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Abstract

The Homey dialog system has been developed to
supplement face-to-face encounters in the process
of care of chronic diseases: the current prototype
targets the care of Hypertension and integrates a
general-purpose electronic patient record (EPR) and
a state-of-the art dialogue engine. Patients report
their health condition from their home via an intel
ligent dialog system (IDS), and care-giving profes-
sionals can receive timely information about their
state, right at the point of care. Homey is cutgent
ongoing clinical evaluation. This paper provides an
overview of the system, and presents preliminary
results obtained from the usage patterns colldéoted
the ongoing clinical trial. Finally, conclusionsear
drawn on the utility and prospective uses of thada
collected.

Introduction

The telephone has been employed in medicine
since its appearance, and recently it is being inte
grated with more advanced telecommunication
tools. For instance, Dual Tone Multi Frequency
(DTMF) systems have been proposed and used as
an alternative and supplement to a visit performed
by a physician. The data that can be entered in
DTMF systems is limited to numeric quantities or
coded information; nevertheless, such systems
turned out to be successful in home monitoring pa-
tients with chronic diseases, like hypertension (1)

Automatic speech recognition

The natural evolution of DTMF systemsspoken
dialogue systems, which have been made possible
by advances of research in the field of automatic
speech recognition. Only recently, tletomatic
recognition of speech has reached an acceptable
degree of reliability (e.g., fraction of words cor-
rectly recognized). Still, trying to have a compute
able to extract words from a spoken audio segment
yields results which are significantly different
whether the recognition program can be previously
trained on the particular speakapéaker depend-
ent technology) or not, as is in the case of tele-
phone usersspeaker-independént

As soon as the computer recognizes a sentenceisit m
process it and extract the semantically relevanterd,
isolating other possible random words or noises. An
appropriate answer, probably as well as the negs-qu
tion, is then constructed by dialogue managerand

the conversation goes on. The computer's response
should of course be appropriate to the user’s tites

to be perceived as “intelligent” and to give hez thel-

ing that the machine is “in control”. The resultiags-

tem is called an Intelligent Dialog System (IDS).

Home monitoring

Hypertension is a chronic disease whose management
requires diligence in monitoring the blood presstak
ues; it is also important that the patient follave pre-
scribed therapy, unless she is affected by sidectsff
which need to be reported as soon as possible., Thus
any new technology making data collection easier an
faster may potentially increase the quality of thee of
patients with hypertension.

Visiting a physician’s office is the most commonywa
of receiving health care for the majority of patgerAl-
though effective, traveling to see the doctor mayir
convenient and costly for the treatment of somermier
diseases. Patients affected by essential hypeotgnsi
for example, should be monitored frequently todal
their blood pressure values, heart rate and phyaza
tivity, presence of side effects, etc.; the valiezorded
are taken into account by the physician, which dki
whether to modify or suspend the therapy. Recenit cl
cal trials have shown that home monitoring actusdly
duces mean blood pressure values with respectut us
care (5). Remote monitoring via telemedicine mag-po
sibly grant both cost savings and better qualitiifef
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Figure 1: Architecture overview
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Figure 2:The graphical interface as shown to the physician
A telephone icon, which appears top-right, remitidg the
data displayed were entered by the patient viasgioken
dialog system.

The Homey Project

Within the E.U. research project “Homey”, we built
an intelligent dialogue system to manage and moni-
tor patients with essential hypertension. Several
Italian hospitals were involved in the design o th
system and its deployment and adoption. We tried
to keep the dialogue structure close to the usual i
teraction between a physician and a patient; its
scope is to acquire health status (measures, pres-
ence of side effects) and to give advice, by igpuin
alerts and prompts. The domain knowledge was
derived from a set of world-widely accepted guide-
lines for the hypertension and dyslipidemia (2).

Architecture

The dialog system is interfaced to the electronic
health record (EHR) of each monitored patient.
Two actors are therefore allowed to enter data into
the EHR. In the first place, the physician may ase
conventional (web-based, keyboard and mouse)
interface to store and update patient information.
On the other hand, the patient is also allowechto e
ter the self-measured data by the means of a tele-
phone. Figure 1 illustrates the data flow inside th
application. Patients periodically call a dedicated
telephone number and engage a dialogue with

ure 2). The database holds several values thatafvill
fect the dialog (e.g.: whether the patient has h@en
scribed to follow a diet, or the date of the neisity.
When a new call is set up for a specific patieatugs
are extracted from the database and the corresmpndi
call is prepared. The software that performs thgk tis
called “adaptation agent”; part of the adaptatiaresin
fact performed by the agent to try to make theadgjal
more effective and friendly.

Evaluation

Despite the care put into the design of a dialcapdi-
cation, questions and grammars, the fact that imetla
users interact with a complex system poses remirkab
usability challenges. The dialog application sholl
easy to use and understand, and robust. A number of
issues in the design of our application were tloeeef
analyzed by the means of on-field trials. The dbbjes

of the evaluation phases were:

Testing the reliability of the systemRecognition er-
rors, although annoying, should not affect the
user’s ability of proceeding in the remainder o th
dialog.

Extension of grammars and lexicofisrammars should
capture most of users’ answer schemes.

Reformulation of questions’ wording Users’ answers
wording is influenced by how questions are asked.

Extraction of patient’s learning curve Fo address
adaptability issues, one desires to put each gatien
into an ability class. It is then possible to study
how quickly users learn to use the system, so they
can be hinted about more advanced features, like
mixed-initiative.

Assessing the clinical effectivenesshe ultimate goal
of the project is both to raise patient compliance
with the guideline and to expand the availability o
data for the use of the clinician. Collecting qurant
tative information involving real patients may as-
sess whether the system helps to achieve a better
quality of life.

Internal trial

To debug our dialog application according to thalgo
listed, we designed an evaluation plan to happewan
phases. The first phasatérnal trial) involved a group

the system, which talks and interacts wi
them to acquire clinical data, monitor the
style of life and ask about the occurrence
possible side effects.

Values entered by the patient are distinguist

Start date / time

Call duration

Whether user was anonymous
Patient code

List of concepts acquired
Number of fields acquired

Number of prompt sessions
Time spent in recognitiode
Time user actually spent speaking
Time for pronouncing pptsn
Whether call reachedigssage

by those taken during encounters by a spec
icon which appears near them on the graphi
interface. Data are entered in tables througl
graphic user interface, designed keeping ir
account the suggestions of the clinicians (fi

how many were unique
Number of recognition sessions
how many were confirmation questions
how many got answer YES How many errors
how many got answer NO How many DTMF digits peelss

How many times help wasestga
How many rejecteztances
How manyetmo answer detected

Figure 3: list of low-level per-dialogue measurataatically computed.



of volunteers, which were assigned a realistic dis-
ease profile. They were asked to call the system at
fixed schedules, pretending to be hypertensive pa-
tients. Profile assigned included therapy, average
blood pressure values and so on; the profile, in
turn, affected the inquiry of side effects duritng t
dialogue. The volunteers were asked to annotate
and report problems and obstacles found. The call
collection ended after every user performed the as-
signed number of calls and therefore addressed
technical and usability issues. It involved approxi
mately 15 people and collected 150 dialogues,
amounting to about 500 minutes of conversation, of
which 150 were human speech, the rest synthesized
by the text-to-speech component (TTS).

Data collection architecture

The procedure designed to collect and analyze data
coming from the real users’ calls keeps into ac-
count two sources of information: (a) call logs and
(b) clinical information about the patients. The
former is gathered from information generated by
the computer telephony platform while it is run-
ning. By post-processing the logs, it is possilble t
automatically gather the detailed per-call measures
listed in figure 3.

The other valuable source of information is the
EHR itself, where a record is made every time a
patient uses the voice system to enter his data, or
doctors login via the web to store outcomes of real
encounters. On the contrary to the telephony logs,
information in the EHR has a coarser granularity as
it only stores confirmed values, and not, for exam-

Successi per paziente, ospedale 3
50 100 150 200 250

134 137 138

. (@ (b)

Numero chiamata
o

odg

37
o

40 a4 47 59 60

| a © . @

& o
v ¥ g
¥ v

5
s51¢ o

¥ y v

0
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
Giomni dall'inizio della sperimentazione

Numero chiamata

DB "
@ N Tables f Call list

JDBC

Enroll list |::> R stats
Statistical Evaluation
Browsable Summary

'_f

PCM Recordings

XML
EventList

Technical Evaluation

Figure 4: Data collection sources

ple, misrecognitions, repetitions and other phentane
which are dealt with within the dialogue system.

The availability of detailed records of numeric gtia
ties such as those in figure 3 is mostly useful tfer
assessment of system quality. To start, one couolgi-m
tor the fraction of confirmation questions which- re
ceived negative answers, discovering possibleioelat
to changes made to the system or even demographic
data. The most exiting prospective use, relatethio
one, is to predict the behavior of the system vpidin-
ticular users and change dialogue strategies accord
ingly. Given the availability of call data, one d¢du
think of applying knowledge discovery techniques to
this task. Such techniques would be most usefahif
independent rating of the dialogue quality is aalali,
such as a measure of “successfulness” obtaine@subj
tively by a human rater, which reviewed the recdrde
conversation. The authors are not aware of current
standard for quantifying such ratings; therefouether
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Figure 5: call patterns for two hospitals. Patihis indicated at the top of each box. Day of th# (zero being start of
the clinical trial) is on the-axis. On they-axis the cumulative number of calls is shown faattpatient. Dialogue ses-
sions reaching the final salutation message atéeplas triangles, otherwise as circles.



investigation on this prospective technique is engo
ing.

Clinical trial: call diagrams

After the internal evaluation was completed, the
dialogue description was finalized and deployed for
the clinical trial, which started on August 2003.
Figure 5 provides one view on the patterns of use
of the telephone system over time for a subset of
the patients enrolled into the system in the treat-
ment group. Each patient is shown in its box. A dot
is placed on the plane for each call; Xxmoordinate

of the point relates to the day in which the cadlsw
received (day zero being the begin of the triale T
vertical axis displays the cumulative number of
calls. Points have a different shape to indicate
whether the dialogue reached the final salutation
message (triangle) or not (circle). This representa
tion was chosen as a first attempt to distinguish
conversations that ended properly from those which
did so prematurely. Patient enrollment is still in
progress, therefore not all “first calls” appearsel

to the date at the beginning of the trial.

Patterns in these plots can be recognized by inspec
tion. Call diagrams like (a) correspond to people
that regularly call the system and interact success
fully with it. They show dominantly “good-end”
calls. The slope of curves (a) and (b) is approxi-
mately one call every two weeks. Plot (b) shows
that there has been a “training period”, during
which patient 103 was unable to successfully com-
plete two dialogues. The patient called back again
the same day, and at the third attempt succeeded in
entering the values; subsequent calls were per-
formed smoothly and on schedule. Curve (c) shows
that the respective patient followed the physican’
direction to call more frequently, once a week,-dur
ing the first two months of the system’s use, tteen
reduce the number of calls to every other week.
People which call the system regularly, but experi-
ence usage problems, may show up as in diagrams
(d) and (e). In the former, one finds a large fract

of “circle” symbols, but the curve does not have
remarkable jumps: this means that on the average
the call frequency was kept as required, despite of
the outcome of specific calls. As a remark, the fac
that a call is shown as a circle does not mean that
the call was unsuccessful at acquiring values, but
merely that the bye-message was not played: the
more important clinical data were nevertheless re-
corded in the database. This is seen, for exarimple,
(9), whose user from time to time hangs up the
conversation after the data acquisition phasesPlot
like (e) show multiple attempts done in a row ia th
same day, or close dates: they appear as rising
“steps” of terminated calls.

Patients that regrettably stop using the system alt
gether are also quite easily distinguished, ag)in (

It is remarkable to note that not all quitters havee-
cord of unsuccessful previous calls.

Conclusions

This paper described an infrastructure for monitpri
hypertensive patients. The system keeps an EHReof t
managed patients. Homey has been built for two main
purposes: first, to develop a system to acquire dat
from chronic patients and to assist physicianshiarge

in doing informed therapeutic decision; second, to
study the dialogue adaptation techniques that jiois
sible to deploy in this domain. The dialogue adimia
task needs to be performed based on the dataahat c
be gathered during telephone calls. Post-hoc data r
view is also important because allows one to detect
patient usage patterns and take appropriate apgon
time.

This research has been partially funded by EU Fifth
Framework IST project number IST-2001-32434.
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