
Am. J. Trop. Med. Hyg., 100(4), 2019, pp. 889–898
doi:10.4269/ajtmh.18-0366
Copyright © 2019 by The American Society of Tropical Medicine and Hygiene

Introduction and Evaluation of an Electronic Tool for Improved Data Quality and Data Use during
Malaria Case Management Supportive Supervision

Sarah M. Burnett,1 Jolene Wun,1 Illah Evance,2 Kelly M. Davis,1 Graham Smith,3 Cristina Lussiana,4 Goodluck Tesha,5

Andrew Quao,6 Troy Martin,1 Fozo Alombah,1 Molly Robertson,1 and Paul Hamilton1*
1President’sMalaria Initiative (PMI) MalariaCare Project, PATH,Washington, District of Columbia; 2President’sMalaria Initiative (PMI) MalariaCare
Project, PATH, Kisumu, Kenya; 3President’sMalaria Initiative (PMI) MalariaCare Project, Population Services International, Washington, District of
Columbia; 4President’sMalaria Initiative (PMI)MalariaCareProject, PopulationServices International,Nairobi, Kenya; 5President’sMalaria Initiative

(PMI) MalariaCare Project, PATH, Dar es Salaam, Tanzania; 6President’s Malaria Initiative (PMI) MalariaCare Project, PATH, Accra, Ghana

Abstract. Although on-site supervision programs are implemented inmany countries to assess and improve the quality
of care, fewpublications havedescribed theuseof electronic toolsduringhealth facility supervision. ThePresident’sMalaria
Initiative–funded MalariaCare project developed the MalariaCare Electronic Data System (EDS), a custom-built, open-
source, Java-based, Android application that links to District Health Information Software 2, for data storage and visuali-
zation. TheEDSwasusedduringsupervisionvisits at4,951health facilitiesacrosssevencountries inAfrica.The introduction
of the EDS led to dramatic improvements in both completeness and timeliness of data on the quality of care provided for
febrile patients. The EDS improved data completeness by 47 percentage points (42–89%) on averagewhen comparedwith
paper-based data collection. The average time from data submission to a final data analysis product dropped from over
5months to 1month.Withmore complete and timely data available, theMinistry of Health and the National Malaria Control
Program (NMCP) staff could more effectively plan corrective actions and promptly allocate resources, ultimately leading to
several improvements in the quality of malaria casemanagement. Although government staff used supervision data during
MalariaCare-supported lessons learned workshops to develop plans that led to improvements in quality of care, data use
outside of these workshops has been limited. Additional efforts are required to institutionalize the use of supervision data
within ministries of health and NMCPs.

INTRODUCTION

In recent years, the use of mobile health tools designed to
support health workers and improve the quality of care has
rapidly expanded.1–3 Within health worker capacity building,
much of the evidence building has been in the design and
implementation of electronic tools to support health workers
at the point of care.4,5 By contrast, few publications have
described the use of such tools by supervisors during on-site
supportive supervision at health facilities.
At the same time, there is increasing interest in using rou-

tinely collected data to assess current practices, guide
decision-making, and assess the impact of interventions
designed to improve quality of care.6 To date, the main sour-
ces of information on health-care quality have typically come
from periodic health facility surveys, such as theWorld Health
Organization’s (WHO’s) service availability and readiness as-
sessments tool, the Demographic Health Survey’s service
provision assessments, and theWorld Bank’s service delivery
indicators reports.7–9 Although valuable sources of informa-
tion, these assessments are conducted infrequently and are
expensive, and data collected may not be sufficient to inform
localizedprogrammatic decision-makingbecauseof national-
level sampling strategies. With many countries implementing
on-site supervision programs to assess and improve the
quality of care, data collected during supervision visits could
offer timely insight into key challenges that health facilities are
facing. The use of electronic tools for health surveys and
routine health register information data collection has im-
proved data completeness and reduced time to when data
can be reviewed.10 In its third year of implementation, the

President’s Malaria Initiative–funded MalariaCare project de-
veloped the MalariaCare Electronic Data System (EDS), an
electronic tool to guide on-site supportive supervision of
malaria case management, which could enable ministries of
health to take advantage of this underused data source by
providing complete and timely quality assurance data for
decision-making at multiple levels of the health system.
Between 2012 and 2017, MalariaCare worked in 17 coun-

tries to support national malaria control programs (NMCPs) in
designing and implementing a case management quality as-
surance system to improve the diagnosis and treatment of
malaria and other febrile illnesses. A key component of the
quality assurance system was outreach training and sup-
portive supervision (OTSS) to monitor and improve the per-
formance of health facilities, which was implemented in
selected facilities within nine of the 17 countries based on the
needs and requests of NMCPs. During OTSS, a team of at
least two government staff, usually clinical and laboratory
supervisors, visited health facilities to observe and assess the
quality of casemanagement for febrile illnesses and to provide
mentorship. At the endof eachOTSSvisit, which usually takes
1 day or less, the supervision team provided feedback, either
verbally or in writing, to health facility staff based on their
findings, and they collaboratively developed an action plan
with health facility staff to improve the quality of care. A full
description of the OTSS intervention can be found in Eliades
et al.11 To help supervisors collect standardized information
and better assess health facility performance in case man-
agement over time, MalariaCare introduced an OTSS check-
list that is completed by supervisors during their visit and
programmed the checklist into the EDS, which also contained
additional features designed to guide supervisors in providing
mentorship during the OTSS visit. In this analysis of pro-
grammatic data, we describe the process of implementing
theEDS, its outcomes related todataquality anddatause, and
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the comparative costs of using thepaper checklist versusEDS
for data entry.

MATERIALS AND METHODS

Program setting and population. From September 2015
to June 2016, MalariaCare began EDS implementation in
seven of the nine countries where MalariaCare supported
NMCPs to conduct OTSS: Ghana, Kenya, Malawi, Mali,
Mozambique, Tanzania, and Zambia. In May 2017, the Dem-
ocratic Republic of the Congo began using the EDS, but only
as a database for entry of data frompaper-based checklists.11

Within each country, ministries of health selected both public
and private facilities within regions or provinces agreed on by
the ministry and United States Agency for International De-
velopment mission for OTSS visits.
Program description. Before the introduction of the EDS,

supervisors in each country used paper checklists when
conducting OTSS visits. Following each set of visits to targeted
facilities within a defined time period (or “round”), the completed
paper checklists were sent to a central location for data entry.
Electronic data system application and content development.

MalariaCare’sEDS isacustom-built, open-source, Java-based,
Android application that links to District Health Information
Software 2 (DHIS2) for data storageandvisualization. TheEDS
was adapted from Population Services International’s (PSI’s)
Health Network Quality Improvement System, which is used
to assess and improve the quality of health service provision
in the private sector.12 The EDS application is compatible
with Android versions 4.0.3 and up, and is licensed for open-
source use.13 The interface is optimized for use on a 7-inch
Android tablet, but has been used on phones and smaller
screens with no reported loss of functionality. The supervi-
sors completed assessments offline during their OTSS visit
using the EDS application. Completed assessments were
then automatically uploaded to a DHIS2 password-protected
website designed specifically for the EDS once a network
connection was established. The DHIS2 server was also
configured as a Hypertext Transfer Protocol Secure site, which
encrypts data during transmission between the EDS and the
DHIS2 server.
MalariaCare developed checklist questions based on cur-

rent national malaria case management guidelines and exist-
ing national malaria supervision checklists, when available.
Drafts of the paper checklists were reviewed by the NMCP
staff and field-tested in each country, and minor country-
specific modifications were made where necessary. The
OTSS checklist was then programmed into the EDS applica-
tion and a second round of field-testing was conducted in
each country to solicit feedback from supervisors on the de-
sign of the application and to test its functionality.
The final content for MalariaCare’s EDS checklist includes

six core modules: 1) microscopy observation, where supervi-
sors observe laboratory staff preparing, staining, and reading
microscopy slides; 2) malaria rapid diagnostic test (RDT) ob-
servation, where supervisors observe health workers con-
ducting RDTs; 3) clinical observation, where supervisors
observe health workers conducting consultations with febrile
patients; 4) adherence, a review of health facility registers to
assess adherence to testing and treatment protocols; 5)
general OTSS, an assessment of human resources, com-
modities, and infrastructure; and 6) feedback and action plans,

where supervisors record the top problems identified during
the visit and action plans to address them.
Contentwithin the EDSapplication canbemodified through

theDHIS2 interface so thatmodules can be added or changed
as needed to include other aspects of malaria case manage-
ment or other diseases or topics entirely. In some countries,
additional modules were developed during the program to
address country-specific requests, including modules on
pharmacy and logistics, health management information
system (HMIS) data quality assessments, severe malaria, and
malaria in pregnancy. The EDS is structured so that each
module can be submitted to the EDS DHIS2 website in-
dependently, and supervision teams can work simultaneously,
with each supervisor submitting her/his assigned module(s).
Figure 1 provides screenshots of the EDS application; Figure 2
summarizes its key features.
Electronic data systemDHIS2website.Thedata collected in

the EDS application were sent to the EDS DHIS2 website for
data storage and visualization. DHIS2 is an open-source
software used for the HMIS in 60 countries at the time of
publication; however, theEDSDHIS2website is separate from
national HMIS DHIS2 websites and has been configured for
use with the EDS application.14 It was designed separately so
as not to interfere with national HMIS DHIS2 websites during
EDS testing and scaling, but with the intention for future in-
tegration of the EDS and HMIS data, at the discretion of a
country’s Ministry of Health.
After a checklist was submitted to the EDS DHIS2 website,

the individual checklist data were available for immediate re-
view, whereas graphs and dashboards were automatically
updated with the checklist content within 24 hours. From this
website, government and program staff with access rights
could review the data. Working with NMCPs, MalariaCare
developed dashboards for the national, regional, and district
levels to summarize and track key indicators. The EDS DHIS2
website allowed data users to modify visualizations, including
graphs and tables, to drill down to identify specific districts or
health facilities with poor performance, and to identify specific
skills that need to be strengthened across health facilities.
Using the dashboards, national, regional, and district malaria
coordinators monitored the implementation of supervision,
assessed progress, and identified key areas of focus—
whether individual districts and health facilities or specific
competency areas that needed to be addressed. With this
information, NMCPs could then direct interventions and re-
sources where they were needed most and cost-effectively
improve the quality of malaria case management. Figure 3
provides an example of an EDS DHIS2 dashboard.
Training. To support the implementation of the MalariaCare

EDS, two training packages were developed. The EDS end-
user training was a 3-day training package that trained su-
pervisors touseanelectronic tablet and theEDSapplication to
complete theOTSSchecklist andprovidementoring during an
OTSS visit. The training included a health facility visit to give
supervisors practical experience. The EDS data user training
was a 3-day training package to train district-, regional-, and
national-level decision-makers to create new graphs and
dashboards within the EDS DHIS2 website, interpret the
findings and track performance, share the results in a district
or regional report, anduse thosedata toguideactionplanning.
Following this training, key government staff were coached
in using the EDS data to guide action planning during

890 BURNETT AND OTHERS



lessons learned workshops (LLWs), which were regional
forums held after OTSS rounds to discuss key trends and
develop regional- and district-level quality assurance action
plans.
Analysis of implementation data. The purpose of introduc-

ing the EDS was to improve both supervision data quality and
data use, and, ultimately, to improve the quality of case

management of febrile illnesses. The combined effects of
OTSS and EDS on the quality of malaria case management
are presented in Eliades et al., Alombah et al., and Martin
et al.15–17 The outcomes presented here focus on the effect of
the EDS on data quality and data use.
We measured data quality by documenting data com-

pleteness and timeliness from the last paper-based visit, first

FIGURE 1. Screenshots of the Electronic Data System application. (A) Data entry screen for rapid diagnostic test (RDT) observation module. (B)
Performance summary page. This figure appears in color at www.ajtmh.org.

FIGURE 2. Key features of the MalariaCare Electronic Data System (EDS). DHIS2 = District Health Information Software 2.
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EDSvisit, andmost recent EDSvisit for each health facility.We
defined completeness as the proportion of health facilities
visitedwith sufficient data to calculate each of the project’s six
key health facility performance indicators. Three of the health
facility indicators (RDT,microscopy, andclinical observations)
required at least one complete observation to calculate a
score. The other three health facility performance indicators
(testing before treatment, adherence to negative test results,
and adherence to positive test results) required register re-
views and data from at least half of the recommended sample

(either five or 10 patient records depending on the indicator)
to calculate a score. A health facility was considered “visited”
if a paper checklist was submitted, or if at least one EDS
module was submitted to the EDS DHIS2 website.
Timeliness was measured as the number of days between

the last OTSS visit for a group of health facilities visited during
a set of OTSS rounds and the date when the first analysis with
cleaned data was produced. Timeliness was then further di-
vided into timeliness for 1) data submission, the number of
days between the last round of OTSS visits and the date when

FIGURE 3. Electronic Data System (EDS) District Health Information Software 2 (DHIS2) dashboard. RDT = rapid diagnostic test. This figure
appears in color at www.ajtmh.org.
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all available data were entered or appeared in the EDS DHIS2
website; and 2) data analysis, the number of days between
data entry completion and the presentation of the first analysis
with cleaned data.
The comparative cost of data entry using a paper checklist

versus EDS was also analyzed. The costs of data entry per
health facility visit for the last paper round were calculated
from the total costs of printing the paper checklists and the
costs of person-time for data entry dividedby the total number
of health facilities visited. Electronic Data System costs in-
cluded the costs of the tablets and accessories (including al-
lowances for 5% replacement per year for loss and breakage),
airtime for sending data, and web hosting costs for the EDS
DHIS2 (assuming a separate website for each country). For
EDS, the one-time cost of purchasing the tablets was de-
preciatedover the4-year life expectancyof the tablet, byusing
the straight-line depreciation method. To estimate the aver-
age number of visits per tablet per round, the number of health
facilities visited during the most recent round was divided by
the total number of tablets used by supervisors. Airtime costs
per tablet per round were divided by the number of visits per
tablet per round to calculate the airtime costs per visit. The
depreciated cost of the tablets per year and the recurring
annual costs of airtime and web hosting were then divided by
the number of health facility visits within a year (based on the
total number of health facilities visited per round and the
number of rounds per year). An informal assessment was
carried out to collect specific examples of district, regional,
and national staff using EDS data to improve the quality of
malaria casemanagement. We did not assess any differences
in data use between the paper-based checklist and EDS.

RESULTS

In the seven countries where the EDSwas fully implemented,
all supervisors who participated in the MalariaCare-supported
OTSS visits were trained in the use of EDS for supervision as
part of their supervisor training. From September 2015, when
rollout of the EDS started, through September 2017, a total
of 1,686 supervisors were trained (Table 1). The supervision
teams ranged from two to four members, depending on the
country, and each team visited between six and 11 facilities on
average per round of visits. A total of 11,396 OTSS visits were
conducted using the EDS at 4,951 health facilities.
Data quality: completeness and timeliness. Completeness.

For five of the seven EDS countries (Kenya,Mali, Mozambique,
Tanzania, and Zambia), we compared data completeness for
the last roundusingapaper checklist, thefirst roundusingEDS,

and the most recent round using EDS. In Ghana and Malawi,
the last round with a paper checklist had a different number
of questions, and thus was not comparable.
From the last round with a paper checklist to the first visit

using the EDS, a dramatic improvement was observed in the
percentage of facilities with complete scores, with an average
improvement of 40 percentage points across the six areas,
and five of the six competency areas demonstrating greater
than 80 percent completeness (Figure 4). The first EDS visit to
the most recent EDS visit also showed an incremental im-
provement, with an average 7 percentage point increase and
five of the six competency areas greater than 90% complete.
Despite improvement, completeness for microscopy scores

lagged behind, with only 70% of scores completed. In later
visits, we added a question to the checklist asking supervisors
to include the reason why they were unable to complete an
observation. During the most recent visit, 11% of supervisors
reported not being able to do a microscopy observation be-
cause of the lack of staff (6%), stock-outs of supplies (2%), a
power outage (2%), or a microscopy test not being ordered
(1%); 2% of RDT scores and 1% of clinical score were missing
for similar reasons.
Timeliness. Table 2 reports the mean, median, and range of

the number of days it took for program staff from each country
to verify that supervisors had submitted data from all com-
pleted visits to the EDS DHIS2 website from one round of
supervision, to clean and analyze the data following sub-
mission, and the total number of days from last OTSS visit to
first data analysis. The number of days required for verifying
data submissions decreased from an average of 84.4 days
with the paper checklist to 16.9 in themost recent EDS round,
an 80% decrease. With the paper checklists, the time to data
submissionwas affected by the time required to transport and
enter the paper checklists. During the use of the EDS, the time
to data submission was affected by connectivity challenges
and, early in the process, challenges in staff learning to use the
system; for example,making sure that airtimewas loaded, that
the mobile data function in the tablets was turned on for
submission, and that program staff were able to monitor the
submissions on a daily or weekly basis and follow-up with
supervisors, as needed. The number of days required for
cleaning the data and producing a final analysis decreased
from an average of 73.1 days to 12.6, an 83% decrease. In
total, the time from submission and analysis to data being
available for decision-making dropped from an average of
5 months post-visit to less than 1 month.
As illustrated in Table 2, even with the EDS, clean, usable

data were not automatically available in “real time.” Program

TABLE 1
Number of visits conducted using the EDS

Country
Number of supervisors

trained in EDS*
Number of unique health

facilities visited
Number of visits

conducted
Number of visit rounds

with EDS
Average number of visits
per facility using EDS

Country 1 685 1,973 4,524 4 2.29
Country 2 178 935 2,314 4 2.47
Country 3 315 1,227 1,875 5 1.53
Country 4 113 413 1,418 5 3.43
Country 5 121 144 431 4 1.86
Country 6 68 102 418 8 4.10
Country 7 187 157 416 3 2.65
Total 1,669 4,951 11,396 33 2.27
EDS = Electronic Data System.
* The number of supervisors trained in EDS includes supervisors MalariaCare trained for other partner organizations, whereas the number of health facilities and visits includes MalariaCare-

supported facilities alone.
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staff still needed to follow-up with supervisors to ensure that
visits were being completed and that the findings of those
visitswere documented through data submissions.Moreover,
some data cleaning, due to supervisor error in completing the
checklist and/or duplicate submissions, was required.
Electronic data system field implementation issues.

Over the course of the project, MalariaCare made several
modifications to the EDS application and implementation
processes to address key challenges faced by personnel in
the field. Significant issues are summarized in the following
paragraphs.
Sending completed checklist data.The initial version of EDS

required the supervisor to have an internet connection and
press a button to send a module from the tablet. This proved
frustrating, requiring the supervisor to repeatedly check for
internet connectivity and/or wake up at inconvenient hours to
try to send during times of lower network traffic. Supervisors
would also press the send button repeatedly, which resulted
in duplicate submissions to the EDS DHIS2 website. To ad-
dress this problem, a subsequent version of the EDS appli-
cation allowed the supervisor to simply mark a module as
complete, and the tablet would automatically push the data to
the server once it detected an available network signal.
User names and passwords. To ensure that the appropriate

checklists and health facilities appeared in the EDS applica-
tion, supervisors were required to enter a user name and
password. However, because of the infrequency of OTSS
visits (every 3 months or fewer), supervisors often forgot
these. One solution instituted in some countries was to in-
troduce just one user account per district, while adding a
space for supervisors to write in their name within each
module. Although this reduced the ability to track individual
supervisor actions, ultimately this was seen by MalariaCare

and NMCP staff as a more practical option, as supervisors
who could not access their application would not be able
to use the tool to guide mentoring or document their super-
vision visit.
Reviewing results. Two EDS application improvements

were made for reviewing data at the supervisor level. First, a
performance summary page was added so that supervisors,
after marking the module as complete, could easily identify
the missed items and discuss with health facility staff (see
Figure 1B). Second, a feature was added so that supervisors
could review theprevious visit’s results, evenwhenconducted
by a different supervisor using another tablet. This was par-
ticularly useful for the feedback and action planmodule, which
required supervisor teams to review the top issues during the
previous visit.
Content and application updates. Through its connection

with DHIS2, each time the supervisors logged into the ap-
plication, the content was updated to reflect the latest ver-
sion of the checklist, ensuring that old checklist versions
were removed from circulation before the next use.
MalariaCare also uploaded the EDS application to the
Google Play Store, which allows changes in the EDS appli-
cation features to update when connected to the internet,
rather than requiring the program staff and supervisors to
uninstall the old version and install a new one. During the
project, we disabled the auto-syncing of applications to re-
duce inadvertent data usage.When a new version of the EDS
application was released, program staff would either update
the tablets centrally or inform supervisors to update their
tablets to the latest version.
Data use. With EDS, dramatic improvements in data com-

pleteness and timeliness allowed for the timely use of OTSS
data to inform decision-making during the MalariaCare

FIGURE 4. Percentage of health facilitieswith complete scores, by competency area. EDS= Electronic Data System; RDT = rapid diagnostic test.
*Not all health facilities perform malaria microscopy. Ns for microscopy are as follows: Last paper round, n = 441; 1st EDS round, n = 595; most
recent EDS, round n = 776.

TABLE 2
Number of days from the end of outreach training and supportive supervision round until analysis shared

Number of days: Mean (median [range])

Visit Data submission Analysis Total

Last paper visit (n = 2,380) 84.4 (91.0 [15.0–166.0]) 73.1 (54.0 [3.0–216.0]) 157.6 (145.0 [74.0–364.0])
First EDS visit (n = 3,333) 27.5 (20.0 [0.0–121.0]) 19.8 (16.0[0.0–71.0]) 47.3 (27.0 [20.0–146.0])
Most recent EDS visit (n = 3,105) 16.9 (11.5 [1.0–79.0]) 12.6 (11.0 [1.0–30.0]) 29.4 (28.0 [6.0–80.0])
EDS = Electronic Data System.
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project. The most critical opportunity for timely data use is at
the health facility during OTSS visits, where supervisors can
provide direct feedback to health workers immediately after
observing the quality of care. Using the EDS, supervisors had
rapidly available scores for eachcompetency area, aswell as a
performance summary page which helped them to focus on
key gaps and provide targeted mentorship. Supervisors re-
ported that they found these aspects of the EDS to be a major
advantage over the previous paper-based checklist, stating
that it allowed them tobetter direct the feedback theyprovided
to health-care workers and helped to guide their action plan-
ning sessions.
To further support data use by health managers at the dis-

trict, regional, and national levels, data user training was
conducted after at least one round of OTSSwith the EDS. This
training included key national malaria case management and
monitoring andevaluation staff, andmalaria focal persons and
health information officers at the regional or district levels. In
some cases, regional/district managers of health services
were included for at least part of the training. A total of 535 staff
were trained in data use, with the numbers trained ranging
from 10 to 301 per country. On average, one to five govern-
ment staff per region/district implementing OTSS participated
in the data use training sessions. Following the data use
trainings, MalariaCare supported trained staff to update their
dashboards based on the most recent round of OTSS and
develop presentations, which were then shared during the
LLWs. These data provided the basis for developing regional-
and district-wide action plans to address key gaps. In the
following paragraphs, we present key examples of data use in
MalariaCare-supported countries.
Targeting low-performing facilities for additional

intervention.Within theMalariaCare program, the EDS also
enabled better targeting of program resources. For example,
in Zambia, financial constraints required MalariaCare to se-
lect OTSS facilities where performance during the previous
visit was low; this would not have been possible to analyze
in time without the EDS. Similarly, in Malawi, facilities that
scored low on the management of severe malaria were se-
lected to participate in an additional clinical mentoring in-
tervention designed to improve the management of severe
inpatient cases.
Increasing assessments for severe disease. During the

LLWheld after the first OTSS round using EDS in country four,
district malaria focal persons and supervisors reviewed the
results of the clinical management indicators and found that
checking for signs of severe disease for febrile outpatients
was only 49%. Supervisors then decided to visit health facil-
ities in between official OTSS visits to further educate clinical
providers; by the last visit during the project, the performance
on this indicator rose to 82%.
Integrating OTSS and HMIS data to reduce RDT stock-

outs and improve testing rates.At an LLW in country three, a
regional malaria focal person presented the HMIS data on the
proportionofmalaria casesconfirmedalongwith theEDSdata
that indicated 34% of facilities reported a sustained RDT
stock-out during OTSS. Using these data, the focal person
was then able to garner the support of regional and district
council leadership who followed up with district health staff.
The malaria-focused technical teams from the region and
district councils also met with each district to discuss the
reasons for poor performance at certain health facilities, and

then conducted additional problem-solving visits. Key strat-
egies used were as follows: training health facility staff on
completing RDT stock forms, redistributing RDT stock be-
tween health facilities within districts, and reinforcing the im-
portance of testing all patients before treatment. By the last
OTSS visit during the project, RDT stock-out rates dropped to
12%, whereas test confirmation rates increased from 89%
to 97%.
Despite these positive examples, widespread and routine

use of EDS dashboards by government staff remains a chal-
lenge. Review and use of data has largely occurred only with
MalariaCare prompting and support, such as during LLWs.
When askedwhy datawere not usedmore often outside of the
LLWs, several of those trained in data use said they forgot how
to use the EDS DHIS2 website and that they did not have
regular internet access.
Costs. A common concern when replacing a paper-based

systemwith an electronic system is the relative cost. To better
understand the costs associated with implementing the EDS,
data entry costs for the paper checklists and the EDS were
compared. For the paper-based data entry, costs included
printing and data entrant consultant fees. For the EDS, costs
included a one-time purchase of tablets and accessories
(casesandscreenprotectors), spreadover a life expectancyof
4 years, and operating costs including annual server hosting
and maintenance (assuming independent servers for each
country) and airtime. Table 3 presents the average costs per
visit for paper-based and EDS data entry. The total data entry
cost per visit ranged from US$2.42 to $17.17 for the paper
checklist and from US$7.86 to $31.29 for the EDS. Per visit,
the EDSwas usually more expensive than the paper checklist.
Five of the sevencountrieswere betweenUS$0.16 and$28.04
more expensive. In two countries (countries three and six), the
EDSwas between US$1.15 and $2.99 less expensive. For the
EDS, the one-time costs of tablet purchase ranged from 26%
to 75% of the total data entry cost per visit, with the operating
costs making up the remainder.
Electronic Data System costs per visit were lower when a

greater number of health facilities were reached with a lower
number of tablets. For example, in country two, where a total
of 150 supervisors in teams of two visited 782 health facilities
with three rounds per year (2,346 health facility visits), average
EDS costs were only US$7.86 per visit. Although a similar
number of health facility visits were performed per year in
country one (2,362 visits conducted over two rounds involving
1,181 health facilities), supervisors travel in teams of four and
each supervisor has a tablet. This requires twice the number of
tablets per visit and increases costs to nearly double, at US
$13.77 per visit. In country seven, costs were relatively high
because of the smaller number of health facilities and the large
number of active supervisors. In that program, while eight
regional supervisors visited five facilities each, at the district
level, supervisors would visit two health facilities per district
per round. However, in one country with a lower number of
health facilities (country six), the EDS costs were lower than
those of paper-based data entry. This was due to the com-
paratively higher cost paid for paper-based data entry, which
was performed by program staff because of the lownumber of
paper checklists. Regular program staff compensation is
higher than it is for temporary data entry personnel with the
qualifications required for this work. In countries with a higher
volume of paper checklists for entry, lower cost data entry
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consultants were used. Finally, in countries that conducted
more visits per tablet per round (countries two and six), the
one-time costs accounted for a lower proportion of the total
data entry costs.
In four countries, tablets andaccessories suchas cases and

screenprotectorswere bulk purchased from theUnitedStates
and shipped, which kept unit costs between US$165 and US
$211. In countries five and six, where tablets were purchased
locally and in lower volume, the cost per tablet was much
higher at US$599 and US$265, respectively. The tablets in
country five were also a more advanced model, which was
recommended for purchase based on a reported lack of re-
liability in lower level models used for previous projects in-
country. This, in addition to the lower number of facilities
covered in country five, led to a significantly higher cost per
visit for EDS when compared with other countries. In country
three, which combined the lowest tablet cost and a larger
scale program, EDS was less expensive than paper-based
data entry. In countries with a greater number of tablets
needed per facility visit (country one) or where tablets were
more expensive (country five), the one-time costs accounted
for a higher proportion of the total data entry costs.

DISCUSSION

The MalariaCare project experienced dramatic improve-
ments in data completeness and timeliness immediately after
the introduction of an electronic tool to guide on-site sup-
portive supervision. Data completeness using the paper-
based checklists varied by the indicator but was low overall.
To our knowledge, no other studies have evaluated data com-
pleteness and timeliness of national supportive supervision
programs at this scale. Studies that evaluated completeness of
national HMIS data during early DHIS2 implementation, which
requires paper-based data management at the facility level,
found similar rates of completion, at 36% in Uganda and
26.5% in Kenya.10,18

Several features of the EDS are likely to have directly con-
tributed to these improvements: automated remote data
submission, which reduced time to submission and oppor-
tunities for data loss; remote monitoring of data submissions
through the EDS DHIS2 dashboards, which allowed centrally
based program managers to quickly follow-up on missing

submissions; and automated scoring and performance sum-
maries, which increased immediate usability of the data and
may have further motivated supervisors to complete the
checklist.
With increasedavailability of scores, includingduring facility

visits, and a significant reduction in the time needed to have a
full, analyzed dataset available for use, data could more ef-
fectively be used for decision-making: supervisors were able
to provide more targeted feedback during supervision visits,
government and MalariaCare program staff could better use
limited resources by targeting poorly performing facilities, and
district, regional, and national staff began using EDS data to
drive measurable improvements in the quality of care. Across
country programs where OTSS was implemented using EDS,
MalariaCare has observed improvements in each of the proj-
ect’s six key indicators (RDT, microscopy and clinical perfor-
mance, testing before treatment, and adherence to positive
and negative test results).15–17

Comparing only the operational costs for data entry, EDS
tended to be more expensive per visit than using a paper
checklist, with cost differentials ranging from between US
$0.16 and US$28.04 per visit for five of the seven countries.
The EDS operational costs were lower when it was used at
scale—when there were a greater number of health facilities
over a greater number of visits, when health facilities were
visited by fewer supervisors, and when tablets were pur-
chased in bulk. Given the demonstrated benefits of using the
EDS, in terms of data timeliness and completeness and in-
creased data use which has led to improved case manage-
ment, we believe that EDS is worth the additional cost in
countries where large-scale supportive supervision is plan-
ned. Further implementation research should be performed to
compare the cost-effectiveness of electronic systems for
supportive supervision, such as the EDS, and paper-based
systems. If such systems enable better and more timely
feedback and program modification, as described with the
EDS, it may lead to greater improvements in case manage-
ment practices and, ultimately, reduced morbidity.
The EDS could also reduce overall health-care costs

by helping to systematically target facilities for supervision
or allowing supervisors and managers to target specific
areas of weakness. With average costs between US$44
and US$333 per OTSS visit, it is financially difficult for

TABLE 3
Average cost of data entry per facility visit, paper-based checklist vs. EDS

Country

1 2 3 4 5 6 7 Average

Cost drivers
Number of health facilities visited, latest
round

1,181 782 480 402 144 72 120 454

Number of rounds per year 2 3 2 2 2 4 2 2.43
Number of tablets 448 150 129 98 38 16 48 132
Number of tablets per supervision team 4 2 2 2 2 2 2 2.28
Average number of facilities visited per
tablet per round

2.64 5.21 3.72 4.10 3.79 4.50 2.50 3.78

Cost per tablet, with accessories (US$) $189 $211 $165 $190 $599 $265 $165 $255
Costs of data entry per facility visit (US$)
EDS $11.98 $7.18 $8.90 $10.42 $31.29 $14.17 $23.19 $15.31

Onetime tablet purchase, as a
proportion of data entry costs

75% 47% 62% 56% 63% 26% 36% 52%

Paper checklist $2.42 $7.02 $10.05 $8.20 $3.25 $17.17 $5.42 $7.65
Cost difference $9.56 $0.16 ($1.15) $2.23 $28.04 ($2.99) $17.78 $7.66
EDS = Electronic Data System.
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government programs to reach every facility for a supervision
visit two to four times per year, as WHO and many govern-
ments presently recommend.11,19 The use of EDS data could
help to better target follow-up visits to low-performing facili-
ties, thus achieving higher quality at a lower cost for govern-
ments and donors. Using supervision data to target specific
interventions, such as equipment purchases, stock distribu-
tion, or additional capacity building efforts, could also de-
crease costs to the health system while improving the quality
of care. The EDS also supports the management of large-
scale supervision programs through the ability to modify the
content as guidelines are updated or country needs change.
Automated updates pushed to the tablets ensure that old
versions of checklists are quickly and easily removed from
circulation.
Our cost analysis did not include EDSdevelopment costs or

the costs of information technology support staff required to
ensure smooth operation of the system.MalariaCarewas able
to build onexisting softwaredevelopedbyPSI and leverage its
position as a global project to develop one application that
worked across eight countries. With its open-source status
and the ability to adapt content for any topic or disease as
needed, the EDS also has the potential to be used across
multiple disease programs, which could further reduce costs
across programs.
The EDS providesmore localized and timely data than have

been available through periodic national health facility sur-
veys. With improved access to supervision data, district, re-
gional, and national staff have better information to drive
decision-making and can incorporate quality improvement
into routine management systems. Government staff used
supervision data during MalariaCare-supported events to
develop plans that led to improvements in the quality of care.
However, outside of these events, there has been limited use
of the EDS DHIS2 dashboards for data use. This is not sur-
prising, given that establishing habits for data use take time
and the OTSS data use efforts are still in their early stages. In
most countries, only one to three OTSS visits had taken place
since the EDS data use training was implemented.
The use of supportive supervision data beyond the su-

pervisor level must be institutionalized within the NMCP and
health management system. Steps should be taken to pro-
vide a strong operating environment for use and interpreta-
tion of EDS dashboards. Job descriptions for key personnel
at the national, regional, and district levels and routine
reporting templates should be revised to include the analysis
and use of supportive supervision data. Supervision data
should be analyzed and shared during existing district and
regional health department meetings. Following these re-
view meetings, accountability structures for ensuring the
implementation of quality assurance action plans within
district and regional health management teams need to be
strengthened or established. Within these structures, OTSS
andHMIS data, as well as other data sources such as routine
stock data and/or community interventions, should be in-
tegrated to provide a full picture of malaria case manage-
ment with each locality.
Whereas the organizational changes proposed earlier will

help to create a sustainable data use culture for supervision
data, simple technical modifications to address barriers in the
use of the EDS application and the EDS DHIS2 website could
further improve data quality and data use and allowmore time

to focus on quality assurance efforts. For example, the EDS
application could be improved by reducing the time required
to log in and restricting data submissions unless the modules
are complete. The somewhat complex DHIS2 visualization
environment could also be simplified and tailored further for
supervision data. Finally, internet access must be available at
the time of data collection, analysis, and reporting, whether
through the provision of airtime or mobile internet access
devices, NMCPs supplementing district internet allowances,
or shifting data analysis to HMIS officers who tend to have
more consistent access to a computer and internet than
malaria focal persons.

CONCLUSION

The introduction of an electronic tool for supervision led to
dramatic improvements in both data completeness and
timeliness of data on the quality of care provided for febrile
patients and supported Ministry of Health and NMCP staff in
their decision-making process for planning corrective actions
and promptly allocating resources. Additional efforts are re-
quired to institutionalize the use of supervision data within
ministries of health and NMCPs.
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