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ABSTRACT

DESIGN OF A TOUCH-TONE BASED MEDICAL
INFORMATION SYSTEM

by Joseph Pierce Nevin

Submitted to the Alfred P. Sloan School of Management
on January 15, 1969, in partial fulfillment
of the requirements for the degree of
Master of Science.

The problem studied is that of whether or not the
touch-tone telephone handset is a viable terminal alter-
native for the development of information processing
systems.

To provide a background for this project both a
review of previous Titerature in this area and an intro-
duction into the technical foundations underlying touch-
tone technology is provided.

The information flow of the Lahey Clinic laboratory
is examined in detail and problems relating to accuracy
and time delays in the medical test result reporting
process are jdentified. The touch-tone telephone is
contrasted with the IBM 2260 character display device
in terms of its usefulness as an I/0 terminal for a
communications based system designed to eliminate the
reporting problems. An analysis indicates that the touch-
tone handset is highly attractive from the standpoint of
cost but falls short in other critical areas such as
speed, visability of the interaction pattern, and complex-
ity of the transactions it can handle.

It is suggested that the touch-tone terminal has
greater marginal value in environments where I/0 is
minimal and where transaction complexity is low. Accord-
ingly, its shortcomings inhibit its use under a stand-
alone, total information system concept. The device ap-
pears to have its most significant role as a support tool



to a comprehensive information system. By strategically
placing keyboard devices in primary locations and backing
the system up with Tow cost touch-tone terminals at
secondary points it appears that the optimum cost effective
system could be developed. Further research is necessary,
however, before any firm conclusions can be reached.

Thesis Supervisor: John F. Rockart
Title: Assistant Professor of Management
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CHAPTER 1

INTRODUCTION

I.1 OBJECTIVES

The objective of this thesis is to demonstrate that
the touch-tone telephone handset is a viable terminal
alternative for the development of information processing
systems. In support of this objective are three sub-goals.
The first is to establish a comprehension of the technology
involved in terms of what issues must be covered to interact
meaningfully with this kind of hardware. A second is to
contrast touch-tone terminals with more conventional keyboard
devices in terms of identifying the classes of problems for
which they might prove useful. The third sub-task is to
illustrate the system design process necessary to support

a communication oriented information system.

It is hopeful that after the completion of these
tasks that the issues raised will prove useful in reevaluating
the direction of current information system trends toward
the development and use of sophisticated and "Sexy" terminal
devices. It is suggested that there is a subset of activities
in which slow, low cost, and unsophisticated on-line terminal
devices may prove to be desirable in terms of overall effec-

tivness. It is toward identifying this spectrum that we begin.
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I.2 MEDICAL INFORMATION SYSTEMS

Having selected the task of developing a medical
information system it would prove useful here to define
exact1y what is meant by such a system. A medical information
system is defined to be an organism capable of providing
information processing support to medical practioners and
auxiliary technical and paramedical personnel engaged in
the health delivery process. These information processing

requirements can be classified into two major areas:

A) Diagnostic support activities

B) Administrative support activities

Diagnostic support activities involve decision making
aids for diagnostic purposes, providing medical test results,
access to health data banks, computation aids, and patient
data retrieval. These activities involve a reasonably high

degree of interaction with highly trained medical personnel.

Administrative support activities are those tasks which
provide for patient admission, discharge, and scheduling,
accounting functions, payroll, billing, third party payment
systems, and the development of financial information systems.
These tésks differ in that interaction occurs at a somewhat
lower level of medical competence, often with personnel who

have 1ittle or no medical training.
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We are jnvolved with the development of an information
processing system that must interface with a wide spectrum
of medically oriented personnel. It is felt that touch-tone
technology (the appiication of end-to-end signaling concepts)
is in fact a highly useful and underutilized tool applicable

to such systems.

1.3 RELEVANCE

Questions might be asked regarding the usefulness of
demonstrating the telephone handset as a viable terminal
for the devé]opment of medical information processing systéms.
With many highly sophisticated computer terminal devices
being developed why, in fact, should one promote a simple,
apparently inflexible, numerically oriented, and Timited
thruput device to process apparently complex alphabetical
medical I/0 transactions? This subject deserves a reasonable
degree of attention and can be discussed in terms of five
critical areas: cost, reliability, universal accessibility,

underutilization of resources, and ease of use.

COST

Cost can play a significant role in the feasibility of
touch-tone based information systems. Under Massachusett's
Tariff the cost of the touch-tone option for the telephone

handset is $2.00 per month in a commerical environment. This
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can be contrasted with $75.00 - $100.00 a month for communi-
cation oriented keyboard terminal devices available with

today's current state of the art.

RELIABILITY

Reliability is an important factor bdth in terms of
inconvenience and in terms of the cost incurred to repair
the malfunction. Touch-tone telephone reliability is high
and'the telephone company assumes all maintenance functions.

More expensive terminal keyboard terminal devices such as

teletypes, IBM 2741's, and IBM 2260 character displays possess

intuitively lower reliability and the maintenance costs are
often covered only when an optional maintenance contract is

signed.

UNTVERSAL ACCESSIBILITY

Without question the telephone is the most widely
available terminal device manufactured today. For a
small investment an organization can utilize this instrument

for a wide variety of information processing tasks.

UNDERUTILIZATION OF RESOURCES

Given the capabi]ities inherent in the design of touch-
tone te]ephones and the current state of the art in communi-
cations techno]ogy, the touch-tone telephone handset is an

extremely underutilized instrument when used only for voice
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communications. A by-product of the voice communications
capability is an extremely good Tow speed data communications
capability, a factor which ought to be considered when design-

ing information processing systems.

EASE OF USE

Given that the great majority of medical and paramedical
personnel have a reasonable degree of familiarity with a
telephone instrument the telephone can not be considered a
foreign device. This would be expected to produce a favorable
learning curve in the training of personnel for a system

implementation.

1.4 ENVIRONMENT

The construction of this thesis takes place in the
environment of the Lahey Clinic, Boston, Massachusetts.
The Lahey Clinic, one of the largest outpatient clinics
in the United States, currently supports a professional
staff of approximately 100 physicians in addition to over
600 professional and non-professional staff members. Further
information on the history and development of the Clinic

may be found in Frank H. Lahey, M.D., published by the Lahey

Clinic Foundation. (22)

I.5 SCOPE

The thesis is structured in the following framéwork:
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Chapter I contains general introductory statements
covering both the objectives and relevance of the
effort.

Chapter II discusses previous work in the area of
touch-tone based systems and its significance to
this thesis and to information systems in general.
Chapter III provides a technical background in the
area of touch-tone technology.

Chapter IV outlines the environment of the Lahey
Clinic as it relates to the ordering of medical
tests. The Taboratory is examined in detajl and
problem areas in the reporting of test results are
identified.

Chapter V illustrates the process necessary to
design a communications based information system

in an environment such as Lahey. Contrasts are

made between traditional keyboard devices and touch-
tone handsets as well as several different hardware
systems, each capable of supporting such an informa-
tion system.

Chapter VI will summarize what has been accomplished
and suggest implications as to where touch-tone

based systems may prove useful.

Having set the tone of the thesis the next step is to

identify previous work in the field of touch-tone technology.
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CHAPTER II

PREVIOUS WORK

The object of this chapter is to indicate previous
work in the application of touch-tone based terminals to the

processing of information.

In general there has not been an extensive amount of
work in this field. This I believe is to be a result of four

principle factors:

A) The touch-tone telephone was not introduced into
commerical service until the middle of the 1960's.

B) The initial touch-tone telephone had only a ten
button dial which in effect meant that no control
characters were available to signify either
operations or the bounds of data.

C) The limited geographic availability of touch-tone
service.

D) The professional zéa1 inherent in the computer
industry towards the development of more and more
sophisticated and complex hardware devices. It
is felt that this technical enthusiasm has to a
great extent overlooked the touch-tone telephone
handset as a viable terminal.

In an effort to structure the previous work in this area

the following three classifications were‘se1ected: off-line
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applications, on-line applications, and general research.

II.1 OFF-LINE APPLICATIONS

0ff-line applications of touch-tone technology are
defined as information processing systems having no direct
hardware or software interface with a computer system. This
implies that there 1s'no feedback mechanism inherent in the
design. In general most, if not all, off-l1ine touch-tone
based systems are configured to have a touch-tone telephone
handset, connected through the telephone switching network,

operating an IBM keypunch. See Figure 2-1.

There is a wide discrepency in reported error rates
using off-Tine systems. Two implementations are represen-
tative of this. Gino's Fast Food Resturants, although they
admit to an extremely high turnover rate, report a 10 percent
error factor. In another report, advertising literature by
the company that installed a system at High's Dairy Stores
indicated an increase in accuracy from 100-125 errors per
10,000 transactions to 6-12 errors per 10,000 transactions.
To make further comments on the error rates of off-line
systems is difficult because the majority of companies do

not compile statistics.

In general jt can be said that the advantages of off-line
systems are their Tow cost, and their ability to increase

the speed of information flow. The disadvantage is the lack
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of feedback and a questionable error rate.

" II.2 ON-LINE APPLICATIONS

On-line applications of touch-tone technology are defined
as information processing systems having a direct>hafdware
and softwaré interface with a computer system. This generally
implies the existence of an audio response unit. Although
Tittle literature exists for on-line systems two major

implementations are representative of progress in this area.

The Rohr Corporation has implemented a control system
for job shop flow using a 360/50 with an IBM 7770 audio
response unit (37), (38). The system is based around data
co11éction stations throughout the job shop which monitor
job shop work and parts flow. Reports are that the accuracy
of order-location information is 40 percént better than with
the former data collection system (95 percent of the work in
process can be located as opposed to only 35 percent with

the previous system) (38).

Another major application was operated on an experimental
basis in a joint effort by the Bank Of Delaware, Storms Shoes,
and ATA&T. The'objective was to study the practicality of
customers making purchases and having their charge accounts
updated through the telephone instrument. The hardware uSgd

in this system consisted of an IBM 1410 computer with a
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1301 disk file and an IBM 7770 audio response unit. The
pilot study was rated highly successful and the only major
obstacle was the lack of a method to produce coded identi-

fication cards on a mass scale. (04)

I1.3 GENERAL RESEARCH

The great majority of the literature in the field of
touch-tone technology has been pub1ished’in the area of
what I classify as general research.

In 1966 Davidson (10) examined the issue of whether
the touch-tone telephone could input alphanumeric infor-
mation to a computer system. He discussed a possible
rearrangement of the alphabetic characters on the touch-
tone dial so as to include the letters "Q" and "Z" which
do not currently appear. The basic problem with this idea
of rearranging the dial layout is that this would eliminate

the compatibility between the touch-tone telephone and the

rotary dial telephone, a task which would appear to not be

in the telephone company's best interests.

Conway and Morgan (08) discuss a rather dubious scheme
of using the touch-tone telephone as a timesharing terminal.
As a by-product of their work they do, however, derive a
more practical method for providing alphabetic capability
by using a two button sequence for each character.

Smith and Goodwin (29) have done an excellent job of
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raising human engineering issues associated with touch-tone

technology. Two of the more interesting ones are:

A) User controlled output - By allowing the user to
control the pacing of his output, Tost information,
either from lapsing attention or interruptions, will
be minimized.

B) Voice coding - By using more than one tone of voice,
different classes of information can be presented.
This is analogous to using multiple colors in a
visual display device to indicate various classes,
or relevant importance, of data. Example - A helpful
nurse's voice provides instructions while an authori-
tarian doctor's vdice provides critical medical infor-

mation.

Two new and different terminal characteristics are also

identified. These are:

A) No capacity for simultaneous display of multiple
alternatives for terminal selection.

B) No capacity for remembering previous output, a
limiting factor in the complexity of touch-tone

terminal transactions.

The Division of Computer Research and Technology of

the National Institutes of Health has undoubtedly produced

g e p e SR
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the largest volume df research in evaluating the usefulness
of the touch-tone telephone handset for medical applica-
tions. The focus of their efforts has been to develop
mefhods{to give physicians and paramedical personnel low
cost, fast access to up to date medical information which
is not easily available through more conventional sources.
Applications to date have centered around therapy computa-
tions, drug informétion, diagnbstic assistance, Titerature
inquiries, computer aided instruction, and hospital infor-
mation processing functions. Several articles have been
published as a result of these efforts. They are as
follows:

Allen and Otten (01) explore the’contept that the
telephone is a useful tool to allow small medical organiza-
tions and individual practioners to apply computer-tech-
niques to their problems without facing high cost, difficult
operating procedures, and machine unavailability. Selecting
three parameters (convenience, reliability, cost) as the
basis for evaluating the touch-tone terminal for medical
usage they conclude that the instrument appears to be a
highly useful terminal for short computer problems and
inquiries.

The most interesting idea they present is the applica-
tion of the callamatic telephone as a useful tool for input-

ting alphabetic medical terms. Additionally, four alter-
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natives are suggested to alleviate the hard copy problem.
| A) Use of an office dictating machine to make voice

recording of all computer communications.

f B) Recording of all input and output transactions on
magnetic tape.

C) The routing of all output to a local facsimile

copier.

P

D) The routing of output to a local telegraph office.

White, Allen, Otten and Swarthe (36) propose a computer
network for medical data processing that can be used with
touch-tone terminals. They point out that the sharing of
programs is infrequent because much effort is spent program-
ming similar medical packages for different equipment con-
figurations. The a]ﬁernative is to avoid this reprogram-
ming by allowing access to many different machines via a
single interface

The core of the system presented (See Figure 2-2) is
a mini-computer interfaced to an audio response unit. By
logging into this mini-computer and indicating which task
or tasks one wishes to perform it in turn dials up the
-appropriate computer, logs the user in, and then acts as a

Tine concentrator, providing audio response capability for

interaction with computers that have no audio response
units.

E Otten, Allen, Plexico, and White (27) discuss an
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experimental audio input-output system for medical infor-
mation which is based upon delta modulation techniques.
The system allows updating of vocabulary files from a
remote telephone terminal. Speech signals are processed
with an analog-to-digital converter at the rate of 10,000
‘samples per second. These signals are then compressed to

one bit per sample and stored on a random access file.

The techniques used here were selected on the basis of
a tradeoff in favor of Tow hardware cost versus heavy
computer overhead. Although at this time delta modulation
might be adequate for experimental work the computer
capacity required to operate the system would rule out
its use in any large application. The authors point out
that their voice response system resulted from a need to
provide an operational system at minimum cost and suggest
that other more practical techniques are available for
commerical systems. The article does provide a useful
introduction to delta modulation voice generation tech-
niques and the identification of the design parameters

used in this particular application.

IT.4 SUMMARY

Having identified the research environment as the
major source of previous literature and thought, let us now

examine the technical issues under]y?ng touch-tone systems.
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CHAPTER TIII

TOUCH-TONE TECHNOLOGY

Touch-tone technology is a term referring to the tech-
nical foundations underlying the use of the touch-tone tele-
phone handset to transmit and receive data over the telephone
switching network. It is assumed that these technical foun-
dations are not usually known. The objective of this chapter
is to provide this background information in order that a
reasonable Tevel of comprehension may be obtained for use in

Tater discussions.

Touch-tone technology will be discussed in terms of
three elements: terminal devices, audio response units, and
communications issues. The rest of this chapter is devoted

to these topics.

ITI.T TERMINAL DEVICES

The rotary dial telephone does not prove to be practical
for use in data transmission. It generates signal pulses
that open and close a circuit each time a number is dialed,
very similar in nature to a telegraph. Each digit is repre-
sented by a chain of pulses with the pulse chain Tength
corresponding to the numeric value of the digit. The imprac-
ticality for data transmission lies in the difficulty 1in

distinguishing between line noise and,heaningfu] data. It
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is not feasible to filter line signals with the degree of

precision necessary to attain an acceptable degree of accu-

racy.

The development of the touch-tone telephone made the
telephone a practical terminal for data transmission. The
touch-tone differs from the rotary dial in that each digit
is represented by different combinations of twd discrete
frequency tones out of a four by four matrix, one from a
Tow group (measured in Hertz) and one from a high group.
"This matrix yields 16 possible digits or characters. A
diagram of this matrix and its relation to the touch-tone

dial may be seen in Figure 3-1.

The discrete frequencies chosen to produce this matrix
were selected using parameters designed to minimize misinter-
pretation of the signals, ie. mutually exclusive of frequen-
cies 1ikely to be found in noise, music, or human speech.
Currently 4 of these 16 frequencies are unassigned and remain
available for future transmission requirements. For a
detailed discussion of the parameters considered in selecting

the touch-tone frequencies see Battista (05).

The frequency that is produced by the depression of
a touch-tone dial button is an analog tone, similar to a
musical note. These tones or signals are transmitted down
the telephone Tine in the same manner as voice communication.

This signaling convention thus allows the touch-tone tele-
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phone to continue transmitting meaningful information once
the telephone connection to the other party has been reached,
a concept known as end-to-end signaling. With the proper
device at the other end of the Tine to decode these frequen-
cies the telephone circuit now has the capability to support

data communication.

For general information on the touch-tone handset see
Auerbach's "AT&T Touch-tone Telephone Handset Report" (03)
and Hiatt (14). For an excellent and detailed technical
discussion of touch-tone development and operation see

Kraemer (21) and Soderberg (30).

ITT.1.1 BELL TELEPHONE HANDSETS

There are a wide variety of touch-tone oriented instru-
ments offered by the Bell System in addition to a growing
number of independently manufactured terminals. We will now
discuss these devices. A1l costs referenced that relate to

telephone service are based upon Massachusett's Tariffs.

TOUCH-TONE PAD

A touch-tone pad is an auxiliary unit that is peripher-
ally attached to a rotary dial telephone for use in generat-
ing touch-tone frequéncies. There are two environments
applicable to the touch-tone pad. The first is where the
central telephone office is not equipped to handle touch-tone

in{tiated dialing and the second is in a geographic area
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where touch-tone service is available but the internal
telephone network of an organization does not have touch-
tone capability. The use of a touch-tone pad involves a

$5.00 installation charge plus $2.00 per month.

TOUCH-TONE HANDSET

The touch-tone handset is merely a telephone that has
a three by four matrix of buttons replacing the rotary dial.
Originally this handset was produced in a ten button version,
minus two control characters (# and *), but all units current-
ly being produced have a twelve button dial. The additional
two buttons serve several purposes. For the telephone
company the control buttons will be used to provide advanced
telephone services such as automatic rerouting of telephone
calls. For data transmission the buttons prove useful in
providing control characters that can be distinguished from
the standard numeric digits. The local central office must
be equipped for touch-tone service in order to use a touch-
tone handset. It carries a $5.00 installation charge plus
$2.00 per month service charge. For further information on
the history and development of the touch-tone handset see
Kraemer and Roscoe (21). For a description of the instrument

see Auerbach (03).

TOUCH-TONE CARD DIALER

The touch-tone card dialer is a touch-tone handset

- e il
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with the addition of a card reading mechanism. This mecha-
nism allows the unit to read a 14 digit plastic card at a
speed approximating 10 characters per second and to translate
these digits into multifrequency dialing tones. Initial
tests indicate that dialing errors produced while using the
card dialer option were extremely low, being on the order
of .3 percent (12). 1Installation of the touch-tone card
dialer is $5.00 and the additional monthly charge for this

service is $3.50.

CARD DIALER PAD

The card dialer pad is similar to the touch-tone pad
with the addition of a card reading mechanism. The instal-

lation charge is $5.00 and the monthly charge is $3.50.

CALLAMATIC

The callamatic telephone is a touch-tone telephone hand-
set containing a magnetic tape cartridge capable of storing
up to 500 16 dfgit numbers. Access to a given section of
the tape is through a motorized alphabetic index (the entire
tape may be scanned in 7 seconds), while access to a specific
entity is obtained via a non-motorized calibration dial.
Visual identification of a number is obtained via a paper
tape, with each position on this tape corresponding to one

position on the magnetic tape.
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The callamatic is useful in data communication in
that any information string, either a1phabétic, numeric,
or special symbo]s; may be represented on the paper tape
with é corresponding numeric code recorded on the magnetic
tape. This enables one to input complex information strings
in an environment that at first glance appears to be com-
patible only with numeric data.

In order to dial a telephone number or to transmit an
information string one must press a button labeled "call"
and the data on magnetic tape‘which corresponds to the
information string on paper tape is translated into multi-
frequency tones. Installation charge is $15.00 while the

monthly surcharge for callamatic service is $14.00.

IIT.1.2 HANDSET OPTIONS

Use of‘the touch-tone telephone handset for end-to-end
signaling requires certain features built into the handset
to insure error free operation. The two primary features
are the polarity guard circuit matrix and the transmitter

‘exclusion feature.

POLARITY GUARD CIRCUIT MATRIX

The polarity guard circuit matrix is electronic
circuitry designed to prevent the dial oscillators from
becoming inoperative when the polarity of the power sup-

plied to the battery reverses. This may occur during a Tong
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distance call, but normally occurs after and not during the

dialing process.

TRANSMITTER EXCLUSION FEATURE

The transmitter exclusion feature is a circuit to block
voice and background noise picked up by the handset micro-

phone while the multifrequency tones are being transmitted.

IIT.1.3 INDEPENDENT MANUFACTURER SUPPLIED TERMINALS

There is an ever enlarging variety of independently
manufactured touch-tone based terminals entering the market-
place. We will now indicate the general classes of these

devices.

The largest variety of independent devices are of the
portable and acsoustically coupled construction. These
devices range from the standard 12 button numeric dial to
alphabetic keyboard terminals. Some of these units are also
equipped with optional strip printer devices to provide hard
copy. The most advanced touch-tone terminal on the market
automatically dials a remote telephone number, sends a
terminal identification number, sends the identification
number off a credit card or identification badge which is
inserted in a slot, and then sends the value of.a numeric
digit register which can be set to any given value, all

-

with no manual intervention. 1In general, these devices
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do hot replace a telephone but rather work in conjunction
with it or operate independently of it. Offsetting the
advantageslof hard copy or portability are two notable
disadvantages. The firsf is the fact that these terminals
are not dual purpose in the sense that voice conversations
can not occur (except the receiving of audio respohse
messages) and secondly, the more significant issue that

maintenance is not provided by the telephone company.

ITI.2 AUDIO RESPONSE UNITS

An audio response unit is a peripheral device, general-
1y interfaced to a multiplexor channel (or its equivalent)
of a computer which allows the formation of human voice
responses as an output medium. Audio response units may
be classified into two functional tyﬁes: analog and
digital. The chief distinction between these two methods
of generating voice output involves tradeoffs regarding
the size of the vocabulary, the number of simultaneous
access channels, and cost. The distinction between analog
and digital response units and the advantages and disad-
vantages of each are as follows:

IIT.2.1 ANALOG AUDIO RESPONSE UNITS

An analog audio response unit has a prerecorded vocab-
ulary one word per track, on a magnetic or photographic

film durm. Generally each track may be accessed in parallel
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through time division multiplexing, either by placing a read
head on each track (magnetic recording) or by sensing a 1ight
beam modulated by prerecorded audio and detected by silicon
photo-sensitive cells (photographic film). Photographic film
drums are less sensitive to wear than magnetic drums because

there is no read mechanism directly touching the film.

Access to a vocabulary word is obtained under program
control by sending the analog audio response unit a string
of drum addresses of words comprising the response, one

string for each output channel.

The two major manufacturers of analog audio response
units are IBM with its 7770 audio response unit (03), (18)
who use a magnetic drum and the Cognitronics Corporation
which markets a Tine of photographic film units called
"Speechmakers". An extremely good operational description
of the "Speechmaker" unit (07) is published by Cognitronics
and is highly recommended reading for a detailed feel of

the operation of an analog audio response unit.

ADVANTAGES

The advantages of analog audio response units are:
A) The Tow computer overhead involved since the words
do not have to be constructed and only drum ad-

dresses must be generated.
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A large number of simultaneous output Tines is
possible since each output Tine is time division
multiplexed.

Lower hardware cost since you do not need voice
synthesis hardware for each output channel. 1In
general it can be said that with a smaller number
of output channels digital audio response units
are cheaper but with a Targer number of output
lines audio tethniques are least costly.

Low I/0 channel utilization since the vocabulary
is prerecorded and it does not have to be assembled
from bit strings residing on mass storage as with

digital techniques.

DISADVANTAGES

The disadvantages of analog audio response units are:

A)

C)

The size of the vocabulary is Timited by the number

of tracks on the analog drum. Currently the maximum

vocabulary size for an analog unit is 255 words (35).

There is significant difficulty in modifying the
vocabulary since it is prerecorded at the factory.
Each vocabulary word is allocated a fixed output
time regardless of its length which may result in

uneven spoken phrases.
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II1.2.2 DIGITAL AUDIO RESPONSE UNITS

A digital audio response unit has a prerecorded vocabu-
lary in digitally coded form that is stored on some form
of random access storage device, usually a drum or disk.
The sequence of bits in a given word represent the timing,
frequency, and energy associated with the spoken word. To
generate an audio response reply one inputs to the audio
response unit the digital bit string representing the word
to be spoken. This bit string is used to activate a set of
band filters that cover the telephone frequency band. The
sum of these band filter outputs produce the audio response

reply.

Digital audio response units require voice synthesis
hardware for each output channel, a factor which can result
in high cost with a large number of 11ne$. The IBM 7772
audio response unit is the only major digital unit manufac-

tured at this time (03), (19).

ADVANTAGES

The advantages of a digital audio response unit are:

A) Since the vocabulary is stored on random access
storage the size of the vocabulary is limited only
by the storage available. The 7772 requires approx-
imately 2,400 bits of random access storage to store

one second of audio output.
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B) The vocabulary can be modified with relatively
1ittle effort since a new vocabulary word merely
requires the addition of a new bit string.

C) Vocabulary entries are not restricted by fixed

| time unit intervals.

D) Digital audio response units are less costly for
use in applications where a small number of output

lines are needed.

DISADVANTAGES

The disadvantages of a digital audio response unit are:

A) The high computer overhead necessary to process
the vocabulary word bit strings.

B) Heavy disk and I/0 channel utilization necessary
to access the bit strings from mass storage.

C) Constraints on the number of simultaneous users
due to the cost of the voice synthesis hardware
and the overhead associated with each output
channel.

D) The requirement for mass storage in the computer

configuration.

II11.2.3 SUMMARY

The relative advantages and disadvantages of analog
and digital audio response units have been discussed. For

applications in the field of medicine it appears that the
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greater flexibility inherent in the digital unit and the
1$rge medical vocabulary in use favors the use of digital
audio response units in medical applications. The limitation
on the number of lines that can be processed should prove

to be no great probiem since a relatively large number of
telephone transactions can occur with a small number of

Tines (19).

For a decent discussion and evaluation of the major

audio response units available now see Weitzman (35).

I11.3 COMMUNICATIONS FACILITIES

This section will outline some of the communications
facilities that may concern the designer of touch-tone
based data transmission system. It will not be a compre-
hensive discussion of the telephone services offered by
the Bell System. It will however attempt to provide a
starting point for a meaningful discussion of the communica-

tions issues.

I11.3.1 VOICE GRADE TELEPHONE SERVICE

The following voice grade services are available from

the Bell System:

DIRECT DIALING

Direct dialing is a term applied to the use of the

telephone in standard diq]-up mode. Tost for the use of
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this service consists of the basic service charge plus any

message units or toll charges accumulated.

PRIVATE LINE SERVICE

A private or leased line allows access between two or
more locations for a fixed monthly charge. Only those
locations connected to the leased line have access to it.

There is no access to the telephone switching network.

FOREIGN EXCHANGE SERVICE

Foreign exchange service allows the telephone company
subscriber to have local exchange service in a remote city.
This allows a person to dial a local exchange number in this
remote city and be connected to the subscribers office
facility (or computer). The cost of this service is the
cost of a private line between the subscribers office and
the remote city plus local exchange service costs in the
remote city. There can be only one simulitaneous conversa-

tion on a foreign exchange Tine.

WIDE AREA TELEPHONE SERVICE

Wats is an accounting arrangement allowing the
subscriber to have network access to other subscribers in
a geographic area for a rate which is less than normal
toll charges. Wats is offered on either a measured or a

full basis. Measured wats provides/the first 10 hours per
month of usage for a flat fee plus an additional charge for

R I T R
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every one-tenth of an hour over and above the first 10.
Full wats provides for unlimited telephone usage per month
for a fixed monthly charge. There can be only one simulta-

neous user on a wats line.

I11.3.2 DATA SETS

Touch-tone telephone transmission of data requires a
device at the other end of the telephone Tine to convert
the multifrequency tones into digital bit strings. The
device necessary to make this conversion is a data set and
the units offered to éhbscribers by the telephone company
to accomplish this task are known as Bell Systems series
400 data sets. The distinguishing features of these data

sets are:

401A DATA SET

The 401A data set is a numeric only sending unit. This
data set is used to generate tones for devices which do not
have an internal tone generating capability. It will accept
from customer supplied equipment one of 24 possible asynchro-
nous characters (using a 2 out of 10 code) at any rate up
to 20 characters per second. The cost of the 401A is $15.00

installation plus $5.00 per month.

401B DATA SET

The 401B data set is a numeric only receiving unit

generally used in conjunction with the 40TA. It carries an
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installation charge of $50.00 and a monthly fee of $40.00.

401E DATA SET

The 401E data set is a sending unit providing one way
communication of alphabetic and numeric data. It operates
using a 3 out of 14 code and can transmit any one of 99 asyn-
chronous characters. It carries a $20.00 installation charge

plus a $7.00 per month service charge.

401F DATA SET

The 401F data set receives both alphabetic and numeric
data. It has an installation charge of $40.00 and a monthly
charge of $30.00.

401H DATA SET

The 40TH data set is a alphabetic and numeric sending
unit that operates with a 3 out of 14 parallel signal code.

It carries a $20.00 installation fee plus $8.50 per month.

401J DATA SET

The 401J data set is a parallel tone receiver intended
to be with any of the 401 type transmitters for alphabetic
or numeric data. A touch-tone telephone can be used as the
transmitting terminal in conjunction with the 401J receiver
if the transmitter of the telephone is excluded during the
data mode and the "C" group data contacts are ignored. Al-

though the 401J data set receiver has the ability to detect
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touch-tone signals, it should not be used unless this trans-

mitter exclusion feature is on the transmitting telephone.
The 401J3 version of this data set provides a voice answerback
channel for use with audio response units. The data set costs

$50.00 for installation and $37.50 per month.

403D DATA SET

The 403D data set is a multifrequency data receiver for
use with touch-tone telephones. It uses a 2 out of 8 code and
will accept any one of 16 asynchronous characters. The 403
type receiver operates with wider bandwidths than the 401J,
provides echo protection, digital simulation protection, and
a voice answerback channel. The Bell System recommends that
this data set should be used for data transmission where the
transmitter exclusion feature is not available on the trans-
mitting telephone handset. In the state of Massachusetts
installation of this data set is quoted on a special assembly

basis.

I11.4 SUMMARY

Having introduced the hardware and communications frame-
work surrounding touchtone technology we will now examine

the Lahey Clinic environment.
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CHAPTER 1V

LAHEY CLINIC ENVIRONMENT

IV.1 INTRODUCTION

This chapter outlines the Lahey Clinic environment.
The first section provides a general overview of the entire
Clinic from the standpoint of medical test ordering and the
second section outlines the laboratory environment in a
greater detail. The final section in this chapter will
identify the problems that currently exist in the reporting

of medical laboratory test results.

IV.1.1 MEDICAL TESTS

Medical tests are essential to the functioning of a
medical facility in that they provide decision making support
to physicians. It is important to perform these tests accu-
rately and promptly in order that a doctor's time may be

fully utilized.

The largest volume of tests performed fall into one of
three categories: Radiology, Cardiology, and Laboratory.
The focus of this thesis will center mainly on information

flow associated with Taboratory tests.

IV.1.2 DIFFERENCE IN TEST REPORTING

There are functional differences between the reporting
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of test results in a hospital and test reporting in an out-

patient clinic. The differences are as follows:

HOSPITAL TEST REPORTING

In a hospital you can schedule the flow of data. Since
the majority of patients can be located at any given time
(because they are generally confined to bed) medical tests
can be administered at almost any time. Coupled with the fact
that physicians generally make their patient visits at specific
times during the day (usually once in the morning and/or once
at night) it becomes a somewhat trivial task to schedule a
test far enough ahead so that there is Tittle difficulty 1in
providing the test results for the physicians' next patient
visit. |

QUTPATIENT. CLINIC TEST REPORTING

In an outpatient clinic a more complicated situation
exists. The clinic does not have the capability to schedule
a 24 hour patient day, patients are not confined to a physical
location, and they visit physicians at random intervals
throughout the day. A further complicating factor is that
a doctor may schedule patient tests or appointments with other
doctors at his discretion, thus upsetting any scheduling that
may have been attempted. As a result of these factors the
task of providing medical test results to physicians can

become a non-trivial effort.
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IV.2 CLINIC OVERVIEW

IV.2.1 TEST ORDERING

When a patient arrives at the Clinic he is provided
with a Tist of one or more doctor appointments scheduled for
that day. After the patient has seen a doctor the physician
may request the patient to undergo a series of one or more
medical tests. The patient then has these tests performed.
It is often desirable to have the results of these tests
available before the patient sees another doctor and definite-
ly desirable to have the test results available before the
patient returns for a followup visit with the doctor who
ordered the tests.

If the patient's next or followup appointment occurs on
the following day there is generally little difficulty in
obtaining the results before the appointment. Typically the
only test results which are not readily available on the
following morning are those which were either administered
late on the previous day or those which were sent to an

out-of-house facility for testing.

If the patient's next or followup appointment oécurs in
the same day that the tests were given there is often consid-
erable difficulty in obtaining test results. This difficulty
is typically a function of one of four issues. They are:

A) The test has not been completed. Variables affecting
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completion timé are: 1) the time the specimen
was taken, 2) the time the specimen entered the
laboratory, 3) the lab work load, and 4) the
frequency that the assays are performed.

B) A test abnormality was discovered and the specimen
is being retested.

C) The test has been completed but the results can
not be located. |

D) The specimen was sent to an out-of-house testing

facility.

IV.2.2 OBTAINING RESULTS

The Clinic nurses are responsible for obtaining test
results before a patient visits a doctor on a followup visit.
The suggested procedure is as follows. First they telephone
the Medical Records Department to see if the test results
have been officially reported. If the Medical Records
Department has the results they walk to the Department to
pick them up. The Medical Records Department is not allowed
to provide test results over the telephone. The reason
given for this is that it is felt that both the personnel
is too busy to provide this service and that they are un-
qualified and can not be expected to accurately provide this

information.

If the medical test results are not available in the
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Medical Records Department the nurse has the option of
either waiting, and telephoning back at a Tater time, or

calling the medical testing facility.

If the decision is made to telephone the testing facility
then personnel in the facility have the responsibility for
“attempting to determine the status of the tests. If the test
results are not readily available then the nurse will be in-
formed that the test results are not available. If the nurse
indicates that it is extremely important that the results be
obtained then the personnel in the testing facility will
attempt to determine the precise status of the tests, even

if it means going to the technicians work station.

IV.3 LABORATORY ENVIRONMENT

The Lahey Clinic Laboratory assumes responsibility for
performing a variety of medical tests for the Clinic physi-
cians. The exhibits in Appendix A indicate which tests are

performed as well as illustrate the actual requisition forms

used in the ordering of tests.

If one is to talk about the information flow in the
laboratory in a meaningful way it is necessary to focus in
on a subset of its operation. Accordingly, further discussion
will center on the Hematology Department. We will now trace
the information flow from the time a blood specimen arrives

until the time a complete test result report is sent to the
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Medical Records Department.

1V.3.1 HEMATOLOGY TEST ORDERING

When a patient is to be administered a blood test he is
given a requisition and sent to the basement of the Clinic
where the blood collection Tab is located. After the blood
is drawn it is placed in a tray along with the requisition.
Periodically a messenger arrives to pick up the specimens and
transports them to the C]fnic laboratory which is located in

a building adjacent to the main Clinic building.

IV.3.2 INFORMATION FLOW

When the specimens and their associated requisitions
arrive in the Hematology Department of the Taboratory they
are given to a laboratory technician. The technician then
assigns a sequential test number to the test tube(s) containing
the specimen (there are usually two test tubes per patient
given the current distribution of requested tests). The
specimens are now marked with the requisition number as well

as the sequential number.

A worksheet preprinted with the sequential numbers and all
hematology tests offered (in matrix form) is prepared and
the corresponding requisition numbers are written beside the
sequential numbers. The technician then matches up the req-

uisitions with the requisition numbers on the worksheet and
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checks off which tests are to be performed.

The next step is to take all requisitions that have
ordered the differential test group and make up a special
differential report sheet. This sheet contains the sequential
numbers, the requisitions number, and space for test results
for all the individual tests in the test group. The differ-
ential specimen is now taken to the differential workbench

along with the differential report sheet.

The worksheet is now cut into strips along the Y axis
and each section of the worksheet, containing the sequential
number and an indication of whether or not a given test is to
be administered, is taken to the proper work station where
the test is performed. The test tube specimens are then
taken to the first work station. When tests for all specimens
in a given batch are completed the specimen tray is taken to
the next work station where more tests are given and so on
until all tests have been performed. There are only two
exceptions to this:

A) The ESR test requires a separate specimen, and
therefore processing may occur simultaneously with
other tests.

B) The differential test group requires a smear, which
is also handled independently of the assembly line

-

flow.
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While the tests are being processed the requisitions

are sent to the keypunch station of the laboratory. Here
the requisitions are keypunched and a laboratory master card
s formed. This master card contains the date, patient
history number, patient name, the code number of the doctor
who ordered the tests, the requisition number, and the
numbers of the tests to be performed. Once this card is

verified it is entered into the IBM 1130 computer.

Under program control the 1130 reads this master card
and creates a disk master file which includes all the infor-
mation on the card plus a bucket for each test ordered. It
is by checking this master file that one can determine
whether all test results for a given requisition number

have been reported.

IV.3.3 HEMATOLOGY RESULT GATHERING

Hematology test results are reported directly onto the
appropriate report sheet or worksheet strip. After these
tests are completed the worksheet is reassembled. A visual
checking of results by a technician is then performed to see
if any abnormal results were reported which would indicate
that a retest would be in order. If a retest is needed that
particular requisition number is marked off the worksheet
and transferred onto a retest worksheet. If no retest is
warranted then the worksheet is sent to the keypunch station

where the results are keypunched and read into the 1130.
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The master file is then updated.

The worksheet containing the hematology requisitions that
required retesting is not processed further until all retests
for the requisition have been processed. When this occurs the
worksheet is sent to the keypunch station and it is handled

in the same manner as the other worksheet.

The information flow which has just been described is

diagrammed in Figure 4-1.

IV.3.4 NON-HEMATOLOGY RESULT GATHERING

_ As a rule all laboratory tests except routine urine,
bacteriology tests, miscellaneous requisitions, and special
cases are reported into the 1130 by means of a result card.
This card is generated by one of two methods. The first is
by having the laboratory technicians indicate the test results
on an 80 column card and then keypunch the results into it.
This is the method used for low volume test input. The
second method is used in connection with high volume chemistry
tests. Here an auto analyzer is read by an IBM 1080 data

acquisition system which in turn drives a 1058 keypunch.

IV.3.5 COMPUTER FACILITIES

The 1130 computer which serves the laboratory generates
a series of four reports which aid in the operation of the

laboratory and in the reporting of medical test results. The
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reports it generates are as follows.

MORNING REPORT

The morning report, produced before the start of daily
operations, is a summary of the transactions from the previous
day. It is a complete 1list of all requsitions upon which
transactions occured. Both complete and incompleted requisi-
tions are indicated and it serves as the primary source for

answering telephone inquiries on test results.

COMPLETED REQUISITION REPORT

The completed requisition report contains those requisi-
tions for which all test results have been reported. This
report is produced periodically throughout the day and it

is non-cumulative.

The completed requisition reports consist of two copies.
One copy is filed for reference in the laboratory and the
other copy is sent to the Medical Records Department for entry
into the patients history folder. It is this copy which
indicates to the Medical Records Department that the test

results are available to the nursing stations.

RUN REPORT

The run report is a card image listing of all hematology
and 1080 generated result cards which have been entered into

the 1130. Since it is produced as the cards are read in the
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run report contains the Tatest information on test results.

No run reports are generated for other laboratory tests.

AFTERNOON REPORT

The afternoon report contains a summary of all trans-
actions which have occured on the current day. This report
does not replace the morning report but rather supp1ements
it.

IV.3.6 RESULT REPORTING

As stated previously, medical test results often need to
be located quickly so that the results may be available to
physicians. When the results are not available in the Medical
Records Department the nurse may elect to telephone the lab-
oratory to obtain the results. Because only fully completed
requisitions are sent to the Medical Records Department the
results of a particular test may be available even though
the entire requisition is not completed. If a high priority
is assigned to obtaining these results then the nurse will

generally telephone the laboratory.

The Taboratory maintains two telephone Tines reserved
for reporting of these results. A clerk is stationed next
to both a telephone and the 1130 test result reports. When
a call arrives the clerk answers the telephone call, verifys

that the caller wants to obtain test results, and then asks
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for the patient's namc, the test requisition number, and
the date that the test was given. The clerk must now locate

the test results.

When the clerk is on a coffee break or on a Tunch
break or sick a laboratory technician assumes responsibility
for answering telephone inquiries as to test results.
While performing this function the technician is distracted

from performing her normal tasks.

IV.3.7 TELEPHONE INQUIRY STATISTICS

Telephone inquiries over a two week period were sampled
and the mean number of telephone inquiries per day was 41.
(See Figure 4;2) While the clerk was answering the tele-
phone the mean telephone call hold time between 9:00 AM
and 12:00 PM was 1 minute, 34 seconds per individual
requisition inquiry. Between 12:01 PM and 5:00 PM the
mean hold time was 1 minute, 24 seconds. The mean hold
time for all telephone calls handled by the clerk was

1 minute, 31 seconds.

While the laboratory technician was answering the
telephone the mean telephone hold time between 9:00 AM
and 12:00 PM was 1 minute, 47 seconds per individual
requisition inquiry. Between 12:01 PM and 5:00 PM the
mean hold time was 3 minutes, 34 seconds. The mean hold

time for all technician handled telephone calls was
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DAY 9-10 10-11 11-12 12-1 1-2 2-3 3-4 4-5 TOTAL
1 6 7 5 2 8 2 0 2 3%

2 8 6 I 5§ 15 5 1 0 iy
310 9 7 7 18 18 4 3 66

b 8 / 4 5 10 4 2 1 41

6 5 7 6 5y 15 3 3 0 49

/6 4 9 5310 6 1 O 39

TELEPHONE INQUIRY STATISTICS BY DAY AND HOUR

FIGURE 4-2
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2 minutes, 34 seconds.

The variance in hold time between the clerk and the
technician is explainable. The clerk and the technician
are using different search heuristics. In the morning the
majority of the telephone calls are seeking information on
tests that were given the previous day. The clerk realizes
that these results are generally complete and can be located
on either the morning computer run or a completed requisi-
tion report.‘

In the morning the technician works under the same
search guidelines. Because the vast majority of the
results are on the morning report and easily locatable
there is not much variance in hold times between the
technician and the clerk.

In the afternoon test results are generally more
difficult to Tocate since inquiries are usually directed
towards locating test results for tests that were given
in the current day. In this case test results may be
unavailable for any one of five reasons:

A) The test has not been completed yet

B) The test has been completed but not sent to be

keypunched

C) The test result has been keypunched but the report

has not been generated from the 1130
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D) The test has been sent to another facility

E) An abnormality required retesting

The clerk realizes that there is a greater probability
that the test results can not be located for afternoon test
requests. Accordingly, if the result is not in the morning
or afternoon cumulative report folder or in a file containing
the completed requisition reports the nurse will typically
be told that the result is not available. It is only when
the nurse indicates extreme importance will the clerk make

further effort to locate the result.

The technician, (due to greater experience and a
familiarity with the working environment) has a good feel for
whether or not a test will be completed if she knows the time
it was ordered. If her model of the environment indicates
that the test results should be available she will spend a
much greater effort in attempting to locate them. This greater
effort produces a longer hold time for the telephone inquiries
and explains the variance in the afternoon hold times betwéen

the clerk and the technician.

The technician provides a greater portion of test results
per number of telephone calls than the clerk. It appears
evident that there is a tradeoff between telephone time and

the probability of obtaining the.test results.
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IV.4 AREAS OF CONCERN

After examining the effectiveness of test result
reporting in'the Taboratory over a one month period
several potential problem areas have been identified.
They are as follows:

IV.4.1 CLERICAL TURNOVER

One problem revolves around the issue of employee
turnover and learning curves. To properly report test
results in the most timely fashion it requires a working
knowledge of the laboratory operation. This can not be
done with the current high turnover rate for the telephone
clerk position. As a result, it is extremely important
to document the report task, something which as of this
date has not been done. Although there will still be a
learning curve this documentation would help to eliminate
a degradation in service every time a personnel turnover
occurs.

IV.4.2 ACCURACY

Another potential problem area is accuracy. When
there is a need for test results and they are not avail-
ab1é in the Medical Records Department the nurse must tele-
phone the laboratory. The result is then read to the nurse
by a clerk. Although no statistics are available, this pro-
cess is subject to a clerical error factor. It is inter-

esting to note that the Medical Records Department will
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not let clerks provide test result information over the
telephone for exactly this reason. To overcome this situation
it would be necessary to access the computer test result files

and provide the information directly from this source.

IV.4.3 IN-TRANSIT DELAYS

The most significant problem affecting the efficiency of
the laboratory result report{ng process is in-transit delays.
These delays may be observed to occur at several points in the

flow.

The first in-transit delay is caused by the existence
of two sources for determing the status of test results. They

are the Medical Records Department and the laboratory.

The issue is that of "Buck Passing". Nurses complain
that it often requires volleying between the two departments
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