the analysis effort 

3 Information Processed at Nursing Station - Characterization 
of information processed at nursing stations 

4 Informatiori~Processing Models - Pictorial and dynamic models 
of information-processing requirements at nursing stations 

5 Hospital Computer Systems Survey - Commentary on findings of 
survey of colIlPuter applications at nurs ing stations 

6 Comparison,of Hospital Computer Systems With Model - Assessment 
of degree to which the surveyed hospital computer systems fulfill 
perceived ~eas /' 

7 Improved sYstems - Description of concept of total hospital infor­
mabon proce.ssmg system considered attainable within the present 
state-of-the~art 

The first page of each appendiX. in this report contai-ns a summary of the contents of 

that appendix·. 
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2.1 GENERAL 

Section 2 

APPROACH 

LMSC-682684 

A multifaceted approach to the ,nursing station information needs analysis, involving 

separate but interrelated avenues of analysis, was employed by LMSC. (See Fig. 2-1.) 

This approach led to the postu~tion of a total hospital information processing system 

for the future. The analysis is based on data collected at 15 different hospitals through- . 

out the United States and is tempered and supported by the prior LMSC experience in 

related endeavors. 

2.2 HOSPITAL SAMPLE SELECTION 

Selection of hospitals to participate in the study involved two separate categories. One 

category included hospitals in which observations of nursing station information process­

ing requirements were to be studied. The other category consisted of hospitals \\ith 

existing computer installationS > that have some impact on the nursing station activity. 

2. 2. 1 Hospitals Selected for Nurs ing Station Observations 
I 

The hospital selection process)nvolved obtaining data for a small hospital (under 100 

beds), a medium. hospital (100 to 300 beds), and a large hospital (over 300 beds), each 

in three different census regions of the country. In general, large urban centers were 

avoided since it was reasonable to expect that a concentration of advanced health care 

developmentS in such areas might tend to bias the sample. The regions were searched 

for metropolitan areas of about 1 to 2 million population whi~h tended to show average 

values for several parameters considered pertinent. A directed selection was made 

which afforded a statistical comparison of some of the more relevant data. Areas 
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were chosen which tended to r~present regions of the United States and metropolitan 

areas which had in common near-average values for the parameters used for the 

selection. Table 2-1 shows the selection criteria and some of the candidate areas 

considered. 

The areas finally settled upon~ere the Greater Pittsburgh, Greater St. Louis, and 

Greater San Jose areas. Spe~lfic hospitals in each area were selected with the advice 

and counsel of hospital associations or councils in those areas. (See Acknowledgements.) 

Nine hospitals were chosen, arid the selection was such that all major services and 

specializations typically found:in general hospitals (e. g. , medical, surgery, psychiatric, 

intensive care, and long-term chronic disease) were included. The number of nursing 

stations observed totaled 160. "Detailed characteristics of the hospitals selected are 

presented in Appendix A. 

2.2.2 Hospitals Selected for ~ey of Computer-Assisted Hospital Information Systems 

The criteria for selection of th~ computer-assisted hospital information systems to be 

surveyed were developed fromi:.a consensus based on the following considerations: 
, . 

• Operational projects in use in a hospital for a minimum of 6 months 

• Input/ output d~V:ices in use based upon different viewpoints and 

requirements 

• Limit of six hospitals under terms of the study contract 

A review of proj ects around the . country , conducted. by means of a literature search 

and telephone verifications, resulted in selection of 10 candidate hospitals. From 

this group, six hospitals were selected for the survey. They represented several 

different systems which were considered as demonstrating the characteristic computer­

provided assistance at nursing. ~tations. Since the six selected hospitals reflected a 

broad coverage of applications and were quite different in terms of the hardware 

employed, and in the contractor-hospital relationships involved, they appeared to 

5 
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Table 2-1 

CRITERIA FOR AREA SELECTION 

Site Selection Criteria 

,~; .. 

1. Large, medfum, and small hospital in close proximity 
...... 

2. Presence or!~sence of medical school in the community 

3. Size of poveziy pool 
'.-.: ~ 

4. Resources per capita (Physicians, registered nurses, beds) 

Data. on Selected Metropolitan Areas 

.. 

Nurs- Medi- B~ds/ Poverty- Popula-
100,000 RN's/ MD's/ Census 

Area ing cal :E>opula- 100,000 100,000 %<$3,000/ tion Region 
School School . ~:tion Pop'n. Pop'n. 

yr Density:) 
millions 

Year Data 
Gathered 1967 1967 1962 1962 1962 1966 1960 

Boston, 
Ib Mass. Yes Yes 4.5 514 245 2,632 1 

Pittsburg, 
Pa. Yes Yes 4.3 373 131 15 789 2 

San Jose, 
Calif. Yes No 3.4 327 240 12 491 9 

St. Louis, , 
Mo. Yes Yes 5.0 222 156 15 511 4 

Mobile, 
Ala. Yes No . ,.3.0 158 91 27 129 5 

.. 

6 
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provide a cross section of current "experiments" under way in 1968. Profiles for 

these hospitals are presented in Appendix A. 

2.2.3 Solicitations and Approvals 

. ~. . 

After the selections were made, approval for participation of each hospital in the 

, survey was sought from each hospital administrator. Upon receipt of such approval, 

subsequent arrangements and details were worked out with the Nursing Service Direc­

tor. Significantly, of all hospitals queried, only one was not in a position to cooperate. 

This refusal was due, however, to an unusual' heavy loading on the staff at the time 

because of the opening of a n~w extension at the hospital. 

2.3 OBSERVATION OF NUR$ING STATIONS 

A complete listing of the nursing stations observed is given in Appendix C, which shows 

the designated type of servi~~~~rovided at each station such as medical ,pediatric, 

and obstetric services. A oo.tal of 160 nursing stations were observed at 9 different 

hospitals. In addition, a recently opened facility, which had in operation two nursing 

stations providing extended ,pontinuing, and long-term psychiatric care was observed. 

Data from this facility are c9J1Sidered as supplementary material since the contract 
, , 

terms did not include coverage of extended-care facilities. The mix of stations, and 
"'j"- -

the mix within stations in thiS1isting, suggests that very few stations are identical. 

Essentially, two basic categories of observation were made. One was a random 

sampling of the total infor~~on processing activity at the nursing station. These 

observations served to dete:rinine the nature and extent of the information processed 

and the skill levels of the persons doing the processing. The other type of observa­

tion involved 'collection of forms used at the nursing station and flow-charting the 

activity involved in processlltg the forms. 
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2. 3. 1 Random Sampling 

The random-sampling techniqUe employed to observe and document the total information­

processing activity assured ~ization of bias in the observation .. The validity of 

the observation was based up()n-the adequacy of the sample size, i. e. I the number of 

observations made. 

;,' , 

The selection of sample size _~sbasically a function of the binomial theorem defined, 

in this case, by the_ following~equation: 

where 

S = 

P = 

N = 
C = 

[ ]

1/2 
.~ Sp = C p (~- p) 

the desired accuracy 

the percentage of'occurrence of the activity being measured, 
expressed as a de.Ciinal 

the number of observations 
... 

the confidence interval or standard deviations 

For working convenience, this equation can be rephrased as follows: 

The number of observations made were controlled so as to produce a 95-percent 

confidence level, with the tolerance limit averaging 4 percent but never greater than 

7 percent. 
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The few occasions where the'tolerance limit approached 7 percent was because of the 

relative lack of activity at tJi()se stations as compared with the other stations in the 

hospital or. in the case of ayery small hospital. where the activity level was lower 

than at others. In these cases,. the cost of continuing the observations in order to 

obtain a lower tolerance was'not warranted. (Altogether. 90,130 random observa­

tions were made during the survey.) 

2.3.2 Forms Analysis 

Forms used at nursing statiOlUi were collected. and interviews were held with nursing 
_i~'," • 

station personnel to ascertain'llSage rate and procedural details. The forms used more 

than once daily were analyzed in detail and, from these. a representative selection of 

these forms were flow-charted. showing the processing time for each form. (See 

Appendix D .) The flow proce~s charts, processing time, and usage rates constitute 

factors. among others. which were used in the development of the models discussed 
."~' I 

in Section 4 of this report. An told .• 1.040 forms were collected, of which 95 were 

selected for flow charting. 

; .. 
" " 

2.4 SURVEY OF COMPUTER:"ASSISTED HOSPITAL INFORMATION SYSTEMS 

',''',.- . 

At the six hospitals surveyed./: interviews were conducted with nursing service personnel 

and with data processing pei~~nnel. The 66 persons interviewed as shown below com­

prised personnel in the follOJ?iing categories: 
-:, ",:: ~' . 

Nursing Ph~Sibian Data Processing . Administration 
".,:~, ;< . 

12 t: 1 2 

8 1 1 

14 1 2 

4 - 2 " 

7 1 1 

4 1 3 
- '. 

49 4, 9 4 
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One specific format was used for interviewing nursing personnel, and another for 

querying the data processing personnel. The formats were structured in an attempt 

to elicit, as efficiently as posSible, subjective information (e. g. , nurse's opinions, 
" . 

attitudes, and recommendatiOns about the system at the nursing stations) and objective 

factual data about the compu~rinstallation (e. g. , regarding equipment, software 

applications, terminals, operation, and organization). Nursing station interfaces 

between computer systems and the manual systems were observed at each of the 

hospitals during a portion oflhe day set aside for the visit. 

2.5 MODELS 

Pictorial and dynamic models of the information processing requirements at nursing 

stations were developed throUgh analysis of the observations made and the data collected. 

The models centered primarily, on the information processing aspects attendant 
,. 

to three variables implicit in'nursing unit activity; namely, the degree of nursing 

care, the basic functions of tlie nursing unit, and the interface requirements with other 

organizational units of the h~l>ital . 
. ~. " 

The information needs represented by the model were compared with the accommoda­

tions of these needs made" by'1Jle hospital systems surveyed and with an improved sys­

tem postulated by LMSC. (sB'eSection 7.)' 
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This section presents the information processing data derived from observations at 

nine different hospitals - three ,large , three medium, and three small. 

3.1 INFORMATION COMMERCE - ALL STATIONS 

To gather data on hospital infQrmation commerce, nursing station sites in each 

~ospital were identified and w.ork sampled. Personnel at the stations were classified 

as either processing or not processing information. Of those who were processing, 

the skill level and the type of -!)rocessing were noted. Observations were made 

c.overing all 24 hours of the day and all 7 days of the week. Data from the nursing 

stations were summarized andconso~idated into totals for each hospital. These sum­

marized data were then proceSsed by computer and computer-generated plots were 

made showing the magnitude of each information proc~ssing activity versus time of 
J" • 

day. The preliminary plots showed that the information commence from 7 p.m. to 7 a.m. 

was negligible compared with-the 7 a. m. to 7 p. m. time period. This indicated that the 

daytime load could properly represent the hospital!s normal operating conditions; 

therefore, final computer plo~-were made to show only the hours 7 a.m. through 7 p.m. 

(7 through 19 on the charts).. 

:·,'1 

Seven separate plots were macle for each of the nine hospitals. These are shown in 

Appendix B, Figs. B-1 through B-63. The charts in the Appendix are presented in 

sequence according to the siz~ of the hospital. Results from observations of a small 

extended- and continuing-care facility , which is operated as a satellite of one of the 

medium-size hospitals studied, are shown in Figs. B-64 through B-70. 

Average and representative trends for large, medium, and small hospitals have been 

obtained by consolidating and averaging the data given in Appendix B. Thus, 
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representative data for a large-size hospital are shown in Figs. 3-1 through 3-7; for 

a medium-size hospital in Figs. 3-8 through 3-14; and for a small-size hospital in 

Figs. 3-15 through 3-21. 

A discussion of the figures representative of a large-size hospital (Figs. 3-1 through 
. , 

3-7) will suffice for all three groups because the treatment is the same and only the 
-

quantities differ. For example, Figs. 3-1 through 3-5 all have an upper curve 

depicting the total number of~ople processing information throughout the hospital 

during each hour of the day from 7 a. m. to 7 p. m. These information processing 

operations incluc;le form processing, chart processing, work-related conversations. 

and other work-associated activities. 

The lower curve on Fig. 3-1:,therefore, depicts the number of people who are engaged 

in form-processing operations during each hour of the day. Form-processing opera­

tionsare defined as either re~g or writing on a form of any nature. The lower 

curve of Fig. 3-2 shows the Dumber of people involved in chart-processing operations, 

which are also defined as either reading or writing on a patient chart. Figure 3-3 

gives the number of people' ~olved in wark-related conversations such as those 

related to patient admittance. or discharge, visitors, preps, X-rays, or patient 
, '. 

transport. And the lower curye on Fig. 3-4 shows the number of people engaged in 

other types of work-associaf.ed information processing. These include telephone con­

versations, letters, and· rea4ing (other than forms or patient charts) such as pro­

fessional journals, formulary, and data on new drugs. 

Figure 3-5, which also has an upper curve depicting the total number of information 

proceSSing operations, shovvs, five distinct skill levels. The curve for each of these 
. , 

five skill levels represents .~e number of persons in that skill category who are 

engaged in information processing during each hour of the day. 

Figure 3-6 shows the percent of the nursing staff who are engaged in information pro­

cessing versus the time of day. 
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The last figure in this group, Fig. 3-7, shows the relative percentage of the type of 

information of each of the four major categories of information processing. From 

this figure it can be seen that forms processing together with chart processuig accounts 

for nearly half of the total information processing activity. This factor is significant 

since it gives direction and emphasiS to the study of the forms (including patient's 

chart) used for processing information at the nursing station. This is taken up again 

later in this section and subsequently in the modeling scheme in Section 4. 

3.2 INFORMATION COMMERCE - INDMDUAL NURSING STATIONS 

From the data collected it is possible to prepare similar charts for each nursing 

station studied, which would amount to 7 charts for each of the 160 stations. While 

such information would be of inter'est to the respective hospitals. or for comparing in 

detail various types of nursing stations, such an effort was outside the scope of this 
'v 

study. It should be noted, however, that the computer program written to process 

the total hospital data can with slight modification also be used to process individual 
" 

station data. In fact, plots of activities for each of a few nursing statiOns were pro­

duced by computer to determine the feasibility of the application. These plots are 

presented in Appendix C, together with other data for the individual nursing stations. 

For gross comparative purposes some detailed analysis was performed on each of 

the 160 stations studied. This is given in Appendix. C. The cornerstone upon which 

individual stations analysis is built is the gross observations concerning whether a 

person was "processing" or "not processing." It can be seen from the analysis in 

Appendix C that lower':'level details, such as the type of information processed and 

the particular skill levels involved (as given in Figs. 3-1 through 3-21), are not 

included. The analYSis given in Appendix C is therefore "representative and average ," 

but none the less useful for comparing various stations. The last tw 0 columns on the 

right are perhaps of most interest. In the first of these two columns the total staff 

in attendance at the ward (unit) is compared with the number of people working at the 

station. The second then gives the percentage of those at the station who are actually 

processing information. 
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Because nursing station des~tions vary between hospitals and because of the mixture 

of services, no two stations are exactly alike, thereby making direct comparisons 
L " 

extremely tenuous. 

3.3 . FUNCTIONAL GROUPING COMPARISONS 

Although it can be seen from;Appendix C that designations indicating type of service 
:".:,; .. , 

do not reveal consistent coID.IJl:onality among stations, there is a factor that can be 

applied to classify common ipiormation characteristics among certain types or groups 

of nursing stations. BasicaHi this factor has to do with degree of patient care re­

quired. This notion is devel:b~d more fully in Section 4, but let it suffice here to 

say that functional groupings:can be made along the following lines: 

• Intensive care?:"(1ong term) 

• Intensive car~:i:{~hort term) 
~,' " " 

• Intermediate c.~e (special) 

• Intermediate ~ire (general) 
" .. 

• Self care 

With this notion of functional"grouping established, it now becomes possible to make 

some gross comparisons. Table 3-1 shows comparisons taken from the data in 

Appendix C. Naturally the c1jmparison can be attempted only where the station desig­

nation clearly fits the functiQmu grouping; however, this does not necessarily mean 
.. -;, ~' ' 

that the stations are identic3:}:.::: .On the other hand, if some types of service appear to 
.. ~~'- .. 

be missing in the comparison~:. it does not mean that the service is not provided at 

the hospital. It may mean tll~i.the nomenclature is not precisely the same, or that a 

particular station was not in61uded in the observations for some reason. It must be 

emphasized that the listing of.:stations in Table 3-1 is for illustrative purposes only, 

and not a complete functional grouping of all stations studied. 

3.4 FORMS PROCESSING 

Forms and patient-chart processing were found to be the predominant type of informa­

tion processing, and, furtherm9re, it was found that a great deal of the observed 
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conversation related to forms. The conversation usually concerned either what was 

already entered on or what was about to be entered on a form or patient chart. 

Forms were collected at all J?ine hospitals. and of course a certain amount of dupli­

cation ensued. All told, 104~fforms were collected. These were immediately 

screened to determine those:;~secJ one or more times a day and those used less than 

once a day. 
: : ,- " 

Those used one or more tim~-, a day were analyzed as to which nursing unit function 

they served. More will be s8kl later in Section 4 about nursing unit functions, but let 
~" ,", ' 

it suffice here to say that ei~:t different major fun<;ltions were defined - admitting. 

examination, diagnosis, tre~trrient, patient maintenance, supply, contro~ and dis­

position. Forms collected ~~described in Table 3-2. The table shows the number 

of different forms used in e~~h;hosPital and groups them by function served and daily , 
~ .. ' 

usage classification, i. e .• oti~:or more/day, less than one/day. 
" 

,'j, • 

, ,~ 

The 573 different forms use4"~ne or more times a daywere analyzed for commonalities 

and it was found that a repre~tative selection of 95 different forms served to cover 
".' .. 

all the applications in all nin~,hospitals. This selection, then, was deemed to be 
" oj 

"average and representative!',,',:':Procedural details on the processing of these forms 

within the nursing station ar~!'iePicted in the process flow charts given in Appendix D. 

Processing time (in minutes .... ~indicated on the flow charts for each form. These flow 
'1' ", 

charts contribute to the development of the models discussed in Section 4. 
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Section 4 

INFq~ATION PROCESSING MODELS 

4.1 HOSPITAL ORGANIZA~IONAL ELEMENTS 
",.,' 
, , 

LMSC-682684 

General short term hosPit~::exist to bring together three elements: the individual 

who is ill, the physician witll':h1s sldll and knowledge, and the facilities and services 
.' 

the physician needs in treat~' the patient. The first step in development of an 
~. . 

information processing mociel,is to consider the manner in which the hospital is 

organized to provide faciliti~sand services for patients and medical staff. 

Most hospitals employ the clUsical hierarchy system with the hospital administrator 
. ;~~", 

as the chief executive and smra! department heads reporting to him I directly or 

through one or more assist8.1#;' directors. However well such a structure may function 

administratively, it is not s#itable for use in analyzing information processing because 

of overlapping departmental'::~ormat1on requirements. 

A logical division of the ho~l's functional elements from the standpoint of informa­

tion flow can be derived frota:the forms used at nursing stations. During this study, 
:;. ," 

a total of 1,040 different ho~liaI forms which passed through the various nursing 
.' , : :,~ 

stations were reviewed. AI1;b9ugh these forms ,were related specifically to the stations, 

they can be used to reflect tiiegeneral hospital information requirements as well -
~ . .,. . 

since in each case the review~r noted the source of information arriving at the station 

(input) and the destination of-the outgoing information (output). Analysis of these 

input/ output factors indicated that , in terms of the kinds of facilities and services the 

hospital proVides, a logicalcUvision of the hospital organizational elements is as follows: 

• Nursing Units. Inpatient domicile areas including the patient rooms, 

nursing stations, suPPly rooms, work rooms, and examination rooms 

which are adjacent to and under the control of the head nurse. 
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• Medical Staff. Practicing physicians, residents, and interns \\iho have 

been granted the priVilege of practicing medicine 'in the hospital ac­

cording to establishec;I regulations stipulated in the hospital Medical 

Staff By-laws 

• Ancillary Service -J)iagnosis. Skilled personnel, material, and equip­

ment provided in sU~Port of the physician and used in accordance with his 

medical orders to eValuate a patient's condition to determine the existence 

of disease and its type, status, and rate of progress 

• Ancillary Service -,',Treatment. 'Skilled personnel, material, and 

equipment provided ,~, carry out medical orders whose purpose is to 

impede, arrest, reYE;lrse, diminish, or eliminate disease or abnormal 

patient conditions . 

• Admitting. Admission of a patient into the hospital, transfer of an 

inpatient between n~ing units, and discharge of a patient from the 

hospital . ~-, -" 

• Administration/Business Office. Management of the hospital, its 

personnel, supplies'~ facilities, and patients 

• Hospital Service Operations. Supply and maintenance activities 

necessary to suppo;r'the hospital's medical and hotel operational 

capability 

• Medical Records. Cpntrolled library storage of all past inpatient 

information, medic~,.and administrative, in the form of discharged 
-," . 

patient's charts, x~~ays, and business folders for some designated 

period of time 

• Community Interface. Establishment, maintenance, and exercise 

of specific methods and procedures of communication between the 

hospital and the community it serves, various governmental agencies, 

professional groups, insurance agencies, and other hospital and 

medical groups 

Characterization of the hospital's information processing requirements in terms of 

these nine organizational elements (Fig. 4-1) permits logical treatment, of information 

flow separately by categories or as a whole.' Information related to treatment, 
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information related to admi~ion, information related to supply, and so on can be 

examined as separate entities, if, desired, in terms of rate, volume, input and output. 

At the same time, the relatic;nship of each major element to all other elements from 
" 

an information processing pQint of view can be shown, and it then becomes possible to 
, , 

indicate diagramatically the :tota1 hospital information processing requirements in 

terms of all nine organizatiO~ elements. Figure 4-1 also shows the relationship among 

the nine organizational eleniellts from the standpoint of information processing -

illustrating the broad areas 'Of common information flow that each organizational ele­

ment shares with the others~:;: This pictorial representation also shows the information 

requirements which are uniqUe to each element, and permits information commerce 

to be traced from point of ini~tion to' final disposition. The iriformation elements 

depicted were derived from 'I:b1s study. No single hospital is likely to exhibit exactly 

the catalog of elements nor tlieexact nenyork of communication illustrated; Fig. 4-1 

represents a typical hospital's total information processing requirements. 
-.: . ' 
:' .. 

The nursing unit, ,as one of i:tJne elements of the hospital, has a network of communi­

cation links connecting and 1llti:!rconnecting it with the others. Focusing on the nursing 

unit and eliminating from consideration the lines of the communication network con-

, necting other elements withe~ch other, attention is concentrated on those links 

between the nursing unit and~e other eight elements. The nursing unit becomes the 

center of the system with spOkes radiating outward to each of the other organizational 

elements. Thus in Fig. 4-z~ecommunication lines are limited to the interface of 

the nursing unit with each of:the other elements. 

A study of the information n~ of nursing stations requires analysis of the exchange 
';.,. . 

between the nursing station a,Dd each of the other elements. Such study and analysis 
.,.', 

is conducted from the stand~t of the nursing station - the focal point of all activity 

in the nursing unit. 
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',' , ADMISSION 
MEDICAL STAFF -. AND PATIENT MED ICAl RECORDS ... 

MOVEMENTS 

• Internal • Elective • Patient Chart 
• External 

... 
Emergency • X-ray • • Training • Escort Service • Statistics 

. ..:~. . 
; 

.. 

ANCILLARY .:' . 

BUSINESS OFFICE SERVICE- ., 

& ADMINISTRATION DIAGNOSIS 

Radiology - "'- NURS.ING • Billing • • EEG UNIT • Purchasing , 
• EKG • Personnel 

• Etc. 
. - • Accounting , 
., 

ANCILLARY HOSPITAL COMMUNITY 
SERVICE- SERVICE DEPTS. COMMUNICATION 

TREATMENT .. 
INTERFACE 

• Operati ng Room • Supply • PBX .:. 

• Delivery • Pharmacy • Auxiliary • Radi ology Therapy • Dietary • Service Center --• Physica I Therapy • Maintenance • Public Relations .. • Etc. 

Fig. 4-2 Relationsbip of Nursing Unit to Total Hospital Functions 
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4.2 NURSING STATION FUNCTIONAL GROUPS 

In the early stages of the study, customer and contractor personnel agreed/upon the 
... ' . 

following preliminary definition of the nursing station: 
:": . 

" A Nursing statioiiis a functional unit used by health care delivery 
personnel in proViding services to patients. Health care delivery 
persoDBel are def.lDed as those who participate in providing care 
and service to p~nts located in beds assigned specifically to 
that unit." ' . 

. .... 

As the study progressed, it became apparent that this definition was not adequate; it .. , 
does not take into account ~ multitude of activities that occur at nursing stations. 

Even within one hospital, the:¢onfigur ati on , layout, functions, duties, and events of 

the nursing stations vary widely. A useful definition (Section 4.2.2) was derived 

through consideration of physical and functional factors. 

4. 2. 1 NurSing station Phys~al Characteristics 

During the course of the on~~ data collection, 160 different nursing stations were 

observed. The layouts and ¢amigurations of these stations covered an exceedingly 

wide range. Some were esSentially the same as when the hospitals were built in the 

middle 1800's; others were socnew they had been occupied only a few weeks. Some 
~- / 

stations consisted of wall d~,~ in halls with patient charts in portable racks and 

medicine rooms, sterile ~::l;iJlen supply, soiled storage and housekeeping equipment 

stored in alcoves, closets, ~ small rooms throughout the nurSing unit. Others had 

roomy, well ventilated and lighted areas set off from the aisle traffic and containing 
,- . . 

all essential requirements within a single enclosed area. Since the hospitals studied 

were selected with some car.e-, .. and the 160 stations observed did represent a population 

of nursing stations, it can be' stated that a standard nursing station for a specific 

medical service does not exist. Indeed, a standard nursing station for a specific 

medical service did not exist -Within a single medium or large hospital among those 

studied. 
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The major functions of the nursing unit are defined as follows: 

1. Nursing Unit Admitting Function. Receiving patient from Admitting or from 
, . \ 

other nursing units /'~signing patient to bed, notifying physician (intern, 

resident, or staff) of patient's arrival, and arranging for patient history 
" 

(Hx) and physical examination (Px). 

2. Examination FunCtirih. Gathering of medical information concerning a 
,-", 

patient's illness, prOgress of the illness, and effect of treatment, and 

recordiIig of patient:status - such as vital signs, graphic recording, and 

general appearance~d condition. 

3. Diagnosis Function::.:::tvaluating patient's condition to determine the 

existence of an illness, as well as its type, status, and rate of progress. 

Evaluating recovery"progress to specify treatment. Evaluating special 

tests, studies, data, and consultant reports to confirm or define a particular 

illness or disease level. 

4. Treatment Function •.. Carrying out medical orders or actions whose 

purpose is to prevent;, impede, arrest, reverse, diminish, or eliminate 

disease or abnorm~conditions. Recording patient's reaction to treatment. 

Preparing patient f0r..off-unit treatment, such as surgery, X-ray therapy, 

physical therapy, etc. 

5. Patient Maintenance·:~'::.:performing nonmedical activities concerned with 

patient care, such as bed linen change, food. distribution, personal 

hygiene and related needs, and patient handling. 

6. Supply Function. ili-dering, receiving, maintaining, and issuing standard 
'. 

and patient-peculiar items (e. g., medications, sterile supply, treatment 

kits, laundry, solu~~ns, nursing station administrative supplies, diag­

nostic-treatment supplies, and food) . 

7. Control Function. Directing and coordinating unit activities, including 

planning and actions:necessary to effect examination, treatment or 

maintenance activities ordered by the physician so they will be accomp­

lished at the proper time with the proper supporting supplies and equip­

ment on hand. Ensuring accomplishment of the routine or special 

patient-care tasks related to examination, treatment, and maintenance 

that are performed without direct physician orders. Providing 
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4.2.2 Basic Nursing Functi:ons 

Although the configurations aDd layouts of nursing stations vary, their basic functions 

are the same from one stati~jito another and from one hospital to another. Each of 

the nine hospitals studied used: some sort of nursing policies and procedures - ranging 

from formal, published doc~ents to typed sheets and varying with hospital size and 
.,' 

variety of service offered. An nursing personnel were strongly concerned with 

methods of nursing care and'~'~tinuity of patient treatment. 
" , 

Continuity of treatment is ell$l1red by recording everything that is done to or for a 

patient or is in any way patient-related. All nursing activity can be inventoried by exam-
.' - I 

ining all forms used in the mtrsing station and relating them to the source of their 

data, the processing of thesJ:':4ata required at the station, and the destination of the 

processed data. This technit,tue was employed at the nine hospitals studied; the forms 

analyzed w~re limited to tho$eused at the station one or more times a day. (This 
'.' . ' . ,', 

limitation provided the data sought without burdening the study with obsolete, re-

dundant, or rarely used piee-~ of paper). Over 1,000 forms were collected and 

reviewed; from these, a ma.St;er list of 95 subfunctions were identified and shown on 

flow charts. 

The list of 95 subfunctions wilSstill too cumbersome for meaningful analYSis. A 
. ~~~~'. 

relatively short list of majo~'1lmctions was required. Some of these major functions 

were readily apparent; for ei;U:pple, such activities as requests for diagnostic data, 
'.;,,~ ': " 

therapeutic treatment reque~., and the transfer of a patient from one unit to another 

can be grouped easily. somf:ivere not so apparent. On the basis of experience on 

related projects, the data a~ysis conducted for this study, and the work performed 

by others in this area, * the 'nursing station mission is defined as follows: 

"A nursing station is "a control point for the nursing unit system whose 
function is to detern;rl.ne and/or execute the necessary care and treat­
ment and appropriate disposition of hospital inpatients. This includes 
the collection and distribution of medical information in a controlled 
environment desig[led to sustain the patient's life. 1.1 

* Thomas, Kurucz, Smith, and Kelly, A Model of a Hospital Information System, 
NllI Grant #0306-993-A-50-642B, Department of Industrial Engineering and the 
Computing Center, State University of New York at Buffalo, Sep 1965. 

47 

LOCKHEED MISSILFS 8: ~,PAr~ c-:nMPANY 



LMSC-682684 

general and spec~information concerning the unit. its patients. and 

the hospital for the/general public. Collecting. retaining, and dissemi­

nating unit status ¥rlormation in terms of personnel, facilities, and" 
" '.-

equipment. 

8. Disposition Function. Executing the final movement or disposition of 

patients and relat~-material as prescribed in medical orders or in 

administrative poiQies and procedures. 
, :'; ~'. -

-' ". ' .. 

With these major functions iCl~tified and defined, the information processing that 

occurs within the nursing stati~n can be characterized in terms similar to those of 

the input/output relatiOnShiP~'Shown in Fig. 4-2. Figure 4-3 represents this internal 

processing in terms of the m.;ajor functions identified. 
2::::':'~ 

4.3 FUNCTIONAL NURSINQ\STATION GROUPS 

While vast differences were¥served among nursing station configurations. the basic 

nursing functions were foun~~ all the stations observed. However, the stations 

lend themselves to functionaiJP~oupings in terms of the degree of care afforded. 

This grouping was accompli8~~d on the basis of observation, work sampling data, 

census and attendance data, :'~ the rate, volume, and use of the major forms 

examined. Parameters uS~:_jnCIUded the following: 

• Special patie~stipport eqUipment in the unit 

• Special patient~~onitoring equipment 

• Ratio of RN's~~-patient census 

• Ratio of RN'stO-those with other nursing skills in the unit 

• Type and freqU~ncy of procedures performed 

• Ratio of inf0:tiln.ation processing to other activity 

The first two of these factor_s-are easily observed; the last four were quantified in 

considerable detail during the, course of the study, as reported in Section 3 and the 
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',' OF HOSPITAL 
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Fig~ 4-3 Nursing Unit Functions 
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appendixes. Based on the S~ial equipment required and on the study results, the 

following functional unit grouPings were defined, tested, and used: 
'.: ., 

• Intensive CarE{(Long-Term) - e. g. , coronary care, care for burns, 

craniotomy, pi:ematures 

• Intensive CarEf(Short-Term)- e. g. , care in operating room, 
,'-. 

recovery room.:,':·emergency room 

• Intermediate dare (General) - e. g., cardiovascular rehabilitation, 

care of infectioUs hepatitis 
.' 'I~ 

• Intermediate Care (Special) - e. g. , post operative, maternity, 

neonatal care ;i' 

• Self-Care - e.,.~~, diagnostic work-up, radiotherapy 
.: 

:":.-

Resources and characteristic¥pf these functional groupings are as follows: 

• Intensive Care~:'(Long-Term) 

- Special pati$i :support equipment 
.:;.~ ;. 

- Special patie~. monitoring equipment 
~ ~~:'.- : 

- High ratio ot;.RN's to patients 

- High ratio o(fRN'S to those with other nursing skills 
I, ", 

- Fewer procegures performed 

- Lower ratio::.~iinformation processing to other activity 

- Special traiifuig required 
;.~~ . .1 • 

• Intensive Care>(Short-Term) 

- Same as Int~~ive Care (Long-Term) 

- No patientsR~rmanent1y assigned 

• Intermediate dire (Special) 

- Special patient support equipment ... 
- Some speciafpatient monitoring equipment 

- Average ratio of RN's to patients 

- Average ratio of RN's to those with other nursing skills 

- Average nurp.:ber of procedures performed 
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- Average ratio of information processing to other activity 

- Some special training required 

• Intermediate Care (General) 

- Average patient support equipment 

- Average pati~ monitoring equipment 

- Average rati()f.oi RN's to patients 

- Average rati~:"~ RN's to those with other nursing skills 

- Average n~r of procedures performed 
': :'J 

- Average ratiopf info;rmation processing to other activity 

- Average trairtt."g required 

• Self Care 
"'-

- Little patient~port equipment 

- Little patient'lnonitoring equipment 

- Low ratio of ~~'s to patients 

- Low ratio of It"N's to those with other nursing skills 
".-.... "., 

- Sin~ll num.be~"Of procedures performed 
: ~( 

- Average ratiQ,¢ information processing to other activity 

- Average trai"ng required 

4.4 DEVELOPING THE MODEL COMPONENTS 

With the identification and deftilition of the five functional groups of nursing stations, 
,," 

the components of a model ar~ available, namely: 

• Basic nursing ~ons 
• Nursing station)UDCtional groups 

. ,"; ~ 

A model can ,be constructed by: relating these components to e"ach other on the basis of 

data flow characteristics obse-rved during the study. However, some arbitrary means 

of identification of components is first required. 
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4.4.1 Model Coding and Co~ponents 

For the eight hospital organiZational elements. the following alpha code using capital 

letters ~ill be employed. b~ing with the end of the alphabet (omitting the letter "U" 

to avoid possible confusion vdth "V"): 

Z Nursing Uni'ti; 
.' :.: 

Y Medical Staff 

X Ancillary ~ce - Diagnosis 

w 
V 

T 

S 

R 

Q 

Ancillary S~#ice - Treatment 

Admitting' 

Administratj.6n!Business Office 
',' 

Hospital Seryice Operations 

Medical Records 
" . ~ .. 

Community·1Ilterface 
}'" ' 

For the functional nursing w:ii~, an alpha code is again used, employing capital letters 

from the beginning of the alp~et: 

A 

B 

C 

D 

E 

Intensive CFe (Long-Term) 

Intensive cir,e (Short-Term) 
:'~ . 

Intermediate Care (Special) 
. ",' 

Intermediat~i 'Care (General) 

Self Care ,'. 

The final component is the basic information processing function. Encompassed by 

the eight basic nursing functions identified in Fig .4-3 are 95 subfunctions constituting 

the bulk of the information processing activity. Coding here is accomplished by assign­

ing a number to each majo~.function and a lower-case alpha character to each sub­

function, as shown in Table "4,,-1 , where subfunctions are listed in terms of the forms 

employed. 
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Table 4-1 

CODINGF.'0R PROCESSING SUBFUNCTIONS 

NURSING UNIT ADMITTING 
' (,~.-, 

1a Admitting Form -. 

1b Admission Worksheet :~~, 

1c Emergency Admission':'",-
,'-

1d OB Admission -, " 

1e N ursery Admission " : '.'-' 

1£ Patient Transfer 

19 Newborn ID & Birth Cert. 

1h Emergency Admitting R~cord 

1k Birth Notice 

PATIENT EXAMINATION 

2a Laboratory Report 

2b X-ray Request 

2c PKU/Cord Clot 

2d Sleep Chart 

2e Input/Output, 8-hr Record 

2f Input/Output, 24-hr Re,Cord 

2g Vital Signs 

2h ICU/CCU Record 

2k' Recovery Room Record 

21 Blood Pressure Chart· . 

2m Medical Records Note 

2n Graphic Sheet - Routine 

20 Graphic Sheet - Intensive-

2p Diabetic Record 

2r Bedside Record 

2s Hx & Px (Nursing) 

2t Progress Notes 

2u OR Prep. Sheet 

2w Infant HX & Px 

2x Surgery Check List 

2y Professional Consult. Request 

3. DIAGNOSIS 

3a Professional Consult. Report 

3b Prothrombin Time 

3c Lab. Report 

3d EKG Report 

3e EEG Report 

3f X-ray Report 

3g Path. Report (non-surg. ) 

3h Path. Report (surg. ) 

3k PKU/Cord Clot Results 

4. TREATMENT 

4a MD Order Sheet 

4b Emerg. Rm. Report 

4d Medication Ticket 

4e Nursing Care Plan 

4f Blood Transfusion (Request) 

4g Anesthesia Record 

4i Med. /Treatment Record 

4k I/V Feeding-Infusion Record 

4m Parenteral Fluid Sheet 

40 Anticoagulant Chart 

4r Delivery Room Record 

4t Delivery Room Record 

4u ICU/CCU Record 

4x Labor Record 

4y Record of Procedure 
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Table 4-1 (Cont.) 

5. PATIENT MAINTENANCE;: 7. CONTROL 

5a Patient Daily Care Routine 7a Nursing Assign. Sheet (Patients) 

5b Routine Nursing Notes .. ?: 7b ICU/CCU Log 

5d Daily Nursing Care RePort 7c Nursing Assign. (Unit) 

5e Incident Report 7d Seriously III Slip 

5g Patient Clothing & Valllables List 7e Daily Floor Census 
, '~::'. 

7f Nursing Unit Report 6. SUPPLY 
:-: " 

'\,' 

6a Central Supply Reques¥ 7g Condition Report 

6b Ward Nourishment List: 7h Emergency Room Log 
',.; , 

Minor Surgery Log 6c Floor Central Supply :C 7i 

6d Pharmacy Request 7k OR Log 

6e Pharmacy Floor Supply> 71 Emergency Case Report 

6f Diet Order 
::{:<::', ' 7m Sponge Count 

6g Diet Change 7n Delivery Room Record 

6i Linen Request 70 OR Patient Call Slip 

61 General Stores Request .' 7r OR Schedule 

6m Diet Card 7s Recovery Room Log 

6n Unit Dietary Schedule S. DISPOSITION 

60 Narcotic/Hypnotic ReChrd Sa Discharge Summary 

6p Daily Antibiotic Recorq Sb Discharge Log .. 
8c Unclaimed Items Report 

8d Take Home Rx 

8e Take Home CSR 

8f Patient Chart (To Med. Record)-... 

8g Newborn Release 
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4. 4. 2 Relating the Model Components 

For the model to be an effective tool, the relationships among the components must be 

well understood. The purpo~e of the model is to depict the information processing . , 

needs of the nursing station ; therefore • the model must show source (termed input) ; 

and disposition (output) of information. Input and output involve the organizational 
."~ 

elements of the hospital (inc14ding the nursing station) that generate, transmit. receive, 

or store information. The pr~essing of information involves the activities that occur 

with the receipt of informati~h Until an output transmission or file storage terminates 

that transaction as far as the.1lursing station is concerned. 

Processing is described as ODe of the subfunctions in terms of form used, the time 

necessary to complete the s~fu.nction. and its rate or frequency of occurrence. 

Table 4-2 illustrates the inptitJoutput relationships among the nursing station functional 

groups, the basic nursing fui:lc.tions, and the hospital elements. Table 4-3 illustrates 
, , ~ "'!' . . 

the specific subfunctions that,Qacur in each type of functional group. 

With respect to subfunction ~, for example, (Admitting Form, Table 4-1), every, 

patient appears at the nursi~:unit with admission data which originated at the admitting 

office. These data generally. require additional processing and ultimately are made 

available to the attending ph~cian, the admitting office, the business office, and 

nursing personnel in the stati~n. Table 4-2 shows this input/output relationship, and 

Table 4-3 shows that the sUb.WD.ction is performed by all the functional groups of 
.' .;, ~ 

stations except (B) Intensive, Care (Short-Term). The total activity at the nursing 
j'- .' 

station can be described sy~lically as follows: 

V> Inputtrom the admitting office 

T Ia Stan~ time to process the Admitting Form la, 

at the)iursing station 

RAIa - Rateoi' occurrence of the Admitting Form 1a at 

Intensive Care (Long-Term) (A) 

RCIa - Rate of occurrence of Admitting Form 1a at Inter­

mediate Care (Special) (e) 
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RD1a - Rate of occurrence of Admitting Form 1a at Inter­

medijite Care (General) (D) 

RE1a - Rate:.of occurrence of Admitting Form 1a at 

Self .~~re (E) 
, ;' 

;:. YVZT - OutPitt to the medical staff, admitting office, business 

offic¢:.· and receiving nursing unit 

A convenient notation can bi::~.sed to express requirements generated by each sub-
:, " 

function; for example: ','w 

:y. > T1a 

RA1a 
RC1a 
RD1a 
RE1a 

> YVZT 

This symbology states thatt~r subfunction 1a input comes from the admitting office, 
:.;."t· 

V; the time required to pr~ss the data received at the nursing units is T1a, and the 

functional groupings A,C,n/and E all receive the data. The rates at which each 

functionai group receives tq~'data are expressed as RA1a, RC1a, RD1a, and RE1a. 

The product of (Tla) and <R!Ya + RC1a + RDla + RE1a) gives the total processing 

load of subfunction 1a in tertns of applicable functional groups. 

The processed data are shoWB as output from each functional group to the medical 
;'~.... . 

staff Y; admitting office, y;the nursing unit itself, Z; and the business office T . 

. ~-. ,. 

This kind of logic can be eDlployed in a mathematical expression to symbolize the 

total impact of each sUbfund~?n relevant to a particular nursing unit function involving 

all applicable functional gr6Ups. In such a manner, the expression of Fig. 4-4 illu-
.:-: ........ 

strates the information proCessing impact of the Examination function . 

. Similar expressions can be.:~~nstructed to show total information requirements for the 

other functions, i. e. , for Nursing Unit Admitti~g, Diagnosis, Treatment, Patient 

Maintenance, Supply, Control, and Disposition. They can be used to estimate the total 
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RA2a 
RB2a 

Z > T2a RC2a 
RD2a 
RE2a 

> XT + Z > T2b 

RA2b 
RC2b 
RD2b 
RE2b 

> XT + Z > T2c I RC2c I > XT 

RA2d .,.... RA2e RA2f 
+ Z > T2d RC2d. ,.':?" YZ + Z > T2e RC2e > YZ + Z > T2f RC2f > YZ 

RD2d' :',', RD2e RD2f 

+ Z > T2g 

RA2gl~:O' RB2g"t. 

~~L'> YZ + Z > T2h IRA2h I> YTZ + Z ? T2k IRB2kl > YTZ 

-.'';: 

RA21 
RB21 _. RC2m RC2n 

+ Z > T21 RC21 ::> YZ + Z > T2m RD2m > R + Z T2n RD2n > YZ 
RD21 '.':, RE2m RE2n 
RE21 ·: .. -'t. 

+ Z > T20 I RC2p I Z > T2p RD2p > YZ + Z > T2r 

+ Z > T2s 

RA2s 
RC2S~,>yZ + Z > T2t 
RD2s 
RE2s 

RA2t 
RB2t 
RC2t 
RD2t 
RE2t 

/

RB2X 
+ Z '> T2w I RC2wt,~:> YZ + Z > T2x RC2x 

.,,' RD2x 
':':~.\> . 

> YZ + Z > T2u 

> YX + Z > T2y 

Fig. 4-4 EXpression for Total Examination Function 
. Involving all Functional Groups 
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RA2r 
RB2r 
RC2r 
RD2r 

RA2u 
RB2u 
RC2u 
RD2u 

RA2y 
RC2y 
RD2y 
RE2y 

> YZ 

> YZ 

> YXZ 
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information processing requirements of the nursing unit in terms of manhours by 

basic nursing function and bYi~roup of nursing units. These expressions are amenable 

to digital computer program~ing for specific analysis; however, they do not present 
-, .. 

a visual concept of the information processing activity. 

Visual presentation of inforni~tion processing should contain the same kind of data in 

a format that is more famili~~to and more easily understood by individuals without 
" 

technic al backgrounds. It:rri.USt show the data flow and the manhour requirements by 

basic nursing function and by<functional nursing unit, structured in such a manner 

that it can be understood re~lY by nursing and administrative pe~sonnel. The objec­

tive of such a model is to prorlde these individuals with a tool which they can apply in 
,.,;,. 

evaluating their own information proceSSing needs at the nursing stations and in evalu­

ating the potential of compu~t'ized systems with respect to their own requirements. 

Figure 4-5 is a matrix that c~p.tains the same information as the mathematical 

expressions but displays it ~':a pictorial model which facilitates explanation and 

understanding. 

Only the larger hospitals woUld, be likely to be concerned with the entire model, yet it 
.,' " 

is just as effective for a sm~rhospital with only a few nursing units. A professional 
I " .~~. 

individual at a hospital can e~ily relate the subfunction identification to the commerce 
.~,,',~. 

of his own facility. The larg~r hospitals would include all or nearly all of the sub-
- • 0'-

functions while the small hospital would be concerned with fewer subfunctions. 

To permit this model to funcf;i9n for an individual hospital requires the values to be 

substituted for T and R i~'1etermining the actual manhour requirements by sub­

function, by basic nursing furi.ction, by nursing unit functional group, or for the total 

nursing division. Table 4-4 ' 'provides the means necessary to supply these data. 
", 

Based on "standard" times (~yerages from the hospitals stUdied), the table shows the 

"standard" minutes Of proces~,ing per occurrence of each subfunction and the rate of 

occurrence of each subfunction. An individual hospital can determine its own rates 

of occurrence of admission~o' transfers, newborns, etc; the standard time values then 

will permit a general assessment of the nursing station needs for information proces­

sing at that hospital. Depen4ing upon the results (or the degree of accuracy desired) 
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subfunctions can be expanded Or contracted so that they fit the individual hospital, 

and time values peculiar to th~t facility can be used instead of average values. These 

specific time and rate values cOUld be refined further to specific kinds of skill cate­

gories on the nursing unit, i. e~, RN, LPN, W / C, students, etc. 

This pictorial model can be uS.ed to describe the information processing activity that 

occurs at the nursing station iii as great detail as is desired. From a particular 

hospital's point of view, Fig.:4~6 is a representation of the data format that might be 

employed in collecting and ar~g the particular data required by that hospital to 

evaluate its present require m~nts for information processing at the nursing station, 

and to compare the result witb,aproposed computer system. 
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Table 4-4 

NURSING UNIT SUBFUNCTiONS - TIME REQUIRED AND RATE OF OCCURRENCE 

" " 

1. NURSING UNIT ADMITTING FUNCTION 

. -~ '. 

Receiving patient from Admitting or from other nursing units, assigning patient 
1',;:, _ 

to bed, notifying physicum (intern, resident, or staff) of patient's arrival, and 
· ' .. 

arranging for Hx and Px >\ 
" , Time Re-

Code' Subfunction (Form) quired Per Rate of Occurrence Occurrence 
, ~. '/ 

(min) 

1a Admitting Form · , 

· , 
14.2 l/pat. admitted 

1b Admission Worksheet 4.8 l/unit/day 

1c Emergency Admission 10.2 1/emerg. admit 

1d OB Admission '. 14.8 1/0B admit .:. 
, , 

.' 
Ie Nursery Admission ' 13.6 l/newborn 

1f Patient Transfer 2.9 l/pat. transfer 

19 Newborn ID and Birth ,Certificate '29.8 l/newborn 

1h Emergency Admitting' Record 8.0 l/emerg. pat. 

1k Birth Notices 
" 15.0 1/birth 

.. 
~, " 

· -~ . 

. IIII1 
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Table 4-4 (Cont. ) 

2. EXAMINATION FUNCTION 

Code 

2a 

2b 

2c 

2d 

2e 

2f 

2g 

2h 

2k 

21 

2m 

2n 

20 

2p 

2r 

2s 

2t 

2u 

2w 

2x 

2y 

Gathering of m~dical infd"rination concerning a patient's illness, progress of the 
,.' ',~' . . 

illness, and the effect of.treatment, and recording of patient status, such as vital 
-~: '.:. 

signs, graphic recording~o:.and general appearance and condition 

,', 

Subfunction (F9rm) 

Laboratory Request~'/ 
X-Ray Requests ',; 

' .. 
PKU/Clots Requests~~' 

Sleep Chart .. 

Input/Output, 8-hr record 

Input/Output, 24 -hr . record 

Vital Signs 

rcu/ccu Record 

Recovery Room Reco~d 

Blood Pressure Char.t' 

Medical Records Note 

Graphic Sheet - ROllijrre 

Graphic Sheet - Intensive 

Diabetic Record '~", 

Bedside Record ;' 

Hx/Px N/S Record 

Progress Notes 

O. R. Prep Sheet 

Infant Hx/Px 

Surgery Check List 

Professional Consulting 
Request (In-House) 

80 

Time Re­
quired Per 
Occurrence 

(min) 

3.9 

6.2 

4.6 

22.1 

11. 7 

27.3 

1.5 

18.9 

13.6 

4.7 

5.2 

4.7 

4.7 

11. 1 

1.5 

9.5 

2.0 

4.6 

9.5 

5.3 

6.4 

Rate of Occurrence 

4/pat. admitted 

1.25/pat. admitted 

l/newborn 

l/unit/day 

1/4 med.pats. /day 

1/10 med.pats. /day 

3/pat. /day 

l/rCU-Ccu pat. /day 

l/surg. pat. 

1/15 med. pats. /day 

1/10 pats. admitted 

l/pat/day 

1. 25/med. pat. /day 

1/5 med. pats. /day 

l/pat. admitted 

l/pat. admitted 

4/pat. /day 

l/surg. pat. 

3/newborn/day 

l/surg. Pat. 

0.5/pat. admitted 
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Table 4-4 (Cont. ) 

3. DIAGNOSIS FUNCTION 

',Evaluating patientl s condi~n to determine the existence of an illness, as well as 

its type, status, and rate,:~~ progress. Evaluating recovery progress to specify 

treatment. Evaluating special tests, studies, data, and consultant reports to 
, , 
-...... , , 

confirm or define a partieular illness or disease level 
,": 

Time Re-" 
" 

Code Subfunction (Fohn) quired Per Rate of Occurrence Occurrence 
" " (min) 

" 
" 

3a Radiologist Report 7.5 1/5 med. pats. /day 

3b Prothrombin Time 1.5 i/pat. admitted 
'. 

3c Results .,'" 1.5 4/pat. admitted 

3d EKG Report 
.. ', 

1/5 med. pat. 4.39 

3e EEG Report 4.39 ' 1/15 med. pat. 

3f X-Ray Report ResultS:.' 3.3 1. 5/pat. admitted 
. , 

3g Pathology Report - Non-Surgical. 2.1 1/10 med. pats. 

3h Pathology Report - suigical 5.2 l/surg. proced. 

3k PKU/Clot Results 1.1 l/newborn 
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Table 4-4 (Cont. ) 

4. TREATMENT FUNCTION:> 

,', , 

Carrying out medical ord~~s or actions whose purpose is to prevent, impede, 

arrest, reverse, diminis~r or eliminate disease or abnormal conditions. Recording 

patient's reaction to treat;hient. Preparing patient for off-Wlit treatment, such as 

surgery, X-ray therapy, p~YSical therapy, etc. 

y", 
Code Subfunction (Fo;9n) 

Time Re­
quired Per 
Occurrence 

Rate of occurrence 

4a 

4b 

4d 

4e 

4f 

4g 

4i 

4k 

4rn 

40 

4r 

4t 

4u 

4x 

4y 

M. D. Order Sheet 

Emergency Room Repqrt 
. 'r.', 

Medication Ticket 

Nursing Care Plan (~ex) 
. ',~=~.:-," 

Blood Transfusion Request 

Anesthesia Record 

Medication and Treatment Record 

I/v F eeding/lnfusion,~R~cord 
.:~~~: " 

Parenteral Fluid Sheet, 
.,.; " 

Anticoagulant Chart ;~ 

Delivery Room Record: 

O. R. Record : " . 

ICU/CCU Record 

Labor Record 

.':",,' 

" . .' ~ 

Record of Procedure'" 

" ' 

82 

(min) 

3.1 

2.2 

9.6 

16.5 

14.5 

4.5' 

5.2 

18.6 

5.7 

16.2 

12.1 

17.3 

17.3 

19.2 

3.7 

l/pat. admitted 

l/Emer. Rm. Pat. 

3/pat. admitted 

l/pat. admitted 

1/2 surg. pats. 

l/surg. proced. 

3/pat. /day 

1/10 pat. admitted 

l/urut/day 

l/med.unit/day 

l/mat. pat. 

1/ surg. pat. 

l/ICU -CCU pat. 

l/mat. pat. 

l/surg. pat. 
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Table 4-4 (Cont. ) 

5. PATIENT MAINTENANCE 

Performing nonmedical activities concerned with patient care - such as bed linen 

change, food distribution/-personal hygiene and related needs, and patient handling. 
~ .. , .. 

Time Re-:~\..~ 

Code SubfWlction (Fd,rm) quired Per Rate of Occurrence Occurrence "'.-.: .... 

',~;:, (min) 
.' 

5a Patient Daily Care ~¢ine (Kardex) 3.1 l/pat. admitted 
': . 

5b Routine Nursing Note,:~r . 2.0 3/pat. /day 
.... 

5d Daily Nursing Care Report 83.1 3/unit/day 

Incident Report· 
". 

4.9 0.5/unit/day 5e ,: . 
" .. 

5g Patient Clothing Reco~ 4.5 1/pat. admitted 
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Table 4-4 (Cont. ) 

6. SUPPLY FUNCTION 

( 

Ordering, receiving, m~taining, and issuing standard and pa~ient-peculiar items, 

e.g., medications,steril~:~plY, treatment kits, laundry,solutions, nursing sta­

tion administrative suppij~.s, diagnostic-treatment supplies, and food. 

Code Subfunction (Forin) 

Time Re­
quired Per 
Occurrence 

Rate of Occurrence 

6a 

6b 

6c 

6d 

6e 

6f 

6g 

6i 

61 

6m 

6n 

60 

6p 

,- , 

Central Supply Requl~ltions 

Ward Nourislunent List 
Floor Central sUPPli~equisition . . ~. 
Pharmacy Supply Requlsition 

-:1,.-." .. 

Pharmacy Floor S~yRequisition 

Diet Order 
.: . 

Diet Changes 

Linen Requisition ,_ 
',-

General Stores Req~~tion 
. ~; . .-;.-; 

Diet Cards (Menus) 

Unit Dietary Schedwe. 

Narcotic/Hypnotic nariy Record 

Daily Antibiotic Report 

84 

(min) 

5. 7 

3. 1 

S.S 

5.7 

24.5 

5.7 

5.7 

9.4 

14.2 

1.0 

S.S 

11. 3 

11. 3 

l/pat. admitted 

l/unit/day 

2/unit/day 

2/pat. admitted 

l/unit/day 

l/pat. admitted 

1/2 pat. admitted 

l/unit/day 

l/unit/day 

l/day/pat. 

3/unit/day 

3/unit/day 

l/unit/day 
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Table 4-4 (Cont. ) 

7. CONTROL FUNCTION 

Directing and coordinaUntunit activities, including planning and actions necessary 

to effect examination, treatment, or maintenance activities ordered by the -' 
'<' '. 

phYSician so they will be accomplished at the proper time with the proper supporting 

supplies and equipment o~~h,8.nd. Ensuring accomplishment of those routine or 
~. ' .. ' 

special patient-care task$~¥~lated to examination, treatment, and maintenance ,that 

are performed without d~ct phYSician orders. Providing general and specific 

information concerning ~~>unit, its patients,' and the hospital for. the general, 

public. Collecting, retai'iing, and disseminating unit status information in terms 
.":1' I 

of personnel, facilities, and equipment . . ~ :. '.'. 

Time Re-
", 

Code Subfunction (Fo;m) quired Per Rate of Occurrence Occurrence 
, ' 

"'- (min) 
:." . 

7a NurSing Assignment $,eet (Pats. ) 20.0 l/unit/day 
- <:'-

ICU/CeU Log 
-~. ~ 

l/unit/day 7b '. :~,' 7.7 ~.' .' 

" 

7c NurSing Assignment (pnit) 14.0 l/unit/day 
." . 

7d Seriously III Slip 
. .,,' 

4.7 1. 25/1:C pats. /day 
" .. 

7e Daily Floor Census 
' " 

14.0 3/unit/day 

7f Nursing Unit Report, 6.0 l/unit/day 

7g Condition Report -"", 11. 2 3/unit/day . :~ 

7h Emergency Room Log'~ 7.7 l/unit/day 

7i Minor Surgery Log 7.2 3/day 

7k O.R. Log 
.... 

7.7 1/ shift/day ," 

71 Emergency Room Case:'Report 7.6 I/ER pat. 
" , 

7m Sponge Count ' . 6.3 1/ surg. proced. 

7n Delivery Room Log 7.7 3/unit/day 

70 O.R. Patient Call Slip 21. 0 l/surg. unit/day 

7r O.R. Schedule 34.1 l/surg. unit/day 
" 

7s Recovery Room Log 7.7 3/R. R. /day 
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Table 4-4 (Cont. ) 

S. DISPOSITION FUNCTION 

Executing the final movement or disposition of patients and related material as 

prescribed in medical o~ers or in administrative policies and procedures 
.. ~- ,: " 

"r, 

~ Time Re-

Code Subfunction (~~:rm) quired Per Rate of Occurrence Occurrence 
.' (min) 

'" 

Sa Discharge Summary. 6.5 l/pat. 

Sb Discharge Log , .. 4.4 l/pat. /unit .. 

Sc Unclaimed Items ~eport 6.2 l/unit/day 

8d Take Home Rx 7.1 O.25/pat. 

8e Take Home CSR 
: ,'";' 

7.1 O.l/pat. 
'.' 

8f Patient Chart (To ~~edical Record) 13.2 l/pat. 

8g Newborn Release 
,.,' . 

l/newborn "-, . 7.0 

.~ 
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No. of Beds Total Nursing Attendance 

No. of Bassinets Admin ./Super. 

Admissions per Year Central Supply 

Average Dai Iy Census Nursing Units 

Bi rths Other 

~. Nursing Unit Description 
,':' 

Nursing Unit 
ID No. 

Type of 
Service 

Beds on 
::'Unit 

Av. Daily 
Census 

Patient Flow 
Admit. rans-

fer 

:: 

LMSC -682684 

Attendance 

RN LVN C 

____ 1""1 ... ----r--_--,.---.,--~-__.,...---r-----........ --

:Hospital Facil ities and Services 

Facility or Service Procedures Requesting Reporting 
per year Form Form .. ' 

.. 

-- --

Fig. 4-6 Hospital Data Sheets 
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'r' " Section 5 

HOSPITAL COMPUTER SYSTEMS SURVEY 

5.1 FOCUS 

As an adjunct to hospital co~unicationB, computer systems will rapidly become .', 
controversial unless a high d~ee of user acceptance is achieved. This is partic­

ularly true of services and fu:IW~ons provided at the communications center of patient 

care units. In the typical hoSpital, for example, the transcription of orders is a 

tedious task which could be sIllipl'ified with or without computer assistance., This 

aspect of the system design ~~.often overlooked. 

It was clear during thi,s surveithat computer applications to patient-care data continue 
, "," 

to suffer from lack of inSight,:,¥t0 or consensus on an effective and appropriate com­

munication system. Although,~e use of remote terminals throughout the hospital 

was central to the preoccupation of the designers, little had yet been accomplished 

in terms of providing practica.1.;and meaningful services related to patient-care data. 

In the relative absence of int~~t and concern on the part of health care providers, 

service bureaus and computef:;manufacturers were offering software based upon 

their concepts of simply auto~gthe existing manual system. Varieties of input/ 
/,:,;." 

output devices were in use a.D4)ime sharing was increasingly viewed as a cost-saving 
t ,1.' 

factor. 

In general, computer servic~;'appeared to be a mixed blessing, for neither accuracy 

nor time savings could be de:tD.onstrated in anyone system. The phase of user in­

'volvement in'systems design seemed to be just starting. 

The survey of computer systems at hospital nursing stations included a review of 

the state-of-the-art in both teleprocessing and batch processing of patient-care infor­

mation at nursing stations in, six hospitals (see Tables 5-1 and 5-2). A more detailed 
, ' 

summary of the commitments of these hospitals may be found in Appendix E. 

89 
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Table 5-1 

HoSPITAL COMPUTER SETTING 

,'-;' 

Hospital Code 
'Item , ' A B C D E F 

"',,' 

Computer Location :::--
, 

• Within hospital X X X X 

• Outside hospital X X 
" 

Computer Personnel 

• Full time 8 16 12 1 15 

• Part time 71 

Computer System ~tus 

• Shared 'x 
Rented 

0' 

X X X • 
• Owned " X 

• On R&D project X X X X X 
" 

'-", 

"," 

IIII 
90 
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Table 5-2 

HOSPITAL COMPUTER EQUIPMENT 
",,' 

. I: Hospital Code 
Item 

A 
, 

B C D E F 

'_IBM 1440 
mM ~ __ ,(To be mM(a) Medelco CDC 

mM 
Computer Model 1710 ~:replaced 360/40 T*H*I*S 160A 

360/50 
1620 o"by shared 360/40 (SCAM) (shared) 

U'~VAC 494) 

Core Storage 60 '.'" 
16 128 (b) 16 256 

(characters ",' (-+data 
x1000) cells) 

Random Access 8 
:~, ~1;_ . _ 45 45 

Storage (1 mil- ,', ,., .. 
lion characters) , 

, " 

Random Access 4 6 6 
Devices 

Magnetic Tape 1 1 2 
Units ',' . 

Communication 
Links: 

Cable X x- X X X X 
Telephone X: X X 

" : ~ .. 

I/O Terminals at IBM BKR mM Card CDC mM 
Nursing Stations 1793 2&'''' 1092 readers Digi- 2260 

KB· Video 1093 + Scribe Scope , 
1053 tenninal Exper. teletype CRT CRT 
1092 

i • ,: , IBM model Printer 
Printer dfI-line CRT 33 Printer 

Optical 2260 TTY 2740 
si,cimner Printer 
Plinter 2740 

.~ .-

(a) Two systems. , 
(b) Solid-state I central processOr unit. 

I IIII 
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Historically, computer systeIpS in the hospital environment have evolved with the 

following goal s: 

• Expediting the" flow of information between the patient and 

the providers:~fcare 
• Providing a more efficient administrative and cost accounting 

, , 

system ' ' 

Differences in the approach~;·to these broad problems varied in several ways. Some 

started with a clearly stated.·4esign and methodology. Others conducted a work sampl­

ing, then modified information handling practices at nursing stations and station~ 
'. I" 

and elsewhere, and proceeded:to introduce teleprocessing or batch processing on a 

trial basis. In general, renm.ants of a manual system were found to be needed in 

order to protect the patient-ck-e data both in terms of accuracy and in terms of 

confidentiality . 
-, 

Most of the projects received:additional monies not provided for in their annual 

budgets. The principal source-of funding has been the Federal Government (Depart­

ment of Health, Education, ~ Welfare), although some hospitals have been supported 

by computer manufacturers and interested philanthropical groups. 

In this report, specific attenti~n is given to input/output devices in use at nursing 

stations and interfaces betw~~ the printouts and/or displays being obtained, the 
" 

patient's chart and other infofmation processing requirements, impact of the system 

on the nursing care function. and training programs established in relation to the 

use of the computer. 

5.2 SUMMARY OF HOSPIT~tCOMPUTER SYSTEMS SURVEY 

Two of the hospitals visited we:re using keyboard/printer devices. One had "keyrnats" 

specifically scored and designed for requesting and reporting selected hospital services; . 

the other employed a "message-coded keyboard" which essentially served the same 

purpose. Both of these hospitals had the terminals in use for providing data on 
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admissions, transfers, disch8rges, bed vacancies, and diet listings, as well as 

a listing of patients according to type of service and physician. 

One of the hospitals received an on-line printout of the admitting laboratory work 

performed by an autoanalyzer~: The report was provided on gummed-back paper 
",'" 

at the nursing station and subs~uently affixed to the laboratory sheet. All other 
.... 

laboratory work was manuafly'::transcribed from the worksheet by the laboratory 

technicians who made rounds;tQ the nursing stations at periodic intervals for this 

purpose. Most of the printou~;.material found at nursing stations in this survey 

was either a worksheet, a schedule, or other temporary document. These were to 
,.- /.~: " 

be discarded either daily, W!!~k1y, or, in some hospitals, every four hours. They 

provided the users with accux:#e. concise. and easily read information needed for 
-""':': 

use in a few functions which are part of the total patient-care requirement. 

:.' 

Four of the hospitals visited ~re introducing cathode ray tube (CRT) terminals for 

input/output use in a variety ~'experimental modules. One hospital used a small 

CRT to provide a nursing graPliof patient behaviors. At this institution, the com­

puter was programmed to sortand process data originating from source documents 

called Automated Nursing No~. It was possible to retrieve a display based on a 

statistical analysis of the b~Yiors observed over an extended time period, usually 

seven days. 

Another hospital was working:~?il the problem-oriented patient chart. Here the major 

focus was upon the developm~~ of a chronological reporting scheme based upon track­

ing problems found by both p~~icians and nurses at the time of the patient's admis-
: /' 

sion to the hospital, and ther~~er during the period of hospitalization. Each problem 

was given a number and refe~edto by aname and number when reported on subsequent , 
days. General problems such as pain were outlined on the displays in terms of 

location, severity, etc. ThuS,. ·the cathode ray tube was providing the user a Wide 

variety of descriptive terminology which would serve to compose a Significant message 

about a given patient. 
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Another institution had a cathode ray tube terminal at the nursing station for the 

purpose of providing the users: a review of orders and the capability of entering 

vital signs. Calculations of fluid balance could be performed and a recommended 
,,' . 

daily input retrieved through ~~ecific programs. 

The last of the institutions visited was experimenting with.a cathode ray tube and 

was transmitting data to the p~tientls record based upon the administration of medi-
"'.', ' 

cations. Here the attention df::the system designers and the users was directed 
', .. 

toward accuracy of input. Retrieval of displays was in process of assessment by a 

team of users who were speci;fically concerned with the content of the message (i. e. , ;<'.- . 

",' 

name of drug, dose, route, fi:.~ency, and warnings related to inaximum daily dosages 

as well as reminders for rerlewals). 

Input devices themselves wer~;yiewed for the most part as limited by t~chnical 
features such as coding nece~'~itated for access, ribbons on keyboards needing frequent 

~ '., 

changing, and delays in obtairpng certain kinds of feedback such as bed vacancy corrections. 
" ".' 

All of the systems using inpu~/output devices were experiencing problems that held 

significant implications for th?se involved in developing and implementing future 

systems. The simplest inPui:!~as found to be through the edge-punched card which 

was entered at the nursing sta~on into a central processor. A rather minimal problem 
. ~". ' 

was associated with this sysrem..in that a "wait" light flashed if a series of cards were 
'.~ . '" . 

being entered too rapidly of if:,~other unit was busy at the time an order was being 

processed. These cards sert'~' as a much needed link between both nursing and 

phYSicians and other hospital-"4epartments. There was a high degree of user accep­

tance of this total hospital information system, the only one known to provide such 

extensive service through tele~rocessing. 

Batch processing of the AutoIIlated Nursing Notes was the only off-line system visited 

which was initiated at the nursing station. Since this provided the basis for the 

teleprocessing of the nursing graph, the mark-sense form was performing a reliable 

service as an input device. 
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Printing devices, providing onrline typed copies on various sizes of paper, were 

in use in all but one of the in~tutions visited. Although originally designed for 

business or industrial environments, they had been modified for use in hospitals. 

In general, soundproofing was:ithe chief factor needing attention, although modifica- , 

tion of the size of the output (i'.,e., medication cards vis-a-vis schedules or other 

listing) was also undergoing d~iderable experimentation. Off-line batch process-
~ . ..: ", ~ 

ing through optical scanning otreports involved delays of 24 hours between the data 

input and the availability of th~ hard copy printout. 

".; . 

Most of the institutions visit~'1md begun to reevaluate the present system of personnel 

allocation to the information h3ncning requirement. Those haviilg input/output devices 
:', 

linked to the computer had, wl.tQout exception, employed nonnursing personnel to 
'-'.;~: .. 

operate the terminals in addi~n to other clerical duties. This was true of several 
." " 

other computer-assisted hospital systems which, though not actually visited, were 

described over the telephone .c', 

,", " 

On-line nursing station inforn¥i.tion processing requirements necessitated the employ-
".,,'." 

ment of nonnursing personnelt:? maintain constant surveillance of the equipment. 

Many application programs in':tdther operational or development mode were planned to 
" :~ I -' • 

provide on-line responses to ~,9~eries, and cathode ray tube displays were entering the 

field (see Table 5-3). 
" :. 

Modular components were fOU~ to be widely used. User representatives and program-
'\.~::.; ,', 

mers were beginning to work'~& ,specific segments of data to define and test parameters 

of selected subsystems. Th~.futerrelationshiPs among these various modules and their 

subsequent bearing upon the ~pita1 operation were ultimately to be tested in all cases . 
. ' " 

Some institutions were more specifiC than others in stating their purposes and ration-

ale for selecting a given modUle. It was not always clear why certain decisions had 

been made to use a given approach. Although all were prepared to describe the flow 

of data through the use of remote terminals, remnants of the manual system were 

retained and were often redundant. 
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Application 

Vital Signs 

Fluid Balance 

Treatments 

Unit Clinical Tests 

Shift Summary 

Patient-Care Plan 

Laboratory Test Orders 

Medication Orders 

Patient-Care Report 

Laboratory Test Report 

Medication Report 

Diet Order 

Patient List 

Patient List by Doctor 

Patient List With 
Diagnosis 

Diet List 

Admission Notice 

Bed Vacancy Notice 

Housekeeping Request 

(a)Legend: 

1 = Hospital A 
2 = Hospital E 
3 = Hospital B 
4 = Hospital C 
5 = Hospital D 
6 Hospital F 

(b) Admission only. 

LMSC-682684 

Table 5-3 

SUMMARY OF APPLICATIONS(a) 
'-

" 

On--iLine Batch Hard Copy Display In Dev. Operating 

1-2.;.6 1-2-6 1-2-6 2-6 1-2-6 
,.;,,:' 

1-2;';'6 1-2-6 2-6 1-2 6 

1-2,:",6 1-2-6 2-6 2-6 

1-2:':6 1-2-6 1-2-6 
,-

1-2~6 1-2-6 2-6 1-2-6 

2-6· 2-6 2 2 6 

1-"4-,-6 1-4-6 2 2 1-4-6 

1-3-4-6 2 1-3-4-6 2 

2-3;,' 3 2-3 2-3 1-2-3 2-3-4 

1(b).' 
~ .. ,-

1 1 

6 " 6 6 6 

1-~, 1-4 
- ' 

1-6- 1-6 6 

2 
I,' " 

2 2 2 2 

.' .. 
14 1-4 1-4 

1-4 1-4 

1-4~5 1-5 1-4-5 
6 .. " 6 6 

5 5 5 

, 1', 
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In 1968, the items from a pat1~nt's record which were being transformed either 
',' 

in whole or in part by compu~rapplication were: 

• Admission da~ , 

-Name 

- Age 

""-Sex 

-Race 

- Diagnosis 

- Service 

- Physician 

• Initial history (and!or physical examination} 

• Observations', 

- Vital signs " 

- Fluid balance, 

- Medication a4ministration 
, " I 

- Signs, symPtOns, complaints 

- Patient-car¢',summaries 

• Activity reg~ens or care plans including therapeutic inte~ention 
by physiother~~ts, nurses, occupational therapists 

• Laboratory r~ests, reports, schedules (specimen pickup lists) 

• Discharge snn:;'maries 

Care assistance was viewed,bY some as a potential product of two computer systems. 

The problem-oriented patierit~chart and the automated nursing notes represented the 

effect of recognition of this ~~puter potential by user populations. They appeared 

to be the most sophisticated cimceptual approaches to the care fWlction. In another 

system project, activity schedules for individual patients were the result of viewing 

the computer as a tool for cQmprehensive health care delivery within a hospital. 
.~. " 

Entering data into an on-line' nursing station terminal eliminated for the most part 

the intermediate steps of keypunching and clerical transcription. In one project, query 

sets required that terminal operators respond to a separate group of questions for 
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each data type. In another, the'terminal was activated by a simple code and the displays 
.. 

did not depend upon this query technique for functionally activating a message. 

In two hospital systems, the dat~ could be processed by statistical formulas (some­

times referred to as advice rilles): 

• Calculations of flui~:and electrolyte needs are established according to specific 

urinary output. Gastrointestinal losses, and other fluid loss, are determined, 

with a report indica~g amount of water and electrolytes required by the patient 

for a 24-hour period.·~ In addition, the number of bottles, composition of . , ' 

standard solutions qf fluids to be used, and rate of administration in milliliters 

per hour and drops 'Per minute are prescribed. 
,"_ .. 

• Conversions of weights from pounds to kilograms for use in calculating 

children's dosages can be activated by a simple input of body weight. 

Reports on the care function were planned for several systems. In general, these 

were to be available every eigp.thours, although one plarmed to have a monthly 
.;. 

summary as well. Formats~~re slightly different, but essentially represented an 
:-. 

attempt to build on the progresl;! of the patient during hospitalization. Users of the 

automated nursing notes reported that as a result of the project the nurses were more 

astute in observing patient b$aVior. In addition, they felt that having the tool 

improves the communicatio#,'"between team members as they carry out the treatment 

program. 

There was a variation in the-perceived reqUirement for on-going education and. training 

for users. Some of the personnel interviewed had attended courses offered by 

computer manufacturers. Oirly one institution was conducting a short course for 

nursing service personnel on a regular basis. 

In most instances, a brief orientation was provided for the personnel assigned to the 

projects. This was unforturiate in that major problems associated with implementa­

tion were identified as "incorrect manner of entry by users" and "incorrect data. " 
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The state-of-the-art in 1968 for ,computer usage in hospital nursing stations in the 

United States appeared to fall into two categories . 

• AdministratiQP or nonnursing programs 

• Patient~are problems, which are dealt with by varieties of care 

providers and may be teleprocessed in real time on request, or 

batch process~ecI 

For the long-term patient an~ff-line batch process using a mark-sense form was seen 

to provide a satisfactory metliPci of data gathering not oply for chronological use but 

also for summarization and aiaIysis of data. On the other hand, in cases of acute 

illness or injury, computer applications may range from the analog to digital conver-
~'~ . 

sion of parameters (such as the electrocardiogram) to displays of terminology related 

to the entire patient-care sp~m. Recommendations for changes in systems were 

elicited from nurse users ancfare summarized in/Table 5-4. Details of visits to each 

hospital. may be found in Appe!ldix E. 
'.,-

5.3 SUMMARY OF USER OPINIONS AND RECOMMENDATIONS 

Each selected hospital prese~ a different picture of computer usage and development. 

Of the personnel interviewed~:th.ere were wide variations in positions, ages and pro­

fessional experience. i Simil~y, there was a marked difference in their preparation 

for using the computer system~ The data collected are depicted in Tables 5-5, 5-6, 

5-7, and 5-8. 
. ~;: ,'; 

The involvement of nursing p~rsonnel in system operations was also somewhat dif-

,ferent among hospitals. In g~ral, the equipment maintenance associated with 

terminal handling was refer~~ to the EDP departments. Down time was not viewed 

as a problem, although scheckil.ed down time occurred daily in the five hospitals not 

using a solid-state computer ~ None of the systems were operating on a 24-hour 

basis. 

Nurse systems requirements were incorporated in a variety of ways, chiefly through 

head nurs es and supervisors, but also through committees. 
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Table 5-4 

.: RECOMMENDATIONS 

Item 
:-. A B 

Hospital Code 

C D E F 
I,~:-: 

., 

Improve Maintenance 
' ' X 

High Speed Printer " X X X 

Clerks as Terminal Oper~~6rs 
Around-the-Clock " X 

Total On-Line System X X X 

Staffing Schedules by Computer X X 

All Nurse Inputs via Coml?:Uter 
Terminal .. ,.,' X X X 

Committees of Users .-.; 

Development Requirement,S!,,' X X X 
:,"-" 

More Terminals for Nurses' ,and 
Physicians on Each Unit X X X 

, -

On-Going Revision Involvirig 
Nurses X X X X X 

EDP Training Program a~ 
Education Use of Terminals X X X X 

:", 

Developments of Patient 
~ 

Profile q8H q24H X X X 

Use of Dictaphone for Conimun-
icating Observations, RepOrts X 

. ,",. 

Experimentation on moreeld;ensive 
use of computer directly to'; , 
phys icians, offices (ICU, cqu, esp) X 
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Table 5-5 
".' 

NURSING PERSONNEL PROVIDING OPOOONS* 
'.", 

... 

Hospitak~urveyed Nursing Personnel 
" 

Hospital A 12 
. '. 

HosPital B 13 
'. ' 

Hospnal C 4 
.. 

Hosp~tal D 7 

Hospital E 8 
. , 

Hospital F 4 
c ," 

::-,', Total 48 
", ' 

:', . ~ 

*Of the 4.~:IiUrSing personnel interviewed concerning 
the use ofJ-#le computer system, their status ranged 
from cle~"to nursing director. Their ages ranged 
from 20 t.o,36 years. Twent~five of the 48 persons 
who parti#Pated reported that they were married. 
All were~fUll-time employees. Three were male 
nurses. -/I'heir assignments included all patient-care 
categories- Just as variations in years of hospital 
experienCe were evident (6 months to 30 years) so 
the profe~sional preparation of the individuals inter­
viewed was also quite different; however, there was 
a predomin~Dce of diploma graduates in the survey. 
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Table 5-6 

TRAINING PROGRAM FOR COMPUTER PROJECT (a) 

. , 

", Hospital Code 
Item 

!'" A B C D E F 
~ 

, 
-

1. Training Program 
" Yes ,'o- X 

No ,:\~: X X X X X 
, , 

2. Training Guide 
:~'~~I' 

Yes " 
., X X X 

',' 

No ," X X X 

3. User Guide at Nursing stil,t;lon 
" 

Yes - 'x X X X 
No .. X X 

" 

4. Pre-Test for Project '. 
, 

Yes 
No X X X X X X 

; 

5. Post-Test for Project " 
"~~'-' 
-

Yes 
No ' , 

X X X X X X 

6. Evaluati'on of Training Pr~.iram 
Yes " X 

" No . 
X X X X X ' , 

'.: . 
'. 

" 

(a) Although only one of the h;~itals in ~he survey reported that it had an on-going 
training program (Hospitaf¢}; some of the nursing personnel in the other hospitals 
included in the sample reported that they had received some form of specialized 
training for the computer pr9ject. None indicated the need to learn programming, 
but felt that some understandIng of systems analysis and coding was helpful. 
Inconsistencies in response~to questions related to training within and among 
hospitals may be further e~ined by.referring to the unpublished documentation 
of this report. (See footnote, 'p. 1-1. ) 
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Hospitals 
Surveyed 

Hospital A 

Hospital B 

Hospital C 

Hospital D 

Hospital E 

Hospital F 

Table 5-7 

IMPACT OF. COMPUTER SYSTEM ON SPECIFIC 
DUTIES AND JOB SATISFACTION(a) 

Impact on Specific . Impact on Job 
.Duties Satisfaction 

1 (b) 
, 

2 · .. 3 4 5 1 2 3 4 

X X ··:':-·X .X X X X X 
:.' 

X X X X X X X 

X X X X X X 
'", 

X. X "X X X X 
',' . 

X X 
.... 

,:'X X X X X X 
., " .. , 

X X 'X X X X 
.' 

5 

(a) A review of responses to questions relative to the impact of the hospital computer 
system on specific duties atld .. job satisfaction suggests that there are inconsistencies 
in the perception of the sy~tems. This table includes a summary of those responses 
and reveals the spread of attitudes both within and among the selected institutions. 

(b)Legend: 

1 Marked Impr~ment 
2 = Some Improvement 
3 = No Change ~"_ 
4 = Some Interference 
5 = Marked Interfe,rence 
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Table 5-8 

IMPACT',OF, COMPUTER SYSTEM ON OLD 
~:' MANUAL SYSTEM(a) 
.... 

.. 

Hospital ~eyed Yes 

Hospital A ' ~ X . 
" 

Hospital B X 

Hospital C X 

Hospital D " X 
' ' 

" 

Hospital E :', , X 
, ' 

Hospital F;'" X 
.' , 

" . 

No 

X 

X 

X 

X 

X 

X 

(a) As depiCted here, there was no consensus on the 
impact'-ofthe computer systems in the manual 
system in the sample hospitals. In the cate­
gor!esj~~lected, it was evident, if the hospital 
waswQ±king on a specific application program, 
that the: personnel recognized' this and indicated 
their r~ctions to it. In the case of a hospital 

LMSC-682684 

which was not working on "Vital Signs, " for example 
there ~ere consistently negative responses. 

Asses~ent of the experiences with the systems 
indicat~s no reduction of paper work, but some 
changeS in staffing (clerks for terminal oper-
ation and supervisors eliminated in one). 
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Override capability as a means of maintaining continuing communication through the 

system was not consistently ~efined by the users interviewed. Some were clearly 

utilizing the technique of respOnding to queries by verifying the accuracy of informa­

tion, while in another system:8D override button served to release data sought. In 

each institution, the term "override" was discussed by the investigator with various 
) . 

staff members in relation to '*h8.t such a service could mean since in three cases the .",. 

override was ''in developmentti in the system, in.one the override was contracted by 

EDP, and in another override represented "correction. " 

The systems had provided assistance to the nursing station function in terms of 

stimulation to achieve: 

• More compl~e information on the patients 

• More accura.i~ .and relevant patient data 

• Better orgaiiization of charting through the use of guidelines either 
", r-· 

on mark-s~eforms or cathode ray tubes 

• Iri.creased awareness of the patient's progress through the potential 

of on-line r¥rting 

• Revision of ~ing patterns through elimination of redundant schedules 

and provision of updated assignment sheets 

• More useful'jiorksheets for use by individual nursing staff members 

• Elimination·:Jf manually prepared requisitions 

The systems had interfered:with work at some nursing stations due to the problems 

aSSOCiated with initiating a tlew method, the need to instruct all personnel on new 

tasks expected of them, lac~~~of coordination in terms of a complete information 

system, and the varying subi~tive perceptions of employee/employer relationships. 

The impact of the computer systems w~s not consistent in terms of either improving 

or interfering with job satisi'action. Tables 5-7 and 5-8 depict the variations found. 

It should be noticed, too, that some of the hospitals visited had not conducted ap­

praisals of their systems; thus, a true, evaluation of system effectiveness could not be 

measured. 
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5.3.1 Hospital A 

Nurses interviewed indicated '!hat much of the manual system remains in use at this 

hospital. There were feelinglf expressed that the system could do more for them. 
;"" 

They presently duplicate wor~:',related to the programs available through the terminals. 
" . 

The majority expressed positive opinions regarding the clerk manager, an innovation 

in the nursing service, and alt.,interface between patient care and physicians' orders. 

One of the significant factorsfn.the revision of the system was that q hour printouts 

of formulas due was not useful.; after a trial period of about three months, a change 

was made to a q 4 hourly pr~tout. The opinions that the oper~tion of the terminal 

took nurses away from patien$'.care was consistently expressed by all nursing service. 

personnel who were intervieWed. 

5. 3. 2 Hospital B 

In general, nurses stated that:the system of Automated Nursing Notes (off-line) and 

Nursing Graphs (on-line displays) were of real value to them. The comments elicited 

were as follows: 

• Charting is more re8.dable. 
'>' ), 

• Charting is more org3Dized. 
',"'r' 

• Increased awarenesB':.of specific aspects of patient behavior has resulted. 

• ' More accurate repo~are provided. 

• There has been a Si;&,fjcant reduction in time spent charting. 
- :,:::.' 

• The form provided ¥ellent guidelines for charting. 

• The physician receive~ a more meaningful description of behavior. 

• Nurses have become, more aware of the progress of the patients through 

the Automated Nurs~ Notes ~ the Nursing Graphs. 

• Nurses are functionirig with a more patient-centered approach. 

' .. 

One nurse felt that more time was needed to chart, using the mark-sense automated 

note. In general, the attitude was that they wanted more on-line communications, 
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with more cathode ray term~s on more units throughout the hospital, operating on 

a 24-hour basis. 

Once again the concept of readiJJ.ess for change was brought into the discussion with 

the comment that this should b~;part of everyone's attitude. 

5. 3. 3 Hospital C 

":\,', 
" .. ' 

The nurses expressed the feel~g that the variety of worksheets provided are easier 

to read and more accurate. They stated that they were gradually becoming more 

involved in patient care. 

Attitudes expressed by the nur~es were that cooperation, thoughtfulness, creativity, 

and a feeling of accomplishmeiit and learning had been an outcome of the approach 
.:~ ",' 

taken. 

There was a comment express,:~ that although a course in data processing is provided 

for nursing, more time shouldbe provided to allow for increased participation by 

nurses in the system developm.ent. It was evident that the project is too new to be 

evaluated, particularly since 'they have not had sufficient opportunity to use many 

aspects .of it. .,"'. 

5. 3.4 Hospital D 
" 

The opinions of the nurses us~ the Medelco system reflect success. They report 

the following: 

• Minimal savings have,resulted in relation to verification of orders and 
, ' . 

reqUisitioning (transactions). , 

• Errors are more promptly noted since the printouts of transactions 

occur in less than 25 seconds. 

One member of the nursing staff indicated that updating of the available new items 
, 

(on cards) should be more prompt. One, suggested that a more comprehensive view 
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of nursing could be achieved through this card system. Clerks were quite capably 

using the system, as were some of the nurses. One of the most interesting comments 

was made by a nurse who had'resisted the introduction of the system and who after 

several months of using it, f~und that "I wouldn't know how to get along without it. " 

5. 3.5 Hospital E .' .... :. 

i 

The nurses surveyed at HospUal E appeared to have responded to the opportunity to 

work with the physicians and to revise the manual system. This effort at using com­

puter capabilities in a hospital::'started with a research approach. The nurses have 

since adopted the attitude thaf~esearch implies change and are enthusiastically 
; ',' 

reorganizing the patient-care,::,record system. 

,-
One individual indicated that charting through the use of sequential displays will result 

: .". 

in more complete and accur*',:reports. Although much of the work is developmental 

at Hospital E, the nurses we~~'pleased with the Digiscribe :iliility to sort data and to 

send messages. There was ~neral consensus that they would ultimately be returning 
.~ : ~ -

to the bedside and leave cleri~at tasks to be performe!i by a unit clerk at the nursing 

station. Minimal involvement.of the in-service educator had occurred at this hospital. 

Finally, the stimulation to cQ~~er the problem-oriented patient chart has resulted in . -,", 

the nurses' application of criteria. or logical thinking. The research and educational 

orientation of the project SUg~~~ts that the impact of this system will be far reac~g. 

5. 3.6 Hospital F 

The evaluation of a system w~ seen to ''progress in and out of helpfulness" in the 

Hospital F setting. With the ;!oeus on spinal cord injury documentation, nurses had 
-, 

contributed many helpful suggestions. A computer printout for each patient was 

inserted in the Kardex and gave a ready'review of all of ~e care requirement on a time­

scheduled basis. Nurses expressed the view that joint participation of pharmacy, 

nursing, physiotherapists, occupational therapists, and radiology personnel would be 

desirable. The present method. of having external coordination between EDP and 

nursing was viewed as necessary during the initial developmental phase of the project. 
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5.4 INPUT /OUTPUT DEVIC~ 

Since the survey of hospital c<>mputer systems was limited to a selection of six 

hospitals, the terminals sur~~yed do not reflect all currently available terminals 

feasible for applications at the-nursing station. 

':,,' 

For completeness, a survey ~ state-of-the-art terminal applications is presented in 

Tables 5-9 and 5-10. These iables do not attempt to relate the terminals to any 

particular system. Rather, as is shown, the charts reflect suggested relationships 

bearing upon human factors aDd the processing of patient-care data using computer 

assistance. 

, The selection of terminals fora specific site involves evaluation of the user's skills, 

information commerce, regul~ry constraints, station time utilization, and cost­

effectiveness of the device.1ngeneral, the simplest skill-level classification is 

between those with and those-Without typing skills. A large number of clerical per­

sOlUlel for hospitals are hired'on the basis of typing skills whereas, for hospital 

professionals, typing skills are of no consequence. 

Information commerce must be analyzed in terms of word volume, vocabulary, and 
. ." 

other characteristics such as\:signal or image data. The information commerce 

must be carefully specified inc~erms of rates per hour and per minute as a means 

of analyzing queueing problen;lS (i. e., the number of individuals who are likely to 
':". ,. 

be lined up waiting for termin3lservice at a given time) and in order to determine 

the maximum communication~ processing rate required of the computer. The 

information commerce shouIdfUrther be categorized in terms of priority so that 

economies may be achieved dlll"ing the design process by suggesting that some infor­

mation be set aside in preference to priority data, thus leveling the peaks of infor­

mation flow. 

Terminals must further satisfy some significant real and implied regulatory con­

straints. Access and utilization by unauthorized individuals must be limited or 
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Table 5-9 

INPUT/OUTPUT TERMINALS - COMMENTS 

User 
Input/Output Terminals W d T h Comments ar ec -

MD RN LVN CI k .. er nlClan 

Video/Light Pen/Keyboard P P P P P Minimum training for information 
input and review; minimum papers 

Video/Keyboard T T P T Requires typist training; minimum 
, " "","';' """'" >,::',,",; 'pap,~r,:",,~:,' .. Jc." .'" ',,' ".', 

Message-Coded Keyboard T T P P Requires format training; requires 
output response device 

. Identity Card Reader (attached P P P P P Reduces transcription and errors 
to input devices above) 

Typewriter Input/Output Response T T P T Requires typist; noise critical 

Mark Sense Page (Page reader - P P P P P Form design and form selection 
batch) critical (paper system) 

Mark Sense Card (Card reader - P P P P P Form design and form selection 
small batch) critical (paper system) 

Edge-punched Card/ P P P P Form selection and manual 
Addressograph/Multilith Imprint manipulations 

Printer - Report T T P P Noise critical 
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prevented. Certain reports niust be carefully formatted, some on specific forms 

such as Federal Narcotics for.ms, and means must be provided to validate the entries. 

In addition to having limited access to the system, means must be provided to posi­

tively identify the author of any transaction. 

The information must furthel"be analyzed in terms of timeliness of response. For 

example, the routine radiolo~~al examinations scheduled on one day will probably 

not be done until the next; hoW~ver, it may represent a significant time savings for the 

physician or patient to have t1:te information on the result available as soon as it is 

generated. This constitutes"'.a.n output load on the station and should be considered 

along with the input load in th~-:analysis of station time utilization . 
. " 

Finally, system cost-effectiveness must be considered. The selection of terminals 

has a profound effect on infoX:IIlation processing methods, so that time savings of 
,.-., " 

revised or supplanted processes must be considered in addition to the times involved 

in direct dialogue with eqUiP~~nt in the determination of overall cost-effectiveness. 

Choice of an input/output te~i:J:)inal at a given worksite determines the scope of the 

information that can pass that point; this too has extensive implications in potential 

costs and benefits. 

5."~ RECOMMENDATIONS FpR FURTHER STUDY 

Examination of the hospital c~IIllD.unication system suggests that at least the following 
,~ " 

" areas should be explored:" 

• Analysis of content of telephone messages 

• Experimenta;#on with predictability of nursing observations as a 

guide for preparation of staff aSSignments 

. • An investigation of the ~elationships between the admission, transfer, 

and dispositi()n functions superimposed upon the examination, 

diagnosis, treatment, and maintenance functions as these occur at the 

patient care unit (communication station) with a view to differentiating 

these from the supply and control function 
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" - Section 6 

COMPARISON.OF COMPUTER SYSTEMS WITH MODEL 

In this section, a gross type~ comparison is made between the model developed, as 

described in Section 4, andt;he computer systems surveyed, which are reported in 

Section 5. The model repres~nts operational logic covering functions which are per­

formed by a hospital communication system. As previously stated, the model is rather 

broad since it is based upon the study of hospitals ranging in size from 30 to 1,100 beds. 
~ . - " 

The selected hospitals in th~ computer systems survey ranged in size from 58 to 

3,000 beds; however, none bf the systems surveyed was installed throughout the 

hospital. 

The model components were-·compared with the applications programs, and the system 

design identified iIi the computer systems surveyed. The analysis was not sufficiently 

detailed to establish that e<l¥VaJ.ent functions had, in fact, been developed in the com­

puter systems surveyed; hoW&er, similarities were evident. Table 6-1 is a matrix 

that shows, for the hospitalS~surveyed, the types of information presently processed 
,-

by computer at those hospi~ relative to the major nursing station functions postu-

lated by the LMSC model. 

In Fig. 6-1~ all the identified-functions of the six hospitals surveyed are superimposed 

upon the model. Each such:'function is shown by means of a heavy circle drawn around 

the components on the model. A gross comparison is thus achieved. This technique 

suggests the means for comparing almost any system under consideration with the 

now lmown total requirements identified by the model. 

It is considered Significant to this report to point out that incompatibilities -between 
- . 

an operational construct of a manual system and the designs for computer systems 

may be anticipated. This survey is a case in point. 

*See p. 6-5. 
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By definition, a function is a broad general term which pertains to characteristics 

and actions. Thus, the service provided to assist in carrying out a function may 

be regarded as the general purpose of the communication system. If there is general 

agreement on the design of t~:hospital communication system, there could be a 
,;, .. 

minimal incompatibility betw~:e.n the function performed to support manual and 

computer systems. 

In view of this, interface are~:require definition to determine distinction between 

discrete data sets for procesSing and for retention in the record of each hospitalized 

patient. Again, the type of d~ required for documentation of hospital services should 

be identified and utilized conSistently so that communications between hospitals and 

community agencies could be:,strengthened. In addition, the numerous worksheets 
, -' 

cited as products of some cOIP.,puter systems could be scrutinized for utility when the 

cost of producing them is co~idered. 
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Section 7 

IMPROVED SYST EMS 

7.1 GENERAL CONSIDERA'qONS 

LMSC-682684 

It is important to re-emphas&;e that the survey of computer-assisted hospital infor­

mation systems (Section 5) Wiis,. ~imited by terms of the Nursing Station Information 

Needs contract and therefore:~does not constitute a complete survey of all existing 

computer applications in hospltals. As described in Section 2, the criteria for 

selection of the computer-a~isted hospital information systems to be surveyed were 

developed on the basis of a c~ensus drawn from the following considerations: 
h:::- . 

• Operational p~jects in use in a hospital for a minimum of six months 

• Input/output ~ces in use based upon different viewpoints and 

requirements':~~ 
. '. 

• Limit of six ho:spitals to be surveyed 

In relating the model presen~ in Section 4 to the computer systems surveyed in 

Section 5 (and compared in ~Ction 6), it becomes clear that computer-assisted 

nursing station information processing exists for limited subfunctions only. It is 

therefore necessary to descr~ a system which provides for more nursing station 

functions and its interfaces with. a total hospital information system. 

. . 

It is likely that such systems.,;~e now undergoing development by various interested 

organizations in the United ~tes and that they may offer the capability necessary 

to accomm~te all the needS ,indicated by the model. Sufficient information on these 

systems is ~ot available withiIi the framework of this analysis, however, and it 

therefore appears appropriate and useful to describe a pertinent LMSC-developed 

system concept. This system is in the final development stage, and a test demon­

stration of on-line operation will be accomplished by the end of 1969. 

133 

LOCKHEED MISSILES Be SPACE COMPANY 



LMSC-682684 

7.2 STATE-OF-THE-ART HOSPITAL INFORMATION SYSTEM 

This hospital information system concept is based upon actual experiments and data 

derived from extensive studieS of information flow in hospitals. The system differs 

from other proposed uses of :the computer in the hospital environment in the following 

manner: 

• Provides a unified approach to the handling of all combinations of hospital 

information 

• Utilizes computers l.()cated remotely from the hospital which are capable of 

serving a nwnber of hospitals concurrently . , 

• Provides highly re~le service through the use of redundant equipment 

and spare remote terminals 

• Utilizes the LMSC video matrix terminal (VMT), which facilitates natural 
,'~".: 

language communic~~ion between the user and the computer 

The overall development plan',en,compasses evolution from a prototyPe system 

identified as Medical Inform~~n System ~ I (MIS-I), to an even more comprehensive 

system identified as Medicallhformation System - II (MIS-II). 

The MIS-II system extends tiae MIS-I concept, which was set at the medical-orders 

level, to include direct entri.:.of narrative information, beginning with nursing notes 

and extending through physicUms progress notes to the recording of history and 

physical examination data. J'b.e system will include interfaces with automated labora­

tory testing and reporting equipment and with physiologic monitoring data. It will 

involve extensive manipulat~ori of processing control information in the hospital, 

including laboratory, dietary ... radiology, and patient scheduling. It is intended that 

the MIS-II system will contiime to evolve beyond the inclusion of diagnostic and thera­

peutic reference guides to the actual provision of mathematical support to diagnostic and 

and therapeutic decisions. 

The first problem in the system development sequence is to define an adequate interface 

between (1) the originators and the users of medical information and (2) the computer 
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systems. As previously indicated, this system employs the video matrix terminal 

for this interface. This appx:oach is based upon the fundamental concept that it is 

possible to define and structure the information content of medicine, and that with 

suitable tools - a cathode rayiube and light pen - medical personnel can use this type of 

computer interface device wtth nominal training and without the use of intermediary 

steps or devices. (See Fig. 7.~1.) 

7.3 VIDEO MATRIX TERMINAL (VMT) 
~:\, ", . 

The implications of input/ou~ (I/O) device selection are crucial for system acceptance 

and system economic viabilitY~ In Fig. 7-2, a simple process-flow diagram for the 

generation of laboratory test..ciata is suggested. Beginning with origination of the order 

by the physician, the order is/'progressively processed by the nurse, laboratory clerk, 
~"'V" 

and laboratory technician; r~rded in a number of places by the laboratory clerk; 

and returned to the nurse wbp. :charts the result for the physician. In terms of infor­

mation processing, this proc~re is very cDStly because the information prDcessing 

activities of nurse and clerk~e redundant. The effects of utilizing different types 

of I/O device fDr automation~fthis process-flow loop are presented in Fig. 7-3. In 

this illustratiDn, the prDcess~flow IDOp has been opened up and laid flat at the top of the 

figure. Here again, the fl~'cdirection is from the physician to nurse tD clerk, etc. 

The time investment fDr each~~p in the process is identified for manual prDcessing, 
.·i' 

typewriter, message-coded ~~~board, video output Dr video display with keyboard, 

and the video matrix termina~:{ At the right of the graph, the time investment in the 

process for each ,of the methOc:J.s of implementation is shown. This time requirement 
·""1" . 

ranges from 18. 2 min for the,'manual method to 3. 5 min for the video matrix method 

(based on data frDm LMSC Hospital Information System studies). Although the videD . 

matrix terminal is the moste;xpensive of these I/o devices, in terms of cost effective-.. ~", 
ness, the extensive Simplification of information processing procedures ,offered by its 

use leads to the greatest PDtential CDSt savings. 

Additional considerations relevant to terminal selectiDn are presented in Appendix F. 
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PROCESS FLOW I 

,:] LABORATORY TEST I 

PERFORM 
TEST 

MAIL REPORT TO MD 

LMSC-682684 

LAB RECORDS I 

Fig. 7-2 Simplified ~ess Flow for Generation of Laboratory Data 

MANUAL 

TYPEWRITER 

MESSAGE-
CODED KEYBOARD 

VIDEO DISPLAY/ 
KEYBOARD 

VIDEO MATRIX 
TERMINAL 

::~ . 

o :. I) O;iirE!t~ 
INPUT TRANSCRIBE:i()G PREPARATION REPORT TRANSCRIBE FILE OUTPUT 

-==~ .. ~ 18.2 MIN 

..!:::==::::!:OOI;j.6~==:::' .. ~ 11. 9 MIN 
,'; 

:!::::::::::==~~0.:66===:; .. ~ 10.0 MiN 

====::-;;0:-'.60====i ... ~ 9.9 MIN 

~1.0 ~==========~~~====~~!:============~~ - 1.5 - 1.0 .. . 3.5MIN 

Fig. 7-3 Effect of Input/Output Terminal Selection on Process Flow 
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7.3.1 User Acceptance 

As indicated in Section 5, acc~ptance by the hospital users of the computer-aided 

information system is all-imp()rtant to the success of the system operation. Users 

of the nursing station communication terminal are the physician, the nurse, and the 

laboratory clerk. 

The physician is a prime information originator whose information requirements 

scope is vastly greater than tllat of any other user in the medical environment. The 

volume of his on-line information input/output is also very large, although some of 

it may be entered off-line, in: the case of dictated correspondence and procedural 

notes. The physiCian may be':fUrther characterized as relatively independent, con-
, : 

cerned with maintaining his ~r~.edom and flexibility in medical and other activities, 

inclined to be critical and impatient, and a user whose time is costly. Obtaining his 

acceptance of a computer-as~'iB£ed information system may be difficult and involve 
' ... J 
""/ a prolonged effort., ! 
'/ 
! 

The nurse is the prime information user in the hospital environment. Although the 

information she originates may-be secondary in importance to that originated by the 

phYSiCian, and lesser in scope, 'the volume of her output is often greater. Since 
, , 

she is an employee, she can be constrained to some degree to accept or reject 

specifiC information processmgequipment. Her tasks are fixed; i. e., she must 

complete a certain level of charting per day on each patient. If a machine system 

should therefore cause a slowdown in her work, she would probably reject it. 

The ward clerk also is a seoonQary user of the system but has a lower priority than 

the other users. The clerk origmates very little information and is an employee 

whose tasks are flexible; i. e., work that can be performed within 8 hr (although 

varying in volume) is accepted and acco~plished. 
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j r 

7.3.2 Interaction With Comp~r System 

The technique providing prof~ional personnel with convenient direct interaction 

with the computer system is i:)ased on the grouping and storage of information in 

the computer in a logical h1e~chy that closely parallels the information structure 

instilled by his training and ~ctice in the professional's memory. Figure 7-4 shows, 

in simplified form a portion of-; that hierarchy; in this case the particular structure 

for issuing a medical order. ;':, 

,"., 

The elements of various types':~t,f medical orders - general care, medications; and 

laboratory tests - are stored:'ti the computer. Using the light pen, the physician 
~' . 

"writes" a prescription by se~ting the elements of the prescription in the hierarchy 
~' ' 

(from top to bottom and from,g~neral to specific), as illustrated in Fig. 7-4. This 

sequence, in the case of the p)1ysician r s medical orders, is based on the sequence that 
~'; .. ::' . 

he normally follows for writ~orders. Thus, a drug order may be completed in six 

steps by the use of six differ~¥,di'splays that are called up from the computer. 

(1) The physiCian, afte'f. properly identifying himself to the system, is 
'""'/ '. 

presented with a liS-tof his' current hospital patients. 
" .: ~" 

(2) After he makes a s~~~ion (e. g., Margaret Dean) , the display advances 

automatically to a ~r guide which suggests various types of medical 

orders that he mig!¢.::Wish to select - general care, medications, laboratory 

test, and others ':~" 
(3) The physician sele#umedications" and the next matrix appears - displaying 

five criteria for se!~ medications. 

(4) The physiCian then:s.elects "organ systems." 
• ~ f. ' 

(5) Similarly, the physiCian selects a specific drug, dose, route, and . ,', 

frequency. 

(6) The physician can then return.to other medical order displays to prepare 

further orders for this patient or he can return to the patient list display 
- .... ' . 

and begin the procedttre again for another patient. 

Hierarchical systems such as, the one just described seem to convey an intrinsic 

feeling of rigidity since they are based on a logical progression defined by one or more 
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individuals and offered to others for use. It is unlikely that all concerned parties 

will, however, concur fully on which form of logic structure is completely essential 

or desirable. Nevertheless, :t,he number of possibilities and paths is not infinite. 

Consideration of all aspects ~v.olved usually reveals only three or four sequential 

procedures for approching a given point in the hierarchy. In this system, there 

are several ways to approach,~lmost every point, and the criterion for inclusion 

of these routes is only that the"y be reasonable; for example, in a laboratory guide 
: ~~ . 

(Fig. 7-5), there are three ~try paths offered, all at the same level. These are, 

'. 
~~ -.( ' .. 

Fig. 7 -5 {iuide Display for Laboratory Tests 

respectively, entry by laboratory division (e. g., hematology, urinanalysis, or blood 

chemistry), by specimen samples that cut across several laboratories (e. g., pleural 

fluid or cerebrospinal fluid) or by index designation. Selection of the appropriate 

entry will lead to a single matrix that covers all of these possibilities. In cases 

where the associations or classifications for a particular entry path are unclear, 

an alphabetic listing is provided. Even within this list there maybe multiple 
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paths; for example, blood urea nitrogen may be found either under BUN or urea 

nitrogen. The use of these multiport/multipath approaches leads to a system that 

is regarded by most operators as quite flexible and without the sense of constraint 

usually associated with closely structured systems. 

A few examples of the video:;c:li.splays which the physician uses for entering medical 

orders are presented in Figs~:. 7-6 through 7-9. 

An example of the manner m;which the nursing staff interacts with the system is 
I ~ , . 

presented in the following diS"cussion of a selected sequence of patient-care data. 

The sequence begins with th.i;J>atient-Care Plan fo~ a particular patient at the beginning 

of the shift and ends with the" 24-Hour Summary on that patient. A representative 

patient, Hector C. Gomez, is·'ad.m.itted, for example, to the hospital with a diagnosis 
';:' . 

of possible myocardial infarction. At 6:30 a. m. on the morning of the next day a 
. " . 

Patient-Care Plan (Fig. 7-10y"based upon doctor's orders is printed out at the terminal. 

The nurse responsible for tb~ :eare of this patient makes her rounds in accordance 

with the orders on the Patie~t":'Care Plan and makes annotations on it of the applicable 

information she has collected~ At intervals, she goes to the video matrix terminal 

and enters this information, <together with information pertaining to other patients 

Wlder her care. 

To handle the next step, concerning vital signs, the nurse first calls for a listing 

of all the patients under care: (Fig. 7-11). Using a light pen, she selects the entry, 

Routine Vital Sign. This sel~.ction causes the next display to appear (Fig. 7-12). This 

display provides for the entry of all numerical temperature, pulse, and respiration 

data for every patient listed. "" The nurse then enters the data (e. g., the patient's 

temperature,· 99.2 deg, and pulse, 110, which she had obtained on her rounds at 7 a. m. 

To enter observations about t;tie pulse condition, the nurse calls for the next display 

by selecting the word PULSE listed under OBSV. This display (Fig. 7-13) provides 

for light-pen entry of any of the formatted conditions listed on the display. Other 

observations may be made by keyboard entry. 
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The nurse then calls back theru,utine Vital Signs display (Fig. 7-12) and enters the 

the respiration (20) which Sh~)las also obtained during her 7 a. m. rounds. 
-... >- ' 

She is now ready to review a~~Onfirm. The next display (Fig. 7-14) shows all the 

data the nurse has entered. Ii<she is satisfied that the data are complete and accurate. 

she then selects the function ~e ENTER. 
':',"' 

About 6 a. m. the following m~lmng, a 24-Hour Summary is printed out cOntaining 
",.,." 

all the data about this patient:~red into the system during the preceding 24 hours, 
, ~ '1" ,: 

including the vital sign entri~:Just discussed. (Fig. 7-15). This 24-Hour Summary 

is reviewed by the attending PhYsician on his next visit, signed, and inserted in the 

patient's chart. It includes tb.e new. orders the physician wrote during the day (after 

the Patient-Care Plan was p~ipted out) as well as nursing entries made on the evening 

and night shifts. ',' 

,. 

7.4 INFORMATION SYSTEM~CONTENT (MIS-I) 

, . 

The MIS-I prototype when fuliYimplementect will involve all nursing station medical 
,;:.': 

orders, nurses' reports, and.work sheets. It will also include linkages to Admitting. 

BUsiness Office. Food Servic~.~ Pharmacy, Pathology, and Radiology functions. Both 

inputs and printed outputs arE('clescribed. It can be surmized from the following 

tables and discussion that al~ the, automated system reduces paperwork. the 

amount of paper processed Wi.Iiprobably stay the same or may even increase. 
, , , 

7.4. 1 Nursing Unit FunctionS··. 
",., 

In general, the system will ~t the assembly of more than 90 percent of physician 

orders by light-pen selection .. ,. Instructions covering the other 10 percent or less are 

entered through a conventional.typewriter keyboard. Categories of orderg. are the 

same as those currently in use. They include laboratory tests, radiology tests, EKG, 

EEG, pulmonary function testS, medications, infus ions, inhalation therapy, phys ical 

therapy, diets, nursing care, ambulatory status, vital signs, treatment, and restrictive 
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Fig. 7-6 Physician's Pa::ent List 

Fig. 7-7 Cu.l'rent Orders 

II1I 
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Fig. 7-8 Physician's Master Guide 

Fig. 7-9 Vital Signs 

IIIII 
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PATIENT-CARE PLAN . 1:00AM-3:00PM SHIFT 03-03-69 4WEST 

403 A GOME Z, HECTOR C M 53 CATH DR. MOORE, E. M. 
POSSIBLE MYOCARDIAL INF ABCT 

MEDICAL ORDERS: .',: . . ~.-. 

VITAL SIGNS: 
3. TEMP, PULSE ,RESP,Qm 
1/. 8P q-Ij) . 

I 
FLUID BALANCE: 

5. REG DIET 
I i) ~ -t.,.~".J,dit~1)", , . /' I . 

REST / ACTIVITY /SAFETY :-' 
4. BEDREST-BRP 

UNSCHEDULED MEDS: ,\ 

7 ..] 9 

6. ASPIRIN, TAB-30,#2,PO,Q4H,PRN 
8. MORPHINE-INJ,5MG,~~Q2H,PRN PAIN 

.,'-

OTHER DEPT'S: 
7. EKG-STANDARD,SUSPECT RECENT M. 1. 

NURSIN'G ORDERS: 

NURSE INFORMATION: . 
PT. CANT SPEAK ENGLISH 

NOTES,OBSERVATIONS: <:. 

-tJ 3 i::'/~( _IJj .. /1, l(j >"~k'-(t:A: 

10 11 

i/' 

Fig;;:.i'1-10 Typical Patient-Care Plan 
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Fi~;;7-11 Patient List - 4West 

I IIIII 
Fig. 7.-12 Routine Vital Signs Results 

":". 
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FiJ?i. ·7-13 Observations Pulse 
~>'.~: 

Fig. 7-14 Review 
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GOMEZ, HECTOR C 53 M. 24-HOUR SUMMABY .... ENDING 6:00AM, 03-04-69 
035130 
4 WEST: 403A ..•. MED .... DR. MOORE, E .. M. 

NEW ORDERS 

9. 10:00AM, 03-03-69, nC~'BEGULAR DIET 
10. 10:00AM, 03-03-69,SO.Fr, LOW SODIUM DIET 
11. 10:00AM, 03-03-69, BP·,QID 
12. 2:15PM, 03-03-69, SECoNAL,CAP-250,#l.PO,HS,PRN SLEEP 
13. 2:15PM, 03-03-69, SMA-12 IN AM 
14. 3:00AM, 03-04-69, M~llPHINE-INJ,16MG,IM,STAT 
15. 3:00AM, 03-04-69, E~G~STAT 

MEDICATIONS GIVEN 

MORPHINE 
MORPHINE 
MORPHINE 
SECONAL 
MORPHINE 

VITAL SIGNS 

7:00AM 
ll:OOAM 
3:00PM 
7:00PM 
3:00AM 

5MG, 
5MG, 
5MG, 

250MG, 
10MG, 

TEMP 

99.2 
99.4 

100.00 
99.2 

FLUID BALANCE 

REGULAR DIET 
SOFT, LOW SODIUM 
SOFT, LOW SODIUM 

1M 
1M 
1M 
PO 
1M 

'lO:OOAM LUOQ, FOR PAIN IN CHEST 
. '2:00PM RUOQ, FOR PAIN IN CHEST 

.. 7:00PM RMDELT,FOR PAIN IN CHEST 
': .. ::9:00PM FOR SLEEP 
.". :S:o.OAM LUOQ, FOR PAIN IN CHEST 

PULSE RESP BP 

110 
112 
120 
112 
140 

8:oDAM 
12!30PM 

5iOOPM 

.-.' .... 

20 
22 
24 
20 
28 

90/66 
100/60 
104/64 

88/50 

TAKEN WELL 
TAKEN FAIR 
REFUSED 

Fig. '1-15 24-Bour Summary 
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orders. Further, the videoniatrixes are designed to facilitate rapid entry of standard 

orders for routine cases such as general medical admits, tonsils/adenoids (T/A's), 

and routine obstetrical cases. 

The system provides for re~ered nurses and other physicians to enter medical 

orders for the attending Ph~ician at his request or in emergencies. At the change 

of shift, the computer will provide a printed Patient-Care Plan containing all current 
~/, .. l.. 

orders for each patient. Tho-Se orders requiring subsequent nursing action and system 

inputs will be arranged by ti&,lfl for the oncoming nursing personnel. The nurse will 

annotate this plan as required during the shift and make her nursing report entries 

by means of the video matri~terminal (VMT). Nursing entries. and laboratory and 

radiology test results will b~:printed out on Shift Summaries before the end of each 

shift, for the use of the inco~ing shift and the attending physician. 
",'" 

Table 7 -1 summarizes the information processing effort performed by means of the 

. video matrix terminal and ac.printer. 

'. 

Following are short summa~ies of the Nursing Unit functions. 

System Inputs. System inp~ for the functions are a~ follows: 
.: / 

• User Identification ... The user (doctor, nurse, etc.) of a video terminal must 

identify himself t~·the computer before he can enter or retrieve information. 

The computer wiU;check his typed-in identification code for validity, and 
.', 

then present an appropriate first display for the particular type of user 
."'-: 

identified. 

• Patient Identificat1an. The user (doctor, nurse, admitting clerk) will 

enter into the system basic data that identify the patient (name, sex, etc.), 

his phYSician, and:hls locatiop. (nursing unit, bed number). These data are 

entered by keyboard entry onto a form displayed on the video matrix termmal. 

Once entered, these data may be retrieved and revised through keyboard 

entry at any time during the patient's. stay. 
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Input 

X 
X 
X 
X 
X 
X 
X 

Printed 
Output 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Table 7-1 

NURSING UNIT FUNCTIONS 

.Vldeo Description 
ri.iSplay 

, User Identification , 
Patient Identification 

.' Medical Orders 
,;,-: Bed Vacate or Occupancy 

LMSC-682684 , 

. Inhalation Therapy Treatments Given 
"', 

Nursing Reports 
.. Central Supply Requests 

New Medical Orders 
Scheduled Medications Due 
Bed Vacate or Occupancy Notice 

" Cancellation Notice 
" . - . Laboratory Test Results '. 

Patient-Care Plan 
Shift Summary 

,0' 24-Hour Summary .: . 
Transfer /Discharge Order . 

" Stat Test Results 
Test Result Correction Notice 
Patient Chart 

. ,', Medications Order Notice , . 

"X Patient List by Nursing Station 
:,~'-,.X Patient List by M. D. 
.:~~:X Current Orders 
<-·X New Order Review 
'>X M.D. List 
.;,.,:x Medical Orders 
.X Current Medications 

"oX Patient Chart Review 
"X Patient Locator 
X Scheduled Medications Given 

eX Unscheduled Medications Given 
"X Nursing Reports 

X Central Supply Requests 
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• Medical Orders. A~thorized users (doctors, nurses) may enter medical 

orders into the system by retrieving the required video displays and making 

light-:pen selections::ft,om them to assemble each order, proceeding from 

the general to the specifiC in each instance. Unusual orders, special 
:~~;~ ~ 

instructions, etc. , ~ay be entered by means of the keyboard. 

• Bed Vacate or OccuPancy. When a patient vacates a bed because of a transfer 

or discharge, the nOFse will make an entry th:l~ough the video matrix terminal. 

If the patient is being, transferred, the nurse will also enter the new bed 

number. 

• Inhalation Therapy 'TJ:.eatments Given. The inhalation therapist will enter 

information regard~treatments given <r not given and observations data 

through the video ~~ix terminal at the nursing station where the patient 

is located. (Other getails of this function are still to be determined. ) 
" 

• NurSing Reports. Nprsing station personnel will enter medications given, 

vital signs, fluid balance, treatments given, unit clinical test results, 

diet, and special observation data by making light-pen selections from 

video displays, and :~, necessary, keyboard entries. Entries will update 

patient files and be included in subsequent Shift Summaries and 24-Hour 

Summaries. 

• Central Supply Regu~ts. Nursing station personnel will enter Central 

Supply Requests for all supplies and equipment stocked in Central Services, 

and chargeable floo:r2stocked items, based on interpretation of medical ,. , 

orders. Inputs wilLbe made by light-pen selections from video displays, 

and keyboard entriesi:for items not listed on displays. The billing file will 
. . ",', . 

be automatically up~ted when chargeable items are ordered. 

System Printed Outputs. The: system provides the following printed outputs: 
\ 

• New'MedicaIOrders. After th~ user has completed entry of his orders 

for a given patient, the computer will print out a copy of these new orders 

at the patient's nursing station, in the same sequence in which the orders 

were entered. ' The doctor will Sign each order set, which will then be 

filed in the patient's chart. All medical orders will be p~inted at the nursing 

station, both those for execution by nursing service personnel and those 

for execution by ancillary services. 
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• Scheduled MedicationSiDue. This is a periodic printout provided at each 

affected nursing stat~n, listing the scheduled medications due during the 

next time period for #!patients at the nursing stations for whom at least 

one medication is sc~uled. For each nursing station, the list will be 
f":;'~~7< 

in bed number sequence for those patients having scheduled medications due. 
-';,',." . 

The listing will be p~ted out 10 to 20 min before the first hour of the 

time period covered~·the listing. The list will be in worksheet format to 
~,.., " 

facilitate subsequent.·;~ry of medication-givSl data. 

• Bed Vacate or Occupancy Notice. This is a printout issued at appropriate 

hospital locations, ~ining notification of the bed number of patients 

that have been admi~ (including newborn) and discharged (including deaths), 

and the old and new ~ numbers of patients that have been transferred. 

• Cancellation Notice. ;~,ppon cancellation of certain types of medical orders 
.~~i . 

this printout is issued at the appropriate hospital department. It serves 

to notify the departm::J;t that the previously ordered test, treatment, or 
".".~ .. ~ 

service is· not to be ~rformed. 
• Laboratory Test Re~llits. This is a periodic printout at each nursing station 

of laboratory test r~~ts that have been completed for patients at that ward 
~ . ' , 

since the previous Pti:titout. Each printout consists of a listing in patient 

name, followed by t~:.data in laboratory department sequence. It provides 
'.';':" ": 

doctors with a quicki~terEmce in determining those laboratory tests that 
_.:r; 

are still pending. 
_~J 

• Patient-Care Plan. This is a printout, one for each patient, which is issued 
.~::'-:". - . 

shortly before the b~ing of a shift, containing (1) the current orders, (2) 

a list of any specime¥'to be collected by nursing station personnel, and 

(3) a schedule of pati~care functions to be performed for each patient dur-
o', " 

ing the shift. It will :~printed (1) at each nursing station or (2) on the line 

printer in the Business Office for distribution to each nursing station. It will 

contain a schedule of the times at which the follOWing classes of doctor's 

orders are to be exe~~ied: vital signs, fluid balance, medications, treatments, 

unit clinical tests, and diet. The Patient-Care Plan is in worksheet format to 

facilitate annotation by nursing station personnel as the patient-care functions 

are performed. 
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• Shift Summary. This' is a printout, one for each patient, provided shortly be­

fore the beginning of,a shift, of all the nursing reports entered into the 

system during the s~t just ending and since the previous Shift Summary 

was printed. It wilL:,be printed either at each nursing station or on the line 

printer in the Busin~s Office and distributed to each nursing station. It 

will contain the foll#ing nursing entries, as applicable: vital signs, fluid 

balance totals, medl~ations given, treatments given, unit clinical test 
."', . 

results, diet,and special observations. It is available for reference by 

the patient's physician until the data are incorporated into the next 24-Hour 

Summary . 

• 24-Hour Summary.:This printout, one for each patient, summarizes the data 

entered into the system during the previous 24 hours. It will be printed 

about 5:00 a. m. or :S::{)O a. m., either at each nursing station or on the line 

printer in the Business Office for distribution to each nursing station. It 
., 

will include a list of recent orders, all nursing report entries into the system, 

laboratory and radioJogy test results, and bed changes. This printout pro­

vides for signature:o£ .orders by the physician, and, by its organization, 

simplifies review of-the patient's chart each day. The 24-Hour Summary 

will be retained as a.permanent portion of the patient's chart. 

• Transfer /Discharg~;oroer. This printout is made at appropriate areas of 

the hospital, such a(the nursing station, Food Services, Admitting, etc. , 

and notifies such ar~ that a transfer or discharge order has been entered 

into the patient's re~?rd., It serves to alert these areas to pending census and 

patient location cb.a.riges. 

• Stat Test Results. This is an immediate printout at the nursing station of 

test results entered:as a result of a stat laboratory or radiology order. 

Each printout will be for one patient and' the results for one· order. This 

printout will be filed'in the patient's chart until replaced by the 24-Hour 

Summary. 

• Test Result Correction Notice. This is an immediate printout of corrected 

laboratory and radiology test results which is issued whenever erroneous 

test results were previously entered into the system and subsequent correc­

tion entries made. It identifies the patient, test, entry dates and times, and 

corrected test results. 
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• Patient Chart. This ,is a printout, provided at the option of an authorized 

user, of any part ofa patient's record residing in the computer file, as 

of the time the print6ui is requested. Request is made by light-pen selection 

when the desired portion of the patient's record is displayed on the video 
, '. 

matrix terminal. 
'" ~f 

• Medication Order Notlce. This printout will be made at any nursing station 

at which scheduled ~ications have not been reported to the system as having 
':"';j~ 

been given or not' giy.en. Medications which have not been reported upon 

by 50 min after the li~r are logged as overdue. This printout is a "canned" 

message, and the us~r' must retrieve the Schedule Medications Given video 

display to determine:-:~e specifiC medication orders that are overdue . 
. 'J; .... 

Video Display. The folIowmg,»normation is supplied by video display. 

• Patient List by NurltStation. This is a video display listing the names 

of all patients in a p~icular ward. Each nursing station requesting this 

list will automatica.ll;7-teceive its own patient list. The display is in bed 

number sequence forXall beds in the ward, occupied and unoccupied with 

reserved beds ident#i~ as such. The list will include patients assigned to 

the nursing station blttnot yet given a bed assignment. The primary user 
. {.-. . 

of this display will b~:;JiurSing station personnel for making nursing entries 

(e. g., medications Jtj~, vital sign data, etc.) • 
.'- . 

• Patient List by .M. Df.(Ali patients currently in the hospital who are the 

patients of a given d~tor will be listed on this new output display. It will 

contain the patients ':ii8.mes and bed numbers, and will be in bed number se­

quence. It will be a~~able to doctors and registered nurses but not to other 
J.,~_" . 

system users. ThiscliBplay will be the first one presented to the physician 

after input of his use~"identification code. He may then make a light-pen 
'" 

selection of the patie~tfor whom he wishes to enter orders. 

• Current Orders. This is a video display of those medical orders for a given 

patient which are currently in effect as being neither cancelled nor completed. 

The date, type of order, and description of each order are included. Light­

pen selections may be made to discontinue or review orders on this display. 
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• New Order Review. All medical orders in the order set that have just been 

assembled by the user are shown in this video display. The user will be 

required to retrieve~is display and review the assembled orders for accuracy 

before he can entertb,em into the system. 

• M. D. List. This is~a video display of all physicians on the Hospital medical 

staff and the serviceejto which they admit patients. The list is in alpha­

betical sequence, and the proper "page" in the list is reached by use of 

an M. D. List Index~{ The M. D. List is used to enter the physicians name 

in the patient ident~~ation or admitting record by light-pen selection rather 

than keyboard input so as to preclude typing errors. This display will also 

be used by nurses,dl""py a phYSician when entering orders-as an agent for 

another doctor, by lfiht-pen selection of the substituting doctor's name from 

the M. D. List . 

• Medical Orders; Tli~se are a large number of video displays used for 

entering medical ord~rs into the system. They are "fixed" displays in the 

sense that their cont~nts do not vary from day to day because of changes 

to patient census, current orders, or medical staff. There are displays 

for all classes of medical orders, diagnoses and allergies, accessible for 

assembling of medical orders by successively retrieving the physician's .. '", 

Master Guide, major:test/treatment!service order classes, then subtest/ 

. treatment/service oi-d~r classes, using primarily light pen selections 
-;, :. 

supplemented as nec~sary by keyboard entries. 

• Current Medications .• This video .display contains a list of all current 

medication orders fo~a given patient. It is used in conjunction with the 
-::,:',.~,-. . 

Current Orders display. It provides a means for the physician to enter a 
; i.':" . 

hold or restart of any medication order on the display, and- for the nurse to 

enter a hold or restaJ,:t of a medication order as part of a preparation for 

a test, or for her to.:enter a supply re-order fora Pharmacy-stocked 

medication. 

.• Patient Chart Review; This video display permits authorized users to view 

a patient's "chart" (i.e., a patient record in the computer file). Each record 

will contain the patient's identification, admitting data, current orders, 
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nursing report data test results, narrative reports, and DC'd orders. 
-'" 

Each of these sections of the chart may be individually selected by 

light pen for review., Authorized personnel will include attending 

physicians, nurses,. pathologists, and radiologists. 

• Patient Locator. AlJ,. patients currently in the hospital and their bed numbers 
~,'" : 

are listed alphabeticiilly by last name on this video display. An index on 

each display permitS<transferring to the desired section of the alphabet to 
<",. 

view that section of:~ list; alternately, the user may page through the 

list, display by disp~y. The Patient Locator will be useful to Admitting, 

Business Office. e~~" and to similar departments when they are equipped 
~'.:~~ : 

with a video matrix,:terminal. 

• Scheduled Medicati~Jis. Given. This video display contains a list of current 

scheduled medications due to be administered to affected patients in the 
J'~', 

ward where displayEl(i', and of medications overdue for previous time periods. 

The display is in bed 'number sequence, listing the medications' due and over­

due under each pat~ name. Provision is made for entry by means of the 

light pen whether or;not the medication was given. The display will indicate 
," , 

medications due foi'aspecified time period, and its contents therefore will 

vary for different ~es of the day. 

• Unscheduled Medicitions Given. In this video display, a list of all current 

unscheduled medic:rtlon orders, for affected patients in the ward where 
-~..,.' .' 

displayed, is proviii~. The display is in bed number sequence, listing 

the unscheduled m~ation orders under each patient's name. The display 

includes, for each~cation order, the time the last dose was given. The 

user will select by~ pen any medications giv:en since the last dose. 

• Nursing Reports. T,hese reports are a set of video displays for vital signs, 

fluid balance, unit~iinical tests, diet, and special observations. They 

provide for entry by light pen of numerical data and descriptive words and 
. ~~' .. 

phrases, and for entry by keyboard as required, in the above categories. 

Displays will provide for entry of data in one category for one patient on 

one display. In some cases, entry may be made in one category for all 

patients in the ward" using one or two displays. 
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• Central Supply Requests. These video displays will be used by nursing station 

personnel to enter Central Supply Requests into the system. Most entries 

will be made by light",:pen selections from lists of Central Supply supplies 

and equipment, and ,brkeyboard entry for less commonly requested items. 

This function will be;defined in greater detail at a later date. 

7. 4. 2 Admitting Functions 

Brief summaries of the Adniittingfunctions listed in Table 7 -2 are presented in 
,,-','. 

this subsection. 

Table 7-2 
. ,', 

:: -::ADMITTING FUNCTIONS 

- -Printed Video Input Output n:Display 
Description 

, ~ ,-: . 

X User Identification (a) 
X Patient Identification(a) 

X .. Bed Vacate or Occupancy Notice(a) 
'" '.' 

X Transfer IDischarge Order(a:) 
X Patient Locator(a) 
X M.D. List(a) 

" 

X X X Admitting Data 
X X Insurance Data 

: 

(a) Previously presented. 

Admitting Data. Three asp~ of this data function are a~ follows: 

• Admitting Data Input. Admitting personnel will make keybo~rd entries 

to mput pre-admittiilg data. These data will be an amplification of the 

patient identification Clata used- in the Nursing Unit functions and may be 

used in place of patient identification. Entry of pre-admitting or admitting 

data will initiate the patient record in the computer file, and permit sub­

sequent entry of medical orders. 

158 

LOCKHEED MISSILES Be SPACE COMPANY 



I IIII1 

.. C"" • 

LMSC-682684 

• Admitting Data PrintOut. This is a printout at the Admitting office of the 

pre-admitting or ~ data entered for a given patient, including 

changes or cancellations. There will be one printout for each original, 

changed, or cancell~:output. Printouts will be on multiple-part paper 
>'l. 

for distribution to the~nursing station", Business Office, etc . 

• Admitting Data DisP~i. This video display contains the name of each admitting I 

data element, with space adjacent to each name for entry of the required 

data. Admitting da~;previously entered into the patient,~ record can be 

retrieved, disPlayecl-;-and subsequently added to or changed (e. g., pre-
":~ ,"" . 

admitting data supp~ented. by additional data when the patient is admitted 

to the hospital. AciD:J#ting- data may also be cancelled when pre-admitting 

data have been pre~IY entered, and the pending admit cancelled. 

Insurance Data. This aspect~-1~the Admitting function includes the following: 
f;.:;',;, . 

• Insurance Data InP~;:'Entries of insurance data will be made by means of 

typewriter keyboard\during the admitting process and supplemented' as 

necessary by entri~.':kt the Business Office. Inputs will include Medicare and 
:~'. > 

. Medi-Cal as well as:;e<;mmercial insurance. Once entered, these data 
->" .. 

may be retreived am,t:.-revised or supplemented by keyboard entry at any 

time during the pati~ts stay . 
. ':"~'::: 

• Insurance Data Dis~r. The admitting clerk will enter insurance data, 

by means ofkeyboa~-J~ntry. on a series of video forms. Each form will 
", r,'-" 

contain the requirecf¥ta element names. with space adjacent to each for 

entering the requireifdata. When the initial form processing is finished 

(although the form ~~ttisually incomplete at this point) and entered into 

the computer file b~'~ admitting clerk. these data may subsequently 

be retrieved for videc>,-display by the insurance clerk in the Business Office 
'-"~ . 
~ .. 

corrected. as necessalY. and the misSing data elements entered, until the 
,,',." . 

insurance data is complete for each patient. These data are then transferred 
. \ . 

to the Business. Office System (BOS) Patient Billing/Accounts Receivable 

program. 
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7.4. 3 Business Office Functions 

;:, .... ,-

Summaries for the Business ' Office functions listed in Table 7-3 are provided in this 

subsection. 

Table 7-3 

BUSINESS OFFICE FUNCTIONS 
-

Input Printed ····Video Description Output ,: Display 

X User Identification(a) 
X X Insurance Data(a) 
X .' X Cash Payments, Credits and Ad-

.' .. justments, and Miscellaneous 
. , charges 

X 
:,." 

Bed Occupancy Report 
X 1< .. Physician's Patient Locator . 
X X Patient Locator .. 

X Statistical Management R'eports 
X 

: 
Patient Billing Data " . 

" 

X ~ '" Discharged Patient Medical Data " -. 

f • X Billing Tra,nsactions 
'. 

(a) Previously preSented. 
i:'- . 

Input and Display. Cash payirients, credits and adjustments, and miscellaneous charges 

entries will be made at the BUsiness Office, identifying the patient, the type' of 

transaction, the charge cod~'irivolved, and, as necessary, the amount of the charge 

or credit. The method of erlhs - keyboard and/or light-pen selection from video 
~> 

displays - is yet to be deter~iri.ed. Entries will result in updating of the billing 

transaction file. 

Printed Outputs. The following outputs will be provided: 

• Bed Occupancy Report. This is a printout listing all beds in the hospital 

and, for each occupied bed, the patient identification (e. g., name, case 
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number), bed number, physician's name, etc. The report will be in nursing 

station sequence and 'in bed-nUmber sequence within each nursing station. 

It will be printed ontbe line printer in the Business Office when an authorized 

user enters a printo~"request at the video matrix terminal and will be current 

as of that moment.; 

• PhysiCian's Patient ,~ator. This printout will list the names of all physicians 

with patients curre~ in the hospital. For each such physician, it will 

provide the name, ~e number, bed number, etc. for each of his patients . 

. The report will list tQ,e. data by physician name sequence, and by bed -number 
'~ .. :. . 

sequence under each::,:physician' s name. It will be printed on the line printer 

in the Business Offi~ when an authorized user enters a printout request at 

the video matrix te~inaI and will be current as of that moment. 

• Patient Locator. Fc#~~.an patients currently in the hospital, this printout 

lists the names, caB"~':numbers, bed numbers, physician's names, etc . 
. ~,- , 

Patient names will ~,grouped by category (adult, pediatric, etc.), 'and listed 

alphabetically by pat:t:ent name within each category. The report will be 

printed on the .line prmter in the Business Office when an authorized user 

enters a printout reqaest at the video matrix terminal and will be current 

as of that moment.", 

• Other Statistical ancfManagement Reports. These printouts will be periodic 

(daily, weekly, or m~thly). The specific reports and their formats, 
...... 

frequencies, etc., a:,teyet to be determined. These reports will not include 
,::.: .. 

financial data. ., 

• Patient Billing Data;~1~This printout is a list of all billing transactions generated 

within the system sDi~e the last billing printout. It will contain, for each 

billing transaction, ,~e patient identification, date and time, and charge 

code. This listing ~ probably be run daily, in accordance with the input 

sch~e for the BOS~:'Patient Billing/Accounts Receivable program. 

• Discharged Patient Medical Data. This printout will abstract, chiefly for 

mailing to the patie~'s phYSiCian, selected data from the patient's record 

*Business Office System 
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(e. g., laboratory arid radiology test results) as accumulated during the 

patient's hospitalization. It will be printed daily, with each daily printout 

covering all patients who were discharged or who expired during the previous 

day. It will be printed on the line printer in the Business Office. 

Video Display (Billing Transaction File). This display covers the contents of the bill­

ing transaction file, for those transactions contained in the file since the most recent 

transfer of file contents to the BOS Patient Billing/Accounts Receivable program. It 
'" 

is for use by Business Office personnel in crediting and adjusting previously entered 

charges, retrieving charge ~es for discharge day billing, etc .. The clerk will identify 

the patient to the system by USe of the· Patient Locator display, then retrieve the charge 

codes for each transaction in',the file for that patient for viewing and/or changing purposes. 

7.4.4 Food Service Functio~ 

These functions are listed in.Table 7-4 and summarized in this subsection. 

Table 7-4 

FOOD SERVICE FUNCTIONS 

Input Printed Video''--
Description Output Display 

.' 

X Diet Order 
X Cancellation Notice(a) 
X '.-'-., . Bed Vacate or Occupancy Notice (a) 
X Transfer/Discharge Order(a) 
X .,~' Diets Ordered List 
X ;" . Patient Meal Count Summary 

':,". 

(a) Previously pr.eaented. 

Printed Output. Major aspects.of the Food Service functions are as follows: 
. . , 

• Diet Order. This is a printout of each diet order at the Food Services 

Department immediately after the diet order has been entered at the 

nursing station. The printout is used by the dietitian and other Department 

personnel to determme the need for consultation with the patient (and/or 

doctor or nurses) and for meal planning. 
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• Diets Ordered List ..• ·Tbis printout is provided to Food Services three times 

per day, prior to each meal, and lists the current diet order for each patient 

in the hospital. Each list is in nursing station sequence, with the patients 

and their diet ordersJisted in bed-number sequence under each nursing 

station. The list isus.ed in preparing and routing patient meal trays . 

• Patient Meal Count s,'~mmary. Three times per day, prior to each meal, 

a printout is providecfto Food Services to indicate the total number of 

current diet orders by category. These categories are regular, liquid, 

soft, bland, low-fat~)ow-Calorie, low-sodium, low-residue, diabetic, 

and other miscellaneous. These data are used in preparing food for patients. 

;"',' 
,'-; .. 

!." 
.:. 

>' 

- ,", 

., .... 
~- . 

•• ..1 ••• 
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7. 4. 5 Pathology Functions 

Summaries for the Pathology functions as listed in Table 7-3 are presented in this 

subsection. 

Table 7-5 

J?A.THOLOGY FUNCTIONS 

Input Printed ' Video Description 
OutPut Display 

,,' 

X " User Identification(a) .. 

X Laboratory Results\ 

X " ' Daily Laboratory Summary 

X " Patient Chart (a) 
, 

X 
.. , 

Laboratory Test Requisition , 

X Cancellation Notice(a) 

X '" Specimen Pick-up List 

X Bacteriology Log 

X Laboratory Worksheet 

X Reminder Notice 
',- X Patient Chart Review(a) 
.. 

; , ' 

- , X Patient Selector 

X Laboratory Results (by Patient) 
-.. 

X Laboratory Results (by Test) , ' ',.' 

" X Unreleased Laboratory Orders 

.. 

(a) Previously prese~ted 

Inputs. Laboratory test results are entered by the laboratory technician or clerk by 

making light-pen selections of numeric values and descriptor words. These entries 
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are supplemented as necessary by keyboard entries. The test results may be entered 

either by patient or by test ~. 

Printed Outputs. Six catego~ of printed outputs are provided, as follows: 
r.l~ 

• Daily Laboratory Summary. This is a printout at the laboratory, or on a 

line printer in the ~:iness Office, of all test results completed by the end 

of the laboratory wopt day. The data are sequenced first by laboratory 

department, and th~ by patient name. This summary may be used as a 

ready reference by,~ laboratory for answering telephone inquiries and 

will provide the labOifa,tory with a permanent hard copy of all test results. 

• Laboratory Test Regw.sition. In this printout, the laboratory tests to be 

performed on a pat~t's specimen are listed. Each requisition is on a 

separate page, and1'$:' applicable to one patient and one laboratory department. 

RequiSitions req~J~g .nonblood. specimens are printed at the patient's nursing 

station. After speq:fulen collection, each requisition is sent with the speci-
:-~"', , 
',' 

men to the laborato,&'. Requisitions requiring blood. specimens are printed 
:', ... .J.' 

at the laboratory .'l'his requisition is in worksheet format for the recording 

of test results. R+e requisitions will be batch-printed at scheduled times, 

and stat requiSitio~:>wil.l be printed immediately. 

• Specimen Pick-Up list. This is a printout at the laboratory of laboratory 
''',-. 

orders involving pi~~P of blood specimens for those orders held in suspense 

for batch release. there is a separate list for each nursing station with the 

patients listed in b~;;:riUmber sequence within each nursing station. The list 

will be printed once;,~ twice per day. Each list will be annotated as speci­

mens are collected{and one copy will be left at the nursing station. 

• Bacteriology Log. 'CUltures on patient specimens that were begun the pre-
.. ' ~ . 

vious day are listed',(m, this printout at the laboratory. It is printed each 
. ,.", : 

mormng in test ca~ry seque,nce, with each affected patient's name listed 

alphabetically under ,each test category. Space is provided on the Log for 

the entry of periodienotes related to such items as culture growth or reagents 

added, and for the laboratory technologist's initials after preliminary or final 

test results are entered into the system. 
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• Laboratory Worksheet. This is a printout at the laboratory of those tests 

which have been held, in suspense for batch printout one or more times per 

day. A worksheet is printed for certain high volume sub tests (e. g. , WBC), 

for which all specimens in the batch are given the same subtest at the same 

time. Each test with a worksheet will also be included on the laboratory 

test requisition for that patient. 

Each worksheet is in~,patient-name alphabetical sequence. Test results are 

annotated on the workSheet, then entered into the system by means of the 

Laboratory Results by,: Test display. 

• Reminder Notice. This printout will be made at the laboratory or the Radi-
I 

ology Department whellever a test result has not been entered within a speci-

fied time period aftel" ,printout of the laboratory test or radiology requisition. 
-,_ .. 

Reminder notices will}le batch -printed in a laboratory or Radiology Depart-

ment sequence, with'~ected requisitions in patient -name sequence within 

each department. 
'" 

Video Displays. Fo~r Patholo~ functions utilize video displays as follows: 

• Laboratory Patient Selector. This video display lists the names of patients' 

for whom laboratory ~rders have been entered but for whom laboratory test 

results have not beeri-e~tered. There will be a separate display for each 

laboratory departmentwith each display in patient-name alphabetical sequence. 

The user will select ,1JY light pen, the name of the patient for whom he wishes 

to enter results in order to obtain the appropriate Laboratory Results by 

Patient display. 

• Laboratory Results by, Patient. These are a group of video displays, each 

for a different laboratory department. Each display indicates the subtests 

performed by a given:-department, an~ provides a means for light-pen selec­

tion of numeric and word descriptor test results, and for keyboard entry of 

short, narrative, test,:",result data. The format will be similar to that of the 

Laboratory Test Requisition, to facilitate entry of the test results annotated 

on the requisition. These displays are utilized after the user identifies the 

patient and laboratory department to the sy~tem. 
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• Laboratory Results by Test. These are a group of video displays, each for 

a different laboratory. subtest. Each display contains the names of patients 

for whom that subtest\ has been ordered and provides for light-pen selection 

of numeric and word:descriptor test results and keyboard entry of short, 

narrative, test-res~tdata. Each display presents the data by patient name 

in alphabetical sequence. These displays are utilized after the user selects 
'. , 

the laboratory depa.rt:m.ent and subtest type from the preceding displays. 

• Unreleased Labora~ Orders. This video display permits laboratory per­

sonnel to view and, i~,desired, to release (or print) one or more Laboratory 

Test Requisitions ~:'are contained in the suspense file awaiting the next 

scheduled batch-rel~e time. These displays list for each nursing station 
;\:....,_. 

the name of each pa~nt for whom laboratory tests have been performed, and 

the laboratory testsSprdered for. each patient. 

7.4.6 Radiology Functions 
.," 

,,1·' 

Table 7 -6 presents all of thi'i;diology functions available with the Medical Information 

System and categorizes the~,(~ either input, printed, output, or video display. 

,"" 

Inputs. FollOwing are desc~ons of the types of input available for the Radiology 
. ~~' .: 

function: 

• Verified Radiology Test Results. When this function is called, inpatient and 
'1.-\., 

and outpatient radi~ test results, which were previously entered into the 

system on a prelim~:ary basis, are permanently entered into the patient's 
. '':.;'.'' 

files when the medi<k.l secretary, using a light pen, changes the status of 
:.~'~ .' . 

the test results frOilil>reli.minary to verified. Verified test results that are -~:" ~' , 

entered into the pat¥~tls files will be reflected in subsequent reports. 
'-, 

• Radiology Outpatient::rdentifica,tion and Order. When this input function is 

called, data element$-identifying the patient (name, birth date, physician's 

name, etc.), the res)x>nsible party (name and address, etc.), and the code 

numbers of the radioiogy procedures to be performed are entered into the 
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Table 7-6 

RADIOLOGY FUNCTIONS 

Input Printed Video": Description Output Display 
.. 

User Identification(a) X " . 

X , .. ; Verified Radiology Test Results 

X Radiology Outpatient Identification and Order 
. " 

X 
" 

Radiology Requisition 

X 
; 

Cancellation Notice(a) .' 

X Reminder Notice(a) 

X Radiology Test Report 
" " 

X Radiology Daily Summary Report 
" 

X Test Result Correction Notice 
,0 

Patient Chart(a) X ,:" 

X " Patient Chart Review(a) 

X ',' ~,:: Radiology Patient Selector 
0' 

X .~' ," Radiology Results (Preliminary) 

X 
<~" . Select Radiology Results 

X -.. Review Preliminary Radiology Results 

(a) Previously presented;' . 
...... , 

system by the medicitrsecretary. A keyboard is used for this purpose. 

These patient-information elements are retained in the system for a speci­

fied period following the entry of verified test results and following the up­

dating of the billing tr,ansaction file, and then they are deleted. 

Printed Output. Three types 'of printed output are provided, as follows: 

• Radiology Reguisition~ The Radiology Requisition is a printout, generated 

on the printer at the Radiology station, which lists the radiology procedures 

to be performed for ,a given patient, including the isotope tests and the 
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radiotherapy treatments that are required. All procedures for a patient 

bearing the same schedule are printed on one requisition, immediately after 

entry of the radiol<>gy, orders. Requisitions are generated for· both inpatients 

and outpatients, an~,'are in worksheet format to facilitate the recording of 

test results. Each'~~sition includes the current diagnosis as well as any 

clinical indications~~htered as part of the radiology order. 
~~~~:: . 

• Radiology Test Repprt. A Radiology Test Report is generated on the printer 

at the Radiology stJijon whenever test results are verified and permanently 
~ .. <.:-:< 

entered into the pa1;lent's file. Each report is for one patient and for one 

radiologist, which @ie, radiologist signs and retains in the files of the Radi-

0logy Department. !:~enever new or changed test results are entered at the 
.. '\ ": 

Radiology video ma1;i1x terminal, all previous results (for that one patient 
'. 

and that one radiologist) are included on the report. 

• Radiology Daily SUrii-tnary Report. The Radiology Daily Summary Report is 

a printout on the l~i~printer in the Business Office of all verified inpatient 

and outpatient radiql"Ogy test results completed during the previous day, and 

all radiology order~'-for which no verified test results have been entered 

(i. e. , orders pendi~. The printout is sequenced by patient name within 
,.~ .:, . 

each of these two categories. Thus it can serve as a quick reference by 
;." 

Radiology Department personnel to determine workload status and to answer 
7', . 

telephone inquiries ~ : 

Video Displays. The follo~ functions involve the provisions of video displays: 

• Radiology Patient seiector. The Radiology Patient Selector displays in 
,-.. ' " 

alphabetical seque~tb.e names of the radiology patients for whom test 

results have not yet'been verified and permanently entered. This display 
\. 

appears only after ~'user has positively identified himself to the system. 

When the display a~rs, the .user then can light-pen select the patient 
" ... ' ..... 

whose file he wishea',to view or change. 

• Preliminary Radiol<?gy Results. For the patient selected from the Radiology 

Patient Selector display, the Preliminary Radiology Results display presents, 
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in procedure number sequence, the radiology procedures that have been 

ordered for that pati~pt. Test results are entered into the system, or pre­

liminary results chai.iged, by light-pen selection of the word "normal" or 

keyboard entry of te~t results. All entries are placed in a suspense file 

until retrieved for verification or change. 
, ' 

• Select Radiology Res-ults. For the patient selected from the Radiology Patient 

Selector display, Select Radiology Results displays a list of the radiology 

procedures that have had preliminary test results entered and are awaiting 

verification. The uSf3r, may light-pen select and view anyone of the procedures 

listed on the display... 

• Review Preliminary Radiology Results. For the procedure selected from the ! 

Select Radiology ResUlts display, this video display will show the preliminary 

test results that were,:previously entered into the system and stored in a 

suspense file. The:test results shown on the display may consist of the 
.';.' .' 

built-in "normal" sta:tement, the radiologist's narrative statement entered 

via the keyboard, or.: both. After reviewing these test results, the user may 

make additions or changes and then, if desired, enter them into the patient's 

file as verified test results. 

7.4.7 Pharmacy Functions 

Input Printed 
Output 

X 

X 

Table 7-7 

PHARMACY FUNCTIONS 

Video Description Display 

'- Pharmacy Order and Label . , 

Cancellation Notice(a) 

(a) Previously preseiited 

Pharmacy Label and Order., ,This is a printout at the Pharmacy station of medication 

orders and medication supply reorders for Pharmacy-stocked medications, each 

printed immediately after entry of the order at the nursing station. (Orders for floor­

stocked medications will be printed at the nursing station only.) Printout at the 

170 

LOCKHEED MISSILES Be SPACE r.OMPANY 



IIII ~ 

LMSC-682684 

Pharmacy station consists ofa two-part label, one for affixing to the medication con-
'- -

tainer and the other for affixiIig, to the patient's record in Pharmacy. Medication 
" 

supply reorders cause printout~in the Pharmacy of only the container label. 

7.4.8 EEG-EKG Functions 

Table 7-8 

-EEG-EKG FUNCTIONS 

Input Printed 
~. ',':.~ 

Video Description Output Display 

X EKG Department Requisition 

X Cancellation Notice(a) 

(a)Previously presen~ 

EKG Department Requisition., "At the EKG Department, the following kinds of requisi­

tions are included "in this printOut, which will be printed immediately after entry of 

the medical order at the nursi.Jig station: 
.';, 

• Electrocardio~s 

• Electroenceph~'()grams 
..:.:~ :.,~. 

• Phonocardio~ 
':. 

• Vectorcardiogriuns 

• Pulmonary flln:~on tests 

• Vital capacity~sts 
"' 

• Basal metaboliSm rate tests 

Each requisition will be for a "separate test and will contain the patient's current 

diagnosis. 
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7.4.9 Physical Medicine FuD.ctions 

-Table 7-9 

PHYsICAL MEDICINE FUNCTIONS 
.. 

Input Printed ',': Video Description Output Display 
:: 

X Physical Therapy Requisition 
.-

X Cancellation Notice(a) 

(a) Previously pres~ 

. 
Physical Therapy Department·Requisition. This is a printout of requests for physical 

therapy treatments, electrOlpyogram examinations, and evaluations, each printed 

immediately after entry of the medical order at the nursing station. Requisitions will 

be printed on the prin~r in +-~EKG Department and hand-carried to the Physical 

Medicine Department. Each:requisition is initiated by a separate medical order and 

will include the patient's current diagnosis. 

7.4.10 Inhalation Therapy FUnctions 

Input 

Table 7-10 

INlIALATION THERAPY FUNCTIONS 

Printed 
.' , 

, Video 
Output 

': Display Description 
" ' 

" :,',. 

X .. , ' Inhalation Therapy Requisition 

X Cancellation Notice(a) 

(a)Previously presented 

Inhalation Therapy Reguisition~ This is a printout of requests for inhalation therapy 

treatments, each printed immediately after entry of the medical order at the nursing 

station. Each requisition isiilitiated by a separate medical order and will include 

the patient's current diagnosis. 
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7. 4. 11 Central Service Functions 

Table 7-11 

CENTRAL SERVICE FUNCTIONS 

Input Printed· Video Description Output " Display 
v 

X ... Central Supply Requisition 

Central Supply Reguisition.~his is a printout at Central Services of supplies or . 

equipment requested by nursiilg station personnel, including both chargeable and non­

chargeable items. A printou.t'of the request will also be made at the nursing station 
, . 

as a confirmation and, as applicable, as a request for chargeable floor-stocked items. 
" 

One or more items for a given patient may be induded on one requisition. 
,: .. 

7.5 MEDICAL INFORMATION SYSTEM (?vIIS-II) 

The evolutionary increase intJle scope of services will continue during the development 

of MIS-I. The following funct16ns, some of which have been previously mentioned, 
~ . 

are being considered for incorporation into MIS-II: 

• Nursing Notes': 

• PhYSician's PrOgress Notes 

• History am;i Physical 

• Laboratory AUto~ation 

• Diagnostic and,Therapeutic Guides 

• Physiologic Monitoring 
":' ' 

• Dietary Planning 

• Patient Schedull:hg 

• Personnel SchedUles 

• Work Measurements 

• Outpatient Department Scheduling 

• Administrative Statistics 

173 

LOCKHEED MI~~III='Cj A. ~PAr:1=' r:OMp· NY 



IIII 

• Personnel Records 

• Personnel Locator 

i. , Poison Control 

• Library Retrieval 

• 'Preventive Maintenance 

• Prognostic C3J.culation 
,';",', 

7.6 MIS-I SYSTEM BENEFITS 

LMSC -682684 

A variety of benefits will be derived from the MIS-I System. Additional advantages .. ,,'; -

will result upon implementation of MIS-IT. 

7.6.1 Hospital Staff Benefi~ 

Various staff benefits from the improved systems are as follows: 

Physician. - Following are benefits to the physician: 
.' .. 

• Physician orders will be accomplished more quickly and accurately. 

• The physician's re~()rds will be more legible. 

• More efficient chart-organization will be available for faster reading. 
" 

• Current test data arid-laboratory reports can be called up on demand. 
~~: ~, 

• Duplicate record ge~eration can be eliminated. 

• Batching of orders #an be implemented where desirable. 

Nurse. Potential benefits to the nurse are as follows: 

• Legibility of orders will result since printouts will eliminate handwritten 

orders. Order transcription will be substantially eliminated. . ' 

• Summaries of entries to the patient's chart will be provided at the end of 

each shift. 

• At the beginning of each shift, Patient-Care Plans will be provided and will 

include accurate, up-to-date orders for the new shift. 
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• Errors in order transcription will be reduced. 

• Overdue test result z:eminders and medications-given entries will be handled 

by the computer. 

• Cancellation of orders (such as "72 hours only") will be automatically 

processed by the computer. 

• Loss of requisitio~>;"ill be reduced. 

• Improved charting ~y be antiCipated through increased use of displayed 

data elements relatecl. to patient-care observations. 

Ancillary Services. ProfeSSlQnal and technical personnel in the ancillary services 

will benefit from the system .in the follOwing areas: 

• Routine paperwork will be reduced. 
:," . 

• Medical records wil:Lbe more accessible. 

• Work scheduling and'assigrunents will be facilitated. 
~I .' . 

• Medication labels aridlaboratory and Radiology worksheets will be 

generated automatically. 

• Processing of charge slips for patient billing will be greatly reduced. 

Hospital Administrator. The:,~administrator will receive reports enabling him to 

increase the efficiency of personnel and facility utilization. and providing previously 
,.,i.e, 

unavailable management controls. Management information available from the system 

will include the following: 

• Financial management 

• Statistical repOrts 

• Medical audit reports 

• Trend reports 

• Medical staff review 
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7.6.2 Patient Benefits 

,,' 

Patients will benefit since h~Pital facilities (beds, drugs, and staff) will be more 

readily available. Errors w~ be reduced and routine service and emergency responses 

will be more timely. Transfer of vital records and billing insurance records will be 

handled more expeditiously. >, 

7.6.3 Potential Cost Reductipn Benefits 

The Medical Information System will provide direct cost-reduction benefits in the 

following areas: 

• Reduced manh~urs in processing doctor's orders by elimination of 

transcriptionS',:'and other related clerical and physical transfer effort 

• Almost complete elimination of manhours spent on patient charges by 

nursing and anCillary service personnel 

• Elimination o[",manhours presently spent in manually compiling 

sta~istical summaries, census reports,' diet lists, etc. 

• More effective organization of patient-care status and planning 
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Appendix A 

PROFILES OF PARTICIPATING HOSPITALS 
. ~ " 

This appendix pres~~s the characteristics of the hospitals that 

participated in the Analysis of Information Needs of Nursing 

Stations. These chilracteristics are based on data from the 

Journal of the Amei:i,can Hospital Association, Guide Issue, 

1968. (See Fig. A~i:and Table A-I) 

As mentioned in tb.~iIntrod.uction to this report (Section 1), a 

hospital identificatiOn code has been used to identify data 

obtained or develo~for the various hospitals that participated 
. " . 

in the study. 

....; 
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KEY LISTING OF REGISTERED HOSPITALS 
-,...1.-...' .......... _. CIoooI--AppNwI and ....."CocIoo CocIoo 

• __ Ipin .... _·~_. to"-__ ._~ ___ 

r..IIow;ng .... dty --. ] i ! ""doll ....... and ~ .. ____ 10. 

ANYTOWN-Unlyersal'County -204- . 
.COMMUNITY HOSPITAL·lst 51 and Main Ave-ZI. 62835-TtI 391·234SoJohn Doe. Adm 21 10 L 

A'I-2-3-4-So6-9-10 F -1·3-4-So 7-8-9-11-12-I3-t4-15-" 

-y-' ~c:....---.,;;=,=,:';;...' ---:-___ -.., 

APPROVALS 

l-Ac.creditation by Joint Commiuion on :~~, . 
A •• ,editotion of Hoopitois (D ••. 31, 1966).:-: 

!--Cancer program approved by Ameri .. 
con College of SU'9.on, (Jon. I, 1967). 

l-Re.iden.y approved by Ame,i •• n Med. 
i •• 1 A._iotion (June 30, 1966). 

4-lrrtem.hip approved by Ame,ic.n M.d­
ic.1 A .... ioti.n (June 30, 1966). 

5--Medi.ol school .ffiliotion, .. ported by'" 
American Med ic.a I Auociotion (June 30,' 
1966). 

FACILITIES AND SERVICES 

AdUGlly _i/abl ... i1hi., a~ reporl.d fIr, 
lhe i/lllil.,ioo 

I-PotholollY laborat.ry I .. ith potholo-
!lill) 

2-Oe","1 facitrli •• 

l-Pharmacy (with "9i.t .. ed pha,macill) 

4-Occupotional th.rapy department 

5-I'hysical therapy department 

6--Prlmature nyrury 

7~utpationt d.partment 

I-Em0'9.ncy deportment 

9-Pryclliatric inpati .. t unit 

6--Ho.pitol •• ontrolled p",f ... i.n.1 nursin!l 
.chool, ,eported by Noti.nol L.ogue for 
Nursing (Oct. 15, 1966). 

100Rohabilitation inpationt unit 

.. ll-Podoplrafive rlCOYllry room 

12-5acial work department 
7-Ho.pit.l-contr.lled p, •• ticol nurse t,oin. , 
ing p,og,om opp .... d by stot. 0' .quivo. " 
lent goYemmental autho,ity: reported by' 
Notional L.ague fo, Nursing I Oct. 15," 
1966). ' 

8-Membo, of Coun.il 01 Teaching Hos­
pitals of the Allo.iotion of Am.,i.an Med. 
icol CoII.ge. (July I, 1966). 

'-HoIPital co"tractin9 or participating in,' . 
Blue C,o .. Plan, ,eported by Blue Croll' 
A.sociotion (Jon. 20, 1967). 

ll1-Certified for parti.ipation in the He.1th 
In", .. n.. for the Ag.d I Medicor.) Pro-·· 
gram by the Dep.rtment of H.olth, Edu." 
cation, and Welfare (Feb, 1967), 

13-H •• pital aUliliary 

14-Radioilfllope tho,apy 

11-'--Cabalt therapy 

. 16--Radium th.,apy 

The dnl;rtGtlon (Nonrwportln;) followlnQ a 
hotpltal Idlntlflcatlon r"dlcat .. that 'h. 1966 
annual 111",1, quedionnCli ... for ttle hotpltal 
had not bo'n rocol .. d by .F-tobrvory 24, 1967, 
.... cutcrfl date for .tatirtlcal procenln9. 

Th d .. i9nai'lon (Nlwly Re9'1'lred) Indi. 
cate. ttlat thl hOlpltClI wa. re;ldered toe! 
lot. to rec.l... and f'ltum a quedionnolre. 

DEFINITIONS OF TftMS IN HEADINGS· 
INPATIENT DATA: Bed_Number of bod~;·c.ibs, ond pediatric bouineh re9ularly main, 

tained I.et up and .t.afled for u.el foir:in""tienh as of the clo •• of the reporting 
pe,iod; eloe, not includ. bassine" fo, n~ infant.. Acllllllllon_Numbe, of patient. 
accepte~ for inpatient service during a ~ ,:12.month period; does not include ne.,born. 
Ceasus-Averoge number of inpatientS rKtIiving core each doy during CI 12-month 
period; does nat include newborn. Oc~r-Rofio of average daily census to the 
a.o,age number of beel, mointained dlll'ill9' ,the 12o month reporting period. (Note that 
the number of the •• ".'atistical beel." ~ . dille, f,om the bod c""nt at the cl .. e of 
the roporting pe,iod.) ': 

NEWBORN DATA: Bassinets-Number Of';bolli .. t. no,mally availabl. for newbo,n in­
fant:.. Births-Number af infanh born .;D -tIM hOIPitol and accepted for service in a 
newborn infant bauinet durin9 a 12·month ~Pe'iodi e.elude. stillbirths, 

EXPENSE: apen,. for a 12,month p.riod;; both total upen.e and payroll component a,e 
Mown. . 

PERSONNEL: bclude$ trainees (student nurlas, intem. and 'residents, ather), private dyty 
nurses, and volunteers; inc.ludes full·time .q~lents for part·time penonnel. 

-Definitions are based on the Americ.an HosPital Association's Uniform Hospifol O./i"ition •. 
Whe,. a 12·month pe,iod i •• pecified, hOSpitals were requested to report fo' the 12 
month. ending Sept. 30, 1966. 

10 listings of Health Ca,e Institutions 

j 

655 

- ~ 

........... - ~~) - 1 j P Jlj 1\1 j l 

18'/82 595 9O.S 45 2114 14135 9227 1782 

t 
CLASSIFICATION CODES 

CONTROL 

Gov ......... tal. .ollfederal 

12-Stat. 
ll-Caun!y 
14-City 
15--City-county 
16--Hoopital diririct 

YoIo.tary nonprofit 
21-Chu,ch •• Iated or ope,ated 
23-0thor nonprofit 

Proprietary for-profit 
31-lndividual 
32-Partn ..... ip 
3l-Corpo,ation 

Gov ........... al, t.cIot:al 
41-Air Fore. 
42-Army 
4l-Navy 
44-Public H.alth S .... i .. othe, than 47 
45-Vete,an. Adminiriration 
46-Fod ... 1 otho, than 41-45, 47-48 
47-Publi. Hoalth Servi.. Indian Servic. 
4I-Departrnont 01 Justi.e 

SIRYICE 
10-6ene,al 
ll-Hotpital unit of an institution (prilOn 

hospital, colleg. infirmary, otc.) 
U-P.ychiatric 
33-Tuborculo.i. 
44-M atornity 
4~Eve, ear, nOM, and throat 
47-Orthapeclic 
48--Chronic and/or convalescent 
49-Other .pecialty" 
5.-Children·.·· 
62-1 nltitution for mental retardation 
72-Epilep.y 
82-AIc.oholilm and/or addictive disease I 

*When a hospital redric.+S its .. rvice to 
a .pecialty not defined by a 'pecific code. 
it is cad.d 49 and the Ipecialiy is indicatecl 
in porentheae, following the narne of the 
ho.pital. 
·~hen service is restricted to children, 

the fi .. t di9it i. always "5," indicatin9 
"child,en'. ho.pital," and tho second digit 
indicates the spec.ific type of service! chit.. 
clren's general, 50; children·, psychioiTic. 
52: and .0 forth. 

STAY 
5--Short,terrr>-Ov" 50 per cont of all 
patients admitted hove a day of leIS than 
3D days. 
L-Lon9,tonn-over 50 per cent of all 
patien" admitted have a .toy of 30 days 
or more. I 

HOSPITALS, JAH.A. 

Fig. A-I Key ListiDg of Registered Hospitals 
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Appendix B 

HOSPITAL COMMITMENT TO INFORMATION PROCESSING 

In this appendix, the information commerce at each hospital is 

presented in seven separate computer- generated plots for each 

hospital, as shown in Figs. B-1 through B-63. 

The relationship of the hospital identification code to hospital 

size (as used for these graphs) is as follows: 

Large Hospitals 

Code Number of Beds 

L1 1,063 
L2 585 
L3 574 

Medium Hospitals 

Ml 346 
M2 268 
M3 250 

Small Hospitals 

S1 82 
82 77 
83 48 

Figures B-64 through B-70 show the information commerce ob­

served at an extended-care facility which had been recently 

opened and which was operating as a satellite facility for one 

of the medium-size hospitals. At'the time the study was made. 

this extended-care facUity had only two nursing units in opera-

tlon. One was a psychiatric unit. and the other provided a co.~­

bination of extended and continuing care. 
,'~. 
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Appendix C 

NURSING STATION COMMITMENT TO INFORMATION PROCESSING 

This appendix seryes several purposes. It identifies all the nurs­

ing stations observed and presents basic work sampling data col­

lected at those stauons. These data are shown by respective 

hospitals in Tables C-l through C':"'9. The last two columns at 

the right side of the tables. show ratios calculated from the data 

which can be used for gross comparisons among and between 

nursing stations, .either within a given hospital or among 

hospitals. 

It is possible to produce computer plots of the information com-
. '. 

merce at each nursing station just as they were produced for the 

total hospital (Se~~Section 3 and Appendix B of thi.s report). How­

ever, computer pl()ts for all 160 nursing stations are not included 

in this study, although, for illustrative I?urposes, seven plots 

were made of· the .Wormation commerce at each of two stations. 

These plots are presented in Figs. C-l through C-14. Figures C-l 

through C-7 show~e information commerce at a Medical Unit in 

a mediwn size hosPital, and Figs. C-8 through C-14 show plots 

for an Intensive-Care Unit at the same hospital. 
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. '" Appendix D 

FORMS PROCESSING FLOW CHARTS 

The flow process~~h.arts in this appendix are representative. for 

the forms used in::;the ~ospitals studied. All the forms are not 

necessarily used ~_ any particular hospital; however, the needs 
/''''.(.-::', ,~. 

of any hospital ran.ging in size from under 100 beds to over 300 
-, .'- . 

beds can be accom;modated by the forms represented here. These 

flow process c~ indicate the handling of the form within the 

nursing station and the time required for such processing. 

,', " 
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• OOOO'V I 26 . oom'V 
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1-!1!.,.5 ~p;;.at.:::.=1~en~t~Ch.!:::a:!..:rt::.....!:.:to::"""':'_-l OpoD 15 OODO'V __ 
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~-,-.--. - __ ._._._ OOOD'V. ~5 __ . ________ -I00DD'V r---
~ _ ..... _._ ". __ OOOD'V ~6 • ___ • ___ , •. ____ ,_ OoDD'V 
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~ D:isc.::.rd Sc';('du! (':: OOD'V ,2-
1---., -..:.:. 
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( 
'lISE IT ) 

DETAILS OF 'IO'OSIO METHOD 

, Parcnt \;:t:,:;:'or .. : sent . - • 00\7 • OOOO\? r-I--
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Appendix E 

HOSPITAL COMMITMENT TO COMPUTER USAGE 

Details of the surv.~y made of computer-assisted hospital jnforma­

tion systems are ~ven in this appendix. The survey covers instal­

lations at six diffe:rent hospitals. 
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Appendix E 

HOSPITAL COMMITMENTS TO COMPUTER USAGE 

E.l HOSPITAL A 

E. 1. 1 Background 

This short term 247-bed children's general hospital provides inpatient, outpatient, 
, ' 

and emergency services for infants, children, and adolescents. It reports 14,501 

admissions annually, an average census of 214 patients or approximately 86.6 percent 

occupancy. Of the 570 personnel employed, approximately 150 are assigned to the 

nursing service. 

Since this is the only pediatric hospital in its city, it is involved in the provision of 

care to the majority of the sick or injured children. This is reflected in the high 

admission rate for a hospital of its size, and in the high utilization of the emergency 

room. 

This hospital is approved by the Joint Commision on Accreditation of Hospitals, and a 

also for pediatric internshipS-and residencies by the American Medical Association. 

It maintains a pathology laboratory, pharmacy. physical therapy service, premature 

nursery, outpatient department. emergency room, postoperative recovery room. 
~,' . . 

social work department and atDdliary as adjuncts to the general medical and surgical 

services for all types, of problems presented by infants through teenage. 

E. 1. 2 Background of the System Developm~nt 

In 1961, Hospital A and IBM,Advanced Systems Development Division collaborated 

in a work sampling study of information processing by nurses. The outcome of this 
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collaboration effort was an assumption that a significant portion of the nurses 

clerical activity* could be automated. 

As a result of this study, an U3.M Control System (1710) was installed in the lower 

floor of the hospital. This system consists of a 1711 Converter, a 1712 Multiplexer, 

and 1311 random access stor~e units linked to an IBM 1620 computer. The system 

operates from stored progr~.:'Control. Fifteen input devices (1053 and 1092) are in 

use at the present time. 

E. 1. 3 Features of the System 

A major feature of the systeDi(is the "audit trail," which prints out a daily program 

utilization list. This list pr0vi4es the EDP department with a daily summary of the 

frequency that programs are requested. In addition, printouts of all admitting 

laboratory tests performed by,~the autoanalyzers are provided f or all newly admitted. 

patients. Other programs include input processing of admitting/census, laboratory 

tests, ordering, conversion ~les (weights from pounds to kilograms), monthly 

scheduling of nursing personnel, bi-weekly scheduling of all student nurses from the 

six different diploma programS~ a listing of patients by units and by physician, 

patient condition reports, and dietary lists from each floor kitchen. 

Data processing personnel inclUde two systems analysts, eight programmers, and 

two keypunch operators. 

Nursing station features of the", system include the following: 

• Laboratory Test Reqtiests, which include an identifying number for use 

in the manual reporting that completes the cycle, and the manual input of 

"hold meal" instructions during fasting tests. 

* The nursing staff was defined. as inclusive of head nurses, registered nurses, ward 
secretary, licensed practical nurses, and students of professional and licensed 
practical nursing. 
Clerical activities were considered. as functions of "information acquisition, original 
recording, referenCing, oral exchange, transmittal, and maintenance." 
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• Diet Kitchen Listings for the three meals served, including NPO, hold 

diets and identification of isolation patients by "C" (contagious) and , . 

"I" (infectious). 
• Admitting/Cens~ for the entire hospital and for each floor. This includes 

condition reportS ,{satisfactory, critical, poor, and serious) available 

by days, afternoons, or nights. Discharge reports automatically* cancel 

special diets. 
.: :;r~' 

E.1. 4 Appraisal of the System 

In view of the numerous sys~ modifications resulting from programming constraints 

and hardware capabilities, tJ:iis system is performing limited services for the infor­

mation handling requiremen~. However, there are plans to implement a number of 

programs, particularly in the areas of staffing and patient master records. 

Innovations. As a result of a recent evaluation of the system, staffing patterns will 

be changed. A new position has been created, that of clerk-manager, who essentially 

consolidates the functions previously performed by t~e ward secretary. unit manager, 

and other nonnurse concepts at the nursing station. In general, the clerk-manager 

processes information at the' •. ~rminal and provides assistance to parents who require 

information about hospital pO¥~ies. In addition, the clerk manager coordinates many 

of the interfaces between dietary, laboratory. radiology, and other departments. 

Shift Differences. DescriptioIis of the on-going programs indicate that there are 
, . ~ , 

differences in information prticessing between the days, evening, and night shifts. 

E. 1. 5 Perceived Advantages and Limitations of the System 

Users who responded to questions related to the impact of the system indicated that 

they had adapted themselves to the available functions. Day staff nurses appeared to 

rely on the unit clerks and cl~rk-managers for assistance in the use of the terminals. 

*Lockheed Missiles & Space Company, Documentation of Sample Observations, 
LMSC-689260, Sunnyvale, Calif., 18 Mar 1969 (Special report to Project Officer, 
National Center for Health Services Research and Development) 
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Their responses were less corisistent in relation to involvement of the personnel in 
• . I 

the operation. Most felt that there were no problems with maintenance of the 

equipment, although a clerk...;manager stated she would call to tell the IBM maintenance 

man if machine ribbons required changing. 

" 

A significant comment relat~to state-of-the-art was elicited from a head nurse who 

stated that in the ,early stageS 'the medication system was too complicated and thus 
," 

discarded. Others referred~to the medication system as a possible source of error that 

required more detailed pro~ainming than envisioned at the outset. A corollary to the 

medication system is the foritiula system for bottle-fed infants. This. too, appeared 

to have implementation problems, but an 8-hour printout of formulas due is being ., ' 

provided and used. Discarded. from the formula system were printouts of formulas due 

for the next hour (due to lack,:of use of more frequent hard copy printout). The major 

value of the system at the preSent time is the patient locator service provided by the 
:" ~, 

admitting/census report pr~. Slow response time, however, appears to be a 

major limitation of the syste:Ql configuration. 
-\.:. 

Nurses interviewed indicatedtba.t the system has required duplication of laboratory 

test requests and dietary upd3.ting, and has thus required more time. Redu'ction of 

paperwork appears to have bef.m minimal. "Stat" work must still be telephoned in, and 

hold diets must still be man~y coded into the system by the night nurse. Theremay 

be a value in terms of,locatmgJaboratory orders, but in general the system does not 

reduce the information proce~ing requirement at the nursing station. 

An interesting comment rel~1:e4 to the potential of the system was obtained from an 

interview. "A profile of the patient wduld be nice - using the mam ine completely 

instead of charting. " 

This, in summary, reflects the system -potential which appears to be the outstanding 

. feature of the existing service at Hospital A. With the exception of a printout of·results 

obtained from the autoanalyzer. the entire patient's master record is in manual form. 
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E.2 HOSPITAL B 

E. 2. 1 Background 

This long-established hospit:al, founded in 1822, performs inpatient, outpatient, day 

care, educational,and resear"9h functions related to psychiatric patients. For the 

year 1966-67, it reported a~tal of 967 persons treated, averaged 545 admits, 

and 502 discharges. Forty-~ight persons were identified as "stationary." The daily 

average in-residence popula#'i:m was reported as 391.1, and the maximum daily census 

for the year was 401 individwils. Approximately one-third of these patients are teen­

age patients. 

This hospital provides residency training for physicians specializing in general 

psychiatry, child psychiatry;,:and clinical neurology. In addition, special programs 

are provided for nursing supervisors, nursing instructors and charge nurses, and 

student nurses from 11 undei;'graduate programs. The 276 personnel of the nursing 

staff possess varying backgrounds, ranging from supervisor to psychiatric aides, 

and represents about one-haJfof the total hospital staff. 

E. 2. 2 Background of the Sy~m Development 

For the past three years (1965-68), Hospital B has achieved recognition through 

the development of its computer project. The National Institute of Mental Health 

funded the development of a t~complete communication system" with the goal of 
',' - -

utilizing a central computer !lith input/output termiD.als. Batch-processed nursing 

notes and other entries to the patient record were the main source of data during 

the early research phase. 

At present, a million-dollar grant from'Travelers Insurance Company is expected 

to assist in the provision of Bunker-Ramo terminals for on-line retrieval of logistic 

information and psychological evaluations of patient status. The off-line Automated 

NurSing Note is still in use ani is also being tried at two state hospitals as well as the 
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psychiatric floors of two genefal hospitals in the vicinity of Hospital B. Further 

plans include the use of the Automated Nursing Note by the U. S. Army at Walter Reed 

General Hospital. A factor which greatly assisted the increasing acceptance of the 

mark-sense form is the approval of the Joint Commission on Accreditation of the 

signed printout summary of patient behaviors, which is available every 24 hours 

through batch processing. 

E. 2. 3 Appraisal of the System 

For a period of almost a year~the users were required to perform double charting. 

During this period revisions were frequently accomplished in order to provide a 

form which ultimately employed a common terminology and approached the description 

of patient behavior. A detailed ,explanation of computers and data processing techniques 

were ultimately required for optimal system use by the staff. 

Factors invplved in development and use of the mark-sense forms' were as follows: 

• Observer relia1>ility 

• Length of time "needed to complete the forms 

• Development of a common data base 

• Training and evaluation of the nursing staff \ 

The. optical scanning device,. ,equipped with fiber optics and punch operation, will also 

accept addressograph and multigraph imprints. It is programmed to reject forms if 

they are incomplete in any way. 

E. 2. 4 Perceived Advantages:and Disadvantages of the System 

Other than the automated notes, "there are no other system requirements processed 

through the computer. Thus the test requests, medications, and census listing found 

in other systems ar,e omitted at Hospital B. 
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On the other hand, the education of the personnel through this developmental system 

is providing users with a deeper understanding of the computer's potential. 

The mark-sense form itself is considered to be an excellent means of achieving 

immediate recall of numero~;categories of information often omitted from the 

record of a psychiatric patie~. In a brief time period, one may review words and 

phrases* related to any of the"following 15 representative parameters of behavior: 

• Personal habits 

• Social behavior" 

• Verbalization, 

• Appearance 

• Social interaction 

• Intellectual be~vior 
'.' 

• Sleepmg and eating habits 

• Mood 
• Unit relationship 

• Attitude 

• Vital signs 

• Activities 

• Privileges 

• Treatments 

• Somatic difficUlties 

Descriptions of miscellaneous. behavior characteristics may also be provided. 

*Lockheed Missiles & Space Company, Documentation of Sample Observations, 
LMSC-689260, Swmyvale, Calif., 17 Mar 1969 (special report to Project Officer, 
National Center for Health Services Research and Development). 
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E.3 HOSPITAL C 

E. 3. 1 . Background 

This short and long term 3, OOO-bed hospital provides inpatient, outpatient, and 

emergency service for citizenS of a major city and any other individual requiring 

care. The annual admitting rate reported is 104,638 and there is an average occupancy 

of 2,224 (or about 78 percent)~ Of the 5,608 personnel employed, apprOximately 
", ". 

2,900 are assigned to nursing service. 

Since the services of this hospital are provided for anyone who seeks care regardless 

of ability to pay, the problemS. of county responsibility for continuing care impinge 

upon the services provided. Tracking of the care provided to the patients followed 

by their referral to other agencies has significant implications for data processing of 

the hospital records. 

The·hospital is certified by the Joint Commission of Accreditation of Hospitals, and, 

in collaboration with a major university, conducts an internship and residency program 

approved by the American Mecncal Association. Clarification of the organizational 

structure of county health services may be found in previously supplied preliminary 

documentation.* It may be nqte<i that these inclqde an extensive rehabilitation program 

and will provide a modern, ~~ated hospital information system when another hospital 

is constructed in a depressed"region of the city about 1971. 

.... ", .-

E. 3. 2 Background of the Syst.em Development 

In 1968, Hospital C conducted.a nursing system feasibility study. Rules were 

established, as specified by ~ Hospital Computer Center, to designate the system 

and subsystems of the nursing department. The rules document the program, file, 

report, and procedures within-the nursing system*. 

*See reference p. E-4. 
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At about the same time, two.computer projects were in process of evolution: (1) A 
\ . 

county hospital system using an IDM 360/40 on lease; (2) a university drug utilization 

study using an IDM 360/40 on a rental basis. Descriptions of the system designs* 

are to be completed. 

This EDP system is being developed in three stages. The first stage, now in progress, 

is an on-line admitting prog:r:am' At present, it contains two million names in patient 

files. A DOS/indexed sequential file retrieval system has been tested. Data cells and 

"Faster Coding" (Gentry) wiJ.1.be used. The hardware is IBM 360/40 with a 128K CPU 

and a series of remote termiD.aJ.s being installed in admitting and pharmacy. These 

terminals will be IBM 2260 CRT's and 2740 printers. 

The concept of the data bank Of patient files is evolving and both vertical and parallel 

modules will be used. Thus,not only will data abstracts be available at Hospital C, 

but also to other hospitals injhe country. 

In stage two, all service area$ of Hospital C will be on-line with direct C0~!!Ilmication 

to a larger CPU with more random access storage. 

The third stage will be the completion of the total system including all nine county 

hospitals. 

E. 3. 3 Features of the. System. 

Printouts. At the university.pilot unit, printouts are generated on request for census, 

diet census by room, and medication cards, as follows: 

• Census - Including identification data, admitting data, file number, age, sex, 

race, service, condition*. 

• Diet Census by Room - Including color coding by service every four hours 

when meal/? are served between 7:00 a.m. and 7:00 p.m.* 

*See reference p. E-4. 
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• Medication Cards - Including name of patient, patient file number, drug, dose, 

route, frequency and ·~iration date*·. Kardex inserts are also provided for 

use of nurses. 

Also in process is an.experimental development of gummed-back medication 

tickets to be used in liew of medication cards and provided with a printout 

of the order for the chart. 

At Hospital C, printouts are generated for ward reports describing the movement of 

patients for a 24-hr period*. .1:'bis is updated manually by clerk on nursing service 

(using red ballpOint pen) at anY·time of day. These are picked up periodically through­

out the day for computer update. 

Nursing Systems Coordinatiou.;·· A course is being conducted by the Nursing Systems 

Coordinator assigned by nursing service to the project. The curriculum includes 
.. 

basic terminology and discussion of approaches to computer usage appropriate to 

nursing. 

In addition, the role is one of.clarifying the decision-~aking responsibility of the 
~ . ,I 

RN* in relation to drug admini~tration. In essence, the RN is serving as a resource 

person to other nursing teamIQ.embers, as well as to the data processing and research 

personnel. 

E.3.4 Appraisal of the System 

There are two distinct projects underway at Hospital C. On the SO-bed pilot unit, a 

clerk performs data processing inputs. This experimental project is being conducted. 
'-';'.' 

on a Medical Surgical Unit under a Public Health Service Drug Study grant. There 

has been a reduction of paper .h3Iuning 4t relation to the delivery of medications 

only - since hand COpyUlg of th~Xardex and nurses notes relative to medications . . 

and medicine tickets are no long necessary. During the study phase, parallel record 

keeping has been required and increased staffing has been provided on the pilot· ward . 

*See reference p. E-4. 
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only. The record keeping thus far appears to have affected only the functions of the 

ward clerk whose responsibilities are directed to terminal operations and processing 

of phYSicians medication and diet orders. According to the interviewees, the. ward 

clerk (or terminal operator) is the primary interface for inputs and outputs on 

medications, diet lists, and end-of-shift reports. In general, information processing 

by nurses has not been affe~ markedly at this point. 

The developing system is seen by all interviewees as one that all personnel are 

encouraged to become more·'accurate in reporting. 

E. 3.5 Perceived Advantag~,and Disadvantages of the System. 
':." 

Users who have been working",with the system feel that they need a high-speed printer. 

In addition, some suggest th.8.t·data processing background is important to participation 

in the project. In that nurs~discuss problems directly with programmers, a system 

is developing which will have'practical use and is presumably patient-care oriented. 

This factor was strongly emphasized by all interviewees at Hospital C (" Co=,uter 

people and nursing staff worked together from the very beginning. "). 

In summary, attitudes of "cOOperation, thoughtfulness, creativeness and feelings of 

accomplishment" have been, developed and prevail on the pilot unit at the university 

and the data proces'sing gro$a~ the county hospital. 
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E.4 HOSPITAL D 

E. 4. 1 Background 

This 20o-bed hospital, opened· in Mar 1968, admits approximately 8, 933 patients 

annually. It reports an ave~e daily census of 189 patients and an estimated 87. 08 

percent occupancy, with aI.aXge emergency outpatient service. Of the 4.66 personnel 

employed, 227 are assigned to nursing service. 

E. 4. 2 Background of the SyStem Development 

In collaboration with the Medelco Company, Hospital DIS staff began to test the system 

in 1964 while still in their old hospital. As the requirements were established, nurses, 

Flexowriter operators, and clerks were provided with information on the use of the 

system, and were involved in ~ts development. Thus, when the new hospital was 
.4 

opened with the terminals inStalled, all personnel were thoroughly familiar with its 

operation .. The acceptance date of the system was July 1, 1968 (on a five year lease). 

Clerks were trained to perfo~ the f1exowriter function. 

E. 4. 3 Features of the System 

The Medelco system is a data ·collection system utilizing edge-punched cards, 

card readers, printers, and'a solid state specially designed computer. Source cards 

contain patient identification.: data prepared by Flexowriter (one for every newly ad- . 

mitted patient), and requests for medications, laboratory tests, and other hospital 

services. These are all stOl:ed at the nursing station. As services are requested 

(by written request of the physician), cards are selected by the clerk who sequentially . 

inserts them into the card reader. The message is disseminated to,.the receiving 

department and printed out Within 25 seConds or less. An arrow on the cards indicates 

the correct position of the edge punch for its interpretation by the computer. 

Although there are approximately 5,000 cards filed in logical sequence at each nursing 

station, the personnel appear to have adapted to this system quite comfortably. This 
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is no doubt due to their involv~ment in its development. The cost figures are not 

available; however, when the:interfacing device is perfected and a larger memory 

can be provided, it is felt that: this will be an economical system .. 

An additional feature of the ~$tem as it was demonstrated at Hospital D was sound­

proofing' of the printers acc0Ili:Plished by placing them in boxes lined with carpet 

material. 

Telephone calls for service as.:well as messenger services hav.e been markedly reduced. 

Plans for expansion include tying in a 100-bed extended-care facility to the memory. 

E.4.4 Appraisal of the System' 

There are limitations to the ~ility of the system, particularly in relation to 

reporting on the patient' s P~ss. Thus, it is management-oriented and as such 

has a definite value in reduc~the tedious clerical activities associated with proces­

sing orders. 

·E.4.5 Perceived Advantages·and Disadvantages of the System 

The system is an attempt to minimize clerical activities (tests and supplies) at nursing 

stations. As such,. it is successful. It is not directed to the problem of the patient's 

chUt, and therefore is extremely limited in the service provided. There are plans 

to expand Medelco's system ,jlut work in this area was not evident. 

E.5 HOSPITAL E 

E. 5. 1 Backg.round 

This 352-bed hospital provides impatient, outpatient, and emergency service. The 

annual admitting rate is '12,245 patients per year, an average census of 254, and an 

estimated 81.4 percent occupancy. Of the 686 personnel employed, 250 are assigned 

to nursing service. 
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E. 5. 2 Background of the System Development 

The development of a computer system began as a joint research project with a major 

university and was ultimately. to include fiv~ hospitals on a shared basis. Hypotheses 

were established in order to.~st the validity of the approach being used. The as­

sumptions were that a base mUst be established with source data derived from the 

patient, thus necessitating a series of new formats for data collection. 

A design for a proposed comIJUter-assisted total hospital system was prepared in 

1966*. The concept of the seq.uential doctor's and nurse's updates was feasible with 

the capability of the Controll)3.ta Corporation's Digiscribe. The formatting of displays 

was developed with committees of physicians and nurses working as teams. 

E. 5.3 Features of the System 

The Digiscribe terminal wasJocated at the center of a T-shaped desk, with peripheral 

equipment adjacent to the area ina completely separate room • The pilot unit is in the 

coronary care area and inclu~s a panel of closed-circuit television screens and elec­

trocardiograph oscilloscope.monitors. Thus, a unique feature of the system was that 

it combined the capability ofvisual observation of all patients and their cardiac status 

with on-line reporting·ofspecUic observations about them through the use of the Digi­

scribe cathode ray tube te~. 

Significant to the Hospital Etnformation system was the fact that hypotheses were 

being tested* and the user r~ements were being established by the physiCians and 
'.' . 

nurses on the pilot unit. TheSe individuals met at weekly intervals with a view toward 

organizing displays of descriptive terminology as related to the functions identified in 

the preliminary documentatibn. * A problem orientation was being used, such as "pain ," 

"anatomical location," "nature of ," etc. Specifically, the groups were organized as 

committees identified as follows: 

• Pilot Station Medical. Research Committee 

• Pilot Station Nursing Research Committee 

*See reference p. E-4. 
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The Medical Research Committees included both nurses and physicians, and were 

working on subtopics entitled:.· 

• Research 

• Observations 

Progress notes_;. 

Nursing notes 

History and phys,ical 

• Physician orders 

• Problem -oriented chRrt 

• Em ergency room 

The Nursing Research Committees worked on the following: 

• Joint Hospital reporting requirements (another nearby hospital was also 
--

represented on this committee) 

• Fluids and emotional~roblems 
Input and output 

Expectoration: 

Cough 

Mental/ emotioD.al status 

• Symptoms and medications 

The pilot 26-bed unit on which 'the automation effort was developed included a number 

of other experimental features such as drapes. carpets, beds. and monitors. 

A clerk was employed to perfo:m the tasks of transcribing many of the manual require­

ments of the system. In addition, a pilot nursing notes form developed for ultimate 

computer application was in use in manual form. * 

*See reference p. E-4. 

384 

LOCKHEED'MISSILES 8: SPACE COMPAr-.JY 



IIIII 

LMSC-682684 

E. 5.4 Appraisal of the System 

The use of a research approach with problem orientation appeared to have provided a 

sound basis for the development of excellent working relationships between physicians 

and nurses. In this project, a realistic and practical concept for optimizing the com-
" 

puter capability had been partially implemented. Economic and other considerations 

severely limited those world.ng on system development. As a result, the project was 

to be transferred to another area of the country. 

E. 5. 5 Perceived Advantages and Disadvantages of the System 

Users were attempting to resolve the problem of organizing data through a highly 

acceptable plan. Due to thelack of commitment at the administrative level, there 

were severe limitations pl~ upon the continuation and expansion of the system. 

E.6 HOSPITAL F- "" . 

E • 6. 1 Background 

This 58-bed hospital provides comprehensive care and rehabilitation for patients whose 

mobility and respiratory sta:te is impaired due to long term disabilities from<illjUry or 

illness. The average length-of ~tay is 30 days. Supported by a grant from:t!le'Public 

Health Service, the staff isi~volved in an evaluation of computer systems fo-rchospital 

use. Despite obvious dissi:qlnarities, there are similarities between the long and short 
, 

term hospitals in relation to 3.dmitting. patient-care management. and discharge. 

Using this rationale, Hospi~ F is attempting ,to pursue system pevelopment in terms 

of the process of patient care, clinical research, and hospital management. 
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E. 6.2 Features of the System 

The Hospital F Information System is supported by batch programs which provide 

daily. weekly, and monthly reports. It is being used primarily to test hypotheses I 

related to: 

• Obtaining current p~tient information from a data bank 

• Collecting data for s.hift reports 

• Updating information..' 

• Switching messages between terminals to log laboratory test requests 

and reports 

The system is operating throUgh a university teleprocessing facility. Terminals are 
.~ . 

operating in a conversationatmode to enter, display, modify, or delete records in 

Hospital F subfiles. Using t;hequery technique, calculations and reports are also 

provided as requested. 

A user guide* and attention toJ.he problem of reliability and/or system failure appeared 

to be significant features. O!""particular interest is the fact that users are not required 

to enter data, since this activity was seen to be a frustrating factor. Terminal oper­

ators were involved in the eVplutionary phase of this hospital information system. 

There is a real awareness of:Jh~ pitfall of becoming completely dependent upon the 

computer for patient-care data~ For example, manual backup is continued until the 

printout of the shift report ~been received. 

The activity plan (printout) provided includes the time, location, comment, by whom, 

and position of the patient, and is a Kardex insert for patient care at the present time.* 

*See reference p. E-4. 
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Continuing research conduct~ by the system staff of Hospital F is directed toward the 

following: 

• Collection of cost information 

• Time involved in collecting test results 

• Telephone calls 

• Frequency of appOintment cancellations 

These data, collected before-the system is operational, will be compared with the 

measurements performed afte~ the system has been introduced. In general, the system 

is still developing. There is,.a realistic awareness that: 

• Many seemingly small considerations may determine success or failure 

regardless of technical feasibility 

• Customizing of the system to user requirements will forestall its rej ection 

E. 6. 3 Perceived Advantages and'Disadvantages of the System 

The activity plan printout ap~ea~ed to have been well planned and adapted to the therapy 

program of individual patientS. Other ongoing services were not as readily perceived 

as reducing information handling at the nursing station. This may be attributed to the 

developmental nature of the ~ystem at Hospital F. 
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This appendix pr9~ides additional insight into the factors under­

lying selection of the Video Matrix Terminal for use in the total 

hospital informa~on system described in Section 7 of the report. 
: .. -
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Appendix F 

COMPARATIVE ANALYSIS OF TERMINALS FOR LABORATORY 
TEST REPORTING 

F. 1 BA CKGROUND 

Laboratory test reporting is ~ important area for any hospital information system, 

although it is only peripherallY-associated with nursing station functions. The material 

presented here was extracted.:from an in-house analytical review: of test reporting 

terminals. A terminal selection approach is presented in terms of a logical framework 

relating terminals to one another. Some familiarity with the types of terminals is assumed, 

and only brief descriptions of terminals and functions are included. 

The selection of the optimum array of test reporting terminals should be the subject 

of a requirements study as d~tailed as this study of nursing stations. Therefore, 

the present analysis is limited.- in scope and depth - to the experience and require­

ments of the medium-size short term hospital. The laboratories of such hospitals 

report some 100, 000 tests per year or about 400 test results per working day. Re-
.. , 

porting temniques, terminal:~election, and terminal utility will be considered in the 

discussion which follows. 
,. ". 

F.2 REPORTING TECHNIQUES 

The purpose of any laboratory reporting technique is to present accurate information 

to the physician in a meaning:ful form. Two methods are commonly used to achieve 

this purpos~: 

• Reporting slips are completed· in the laboratory and pasted in the patient's 

chart, usually in the order of receipt at the nursing division. 

• Results of laboratory reports are transcribed into the patient's chart, either 

in the body of the progress narrative or on a consolidated laboratory sheet, 

by clerks, nurses, or house officers working at the nursing divisions. 
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In the first method, laboratory report sheets are not consistently posted in the 

chronological order of sample collection; both the incorrect sequences and physical 

separation render the slips difficult to interpret and correlate; further, the individual 

slips are subject to frequent loss. In many institutions, on completion of the patient's 

stay, the contents of the laboratory slips are transcribed onto a consolidated sheet 

and the original slips are discarded. In the second reporting method, the slips are 

transcribed to the chart on receipt at the nursing station. This transcription is per-

f ormed in an uncontrolled environment, more often by clerks than by any other per­

sonnel, and transcriptions are'subject to undetected error. primarily because of 

isolation from the information-source. 

It is presumed that in an auto~ted. hospital information system, the test reports will 

be computer-consolidated into ,a single laboratory report sheet or contiguous group 

of sheets so arranged as to facilitate comprehension. 

One can make a good case for, replacement of individual report slips with a computer­

generated consolidated laborat;Ory sheet. Even at the expense of an additional intra­

laboratory transcription, -the' l3.boratory data transmission system via computer may 

represent net improvement in meaningful laboratory reporting. Concentrating all 

manual transcription in the laboratory is sure to improve accuracy relative to the 

second of the present methods: because of proximity to the information source . 
. -; . 

F.3 TERMINAL SELECTION -

In the ensuing discussion several. types of terminals will be considered as being 

representative of the variety of. available devices. These are briefly defined here 

to avoid possible ambiguities. 

teletypewriter - general purpose a).phanumeric device with keyboard input 

and output via typescript at 100 to 180 words per miilute. 

Examples include the Telex model 33 and mM 1052. 
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video keyboard - a typeWriter keyboard associated with a cathode ray tube 

display,capable of presenting alphanumeric characters. 

Display rates are typically from 2,000 to 20,000 or more 
.:-

words'per minute. Examples are the IBM 2260 and the 

CCI300. 

video matrix - a cathode ray tube display associated with a keyboar~ but 

usual~Y'operated directly by selection of words presented 

on the display screen, the selection mediated by any of several' 

ways ,,:!Bcluding light pen, photoelectric beam interruption, or 

touch..:~~ilsing faceplates. Examples include the Lockheed 

Video Matrix and the CDC Digiscribe. This class specifically 

exclu~~ the IBM Optical Image Terminal because of the 

limitec:ibranching capability associated with filmstrip display 

storag~. 
: r.' '. 

special keyboard - a mi;X¢ category, "special" indicating that these terminals 
. .;. - . 

mark-sense -

are to~:be used for limited-scope reporting, as opposed to the 

teletype and video keyboard which can handle any scope of 

infor~tion. In general this class of terminal has three 

fields::explicit or implicit (in addition to function controls) -
~ -, 

patient identification, test identification, and reported values. 

Exam~i~s of this terminal include the BSL terminal and the 

IBM 1092. 

recor~Hng using forms.: printed on paper or card stock with 

variable' data entered by pencil or ink marking and interp­

retatioll by photo-optical or electroconductive sensing. 

differential counter - representative of ,a class which might be called single­

function keyboards, i. e., a keyboard designed for reporting 

of a single test. In addition to having single-key depressions 
. -

enter a variable, a differential counter terminal may work in 
I 

conjunction with the computer to accumulate and display totals 
'- ' 

from one or several keys. 

direct interface - a terminal type that usually involves analog-to-digital or 

digital-to~gital conversion equipment and is used to 
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interface equipment such as the Coulter counter or the 

Technicon autoanalyzer directly to the computer without 

intermediate recording or transcription. 

Keypunch is not included among the above terminals inasmuch as its use in the 

laboratory would generally require two data transcriptions. 

In Fig. F-l, these terminal-classes are cast into a reporting hierarchy; the specific 

devices are indicated by capital letters and the paths linking them by lower case 

letters. Reading from left to'right, there is a trend from general use to specific­

application terminals, and any terminal shown may assume the functions of those below 

it and to the right. Examples of tests which might be efficiently reported using each 

terminal are suggested below the hierarchical structure. These devices fall clearly 

into two categories: broad aperture devices capable of reporting almost any kind 

of information, such as the teletypewriter , the video keyboard (VKB), and the video . -

matrix (VMT); and narrow aperture devices, which are best adapted to reports re­

quiring limited thesauri, such as the special keyboard (SKB), the mark-sense (MS), 

the differential counter (DC). and the direct interface (DI). . The direct interface is 

an example of a terminal for which the thesaurus is in effect limited to preset or 

sequential test identification and digits reflecting the value of the test variable. Note 

also that reporting by the left side of the hierarchy is transcriptive and reporting by 

the right side is d~ect. In the differential counter the data are entered as generated 

and the reported information is developed by the computer; with the direct interface 

it is entered by direct conversion of test equipment readouts. 

In Fig. F-l the teletypewriter (TTY) is included both for historical completeness and 

because it is a highly useful device for generating test identity cards (TIC), a test 

request which includes identification. As is well-known, it is not a very good stand­

alone reportmg device. The prime criterion for a test identity card generator is 

that it must generate both man- and machine-readable documents, both in the labora­

tory and throughout the hospital. This criterion quickly narrows the selection of 

TIC generators to teletype devices. (Identity card readers eliminate manual trans­

cription of repeated data, thus reducing errors.) The key relationships that establish 
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the hierarchical structure are as follows: the teletypewriter ($500 to $1,500) is a 

universal input/output device which generates hard-copy output in a relatively slow 

manner. This encourages replacement of its output with a soft display, as on the video 

keyboard ($4,000 to $7,000) , achieving thereby a ten to one-hundredfold increase in. 

output rate, operational silence, and simplicity of input verification and correction. 

The video matrix terminal ($l~, 000) has the a~ributes of the video keyboard but 

offers increased speed for reJ)Orting tests using limited reporting thesauri by oper­

ating in a word-selection mode~ Many of the operator-training and compUter-editing 

problems of the video keyboai-d and teletypewriters are minimized or eHminated. 

This is probably the most poWerful terminal available. It is flexible, fast, accurate, 

easy to operate, and there m~ be a very good reason to justify branching along path 

g (Fig. F-1) to more specific~~inals. The principal reasons for pursuing this path 

are not in the sphere of reportiDg speed or accuracy, at least for a small hospital. 

They are more in the sphere of .. economical physical dispersion of termina1s, tech­

nician .labor saving, ·and impro.ved accuracy in test performance and res·ult calculation. 

The special keyboards may be produced for less than $2, 000 and therefore may be 

deployed throught the laboratory to accept results close to the test-performance. site. 

Probably the best of the special keyboards yet developed is the IBM 1092, the functions 

of which can be altered by the: use of plastic overlays. The limitation of the 1092 is 

that the keys in a given columil.are disjunctive and the simultaneous entry of multiple 

key depressions in·the same co~umn is impossible, thereby Seriously constraining 

entry from some sites, e. g. , ·microbiology or urinalysis. A very useful input device 

would accept multikey depressions in at least one major field. 

In reporting capability, the mark-sense system is much like a single keymat-operated 

1092 with substitution of pencil or ink marks for key depressions. Mark-sense readers 

are now available for under $2, 000. They are comparable to the special keyboard, 

but can use a single reader to handle data from widely scattered collection· points 

merely by hand-carrying the cards. This is probably the least expensive method of 

. data collection to be localized to the site of manually-performed tests. If mimeo­

graphed or printed cards are Used for the mark-se,nse forms, the problem ot chang­

ing card content is small and similar to that associated with altering the functions 'on 
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special keyboard keymats. If the mark-sense forms are generated by teleprinter 

or computer printer, changes may be inserted by software revisions alone. 

As noted before,· the above methods are transcriptive. Path j. in the hierarchy 

leads to the nontranscriptive oIl-line devices - the differential counter and the direct 

interface. In the direct interface category, the best example of digital-to-digital 

conversion is the Coulter counter, in which individual cells are counted photoeleGtric­

ally and totaled. In the analog-to-digital interface with the Technicon autoanalyzers , 

the computer reads successive analog values from the spectrophotometers, extracts 

the slopes, selects the peaks reached for each variable, and converts to digits j manual 

curve reading and/or transcription of developed digits are eliminated. In the differ­

entialcounter and the digital':'to-digital example of. the direct interface, the summation 

of observed cells on electronic versions of Veeder-Root counters and subsequent 

manual transcription is supplimted by direct reporting to the computer file after 

review and acceptance by a technologist. 

F.4 TERMWAL UTILITY 

In the community hospital there is little labor saving to be gained by replacing the 

video matrix with the specialkeyboard, since in those tests for which the SKB seems 

best suited the test volumes reported. are small. The mark-sense reader may be 

attractive (particularly if t1ie- MS reader is already available for sample identification) 

for reporting items such as urinalsis, since urinalysis is usually a multi-station 

procedure and the card can follow the sample, storing data as it is generated and 

recorded. For a typical medium-size hospital (e. g. , where 30 to 50 differential counts 

are performed daily) , savings from a differential counter may be limited, .since its 

prime utility is in totaling the cells reported. This counting activity is now being 

performed satisfactorily by mechanical devices j only the transcription of results 

(30 to 60 minutes/day) will be supplanted. This may be a meaningful saving if it 

can be recovered and is generated at low cost. 

The quantities of data to be transcribed and calculated in the current noncomputerized 

implementations of the test groups that are the most likely candidates for direct 
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interface automation - hematology and biochemistry - are fairly significant. An hour 

would probably be required to transcribe by VMT the 100 biochemistry values per 

day from the autoanalyzer as raw data (el~ting manual calculation), review the 

computed results, and transmit the results to the patient record. In both test groups, 

automation reduces the opportunity for error. The more fundamental gain in the 

direct interface group is in the labor saving of actual test performance, but this 

gain is achieved by the autoanalyzers and Coulter counters without connection to an 

information system. 
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