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ABSTRACT 

Every year almost 10 million children die before reaching 

the age of five despite the fact that two-thirds of these 

deaths could be prevented by effective low-cost 

interventions.  To combat this, the World Health 

Organization (WHO) and UNICEF developed the 

Integrated Management of Childhood Illness (IMCI) 

treatment algorithms. 

In Tanzania, IMCI is the national policy for the treatment 

of childhood illness.  This paper describes e-IMCI, a system 

for administering the IMCI protocol using a PDA. Our 

preliminary investigation in rural Tanzania suggests that e-

IMCI is almost as fast as the common practice and 

potentially improves care by increasing adherence to the 

IMCI protocols.  Additionally, we found clinicians could 

quickly be trained to use e-IMCI and were very enthusiastic 

about using it in the future.  
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INTRODUCTION 

Recent advances in mobile technology have made it 

practical to automate some aspects of health care delivery 

in low-income countries.  The urgency of this effort is 

underscored by the unprecedented health inequities that 

exist between todayôs poor and wealthy populations.  In 

low-income countries, almost 10% of infants die during 

their first year, compared to 0.5% in wealthy countries [7]. 

Approximately 9.7 million children under-five years of age 

die each year in poor countries, where much of the 

population lacks access to safe water, sufficient nutrition, or 

well-trained health workers [4].  While extreme poverty is 

the underlying cause of these deaths, the immediate cause 

for a large percentage are just a few diseasesðmalaria, 

pneumonia, diarrhea, measlesðall of which can be treated 

easily and inexpensively in their early stages [11].   

The national standard in Tanzania, as in many countries, for 

a child presenting with symptoms of these diseases is to 

follow the Integrated Management of Childhood Illness 

(IMCI) protocols.  IMCI specifies a series of investigations 

(e.g., take respiratory rate, check for sunken eyes, ask if 

fever has been present every day, etc.) for each complaint, 

and a treatment is determined based on the results of those 

investigations.  While IMCI in Tanzania has been shown to 

lead to rapid gains in child survival when correctly applied 

[2], the use of IMCI is limited by the expense of training, 

the lack of sufficient supervision, the time it takes to follow 

the IMCI chart booklet and the tendency to adhere to 

protocols less rigorously over time. 

To address these barriers, we have developed and piloted e-

IMCI, a program that runs on a PDA and guides a health 

worker step-by-step through the IMCI treatment algorithm.  

There are many potential benefits of e-IMCI compared to 
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the current paper-based approach. We expect improved 

efficiency and adherence with less training. e-IMCI can 

reduce skipped steps, branching-logic errors, and 

miscalculations. In addition, training time can be reduced 

because the algorithm itself does not need to be as 

rigorously taught.  Since the software automatically 

navigates through the IMCI chart, we expect it to be more 

efficient than paper-based methods where the clinician must 

determine the next question.  Additionally, more 

sophisticated protocols can be deployed, as the design of 

IMCI was constrained by what could be practically 

included in paper flipcharts.  Similarly, updating electronic 

protocols is much easier than paper ones.1  Finally, the data 

from e-IMCI can be collected to assist with clinic 

supervision and to provide program managers and policy 

makers with a wealth of population health data. 

In this paper, we report on our initial investigations into the 

task of automating IMCI at a dispensary in Mtwara, 

Tanzania.  Our investigation consisted of structured 

interviews with the clinicians who practice IMCI, 

observation of patient encounters using the current paper 

IMCI booklet, and observation of patient encounters using 

our initial prototype of e-IMCI.  As part of our iterative 

design process, this prototype was frequently reviewed and 

revised during this initial investigation. 

Our goal is to create an electronic version of IMCI that will 

be used to improve care in health facilities in Tanzania.  

Achieving this goal requires that e-IMCI be fast to use, 

provide flexibility to the user and reduce deviations from 

the IMCI protocols.  The clinicians interviewed identified 

speed as a primary issue.  They rarely follow the 

recommendation of using the paper chart booklet during 

encounters because it is perceived as taking too long, and 

instead rely on their memory.  There are some steps which 

are almost never performed, because they are seen as 

excessively time consuming.  Finally, there are some cases 

in which the clinician will override IMCI intentionally 

based on factors not taken into account by the protocol.  

The findings from our initial pilot with e-IMCI are:  

                                                           

1 Tanzania recently changed the recommended treatment for 

malaria because of drug resistence. 

 Adherence: Using the e-IMCI prototype, clinicians 

performed 84.7% of investigations required by IMCI, a 

significant improvement over the 61% of investigations 

seen with the chart booklet (p < 0.01). 

 Flexibility: During early pre-testing we extended e-

IMCI to allow the clinicians more freedom to choose 

drugs and use approximate measures for certain 

investigations.  This flexibility is necessary to allow 

clinicians to use common sense to interpret the 

protocols when necessary. 

 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 average for both was about 12.5 minutes.    

These results suggest that e-IMCI is fast, improves 

adherence, and thus the quality of care, and also affords the 

user enough flexibility.  We were further encouraged that 

the training time for e-IMCI was less than 20 minutes, after 

which clinicians were easily able to train each other. The 

four clinicians unanimously preferred e-IMCI to following 

the chart booklet, citing it as faster and easier to use.  

However, several sessions with e-IMCI revealed problems 

that must be addressed and point to the need for future 

usability research in this area.   

THE IMCI PROTOCOL 

IMCI was developed by the World Health Organization 

(WHO), the United Nations Childrenôs Fund (UNICEF) and 

other partners. It has been adopted by over 80 countries.  

IMCI is a three part approach:  improved case-management, 

improved health systems support and improved family and 

community practices.  Case management includes 

protocols, also known as medical algorithms, which 

indicate a simple set of investigations to perform for a child 

with a cough, diarrhea, fever and/or an ear ache.  Figure 1 

shows the IMCI flowchart of the cough protocol. The 

investigations for a child with a cough include counting the 

breaths per minute and asking the caregiver, usually the 

mother but often another family member, how long the 

child has been coughing.  The flowchart describes how to 

use the results of the investigations to classify the illness 

Figure 1: IMCI flowchart for child with coug h or difficulty breathing.  
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and determine treatment, as well as to select medications 

and compute dosages based on weight and age. 

IMCI also guides a health worker to prompt for missing 

immunizations, assess a child for malnutrition, and 

recommend interventions for underweight children.  IMCI 

provides advice for the caregiver including 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 and even maternal health.  In cases of 

severe classification or danger signs, IMCI will recommend 

referring a child to a higher-level facility.   

With IMCI, there are different rules for children from 1 

week to 2 months old, and for 2 months to 5 years.  

Children over 5 years old are not covered by these 

protocols.  There have been some recent additions to cover 

infants during their first week.  There are also different 

rules to cover a return visit as opposed to a first visit. 

PRIOR WORK 

The idea of using human-computer collaboration for 

automating procedural tasks, and specifically of designing 

user interfaces for helping human operators, has existed 

since the early days of human factors research.  However, 

research has shown that this approach does not lead to 

positive outcomes in all cases and that "computer aiding is 

a multidimensional problem" [3].  Specifically, automation 

seems to be most helpful in cases are humans were 

operating under higher workloads.  One example of 

automation using mobile devices was a system to help 

coordinate the movements of a large container ship and was 

shown to improved safety [12].  An evaluation of mobile 

devices used in American hospitals to write and print 

prescriptions found that usability problems introduced 

certain new errors [13]. 

The work described in this paper builds on a project to 

develop a screening algorithm for HIV patients and is 

currently being tested in two AIDS treatment centers in 

South Africa [15].  It is part of a larger effort to deliver 

standardized care on mobile devices at primary health 

facilities in low-income countries. The user interface for the 

HIV system, which is what the e-IMCI interface was built 

from, was developed by Dimagi, Inc., a health technology 

consultancy.  The interface is based loosely on internet chat 

applications, and was inspired by the DiamondHelp system 

for collaborative home applications [20].   

A related effort evaluated the use of computerized decision 

support in a rural area of Tamil Nadu, India [19]. The study 

focused on a decision support system to alleviate the burden 

on small clinical staff. The application offered help for non-

physicians to gather information about patients, offered 

preventative advice, and identified treatment for simple 

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

the IMCI protocol. This study showed that the aid had a 

positive impact on both the number of patients seen as well 

as the quality of care received. 

There is a large body of health informatics work to develop 

computer applications aimed at the needs of low-income 

regions.   There have also been several telemedicine 

projects that attempt to connect doctors in urban areas or 

wealthy countries to patients in remote, rural areas (e.g., 

[18]). Rwanda's Treatment and Research AIDS Centre 

(TRAC) achieved success including remote locations to 

their TRACnet communications network, in part utilizing 

the Voxiva mobile phone network [8]. TRACnet was able 

to collect data from all participating clinics monthly. There 

have also been a number of patient record systems aimed 

the needs of low-income countries, including OpenMRS 

[17] and SmartCare [21].    In most low-income countries, 

health workers fill out paper forms when seeing patients, 

which are later typed in by data clerks.  Reports are then 

generated to assist with clinical care and meet the reporting 

requirements of the governments and funders. 

The feasibility of mobile applications in rural areas has 

been demonstrated. One compelling example is the ongoing 

PDA-based survey of 270,000 households in Mtwara, 

Tanzania, following a smaller baseline study [22].   

There has also been work discussing the importance of 

adapting HCI design methods, including participatory and 

user centered design, from the developed world to working 

with rural communities [14].  This work serves as a guide to 

inform design in a new environment.  

Clinical decision support systems have also been deployed 

in wealthy nations in specific areas, often in an attempt to 

improve on the judgment of well-trained doctors. A 1998 

survey of these support systems showed that quality of care 

was improved in 66% of the studies performed [10]. These 

systems were predominantly deployed in the United States 

for use in teaching hospitals and academic environments.  

The success of these systems is encouraging for our work 

assisting medical professionals in the low-income regions, 

who receive a lower level of education and deal with a 

larger patient load. 

There has also been work on designing representation 

languages for decision protocols. One notable effort is the 

the GuideLine Interchange Format (GLIF) [16]. GLIF is a 

second generation protocol specification format, created by 

integrating the experience from the development of four 

different earlier guideline representations. GLIF has 

achieved a large level of success in the representation of 

diverse medical guidelines [16]. Columbia University is 

currently integrating GLIF with an existing computer-based 

physician order entry (CPOE) system to enhance the 

system's decision support capabilities [5]. While we have 

hard-coded the IMCI protocols into e-IMCI, we plan to use 

GLIF or some other standard for generically representing 

medical protocols. 

The artificial intelligence community has done work to 

provide medical advice using machine learning. These 

'expert systems' are generally designed to accept a specific 

set of information and make rule-based assessments in a 



 

narrow range of results.  Early examples of expert systems 

include Mycin, a 1970's Stanford system for recommending 

a proper antibiotic and dosage for blood-borne infections 

[6]. Other efforts have investigated the use of probabilistic 

reasoning to approximate expert human medical 

assessment.  For example, the PATHFINDER system for 

pathological diagnosis performed probabilistic 

determinations based on measurements of features seen in 

microscopic analysis. This system performed at the level of 

an expert pathologist [9]. 

Both the work on expert medical systems and probabilistic 

medical systems take a different approach to automating 

health care than the work presented here.  We are relying on 

the designers of the IMCI protocols and are focused on the 

human-computer interaction issues of how to build a tool 

that can improve adherence to established protocols, and 

thus increase the standard of care.  

Finally, it has been shown that computer systems for 

training IMCI were 23-29% less expensive and as effective 

as standard training methods [13]. In future work, we plan 

to explore the potential for e-IMCI to reduce the need for 

training or be used as a training tool. 

THE e-IMCI PROTOTYPE 

The e-IMCI system was developed by adapting the HIV 

screening system mentioned above.  Figure 2 contains an 

example of e-IMCI for numeric data entry and another for a 

simple yes/no question.  The current question is displayed 

at the bottom of the screen along with the possible answers.  

When a question is answered, it is scrolled upwards; an 

abbreviated version of the question and the selected answer 

appear above the new question.  Of the entire IMCI 

protocol, e-IMCI currently covers: 

Á First visits (not follow ups) 

Á Children between 2 months and 5 years old (not 0-2 

months) 

Á Children without any of the IMCI danger signs  

Á Cough, diarrhea, fever and ear problems (not 

immunizations, malnutrition or maternal health) 
 

Even with these limitations, e-IMCI covered most cases we 

observed.  The system starts by confirming that the patient 

consents to the clinician using the PDA.  The second 

question is a multi-select widget that prompts for the 4 

danger signs: vomiting, convulsions, trouble drinking and 

lethargic/unconscious.  Currently, if any danger sign is 

selected, e-IMCI displays a message telling the clinician to 

use the chart booklet. This was done to ensure that the study 

would not jeopardize the safety of ill children while we 

were testing e-IMCI.  

The third question asks about the major symptoms that the 

patient is presenting with, such as: cough, diarrhea, fever 

and ear problems.  This is also a multi-select, allowing the 

clinician to record all major symptoms at one time.  After 

the assessment questions are asked, the system indicates the 

classification, e.g. ñThe child should be treated for 

pneumonia.ò  If IMCI indicates any medications, e-IMCI 

allows the operator to choose from the available drugs, and 

the form of medicine (e.g., adult tablets, child tablets, 

syrup), and computes the correct dosage based on the 

childôs weight and age.  The system then presents advice to 

convey to the childôs caregiver, e.g. return immediately if 

any blood develops in the childôs stool.   

Because the clinicians are required keep records in English, 

they requested e-IMCI be in English rather than Tanzaniaôs 

national language, Swahili, in order to keep the vocabulary 

consistent.  However, as discussed below, we plan to 

translate the system to Swahili, which we expect to improve 

performance and usability.    

RESEARCH FOCUS AND METHODS 

The long term goal of this project is to attempt to improve 

the care of children by deploying standardized care on 

mobile devices.  There are several common questions raised 

about such an approach: 

1. Will it be cost effective and sustainable? 

2. Will health workers continue to use such a system for 

very long?  (They tend not to use the paper charts long 

after training). 

3. Will the project fail because too many devices will be 

lost, stolen, or broken? 

4. Will there be sufficient electricity to charge devices? 

5. Will health workers be able to use it given their limited 

exposure to computers? 

6. Will health workers or patients dislike it? 

We add three questions that are more specific to the work 

described in this paper: 

7. Will e-IMCI really reduce or eliminate errors in 

following IMCI? 

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

Figure 2: The e-IMCI interface.  


