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ABSTRACT

Every yearalmost10 million children die before reaching
the age of fig despite the fact that twhirds of these
deaths could be prevented by effective -tmst
interventions. To combat this, the World Hba
Organization (WHO) and UNICEF developed the
Integrated Managementof Childhood lliness (IMCI)
treatmentalgorithms

INTRODUCTION

Recent advances in mobile technology have made it
practical to automate some aspects of health calieedy

in low-income countries. The urgency of this effort is
underscored by the unprecedented health inequities that
exi st bet ween todayds poor an
low-income countries, almost 10% of infants die during
their first year, compad to 0.5% in wealthy countrids].

In Tanzania, IMCI is the national policy for the treatment Approximately 9.7 million children unddive yearsof age

of childhood illness. This paper descrilekCI, a system die each year in poor countries, where much of the
for administeringthe IMCI protocol using a PDA. Our population lacks access to safe water, sufficient nutrition, or
preliminary investigation in rural Tanzansuggests that-e  well-trained health workergl]. While extreng poverty is

IMCI is almost as fastas the common practice and the underlying cause of these deaths, the immediate cause
potentially improves care by increasing adherence to thefor a large percentagare just a few diseasésmalaria,

IMCI protocols. Additionally, we found clinicians could pneumonia, diarrhea, meadieall of which can be treated
quickly be trained to usel®Cl and were very enthusiastic easily and inexpensely in thar early stagefl1].

about using it in the future. The national stadard in Tanzania, as in many countries, for

a child presenting with symptoms of thediseaseds to
follow the Integrated Management of Childhood Iliness
(IMCI) protocols. IMCI specifies a series of investigations
(e.g., take respiratory rate, check fmnken eyes, ask if
fever has been present every daic) for each complaint,
and a treatmeris determinedased on the results of those
investigations. While IMCI in Tanzania has been shown to
Permission to make digital or hard copies of all or part of this wol lead to rapid gains in child survival when correctly &quli
personal or classroom use is granted without fee provided that cog [2], the use of IMCI is limited by the expense of training,
not made or distributefibr profit or commercial advantage and that cc the lack of sufficient supervision, the time it takes to follow
bear this _notlce and the full citation on the_flr;t page. 1_'0 copy o_the the IMCI chart booklet and the tendency to adhere to
or republish, to post on servers or to redistribute to lists, requires . .

specific permission and/or a fee. protocols less rigorously over time.

CHI 2008, Apri5-10, 2008, Florence, Italy. To address these barriers, we have ibpas and piloted-e
IMCI, a program that runs on a PDA and guides a health
worker stepby-step through the IMCI treatment algorithm.
There are many potential benefits 6fMCI compared to
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THEN ASK ABOUT MAIN SYMPTOMS:

Does the child have cough or difficult breathing?

IFYES, ASK: LOOK, LISTEN, FEEL:

+ Far how kang? « Countthe breaths in ana
minuis. }

» Look far chest indrawing.
« Look and listan for stridor.

CHILD
wmusTBE BREATHING

CALM

CLASSIFY AS

TREATMENT

{Urgent pre-refe mal treatments ars bn bokd print.)

SIGNS

Classify + Any genaral danger
COUGH or sign ar i

DIFFICULT « Chast indrawing or

« Strdor in calm child.

SEVERE
PNEUMONIA
OR VERY
SEVERE DISEASE

¥ Give first dose of an appropriate antibiotic.
*Refer URGENTLY to hospital."

= Fasl braathing.

 the child is: Fasthmatingis:

2 morths up 50 breates por

PNEUMONIA

+Give an appropriate antibiotic for 5 days.

¥ Sootha tha throat and reliave the cough with
a safe remady.

Advisa mathar whan to retum immediataly.

FFallow-up in 2 days.

w012 ronts irE o Fore T ——
12 month s up or vary savans disaasa,

05 years

40 broaths per
minuse of Fore

NO PNEUMONIA
COUGH OR COLD

¥ If coughing maora than 30 days, refer for assessmant.
#Sootha tha thrmat and ralisve the cough with
a safe remeady.
¥ Advize mathar whan to retum immedistaly.
¥ Fallow-up in 5 days if nol improving.

Figure 1: IMCI flowchart for child with coug h or difficulty breathing.

the current papebased approachWe expect improved e
efficiency aml adherence with less training:IMCI can

reduce skipped steps,

branchiogic

errors, and

miscalculationsln addition training time can be reduced
because the algorithm itself does not need to be as

rigorously taught.

Since the software automatically ®

navigates through thMCI chart we expect it to be more
efficient than papebased methods where the clinician must

determine the next

question.

Additionally, more

sophisticated protocols can be deployed, as the design of
IMCI was constrainedby what ould be practically
included in paper flipchartsSimilarly, updating electronic o
protocols ismucheasier thapaperones' Finally, the data

from elIMCI

can be collectedto assist with clinic

supervision and to provide program managers and policy
makerswith a wealth of population health data.

task of automating IMClat a dispensary in Mtwara,

Tanzania.
interviews with

the clinicians who practiceMCI,

Adherence: Using the e-IMCI prototype clinicians
performed 84.7% of investigationsquired by IMCJ a
significantimprovement ovethe 61% of investigations
seen with thehart booklet (p < 0.01).

Flexibility: During early pretesting we extended- e

IMCI to allow the clinicians more freedom to choose

drugs and use approximate measures for certain
This flexibility is necessaty allow
clinicians to use common sense to interpret the
protocols when necessary

investigations.

Speed: Our current prototype is almost as fast as the
current practice, where the book is rarely referenced.
We analyzed 18 trials comparing the time by the same

clinician in a traditional IMCI session to one using e

IMCI; the averge for both was about 12.5 minutes.
In this paper, we report on our initial investigations into the These resultssuggest that -6MCl is fast, improves

e -lal i adherence, and thus the qualitycafe, andilsoaffords the
Our investigation consisted of structuredyser enough flexibility We werefurther encouraged that
the training time for éMCI was less thar20 minutes,after

observation of patient encounters using the current papeyhich clinicians wereeasily able to train each othefhe
IMCI booklet, and observation of patient encounters usingfoyr clinicians unanimously preferredi®Cl to following

our initial prototype of ¢MCI.

design process, this prototype was frequergljewedand
revised during tis initial investigation.

As pat of our iterative

Our goal is to create an electronic version of IMCI that will uSability research in this area.
be usedto improve care in health facilities in Tanzania.

Achieving this goal requires thatI®ICI be fast to use,
provide flexibility to theuserand reduce deviatienfrom

the IMCI protocols. The clinicians interviewed identified (WHO) , )
other partners. It has been adopted by over @ihtries.

IMCI is a three part approach: improved casnagement,
improved health systems support and improved family and

speed asa primary issue.

recommendation of usinthe paper bart booklet during

encounterdecause it is perceived as taking too long, and : )
instead rely on their memng. There are some steps which community - practices.
are almost never performed, because they are seen &

excessively time consuming.

in which the clinician will override IMCI intentionally
based on factors not taken into account by the pratoco
Thefindings fromour initial pilot with eIMCI are:

They rarely follow the

Finally, there are some case

THE IMCI PROTOCOL
IMCI was developed by the World Health Organization
t he

United Nat.

Case management

the chart booklet, citing it as faster amdsier to use.
However, severasessions with -¢MCI revealed problems
that mus be addressednd point to the need for future

ons

inclugle

otocols, also known as medicallgorithms, which
Ihdicate a simple set of investiions to performdr a child
with a cough, diarrba, fever and/or an ear achkigure 1
jshows the IMCI flowchart of the cough protocol. The
investigations for a child with a cough include counting the

breaths per minute and asgi the caregivey usually the
mother but often anotheiamily member how long the

! Tanzania recently changed the recommended treatment farse the results ahe investigations to classify the illness

Chi

child has been coughing. The flowchart describes how to

malaria because of drug resistence.



and determine treatment, as well tasselect medicatins There is a large bodyf health informatics work to develop
andcompute dosages based on weight and age. computer applications aimed at the needs of-ilmeme
regions. There have also been several telemedicine
projectsthat attempt to connect doctors in urban areas or
wealthy countries to patients in remote, rural ar@ag.,
[18]). Rwanda's Treatment and Research AIDS Centre
(TRAC) achieved success including remote locations to
their TRACnet communications network, in pattlizing

the Voxiva mobile phone netwoifl8]. TRACnet was able

to collect data from all participating clinics monthihere
have also been aumber of patient record systems aimed
the needs of lovincome countriesincluding OpenMRS
With IMCI, there are different rules for children from 1 [17] and SmartCar§1]. In mostlow-incomecountries
week to 2 months old, and for 2 months to 5 years.health workers fill out paper forms when seeing patients,
Children over 5 years old are not coverbgt these which are later typed in by data clerks. Reportsthen
protocols There have been some recent additiorsoter generatedo assist with clinical care and mebé reporting
infants during their first week. There are also different requirements of the governments and fuade

rules to cover aeturnvisit as opposed to a first visit.

IMCI also guides a health workéo prompt for missing
immunizations, assess a child for malnutritioand
recommendnterventions for underweight children. IMCI
provides advice for the caregivercluding when to return

(a fixed number of days, or if certain symptoms arise), how,
to give drugs, how to treat local infections at home, feeding
recommendations aneven maternal health. In casesof
severe classification or danger sighdCl will recommend
refering a childto a highetlevel facility.

The feasibility of mobile applications in rural areas has
beendemonstrated. One compelling example is the ongoing

PRIOR WORK .
The idea of using humacomputer collaboration for PDA—ba_sed survey of 270’009 households Ntwara,
Tanzania, followingasmaller basline study[22].

automating procedural tasks, and specifically of designing
user interfices for helping human operators, has existedThere has also been work discugsithe importance of
since the early days of human factors research. Howevemdapting HCI design methods, including participatory and
research has showthat this approach does not lead to user centered design, from the developed world to working
positive outcomein all casesand that "computer aiding is  with rural communities [14]. This woservesas a guideéo

a multidimensional problem3]. Speifically, automation  inform designin a new environment.

seens to be most helpful in caseare humans were Clinical decisi ‘ h Iso b deploved
operating underhigher workloads One example of Inical decision suppd systems have also been deploye

automation using mobile devices was a system to heldn wealthy nations in specific areas, often in an attempt to

coordinate the movements of a large container ship and wad\Prove on the judgment of welllained doctors. A. 1998
shown to improved safig [L12]. An evaluationof mobile survey of these support systems showed that quality of care

devicesused in American hospitals to write and print was improved in 66% of the studies perfornid]. These

prescriptions found that usability problems introduced systems were pr_edominaptly deployed in the. United States
certain new erroril3] for use in teaching hospitals and acadesmwironments.

The success of these systems is encouraging for our work
The work described in this papéwuilds on aproject to assising medical professionals in tHew-income regions
develop a screening algorithmrfddlV patients and is  who receivea lower level of education and deal with a
currently being tested in two AIDS #&nent centers in larger patient load.

South Africa[15]. It is part of a larger effort to deliver
standardized care on mobile devices at primary healt
facilities in lowrincome countriesThe user interface fahe
HIV system which iswhatthe eIMCI interface was built
from, was developed b{pimagi, Inc.,a health technology
consultancy.The interfacds based loosely on internet chat
applications, and was inspired by the DiamondHelp syste
for collaborative homapplications 20].

There has also been worn designing representation

qanguages for decision protocols. One notable effothe

the GuideLine Interchange Format (GLIEB]. GLIF is a
second generation pratol specification format, created by
integrating the experience from the development of four

mdiﬁ‘erent earlier guideline representations. GLIF has
achieved a large level of success in the representation of
diverse medical guidelinefl6]. Columbia Universy is

A related effort evaluated the use of computerized decisiorcurrentlyintegratingGLIF with an existingcomputerbased

support in a rural area of Tamil Nadu, Infi®]. The study  physician order entry (CPOE) system to enhance the

focused on a decision support system to alleviate the burdegystem's decision support capabilit{g$. While we have

on small clinical staff. Thapplicationoffered helgfor non hardcoded the IMCI protocols into-®CI, we plan to use
physicians to gather information about patients, effer GLIF or some other staadd for genericallyrepresenting
preventative advice, and idengifl treatment for simple  medical protocols.

cases, among other tasks. One of the algorithms used w.

the IMCI protocol. This study showed that the aid laad
positiveimpact onboth the number of patients seen as well
as the quality of care received.

aﬁm artificial intelligence communityhas done workto
provide medical advicausing machine learningThese
‘expert systems' are generally designed to accept a specific
set of information and make rulEsed assessments in a



narrow range of resultsEarly examples of expert systems

include Mycin, a 1970's Stanford system for recommending _

a proper antibiotic and dosage for bldoaine infections l
[6]. Other efforts have investigated the use of probabilistic dassifcation o
reasoning to approximate expert human medical i e
assessment. For exampthe PATHFINDER system for E‘ﬁ";‘d' gk
pathological diagnosis performed probabilistic How drinking DYV, Bt et
determinations baseoh measurements of features seen in EXAMINE:Does () MO S
microscopic analysis. This systgrarformedat the leel of Ak et

an expert pathologi$9].

Both the work on expert medical systems and probabilistic
medical systemsake a different approach t@utomating
health care than the work presented h&ke are relying on =
the designers of the IMCI protocols and areufsed on the e
humancomputerinteraction issues of how touild a tool

that can improveadherence teestablished protocols, and Figure 2: The eIMCl interface.
thus increasthe standard afare

pneumoni a. 0 | f I MCI eilMCHi cat e
Finally, it has been shown that computer systems forallows the operator to choose from the available drugs, and
training IMCI were 2329% less expensévand as effective the form of medicine (e.g., adutablets, child tablets,
as standard training methofis3]. In future work, we plan  syrup), and compes the correct dosage based on the
to explore the potential foe-IMCI to reduce the need for c hi | d 6 s we Thg bystemathenl presente advio
training or be used as a training tool. convey t o categivere.g.teturh tnthediately if

any bl ood develops in the chil
THE e-IMCI PROTOTYPE
The elMCI system was developed by adapting the HIV
screeing system mentionedbove Figure 2 contains an
exampleof e-IMCI for numeric data entry arahotherfor a
simple yes/no question. The current questiodisplayed
atthe bottom of the screen along with the gibke answers.
When a question is answered, it is scrolled upwards; a
abbreviated version of the question and the selected answ%r

appear above the new guestionOf the entire IMCI TE???nRCngn? Cl;ilel;ll?hli\gETrg%thS is to attempt to improve
protocol, eIMCI currently covers: 9 9 proj P P

the care of children by deploying standardized care on
First visits (not follow ups) mobile devices. There are several commoastiongaised
Children between 2 months and 5 years old (né&2 0 aboutsuch an approach:

months) - . .

Children without any of the IMCI danger signs 1. Willit be cost effeére and sustainabife
Cough, diarrhea, fever and ear problems (not2. Will health workers continue to use such a system for
immunizations, malnutrition or maternal health) very long? (They tend not to use the paper charts long
after training).

Because the clinicians are required keep records indbngli

they requested-e MC | be in English rattht
national language, Swahilh order to keep the vocabulary
consistent However, as discussed below, we plan to
translate the system to Swahilihich we expect to improve
rperformane and usaibty.

> >

Even with thesdimitations, e-IMCI covered mostasesve
obsened The system starts by confirming that the patient 3. Will the project fail because too many devices will be
consents to the clinician using the PDA. The second lost, stolen, or broken?

guestionis a multiselect widget that prompts for the
danger signs: vomiting, convulsions, trouble drinking and
lethargic/unconscious. Currently, if any danger signs 5.  Will health workers be able to use it given their limited
selected eIMCI displays a message telling the clinician to exposure to computers?

use the chart booklethis was don¢o ensure that the study 6
would not jeopardizehe safety of ill children while we :
were testing ¢MCI. We add three questions that arere specific to the work
described in this paper

Will there besufficient eletricity to chargedevice®

Will health workers or patients dislike it?

The third question asks abotietmajor symptoms that the
patient is presenting wittsuch ascough, diarrhea, fever 7. Will e-IMCI really reduce or eliminate errors in
and ear problems. This is alaonulti-select, allowing the following IMCI?

clinician to record all majosymptoms at one time After
the assessment questions are asked, the syderatas the
classification e.g. A Th e child shoul d be treated for

8. Will e-IMCI introduce new kinds of errors into care?



