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Abstract

The District Health Information System (DHIS) has been installed to a number of Low and Middle
Income Countries (LMIC) to collect health records at a district level and share the data nationally [1,
2]. While data collection coverage is very high in most countries, [3, 4] information use is still
reported to be very low [4, 5]. Annual data use workshops [6] have been designed to improve the rate
of information use for surveillance in Zanzibar, Tanzania. However, in order to increase data and
information use, in addition to the annual workshops, real-time tools are needed to support
surveillance at district and national levels and continuous data use in public health sectors. [7-9]. The
DHIS dataset is aggregated at the district level, lacking information on location within the district and
social demographic information on patients utilizing health services at the ward (shehia) level. This
insufficiency, limits use in epidemiology, even if it was intended for national and district
administrative purposes. There are three tiers of governance on Zanzibar: 1) regional administration
(five regions); 2) district administration (10 districts per region); and 3) wards (236 shehias — smallest
division of administrative regions — in all districts). The Health Management Information Systems
unit (HMIS) manages the DHIS, and through the hard work of District Health Management Teams
(DHMTS) has been continuously collecting quality information. It is unfortunate that collected data
ends up in databases for showcasing and trivially used for decision making [10]. HMIS acknowledges
minimal data use as one of the challenges in the sector and demonstrated that data could be used for
secondary data analysis [11]. While the immediate outcome of this work is a system that analyzes real-
time HMIS data on pneumonia, all upper respiratory tract infection (URTT), and diarrhea with added
value data for surveillance, the long-term goal of this work is developing a Health Information
System (HIS) that supports evidence-based management of Zanzibar’s entire public health, using
epidemiologic-embedded analysis and a well-built workforce. The other important objective of this
research is to strengthen the capacity of officers’ district surveillance of public health informatics
practices through improved data quality, training of health surveillance officials, and development of

software tools that analyze, disseminate, and facilitate information use.

x1



Chapter 1 Introduction

Developing countries are facing disease burdens attributed merely to poverty and illiteracy.
Apparently, the most frequent mortalities and morbidities are in countries with high childhood
mortality (Figure 1.1) In poverty-stricken countries, children are highly diagnosed with preventable
diseases such as pneumonia and diarrhea (Figure 1.2), These preventable cases are strongly linked to
socioeconomic status like educational status, [12] poverty, and access to care [13]. The United
Nations Children’s Fund (UNICEF) and the World Health Organization (WHO) jointly published
Diarrbea: why children are still dying and what can be done, a report that raises awareness and lays out a
comprehensive plan of action for reducing the incidences and mortality [12]. The Global Action
Plan for Pneumonia and Diarrhea (GAPPD) proposed a multi sectorial, integrated approach to
reduce the incidence and deaths of pneumonia and diarrhea, using an integrated framework of key
interventions proven to protect and effectively prevent and treat childhood pneumonia and diarrhea

in a coordinated manner by 2025.

| Preumonia | 4%
Pneumonia | 14% \

Rate of death
per 100000 children

I >1000 \ —

’ ~
[ 500 —<1000 ~
[ 100—<500 o ; o
[] s0—<100 HIV/A " ;Dmnhoon“[)%
[]10—<50 Diarrhoea | 1%
o

b Thirty-five percent of deaths in children less than five years of age
l:l o.gata are associated with malnutrition.’

Figure 1.1 Global distribution of deaths among children [13] Figure 1.2 Child mortality 2000-2012

Preventable cause Estimated number
of death Type of Estimate Calculations of lives saved
Diarrhoea Mean 0.751 million x 0.48 360 000

Low 0.751 million x 0.24 180 000

High 0.751 million x 0.63 473 000
Pneumonia Mean 1.071 million x 0.23 246 000

Low 1.071 million x 0.11 118 000

High 1.071 million x 0.33 353 000
l'otal Mean 0.360 million + 0.246 million 607 000

Figure 1.3 Global Lives saved by hand washing with soap, children 1-59 month (Source: [15])



Simple interventions like oral rehydration salts (ORS) provision [12] and hand washing [14] have not

seen sustainability, and for a decade, these morbidities and mortalities are still prevalent (Table 1.1).

It is about time to address diarrhea and pneumonia by propetly targeting the vulnerable populations.
Additionally, although poverty has been known to be a major risk factor for these diseases, most
developing countries fail to evidently incorporate the variation of socioeconomic status of the
population, specific neighborhoods and geographical areas to these diseases burden, and the design

of their sustainable interventions.

National data itself is aggregated, missing the opportunity to identify the location of incidence cases
and hence localized prevention actions. Tracking disease occurrence in a manner that fails to fully
identify the affected populations in terms of person, place, and time, preclude the chance of studying

Socio Economic Status (SES).

On Zanzibar, for the last decade, pneumonia, URTI, and diarrheal disease have been in the leading in
morbidity and mortality rates [14]. Since preventions depend on awareness and education [15, 16],
target populations per each disease have to be identified within the routine reporting and used to
shape and evaluate interventions periodically. Evaluating the association of socioeconomic factors
for the first time on Zanzibar should help the public health actors in their effort to minimize the

burden of these three diseases.

Public Health Informatics (PHI) is a relatively new discipline where informatics approaches can
support diseases surveillance and evidence can be applied to population health to prevent morbidity
and mortality [17-19]. One such example was carried out in Tanzania and South Africa with spatial
variability of HIV epidemics using routine facility data [17]. Other Tanzanian initiatives involved the
spatial and space-time clustering to study mortality due to malatia [20] and pattern/spatial
distribution of the plague [21]. The main difference to the mentioned projects with this research is
the total shifting of access to analysis, from researchers and academicians to the low level, district,

and community surveillance officers to answer the same questions as frequent as surveillance needs



be, and within the scope of their work requirements. With the existence of free software, informatics
can design software tools that identify target populations, analyze its socioeconomic impact to

disease rates, and can appropriately report for evidence based public health action.

For Zanzibar, the introduction of District Health Information System (DHIS) in 2005 marks the
beginning of the PHI, but unfortunately, due to the well-intended data aggregations (explained in
subsequent sections), the country fails to closely target the population at high risk for disease
occurrence and fully understands the socioeconomic disparities of morbidity and mortality on

Zanzibar. The University of Oslo, Norway; developed DHIS 2 (https://www.dhis2.0rg/), as a free

and open source health management information system used to manage, analyze, and report health
facility-level aggregated data.. It is being deployed in more than 67 countries on four continents
representing 30% of the world’s population. A review by Measure Evaluation[22] was conducted to
assess the feasibility of integrating the DHIS critical health indicators with health social service and
community health. This review argues that the public health systems are not being linked to the social
data systems (where people are), and that this insufficiency leads to an inability to offer “holistic

information for decision making” on services.

Developing countries are left behind with the overall benefits in Public Health Informatics (PHI) due
to minimal capacities on personnel and consequently the supporting systems required being in place.
The investment made on Zanzibar to deploy DHIS and later to migrating to DHIS2 is close to one
million dollars [23] for deployment only. In addition, there are other systems in place that are
strengthening costs, yet the workforce has not matured into full data use capacity [5, 24]. This
dissertation studies the usability of HMIS data (deposited in the DHIS) for decision making, gaps,
and paces in DHIS uptake in different countries, and showcases an Action Research (AR) approach
to develop a PHI intervention for supporting an improved public health analytic environment for the

District Health Management Teams (DHMTS) and other national users.


https://www.dhis2.org/

1.1 Background
Data use in decision making in developing countries is vital (Nutley, 2012). Strengthening health
data use is fundamental and failure to use the information we collect is a waste of investment in
collecting the data in the first place. The main reason we collect data, and heavily invest in data
collection systems (hardware, software, and protocols), training, and quality assurance, is to maximize
use of the data collected and see a return on investments. The public health informatics capacity
building in developing countries has become the main goal of Centers for Disease Control’s (CDC)

Global Health Informatics initiative [25].

1.2 Proposed Study
This research presented in this work will evaluate the impact of a strategy to make health surveillance
data more available and useful for decision making, planning and evaluation of public health
strategies to promote health and prevent diseases on Zanzibar. The strategy is three-pronged: 1)
improve data quality, 2) use statistical software and web-based information, and 3) train health
professionals to use these new tools. This research is significant by addressing weaknesses of the
public health surveillance systems on Zanzibar, such as unavailability of shehia estimated rates for

common diseases and conditions, and lack of capacity for evidence decision making and planning,.

1.3 Specific Aims

Specific Aim 1: Evaluate the availability, usage and application in practice by health officials of health

surveillance data on the most frequent health events on Zanzibar before, during, and after the

implementation of the three-pronged approach to improve health surveillance systems on Zanzibar.

Rationale: Public health decision making, planning and evaluation activities are affected by poor
quality of local data on health outcomes. Data is aggregated and lacks information about both
locations of outcome and the socio-demographic of patients. Additionally, HMIS data lacks time
stamp for the healthcare visit and unique patient identifier (ID) which impedes tracking patients who

return for the same conditions, or use multiple facilities which are in different shehias and districts.



Improving upon the quality of public health data and facilitating analysis of this data at low cost are

critical for improving population health on Zanzibar.

1.4 1.4 Hypothesis to be Tested

Hypothesis: The availability, use, and application of surveillance data in public health practice will

increase with improvement of data quality, user-friendly statistical analysis software, and results

sharing tools. Assessment for this improvement is presented in the results section.

Activities for Aim 1:

1) To design and implement a quasi-experimental design to evaluate impact of a three-prong

intervention in public health surveillance;

2.a) To calculate disease frequency by facility and shehia from health facility utilization data, and

analyze this data with shehia-based socioeconomic characteristics;

2.b) To design and program statistical analysis software for analysis automation, and make it available

as a portal for health officials;

2.¢) To train public health information system staff on use/application of newly-developed statistical
software and portal (2.b) using disease dataset (2.a) . Assessment for the training effectiveness will be

presented in results section.

Specific Aim 2: Dissemination of study results to health surveillance officials, planners and managers

of the public health services in Zanzibar, especially shehias involved in the study.

Rationale: Dissemination of study results should increase the chance for sustainable efforts to

improve public health surveillance and practice on Zanzibar.

Alctivities for Aim 2:

1) Identify the best channels and targets for dissemination;



2) Develop policy/issue briefs (white papers or reports) and one scientific manuscript with findings
from the evaluations. (Manuscripts are being prepared for publication, after which will follow the
policy briefs for Information Use Advocacy). Evidence based policy formulation and briefs have not
been found in Zanzibar literature, and hence this will provide opportunity of also assessing it as a

dissemination channel that will shape policy and/or decision making.

1.5 Research Implications

1.5.1  Significance
Developing countries recently introduced to electronic health data have minimum data use and no
data use indicators. The purpose of investing in data collection lies in its use. The unused repository
of information is a huge waste of such investments. This research will help to establish indicators of
information-use-capacity, design systems that will boost the use of existing and incoming data, and
then train surveillance officers on key informatics practices that will improve knowledge generation
to the communities. Measuring information-use-capacity! will change the culture of District and
Community Health Workers (CHW)/shehia Information System personnel in using the information
they collect on a daily basis, and eventually improve the collection process as they will appreciate the
value of each data component collected. Bi-annual Performance Assessment using the Open
Performance Review and Appraisal System (OPRAS) was introduced by the Tanzania government in
2004 as a new innovation for managing individual's performance in the Tanzania public service.
OPRAS assesses performance, challenges, and root causes in health sector, lacking information use
indicators which are part and parcel of performance. Responses are compared to targets, identifying
areas that need to be addressed for improvement. [26, 27] Having systems and personnel able to

follow disease trends electronically, perform statistical analysis routinely, disseminate results using

! I will need you help rephrasing what is meant here]. After realizing it takes time to measure information use
in the lifespan of this research—we propose to measure information-use-capacity, and that is what was
measured using the four main Indicators “the outcome Indicators: chapter 4.” The previous statement is
introducing the idea



web tools, and encourage online discussion is very important in public health informatics and disease
management, especially in low resource settings [28]. This contribution is significant since it allows
for close follow-up on cases at the facility and community levels [29], bringing awareness of data
representation. It raises evidence-based decision making and information utilization to the national
and the district levels, and adds to the information use culture back into the communities. DHMT's
dissemination of results will maximize their capacities in modern techniques of managing diseases.
Team work from national level to the district level for using public health using informatics should
encourage shared ideas and resources to investigate and tackle community-based problems. By
bringing public health information for decision making to sub-district level, DHMT's will and gain
corresponding acknowledgement from the communities on assessment and evaluation findings, co-
designing of intervention, plan and prioritization activities based on mutual understanding of
evidenced problems. This will put experts from research, epidemiologists, communities and HMIS
personnel “on the same page.” This professional community will help solve problems and design
interventions that help reduce morbidity and mortality, allocate resources more efficiently and
effectively and collaborate for research. The results of this research will be shared among LMICs that
use the DHIS database for collecting district health information, and improve the health of their

communities.

1.6 Publications produced by this research

1) Introducing ZCHIS: A Web-Based Analytical Tool for Health Management Information
Systems’ Routine Data using Census SES, Journal of Health Informatics in Developing
Countries (JHIDC), under review.

2) Public Health Informatics for Decentralized Health Systems in Developing Countries. Literature
Review, Journal of Health Informatics in Developing Countries (JHIDC) manuscript in
preparation, to be submitted April 2020

3) District Health Management Teams’ Capacity Building Using Public Health Informatics
Interventions and Periodic Assessments. Manuscript in preparation, to be submitted, May 2020.

4) Utlization Health Management Information System Routine data for Socioeconomic
Determinants of Health Analysis, manuscript in preparation, to be submitted May 2020.



Chapter 2. Literature Review

This chapter presents findings from the literature targeted to the DHMT's which collects the
national data through the DHIS System. Tanzania and other developing countries have
interventions that strengthen health system performance, improve information use, build DHMTSs
capacity, and present the challenges and opportunities for this integration. Specifically, the literature

review main categories are:

1. DHIS Development in Tanzania and across LMIC

2. Usability of HMIS/DHIS Data

3. Zanzibar DHIS Gaps and Opportunities for a Better HMIS

4. Role of DHMTS and entitlement to Informatics Capacity building

5. Community Extension and Role of Tacit Knowledge.

2.1 DHIS Development in Tanzania and across LMIC
DHIS software was developed by the University of Oslo as a routine Health Information System for
global use [4, 22, 30]. South Africa initiated national DHIS rollout in 2000 where apart from the
technical framework, an important demand was organizational change in human resource
development and technical support to use locally generated information to improve coverage and

quality of primary health care services [31, 32].

Figure 2.1 DHIS Developments across counties



Five year later, Zanzibar adopted the system after realizing that using open source for health
information systems for LMIC is appropriate given the advantages including low entry costs,
proprietary freedom, and flexibility of localization [33, 34]. The DHIS was customized into Zanzibar
essential datasets, computer database used for data storage, summaries and reporting, [1, 35-37] by
the support from Health Information System Programme (HISP) using participatory design and

Action Research (AR) to build local capacities [38].

DHS 2

ies using

Figure 2.2 Global Adoptions of DHIS 2005-2017

As seen in South Africa (above) [32], apart from the technical and careful planning on rolling out,
successful achievement in Zanzibar deployment was the use of local, culturally-embed and integrated

leaders to lead the implementation between the local primary actor's and stakeholders interest [1].

In development of DHIS hospital-Management Information System (hMIS) in Zanzibar, an
incremental approach was used where a small set of daily used dataset was initiated also involving
users and leaders; gradually training and testing the system, more diagnosis and other parameters

were being added to its completion [35].
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In spite of improving information use to a more granular level (this work), the question is: How do

we sustain these efforts amidst limited resources Sustainability has become the main agenda for
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information systems developed in LMIC given the limited human resource capacity to fully utilize the

benefits of these systems, and limited resources [5, 39-43].

This literature has found two main pillars around health systems strengthening:

@ Human resource capacity building: through action research, on-the-job training and
technical support.

(i1) PH Systems capacity building: through integrations, data captures, analysis and use.

In regards to human resource, technical capacity building remains the most important strategy for
most of developing countries [44, 45]. In Tanzania, health information systems human resource

capacity building remains a matter of urgent concern for the sustainability of public health [40].

From the health system standpoint, integrating DHIS with Vertical Health Programs (VHPs) can
pool the shared resources and use [46]. In a comparison of Mozambique and Tanzania, we learn that
important factors for sustainability are system integration along with flexibility to user changes and
adaptability to users culture [47]. Taking a closer look DHIS Integrations it is one of the two major
factor to sustainability of PHI ecosystem [48]. It has been stressed that this is not just the hardware
and software connectivity that has to take place, but the administrative, management, sociological
and cultural aspects aligned to the HIS has to be well integrated [49]. PHI integration uptake and
hence sustainability, will as well build the informatics maturity of the nations, leaders and local
experts. In spite of heavy investments in Tanzania to achieve HIS integration, adoption of what
Smith termed it as "narrow, managerial perspective of integration” instead of Sociological,
epidemiological administrative and management integration may have resulted into minimal impact
to provide adequate inputs for healthcare use in Tanzania[49]. The narrow perspectives and
minimal capacities among most managers in developing countries poses integration barriers with
what was analyzed as power tensions [50], which can be minimized by building and communicating
shared perspective of integration process, decentralize the powers within integrated HIS and
distributing the shared resources. Vertical Health Programs (VHPs) acceptance has been a tangible
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integration hurdle in Tanzania and Zanzibar amongst other places it is becoming an opportunity
after realizing their information needs can be captured by DHIS and on the other hand they can
offer support through interoperation of DHIS with VHPs; by sharing resources for HIS agenda in
capacity building and operation[40]. Zanzibar has studied integration for its opportunities and
challenges and proved it to be the solution to technical and administrative capacity challenges that

faces the health sector in spite of being counter-effected by it [51].

Apart from the administrative and capacity challenges in developing countries, integration is also
challenged by absence of guidelines, tools, information incompleteness [52] and standards [53-55].
Mahundi’s [53] analysis argues that while standards aim at unifying ways we integrate across multiple
systems, it is unrealistic not to appreciate and build upon the local variations while making these
standards. Hence, the different types of health facilities can utilize different clusters of standards be it
dispensaries, heath facilities and hospitals [53]. Standards has posed great challenges in integrating
TB/HIV Services in Tanzania, where strategies are to establish formal control of information system
standards across stakeholders, reviewing existing national policy guidelines, establishing a functional
regulatory authority and implementing data quality assurance mechanisms [56]. Additionally
integration has to account for the dynamics in ICT ecosystems (or rather Informatics ecosystems)
with wider Sociocultural and political aspects catered for the desired sustainability of linking the
health sector [48]. This is the extent reached in just a decade by Bangladesh journey of DHIS known
as the quiet revolution, into a national data warehouse ranging from EHR to vital statistics,

strengthening health systems that support outcomes and interventions [57].
g Y pp

Other initiatives of integration have focused in extending DHIS with public data sets like the rabies-
specific disease surveillance with a web based, open access HIS for interventions to utilize [58]. In
dealing with low capacity and poor data quality, data capturing systems have been integrated with the
DHIS as in the case of the Palestinian eRegQual which is electronic health registry that supports

interactive checklists and clinical decision support for quality antenatal care among other things[59].
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The DekiReader use in Nigeria for Malaria data has facilitated malaria diagnosis, treatment, and real-
time quality improvement and data management [60]. In other countries, integration has taken great
use of mHealth developments for electronic capture of HMIS [61] in South Africa the Open Data
Kit (ODK) collects and aggregates data from the electronic health records and inputs into the DHIS;
eliminating the need for the laborious data collation and entry [62]. In an intervention for an
outbreak response sub-system in Uganda, mobile data entry facilitated reports suspected cases of
priority pathogens illnesses on text message to DHIS-2 and expansion of the specimen-transport
and laboratory-reporting system [63]. It has been recommended that surveillance of outbreak systems
could make good use of DHIS once integrated. Zanzibat's GIS project integrated DHIS data with an
open source visualization software which could also help in surveillance, but outdated spatial data
also with key user reluctance affected its sustainability. According to the system design, there was no
effort to capture shehia that has been lost due to aggregation. It is a typical case of surveillance at a
higher level of geographical clustering, that this work aims at unveiling. Integration to DHIS has also
focused at the District level software applications. Mera proposed for Colombia to have an intelligent
system that supports analysis automation, prediction of future scenarios and that identifies patterns,
based on Case Based Reasoning methodology, and integrated with DHIS2. Further, the system is
intended to enabling public health decision-making through user-friendly web-based dashboards for
performance improvement and resource management [7]. Similarly in Zambia, a district level system
integration has been developed in such a way the DHIS, and the financial MIS data streams of
expenditure are analyzed and output data useful for service-specific unit expenditures and
individualized facility performance [64]. Zambia has a robust and practical community based health
system, their integration benefited community health workers by utilizing the Community-HMIS
mobile platform to provide integrated community case management services and send data into the
DHIS [65]. Another community intervention in rural Kenya used a structured HMIS community-
participatory intervention and reported to have improved uptake of family planning services and

facility-based deliveries.
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DHIS has also integrated with the M&E systems. In the event where there were no indicators
supported in the DHIS, especially to the vertical health programs like the case of HIV/AIDS in
South Africa [66], and in Nigeria [67], maternal health DHIS integration has supported outcomes in
various places. A more success story of integration is reported in Bangladesh with maternal health
which managed to have real time data-use which helped in saving maternal and perinatal death [68].
In Uganda, data from public and private facilities through the national and district HMIS facilitated
web-based software that integrated reporting using software which supported reporting and
automated performance reviews. This was also supported by training staff; supportive supervision;
and quarterly performance review meetings among other behavioral facilitators, and among briers
like limited computing devices and technical capacities [69]. The difference between Wandera’s

[69]work and ours is that it focuses on administration and service delivery in maternal health

management, while we propose a framework that can translate every routine incidence of the DHIS

back into the communities for vertical health programs, for surveillance of the most frequent

morbidities and mortalities and for knowledge management and research interventions.

| National Level

This was a proposal for Sierra Leone, which integrates
“OpenMRS” which is an EHR. Vertical health data
like HIV, TB and Mobile based Data entry. Zanzibar
has not yet implemented beyond Surveillance data
from the health facilities and integrating the Vertical
programs. Census integration would require “Ward”
the information that is lost during aggregation.
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The most recent, and the very important category of integration, is in the electronic health records
and DHMS. Developing countries are just stepping the foot into national EHRs. Most countries are
opting into the open source EMR despite the technical requirements needed to support deployment
which is a challenge they are opting to face implementing the Open Medical Record System
(OpenMRS) [71-74] which is a community developed free application that offers flexible
interoperability with the DHIS making it a key building block in HIS [70]. While this proposal was
based in Sierra Leone, Kenya successfully implemented the architecture with the indicator data sent
from OpenMRS at a health facility to DHIS2. This step alone, resolves many existing challenges in
DHIS counties like data coverage, validity issues like transcription errors, reporting timeliness, and
reduces the reporting burden on human resources. This increased availability of quality indicator data
using available resources to facilitate monitoring service delivery and measuring progress towards set
goals Kariuki [72]. In Tanzania, there are 46 hospitals using ten different e-health systems, ranging
from the openMRS, MTUHA- The Tanzanian based EHR, and many other, and still lacking
interoperable standards and policies to support integrated HIS [24]. Tanzania has been struggling to
integrate the “very extensive HIS” as Wilms [75] calls it and recommends only collection of core
business indicators for routine services from MTUHA that will support performance assessment and
use [75]. Specifically, it was found MTUHA is posing challenges to HIS Integration as much as to the
users who report tedious data collection responsibilities and the researcher found limited training,
low mathematical capabilities, and poor MTUHA knowledge dissemination within the hospital, and
lacking awateness of the HIS's full capabilities. Whilst data collection for routine services functioned
reasonably well, filling of the secondary data tools was unsatisfactory. Internal inconsistencies
between the different types of data tools were found. These included duplications, and the collection
of data that was not further used. In more advanced nations like Afghanistan, the ALMANACH
project implemented a decision support system that synchronizes real time data from EHR in clinical

setting, and the system is integrated with DHIS for conducting epidemiological evaluations and
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decision making [76]. Further integration is seen with the newly implemented mHealth4Africa which

through HL.7 FHIR interoperable data exchanges are supported between the EMR and DHIS [77].

22 Usability of HMIS Data
Usability of HMIS data is a matter that needs a rigorous analysis and reform commitment to gain
stakeholders” support for HIS to invest in integration and continuous systems strengthening. The
term usefulness can be addressed in terms of dataset structures, completeness of indicators and quality
of data input into the DHIS (completeness, timeliness and validity). A number of studies have found

poor quality of HMIS data in their work and presented their recommendations.

221  Data Quality and Improvement efforts

One major obstacle is information use that is facing the HMIS utilizing DHIS systems is the quality
of its data, which has advocated more data quality improvement interventions in the last decade. The
literature on quality of HMIS data is divided into two. One is coming from research that are intended
to tackle the data quality. In a maternal health study cutting across Bangladesh, Nepal and Tanzania,
for the first time internationally, the research team is validating facility based routine data from the
DHIS to compare with direct observation in order to inform core list of indicators for inclusion in
the national system [78]. In South Africa, an initiative recommended analysis of hospital data quality
using the DHIS proves to be inconsistent and incomplete, and calls upon other countries to replicate

the study in a more cost effective manner to support realization of data driven hospitals [79].

Other countries in eastern and southern Africa have been studies on the entire aspect of generating
statistics from health facility data and calls upon systematic examinations and reporting quality issues,
feedback to caregivers ad managers and transparent corrections and adjustments, to be critical to
improve quality of data [80]. Data quality is presenting challenges for routine health system data in
Prevention of Mother to Child Transmission (PMTCT) and a South African research that audited

316 heath facilities reported accuracy of 50% where 5.3% of clinics met the definition of accuracy in
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DHIS data entry. These findings are complemented in another PMTCT study in the same settings

and diagnose that the quality is lost during collation process [81, 82].

In Tanzania, 11 health facilities were involved in a cross sectional descriptive study to bridge the gaps
seen in HMIS data quality obsetved unfilled booklets by half, and is linked to "lack of training,
inactive supervision, staff workload, pressure and lengthy and laborious nature of the system". There
is a lack of standardization as seen in Kenya with daily addition of datasets but no review or revision
of the existing ones [83]. Nigerian study on Malaria data sets reviewed and identified missing
indicators like active case detection and entomological data needed for surveillance towards malaria
elimination [84]) The second category is secondary result of research focused on other aspects of
health research using the data. An example is an effort to build a research registry for birth
complication in Palestine a case record form using e-health was presented which consequently
improved DHIS data completeness and reliability [3]. A take home for quality improvement
interventions is spotted from Rwanda [85] where it is recommended that "future data-driven QI
interventions begin with data quality assessments to promote that rapid health system improvement
is possible, ensure confidence in available data, serve as the first step in data-driven targeted
improvements, and improve staff data analysis and visualization skills. Explicit Ministry of Health
collaborative engagement can ensure performance review is collaborative and internally driven rather

than viewed as an "external audit."

222 Application of HMIS data across different countries
Despite its quality limitation, research has continuously relied on HMIS data, indicating a desperate
demand for secondary data in LMIC, where there are no adequate resources for collecting data from
scratch whenever a research needs to be conducted. With the completeness limitation observed in
DHIS data, Kenya has managed to model a spatio-temporal discrepancies and statistically
interpolated data incompleteness for use for decision making [86]. Recently, Kenya also utilized an

interrupted time series analysis of free maternity services and using DHIS monthly data the research
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informed the policy makers of the worsening of institutional maternal mortality ratio [87]. The
Zanzibar Malaria Program (ZMP) also recently utilized the interrupted time series analysis on HMIS
data to study impact of malaria control interventions in Zanzibar, from 2000 to 2015 [88].
Information use is a catalyst in HIS strengthening as seen in India, the malaria elimination program is
heading towards real time DHIS data capture to enable integrated and rapid case management [89].
In South Africa, DHIS was used to expand the data set to include trauma, a research which led to a
finding that intentional and unintentional trauma cases are in the ratio of neatly 1:1 [90]. Uganda is
among the successful countries in efficiently adopting DHIS. One study has utilized under-5 malaria
cases from DHIS before, during and after an indoor spraying intervention and revealed a strong
relationship of increased malaria cases geospatially [91]. In a similar setting, another study utilized
DHIS data to portray the perceived relationship of rainfall and malaria cases. This can support the
malaria program’s preparedness to prevent new malaria cases in the population [92]. Additionally,
Ugandan malaria program showed the decline in malaria incidence from DHIS to analyze the
effectiveness of vector-control, community interventions and case management with artemisinin-
based combination therapy (ACT) which advocates sustaining interventions to curb reverses in

malaria observed decline. The same methods and conclusion were presented earlier on Zanzibar [93].

In evaluating DHIS in rural South Africa, the data quality, utilization for facility management, work
burden, and usefulness of the system to clinic staff were assessed. It was found that workers had a
high perceived work burden associated with DHIS data collection and aggregation; some tools were
not correctly used. Although there was good understanding of the data collection process there was
little analysis, interpretation or utilization of data with no routine feedback to clinics [94]. Data use
intervention has to be deliberately conducted to improve data quality and coverage, rationalization,

local and routine use of indicators and informing national policy [4].
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2.3 Zanzibar DHIS Gaps and Opportunities for a Better HMIS
Zanzibar has had her first scoop of Public Health Informatics (PHI) through the establishment of
Health Management Information Systems (HMIS) in 2004 where important transformation like
developing standard data collection forms, reporting and computerizing discrete data sets, and
analysis [35, 95] occurred. This led to the District Health Information System (DHIS) deployment in
2005 [34] which has been defined as: “@ soffware too! for collection, validation, analysis and presentation of
aggregate statistical data managed in multiple data sets and tailored to support integrated health information

management activities” [4]

Deployment worked on design and testing of data collection forms, customization and testing of
DHIS software, data forms revision, analysis, reporting, and eventually the DHIS roll out on
Zanzibar [35, 95]. With the upgrade of DHIS2 in 2008, the sector matured into web-based data
collection storage, and analytics which resulted to more demand for data, analysis and use [5]; but

hence the sudden need for systems’ integrations [49, 90].

Since its establishment with Danish International Development Agency (DANIDA) , Zanzibar
HMIS has been fully engaged through routine indicator revision meetings, improving data quality
through feedback meetings, and data use workshops, while ensuring quality and coverage of data [4].
Although this rich database now has over 500 health indicators, extractable as pivot tables (by
facilities, districts, month years, gender and age), usability of the data has been a critical agenda to
date. Without a clearly defined data usage strategy and informatics tools that can advance it, the
return of Zanzibar DHIS investment of over $500,000 can hardly be met [23]. In analyzing
Zanzibar’s malaria decline using HMIS data, Ashton (2017) stated, “Considering the substantial
investments already made in HMLS systems, the underntilization of rontine HMIS data has been described as an

unacceptable inefficiency in resource constrained conntries”

While other countries continuously advance DHIS extensibility and usability [97], Zanzibar, due to

administrative and workforce capacity challenges analyzed, [96] has faced a diminished growth to
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DHIS usability as intended and sustainability as described by [5]. In general, Zanzibar lacks full
participation to PHI and health systems strengthening interventions [55]. Using the HMIS data is
also challenged by a scarcity of statisticians in Zanzibar’s’ health sector among other skilled workers
[96]. Routine statistical analysis of the extracted data are becoming increasingly infeasible as more
data is being generated, while production of the informatics and/or statistics capacity is minimal
(worldbank.org). The HMIS analysis are based on district and facility level, visual summaries for

management/administrative purposes as is the intention for DHIS on first place [4, 70].

The current data analysis are less of health outcomes, statistical inferences on disease trends, and
secondary datasets utilization like census and demographic surveys. Portions of the datasets do get
used in analysis on occasional funded research or vertical programs (VP) like the Malaria Program
[93], while several local interventions and decision-making is conducted based on simplified charts
summaries, with no statistical significance. The multi-year repository of DHIS2 data is big enough to
be coupled with data science tools to allow knowledge mining. When merged with other national
surveys, the desired secondary analysis can be achieved and possibly support a more meaningtul HIS
Integration [96]. Zanzibar lacks, on top of its limited workforce, an agenda to automate information
generation, improve its Informatics/ICT ecosystems [48], and develop an evidence-based culture [55]

at all levels of the health sector.

DHIS was designed for administrative management of the health facilities. However, one research
termed it: “zhe de-facto standard by regulations as well as by experiences” [48]. Rather than acting like national
repository of health data, DHIS database is potentially more than that [10]. It remains the most

populated, program integrated, and sustainable system to support health indicator outcome analysis.

The Health Metrics Network (HMN) architecture analysis the missing link PHI informatics to
guiding National development [98] using Integrated Health Information systems where the

Institutional records (Individual records, service records and Service Records) are to be integrated
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with population data, (census, civil registration, and population surveys) to produce useful evidence-

based decision making.

Figure 2.6 HMN Architecture National Data-warehouse [98]

Statistical analyses being conducted thus far are mainly coming from donor-funded projects,
particulatly from the malaria, HIV monitoring, and maternal health areas. Meanwhile, data left
behind in the DHIS repository tells a larger picture of what is going on in individual communities
had population datasets been incorporated into analysis, something that now can be high level at

district level without reusing the shehia that has been aggregated.

DHIS data analysis must be automated into well defined, routine structured outcome reports that
supportt feedback to the health facilities and surrounding communities, districts, the MOH since it is
the largest repository of health records in spite the presence of OpenMRS [96]. The development of
Free and Open Source GIS in Zanzibar [99] heads in the same direction as the purpose of this
research with three fundamental improvements; a) level of analysis drops from District level to

shehia level; b) in addition to GIS design that analysis HMIS data, we are adding a link to
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socioeconomic analysis through Census, and c) inferential statistics using R Statistical tests and
analysis has been made possible on real time queries. Online analytics that provide visualization of
indicators and modeling of risk factors to inform public health are now inevitable as data is produced

dramatically ([100-104] with time and technology advancement.

Several systems in the last decade have been developed for epidemiologic purposes using R statistics
and web interfaces to minimize standalone practices of reproducing routine analysis that are needed
for daily operation and interventions [105-109]. Socio-demographic risk factors for population health
outcomes have also been largely documented [108, 110-112], like multi-group risk factor online

analysis to serves cross-national comparability to inform disparities [103].

Visualization and analytical system are also common in decision support systems that utilize health
records to support delivery of care [113] and many other PHI systems focus on visualization of
online geospatial information systems (GIS) for public health research with socioeconomic (SES) or
environmental factors [114-1106]. Analytical visualization has a growing research concentrated around
genomics [117], social network data [118-120] and research that informs policy, like the tobacco
control effectiveness research [121] across EU countries. While these countries utilizes individualized
data, developing nations due to lack of data collection funding, rely on aggregated data and in worst
case as an example [122], had to analyze Ebola from thematic analysis of critiques and rebuttals in
digital news. Informatics systems designed for settings with no EMR are scarce, which indicates a gap
in Public Health Informatics uptake between the high-income and low-to-middle income countries

(LMIC).

2.4 Role of DHMTS and entitlement to Informatics Capacity building
While the DHMTS are the center of Public health Management in any decentralized health system
Zanzibar, compared to most countries has the least team composition as per WHO definition with
just basic positions. These six are prescribed with high technical responsibilities as per policy but in

reality they are entrusted with very minimal tasks.
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Figure 2.7 DHMTs Composition compared to WHO recommendations

The HIS benefit to community is impossible without fully utilizing the District Health Management
Teams (DHMTS). It is nearly 30 years since the journey of decentralization started and several
countries have had their experiences in establishing the DHMTSs. In Tanzania like many other
developing countries the decentralization process was initiated in 1982- 1984 through the Local
Government Legislation Act of 1982 [123, 124], followed by Kenya in 1983 [125], and India during
early 1990s. The DHMTSs have roles official to their appointment but the challenges to release power
from the national level to the districts have led them to be underutilized strive in the field with
limited skills, funds and resources. Developing countries are depending on these district teams to
manage health in the communities, while public health at national level is looking down at these
teams only for data collection, answer population health queries and lead way in emergency and

routine health.

The District Health management teams were introduced following the need to decentralize health
care delivery from the national level to the districts in the early 1980s. After the Harare Declaration
in 1987, it was decided that Public Health Management will be managed by decentralization models

through the District Management Teams (DHMTS) Many developing countties joined the initiatives
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and DHMT's were formed with almost similar titles and positions (Fig 1). There has been variation in

growth, transference, delivery capacities, and countries’ maturity in how this decentralization deems

successful. There is a need to assess DHMT's capacities and compare the role and responsibilities

assigned to them versus the resources allocated for assignment at hand. The following is a literature

review to determine the pertinence of delegating the DHMTS the role for leading the integrated HIS

and public health informatics in developing countries according to different researches on DHMT's

capacity to carry out their responsibilities and their role in using information for health delivery.

Country

Study type

Themes

Tanzania
Ghana

Uganda

Kenya

Morocco

Ethiopia, India
Nigeria

Malawi

Zambia

Niger

Sierra Leone
Pakistan

Gambia

Situational Analysis
Evaluation
Comparative study
Cross-sectional Study
Literature Review
Survey

Critical analysis
Participatory solving
Action Research
Administration/Management
Health Delivery
Health Management
Supervision

Decision Making

[126-129] [130] [131]
[128, 131-135]

[128, 131, 136, 137]
[138-140]

(38]

[141]

[
[
[143], [45] [144]
[

[
[146]
[

[44 45 126, 131]
19, 132]

[136]

[138, 139]

[38, 148]

[127, 133, 135, 141, 142, 144, 146, 149, 150]
39, 151]

[147]

[128, 152]

[126, 133-135, 144, 146, 147]

[126, 132, 150]

[19, 143, 144, 152, 153]

[127, 132]

[136, 141]
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Capacity Building [128, 131, 138§]
Financing [142, 148]
Communication [129]
Information use [141]
Roles Community Health Delivery [132, 134, 138]
Supporttive Supervision [132, 137, 143]
Decision Makets [18, 136, 152, 154]
Key Informants [131, 133, 139, 141, 144, 146, 148-150],
Subjects [128, 131] [135]
Planners [142]

Table 2.1 DHMTSs Studies conducted in Developing Countries

Findings:

The findings for this analysis were categorized in the different themes. These include Administration
and Management, Interventions Involvement and Research, Financing, Decision Making, Health

Delivery, Information Use, Informatics and Innovation, and Capacity Building.

Administration TFacilitative Supervision is crucial in managing PHC officers esp. in rural areas
/Management [132]
Strengthening teams with personnel, skills, funds and delegating authority can lead
into efficient management practices and stronger health system performance. [133]
Shortages of staff, conflicting responsibilities and lack of finances impede
supervision [127]
Greater devolution of project management to the district level, and better
management of resources would have resulted in more effective and efficient
implementation [39, 125, 146, 155-157]
IDSR implementation structure, with cleatly defined goals and measurable
indicators. Dedicated disease surveillance positions, epidemic preparedness
committees, and rapid response teams; national to district levels, Challenge include
inadequately trained human resources, lack of optimal technical support to the
DHMTSs and health facilities, poor infrastructure and coordination challenges [143,
158-163]
Surveillance package built for communities developed to be used by DHMTS as an
operational tool [161, 164]
EmOC requires multiple partners approach where roles and responsibilities well
stipulated in a framework within the district health system, there was improved
delivery outcomes: Number of facility deliveries, Number ambulance trips and
training to providers [150]
The district is considered the key level of managing public health [134]

Decentralization is derailed by inadequate funds, lack of qualified personnel,
inadequate logistics and equipment, poor interpersonal relationships, lack of
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Capacity
Building

Financing

Decision
Making
Health
Delivery

transparency and a good operational system, lack of incentives to motivate the
staff, political interference, poor infrastructure and high rate of illiteracy. [135]
Sectorial collaboration, creation of new posts at sub-district level for close
monitoring and supervision, and greater financial autonomy to prioritize according
to needs. The reported weaknesses included lack of team work, limited autonomy,
and lack of capacity, nepotism and poor accountability [1406].

The tool was deployed to improves the timeliness and ease of using data for
DHMT decisions making [152]

implementation of policy guidelines for integrating community-based health
workers in the health system may not automatically guarantee successful
integration at the local or district level, at least at the start of the process [144]
Low immunization Coverage may be linked to inadequate staff at DHMTS with
poor data management

Health Outcomes is a direct result of managerial and leadership functions (Belrhiti,
2010)

There are differences in Formal and Informal institutions and financing practices
that emerged as the outcome of the ‘bargaining’ process between the local health
actors [148]

inadequately trained human resources, lack of provision of optimal technical
support to the DHMTSs and health facilities, poor infrastructure and coordination
challenges [143]

Competing reporting requirements; Lack of standards for data entry; Lack of
structure and security for data sharing; Siloed data; Timeliness and quality of data
for making decisions; Skills in the health management workforce; [165]

the system aided decision making for operational tasks, and reduced the time taken
to analyze and report surveillance data [19]

There are differences in Formal and Informal institutions and financing practices
that emerged as the outcome of the ‘bargaining’ process between the local health
actors [148]

DHMT' were able to produce more robust annual work plans with systematic
approach of using district-specific evidence. Prioritized activities in the annual
work plans were evidence based: Procurement and logistics, training, and support
supervision activities [166]. Between 4% and 5.5% of the total planned expenditure
was for child survival, while 47% to 94% of the budget was from donor and other
partner contributions

DHMTSs need power, authority and control over resources [130]

DHMTS use district action research and education with no extra resources. The
process strengthened the capacities of the DHMT' with positive problem-solving
attitudes [126].

roles and responsibilities well stipulated in a framework within the district health
system, there was improved delivery outcomes: #facility deliveries, # ambulance
trips and training to providers [150]

DHMTS have insufficient management skills or resources to effectively implement
the health programs. Training and coaching, integrated district planning processes,
and decentralized allocation of resources are essential, implementation research
and district-to-district learning will facilitate strategies and enable local solutions
[167].
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Information | due to the availability of more data at the district level than at regional, state and
Use national levels in both countries, existing district health data has the potential to
shape national policies [141]
There is lack of adequate knowledge and information exchange capacities among
the health providers and the ability to share that information with the targeted
community [129, 149]
Districts lack autonomy, and funding to prioritize based on evidence based needs

[166]
Capacity DHMT are under trained and ill-equipped to manage the complicated programs
Building needed to maximize delivery of services [138]

Action Research can build DHMT' capacities [128]

Through action research DHMT' can integrate the project tasks within their
routine work and duties and determine which outcomes can be measured [131]
Table 2.2 Themes around DHMT's research.

241  Administration and Management as the Basic Role DHMT'
The district is considered the key level in health management where functions allocated for the teams
among others include, serving as the basic unit for planning, budgeting, evaluating health work,
training and supervising health workers within the district [134] administration, and management
issues are vital to DHMT since “management” is their primary role in the district health especially in
planning and coordination [147]. They cannot be the “District Health Management Teams” if they
are lacking management and administrative skills; undermining the whole point for decentralization.
[135] assessed the challenges to decentralization in Ghana which is a comprehensive list cross cutting
to most DHMT' as; high rate of illiteracy and lack of qualified personnel, inadequate funds,
equipment logistics, and incentives to motivate the staff, lack of transparency and/or a good

operational system, political interference, poor interpersonal skills and infrastructure [135].

The core message in this literature is that decentralization alone and allocating the functional
responsibility is not yet sufficient if DHMT' are not strengthened with management capacity from
personnel, tools and systems’ perspective and methodological packages localized for DHMTS’ tools
for operations [137]. For efficiency and effectiveness of these district managers, it has been found in
Ghana that the DHMTS have to be equipped with the appropriate personnel, adequate skills,
available funds and delegating authority which lead into efficient management practices and stronger
health system performance [133].
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Another Ghanaian study evaluated specifically the supervisory visits conducted to the Primary Health
Care Units (PHCUs) and reported having facilitative supervision and creating strong management
linkages with PHCUS is crucial in DHMT' Performance especially in rural areas [132]. However, due
to staff shortages, conflicting responsibilities and lack of finances, quality and extent of this

supervision are impeded as seen in Malawi and Tanzania [127].

One innovative strategy to tackle shortage of workforce was carried out in Zambia [144] where
Community Health Assistants (CHAs) were integrated into the health system at district level, which

is a start even it may not automatically guarantee successful integration.

242  Informatics and Management tools support to DHMTs
In implementing the integrated Disease Surveillance and Response (IDSR) strategy in Zambia, the
research team managed to develop operationalized response and epidemic preparedness from
National to district levels, even with the reported challenges like inadequate trained human resources,
poor infrastructure and coordination limitations [143]. In Uganda, a surveillance package was
developed for DHMTS as an operational tool to facilitate rapid surveys in support of district health
information systems [137], whereas in Tanzanian DHMT's have been introduced to the Emergency
Obstetric Care (EmOC) tool served as a tool for rural district health managers utilizing multiple

partners in a framework administered at district level [150].

Consequently, sustaining these systems is going to face the challenges facing the DHMTSs in LMIC
including inadequate funds, lack of qualified personnel, inadequate logistics and equipment, poor
interpersonal relationships, lack of transparency and a good operational system, lack of incentives to
motivate the staff, political interference, poor infrastructure and high rate of illiteracy. Most
recommendations cross cuttingly urge national organs to grant autonomy to the DHMTSs in

management and resource utilization (especially funding and power to utilize them).
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243  Power devolution to DHMT'
In studying “devolution in district health system” a needed reform in Pakistan highlighted the
importance of sectorial collaboration, creation of new posts at sub-district level for close monitoring
and supervision, and greater financial autonomy to prioritize according to corresponding needs [146].
Devolution is needed to ensure good governance and sustainability at National and District level, to
result into effective and efficient project implementation. The autonomy hereby anticipated can still
be derailed by lack of team-work within the DHMTS, lack of capacity, nepotism in this case of

Pakistan, and poor accountability [39, 1406]

244  Decision Making autonomy and Capacity
Health reforms and decentralization have shifted responsibility for health delivery and service
management to districts, mostly without commendable authority nor resources [167] Lack of
autonomy in decision making is putting the DHMTS in a difficult operational position since the
management responsibilities assigned to them require a significant level of decision-making power to
effectively, systems to utilize information and customize its use to their districts, prioritize options,
pick decisions and efficiently execute them [166, 168]. DHMT' need to have power and authority
necessary to exercise control over their situations and resources [136]. With adequate decision-
making, districts are more able to conduct evidence-based planning which into more robust district

annual health work plans, with evident prioritization of activities and planned expenditure [154].

The information we learn as seen in Pakistan with devolution is that, before we actually attain the
desired autonomy to make these decisions, there has to be not only financial autonomy to prioritize
the needs but decision-making capacity among the DHMT staff. To fill this gap, decision support
tools [18, 152], have to be adopted throughout the limited resource settings for DHMT's operation

which not only build capacity but alleviate the other resource challenges that almost all DHMTS face.

Similarly, before countries engage to develop a decision-making application, decision making

environment has to be conducive especially with the issues of timeliness and quality of data for
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making decisions; standards, structures and skills in the health management workforce [152]. With
information system we propose to adopt in Tanzania, it is very unfortunate, to date, there are no
decision making guidelines to guide these informatics designs and standardized the operations and
procedures as per countries policies, benchmarks and policies, and there is no regulatory authority to

guide these implementations |24, 48]

Accountability is researched to help DHMTs make effective prioritization on decision making. In
Tanzania all stakeholders involved in Accountability for Reasonableness (A4R) intervention reported
it as an important and feasible approach for improving priority-setting and health service delivery in
their context [169]. At the same time in Ghana, public accountability was found to be totally missing
through lack of communication channels and participation of the public in priorities setting and

assessment of their performance [170].

2.4.5  Financial provision and utilization
Lack of autonomy not only suffocates DHMT' in operational decision making, but also in financial
decision making. DHMTSs have limited power on allocation and prioritization of activities, but also
utilization from disbursement to actual expenditures, which is a needed reform for devolution [146].
This is stunting decentralization since with limited finances there comes inadequate funds to
activities, lack of qualified personnel, inadequate logistics and equipment, and even lack of incentives
to motivate the staff [135] and according to Tarimo the whole idea of decentralization will become
impossible [123]. Shortages of funds will impact especially activities that involve logistics aligned to
the health officers like supportive supervision [127], and it is recommended that strengthening
DHMT' s with funds and delegating authority can result in efficient management practices and hence

stronger health systems’ performance [133].

Districts have ended up shaping the incentives received from working with NGOs like in the case
three districts in Sierra Leone [148], notable differences have been seen. It has been studied in this

instance, that the emerging formal and informal institutions’ financing practices is the outcome of the
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‘bargaining’ process between the districts’ health actors and NGOs which resulted in discrepancies

from one district to another in shaping health worker incentives.

One methodology that has linked performance to financial provisions and in this case incentives are
the financed based performance, where apart from the traditional remuneration, officers were
incentivized based on their individual performances. It has been applied in Rwanda after successes in
low-income Asian countries showing it can improve health service and redistribute roles within the
health district in a more transparent and efficient manner. However, this comes with a precondition

for the success that authorities grant autonomy on health facilities competing for subsidies [171].

The challenge to financial autonomy, the case for most DHMTs, is lack of planning and budgeting
capacity among the DHMTs. For instance Nnaji finds that in Nigeria, constraining financial decision
making capacity is not just through their skills, but also the inadequate Health Management
Information System (HMIS), a non-functional financial Management System (FIMS) and an

unreliable Human Resources Management System (HRMS) [142]

2.4.6  Health Delivery
DHMTs are responsible for management of primary health care. The districts’ insufficient skills or
resources eventually affect delivery [167]. This is an area that seems less of the challenge compared to
administrative and management challenges due the will of the DHMT' to perform even in the
limited resource setting [44]. Nations need to determine to tackle capacity issues, at the same

time DHMTS need to integrate the project tasks within their routine work and duties [39, 131].

It is hoped that best outputs at district level are best achieved when they are well integrated within
their communities through the health workers in the district [143]. While that holds a promise of
evidence-based management, implementation of policy guidelines that direct community-based
integration with the health workers in the health system may not directly guarantee required

integration at district level [172].
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247  Information Use in Health Delivery
Information use is directly an issue of capacity not just of the respective DHMT's but maturity of the
country in Information to shape national policy. This has been found in Tanzania where there is a
lack of knowledge and information exchange capacities among the health providers and lack in ability
to share with the community [149]. On the other hand, due to the availability and creation of more
data where more than 60% of the data is collected at district health, the already existing district health
data has the potential to guide district decision-making enforce them directly to health delivery in

each corresponding district, and help shape national policies [141].

Only when workforce capacity, systems enhanced and available quality data is used to make
community, district and national level decisions, is when we can be in a matured position to better
utilize what called an adequate use in HMIS, financial management and human resources [142].
Uganda has demonstrated good decision making with health planning intervention where half of the
prioritized activities in the annual work plans were evidence based, for instance procurement,
training, and support supervision activities were the most prioritized activities, ironically, found 5%
of the total planned expenditure was for child survival, which carried 47% to 94% from donor

contributions [170].

In Sierra Leone, while designing a web-based decision support tool for disease surveillance at the
district level, barriers for information use found were lack of skills in the health management
workforce; lack of structure and security for data sharing, lack of data entry standards, competing
reporting requirements, silo data and issues tied to timeliness and quality of data for making decisions
[19, 145]. With all these challenges however the system still managed to be implemented [19] which
resulted into system-aided decision making used for operational tasks, and more importantly
improved the time taken to analyze and report surveillance data. Findings from Kenya, [139] shows

District Health systems are suffering from numerous designs constituting operational, resources and
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managerial problems, a kind of situation which call upon an urgent need to computerize existing

manual systems and use microcomputers for the DHIMTs.

2.4.8 DHMTs Capacities and Impact on Health Management
Most DHMT' are found with gaps for capacity. In an immunization intervention to improve
coverage in Kenya, the project embedded an objective of studying the capacities of the DHMT's
administering the immunization coverage. It was found that low immunization coverage may be
linked to limited capacities of the DHMTs which are under trained and ill-equipped to manage

complicated programmed needed to maximize services delivery [138].

Zambia efforts for implementing an IDSR

was challenged by capacity with inadequately trained workforce and lack of optimized technical
support to the DHMT' s [143]. So far it is clear need design specific management trainings in district
settings and coaching [167], for instance the integrated district planning intervention conducted in
Uganda and the AR [154] were found to be essential for effective management. In effort to build
capacity a management strengthening intervention (MSI) conducted in Tanzania, Uganda and Ghana
using an action research approach [167] tested in nine districts, it was found to be an adequate

methodology of management strengthening for DHMT's and performance improvement [128, 131].

2.5 Community Extension and Role of Tacit Knowledge
Lastly, in this literature review, we look at the role of tacit knowledge and the contribution extensions
offer to foster linkages between research findings, application and outputs delivery into the
communities. Tacit knowledge has been described as the knowledge acquired through practice and
experience rather than through language, and difficult to communicate, related to individual skills
while embedded in context, inseparable from explicit knowledge. It carries the same meaning as
“skills, intuition, know-how, procedural knowledge, implicit knowledge, unarticulated knowledge, and practical or
experiential knowledge” Whereas Explicit knowledge is knowledge that can be easily documented,
shaped, created, written down, transferred and followed [173]. Tacit knowledge is common is Public
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health due to dependence of working with the community like prioritizing implementation challenges
in existing maternal health programs [174]. It has been used to plan public health programs and
working them out in partnering and funding[173]. Extension as a concept, roots from the context
that a community is more than just a socio-political entity, but a deeper common identity and culture
binding people together. Specifically, it is a "rich interplay of the collective/ social history of a place, the
geographic or natural bistory of a place, the values that people share, and the ways that people live, work, and play
together [175]. Extension may be a new concept being introduced to Zanzibar, Tanzania that this
work gets to transfer its benefits, but in the United States for the last century, communities have
been implementing findings from research and academic institutions to the general population where
application is intended to. With the emerge of Cooperative Extensions (CE) in 1914 as agriculturists
and farmers built relationships with governments and universities, and fostered innovations transfer
between experts and communities [176]. It is found in Ethiopia where evidence is seen from the
effect on thinking but also practices of rural people on disease prevention, family health, hygiene and
environmental sanitation. it is reported that due to this community engagement Ethiopia increased

primary health care coverage from 76.9% in 2005 to 90% in 2010 [177].

It is when deliberate cooperative extension or programs have built strong partnerships, shape
outreach, health promotion and research to shape community needs since "community members are
cultural experts — they know what will work and what will not in their own communities” in the
entire spectrum of the activity from the problem, designing and implementing the intervention to
impact [176]. This is the tacit knowledge we are looking to complement in achieving the desired
outcomes. There is knowledge created when working with the communities in what Bowling and
Brahm assumed to be indeterminate systems capable of becoming more that what capacities they
portray at the moment of engagement and may guide how they evolve, and how they shape what is
possible of their communities through their (Tacit) knowledge about themselves, their history,
community, and the world around them; for example, discovering what is best for them, dreaming

about what might be, designing an Ideal future and delivering actions [175].
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Chapter 3. Research Methodology

The methodology for this research is built around two overarching needs for the current status of the

Zanzibar HIS and growth of Informatics in general.

1. The need for quality health data for decision making and planning, and

2. The need for web-based analytical software for middle level use and feedback.

The current situation that this research is trying to address is summarized in Figure 3.1.

Gne Way Traffic

Data from
Community- MOH

DHMTs,
Hospitals and
Vert. Programs
collect data from
the Health
Facilities,
Summarizes
sends aggregate
reports to the
National
Database.

=>No Routine
Feedback

=>No
Information Use y

Figure 3.1 Current Information Flow in the Zanzibar Decentralized Health System

The faded blue in the DHMT reflect the underutilized DHMT' within the health systems, where for
a long time the perception was to use the teams as mere administrative support of the Ministry and
vertical programs at district level; rather than co-exist in varied and dependable core responsibilities
in the ecosystem. The Ministry of health recent decentralization reform needs to be supported with
health informatics research and projects like in this research to equip the teams to manage the

populations adequately.
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3.1 Interventions

This research designed a PHI Intervention using a three-pronged approach.

e Intervention 1: Improving Quality Data Availability for Use
e Intervention 2: Statistical Software Development

e Intervention 3: Informatics Capacity Building for DHMT's

3.1.1  Intervention 1: Improving Quality Data Availability for Use

Improving quality-data availability for use, by restoring “morbidity location” in the HMIS data before
from the facility registers. The importance of this first intervention is generation of disease indicators
by shehia and SES which cannot be currently performed without shehia being in the dataset. The
method utilized was scanning the HMIS registers in health facilities and performing a manual data
entry into an MS Access Database written for this phase. The objective of this intervention is
generation of epidemiological measures by shehia and SES to use with the DHMTS in training them
evidence based planning and decision making. To obtain that we designed the following activities:

1) Survey HMIS registers to obtain incidence and residence information by Shehia.

2) Concatenate/link information from HMIS registers with Census.

3 yrs. Sample data from Concatenate Shehia Shehia SES

facilities’ registers survey Diseases Counts with Characteristics
establishes facility-disease- Shehia SES ° Census data

shehia counts and Rates and analyze. e  HBS Survevs

Figure 3.2 Concatenating HMIS Data with Census 2012

The rationale is that linking morbidities to origins will enable Zanzibar to have community-based
estimates of diseases for the 236 shehia units; which will help Zanzibar overcome its big challenge of

Community Health Information system (CHIS), hence the proposed name Z-CHIS. Current efforts

seen in the literature review are directed towards programming new applications to collect
information from the community, which is useful but threats quality and expensive to implement and

sustain. SES characteristics are analyzed along area based mean rates and counts for each
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corresponding shehia which is the unit of analysis. Concatenation combines diseases and SES

datasets (see Figure 3), making it possible to generate shehia-specific counts and rates of diseases.
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Figure 3.1 Figure Records from HMIS Registers 2013 March Amani 5548 2579 2969 2158 1068
[T'able 3.3 Data Joining from Access Data Base to MySQL with
Census SES Indicators using "Shehia"

[Data Entry from Scanned documents to Access database using
digitized HMIS Forms which according to the register
Includes: Date, Name, Age, Sex Shehia, Diagnosis, Test,
Treatment, Tel. We Captured: Month, Year, Facility Name,
Diagnosis, Age(Adult/Child<5), Sex (M/F) Shehia

3

Facility visits were conducted to three districts out of ten to scan the patient registers (patients age
<5) for the three most recent years, 2011, 2012, and 2013. These districts are in urban settings, hence
having a network of two or more facilities per shehia unit. Due to urban infrastructure (Annex 1),
estimating community-based incidence from the current DHIS data with no shehia information
become impossible since patients coming from multiple shehias or changing providers from time to
time tend to visit multiple facilities and could be counted twice. This research enables tracking each
case from the shehia it originated from. In absence of Electronic Health records, the only

information available to capture the morbidity location lies in the paper registers. This requires a
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registers’ survey of the multiple facilities to record patients encounters and their respective
communities. Unfortunately, the HMIS Zanzibar has not established Patient Identification Number

(PIN) to cater for tracking patients moving from one health facilities to another.

The total disease counts from each health facility by shehia per month were divided by the shehia
population to estimate shehias’ morbidity counts and rates (Table 3.1). Summing the counts across
shehias allows for calculations of counts and rates across district. Presentation of shehia-specific
disease morbidity rates by SES provides a better understanding of the burden of disease in a shehia
or district and informs intervention. Currently HMIS Data aggregates the disease counts by facility
which is still useful in planning for facilities, personnel but not in disease prevention interventions
where origin of the morbidity is key. The scanning of HMIS paper registers used apple smart phones
and the scanned documents were archived and later on each record was entered into access database.
Three diseases were captured, pneumonia, URTT and diarrheal diseases with the shehia from which
they came. This dataset led to a table which estimates facilities” proportion of a specific disease
population from a specific shehia. While data entry was done by entering records from each health
facility capturing shehia per record, a new table was produced with summation of all incidence
counts across all health facilities per each shehia. Hence each record is a Shehia morbidity count (or
rate after deviding by shehia population), aggregated by Type (Pneumonia, Diarhea and URTI), age
category (adult/child), Sex (Male/ Female) and aggregated by month yeat. The table produced
represents facility’s population distribution by shehia that report diseases (i.e., if 15 cases of diarrhea
are reported at facility X, two can be traced from shehia A, and seven from shehia B, and so on, and i
month and year reported). In this way, facility-based data has been transformed into shehia-based as
originated, thus into rates of total cases of each disease from specific shehia. This task should serve
as a “wake-up call” to the Ministry of health to the need for electronic medical records, or other
patient tracking mechanism which will finely collect disease and population information

simultaneously, which currently we have no record of apart from the HMIS paper registers.
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3.1.2  Intervention 2: Statistical Software Development

Improve access and comfort-ability of analysis through statistical software and a web portal for data
access. The importance of this intervention phase to engage in analyzing information rather than
depending on descriptive excel-based summary reports. This enables them to use evidence directly to
manage health populations with statistical confidence. The objective is to build the public health
informatics capacity for Zanzibar’s public health system and personnel through basic statistical and
software design. Action Research methodology was used to co-design an online analytical system..
The challenge that leads to this intervention is the scarcity of statisticians and the skills among the

vast majority of Zanzibar public health personnel. We broke the intervention into the following:

e Prototype Design

e User requirements collection

e Data Preparation

e System Design and Implementation

e System Usability and Assessment

3.1.21 Prototype Design
Providing an online software tool that addresses this need (Annex 2) can simplify statistical analysis
for novice users and obtain nearly the same results as manual and repetitive analysis. This tool will
primarily use the data obtained from the HMIS registers’ surveys. Zanzibar’s DHMTs will now have
analysis systems and skills that will improve data use. Sharing the analysis reports will increase public
health knowledge and awareness, promote a sharing culture, and develop informatics skills. Projects
using R in graphic user interface (GUI) are currently being criticized due to a potential drawback oft
R command line interface. These projects range from the earlier projects like SNetscape, Rserve,
Webbased and R Commander, SciViews-R, (intuitive GUI) [178] to the more recent like R-GIS and

R-PHP which was a project for teaching purposes [179] that uses PHP scripting to represent R. This
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work inspired this research, since we indeed need it for teaching purpose and capacity building to the

Zanzibar Public health workforce.

Statistical package R with PHP programming language was used to design the online statistical
software. Emphasis was given to simplicity, user-friendliness and accessibility so as to minimize

potential negative perceptions of the new users in limited resource settings.

Using adequate data collection methods identified in the literature, University Statistical lectures
consultations and statistical officers from the Office of Chief Government Statisticians (OCGS),

seven types of statistical analysis were chosen: (Annex 2).

Descriptive statistics:
Statistical tests: Two sample T test, Chi Square test,

Statistical analyses: Poisson Regression and ANOVA

Simulations were conducted with select DHMT' to understand what they need to know to plan
intervention and how HMIS data can be used for it. This also helped to balance level of complexity
of the tasks to be performed by the user on the computer. The same commands that users and
researcher jointly simulated to get to a statistical report; statistical analysis using PHP scripting was
coded in the software. Users can see the whole list of variables and types of analysis from which to
select (Annex 3). Users shall select datasets to analysis varying in space, time and the outcomes of the
recorded incidences, Also users can filter the dataset to gender and age groups categories. Results are
available to print or save on the desktop for reuse purposes. The system records user logs which can

be analyzed by the nature of user activity, the outputs and length of activity operation in minutes.

Programming the software: Integrating R and PHP aims at arriving at the same basic functionalities
that a SAS or SPSS user needs without having to conduct statistical programming (Fig 3.4). These
include being able to input data, use the data available in the libraries, perform multiple tests, create

and print output reports, and draw conclusions with a measure of statistical significance and
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confidence level. The difference between such packages is that, first, this tool is free, and second, it is
customized to the underlying datasets based on the nature of HMIS data and the needs of the
DHMTS s, making it easy to simply ‘click” and get the variables needed for their routine analysis. The
first step was for the researcher to document the R codes required to run the statistical analysis. A
detailed specification of operations was designed depicting from the descriptive analysis, statistical
tests, statistical analysis, GIS, sharing reports, groups discussions and exportation of reports. After
simulation of manual analysis with the DHMTS, the R Codes were then handed over to the
programmers for interface design using PHP to communicate R commands and different users. The
interface captures the input and executes back-end R pre-programmed functions. PHP works to

capture plots that R produces and will then be temporarily available for the current users’ session.

[ R-php-0.99b - Select Model - Mozilla Firefox o ]

<?php // PHP code
echo "<form action="poorman.php' method="'get'>";

echo "Number values to generate: <input type="text' name="N"/>";

|Fhlponll ” E:pllnllory|

echo "<input type="submit' />"; \T‘_“'“ & ” C @
echo "</form>"; Acetic r ‘ & [ desslect |
if(isset(S_GET[N)) = * -
// execute R script from shell Laciic r | F [gesetect |
// this will save a plot at temp.png to the filesystem
exec("Rscript my_rscript.R $N");
// return image tag [F» Done @ PageRank: unranked &
$nocache = rand();
echo("<img src="temp.png?$nocache' />"); - - O (e
P> e —————r E
//R sctipt... You can input any R code hete and it will give you the e
result.

# my_rscript.R

args<- commandArgs(TRUE) i
IN <-args[1] x <-rnorm(N,0,1)

png(filename="temp.png", width=500, height=500) |
hist(x, col="lightblue")
dev.off()

Figure 3.3 Application of R-PHP for teaching purposes to the Public Health Informatics Intervention [180]
All users of the system were pre-identified, while their profile information was saved in a MySQL

database for support and research purposes. After the statistical analysis, users will be able to initiate
a discussion. All users can participate the discussion depending on whether the report was set to be

local to that district alone or global to all system users. After programming the trial prototype and
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conducting the tests, it was presented to the Ministry of Health to be granted ethical clearance to
start the research and developing the Information system along with the users
3.1.2.2 User Requirements

Requirements analysis was a vital step in aligning the system design and consensus of objectives.
Focus group discussion were carried out in different levels of system users separately, from Health
Information Systems (HIS), Health Management Information systems (HMIS) and the (DHMTS). In
general, the users required a visualization of diseases and community SES indicators, predictive
analysis of disease outcomes, disease-SES determinants and disease dispersion per community
clusters (census tracts) quantified and reported in geographical maps.

31221 Health Management Information Systems Unit
The first focus group discussion was conducted with the national team for HMIS where the concerns
were: a) the data collected needs primary and secondary analysis, b) the data is aggregated and loses
location attribute of the incidents hence their understanding ends at facility where the case has been
reported, and ¢) The DHIS conducts summary statistics alone. More programming could be designed
to produce advanced statistics for inferences. In order to accomplish these, data already collected in
the DHIS from 2005-to date could not be used to support the desired outputs of the HMIS. This
Project collected sample data to analyze secondary and spatial data available.

3.1.2.2.2  Health Information Systems
The Health Information System (HIS) unit was established to integrate information management for
policy from the HMIS Unit, DHMTs, Epidemiology Unit, and Vital Statistics office. HIS had an
objective to design a data warechouse that will pull data from census, demographic surveys, DHIS,
and Vital statistics, to enable secondary data analysis for decision making and informing policy. No
system has been developed that incorporates any of these integrations and DHIS aggregated data is
posing a challenging situation for HIS to use it effectively along other national data sets offering

some information on population health and social determinants to health.
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3.1.223 DHMTs
While DHMT' have just been decentralized, no plans have been laid out yet concerning their use of

DHIS data for Epidemiology, planning and making decisions that support their daily operations.
There is no training plan concerning statistical data analysis to be conducted at district level, and
informatics tools for conducting such analysis. DHMT's desperately need information systems with
all information that will support their data analysis and support evidence-based operations, plans,
interventions, budgeting, decision making and informing policy makers. How much disbursement
differs from district to another very much should depend on the size of populations they setve, the
type of disease burdens they carry and the interventions needed to manage them. DHMTS reported
the need for informatics training supported by analytical tools that makes it easy for them to access
and use the right information at the right time. For instance, the DHMTSs have been conducting time
series graphs showing diseases outcomes with months and seasons, but this information was based
on facility counts and not the community the diseases are coming from. Hence the system will best
serve their needs if it can depict trends in diseases at lower geographical level of incidence location,

and time (seasonality) which will help them in preparedness to manage population health.

In this research a pre-and-post intervention survey was conducted to assess their epidemiologic and
Informatics skills and capacities. This questionnaire tool was adapted from the American Council of
State and Territorial Epidemiologists (CSTE) Epidemiology Capacity Assessments (ECAs) and
results will be shared in the next publication. Adoption of new systems requires Pre- and post-
interventional study which is important in assessing technological uptake and achievement of results.
For instance, Lau, 2019, used a randomized control trial to test to assess effectiveness and promote
safe usage among youth.

3.1.2.3 Data Preparation
The data collected in the intervention one (above) was migrated from Access Database which
supported data entry to an Online MySQL Database which will be used in the rest of the research to

produce online analytical reports. A total of 101,000 disease records were entered in the Access
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database, ensuring location of disease incidence was recorded. The street addresses were mapped to
the census tracts they belonged to (shehia) using standardized query language (SQL). Other queries
ran were for aggregating datasets now based on Shehia to allow a table joint with Socio economic
data sets like the census. Census data supplied the system with SES variables at shehia level (not
publicly available). The 2012 census still is the latest conducted being the sole reason for the disease
records collected to be of just 2011-2013. The other options for these datasets joining step were to
include Demographic Health Survey (DHS) and the House Hold Surveys (HHS). These had to be
removed due to lack of total shehia coverage. It was realized that the surveys utilize Enumeration
areas (EA) which is a different stratification method compared to what the nature of this research
requires. It is anticipated however, with proper statistical methods and projections the two datasets
will be needed to provide intra-Census variability of the data, and support time series analysis.

3.1.24 System Design
Analyzing and Mapping of disease occurrence was thought to be an important edition since all
DHMTS are well connected and work with their communities. Unfortunately, for more than 10 years
these teams were only aware of the health facilities that the diseases are reported to, and had to dig in
the registers when there was a surveillance need. Having to see where the cases are coming from is
important evidence that will help the DHMT's conduct better epidemiological assessment and

interventions. A statistical framework for the systems was proposed as follows

a) Descriptive statistics for disease per shehia by gender, age or months

b) Statistical tests of correlations, to enable hypothesis formulation

¢) Regression analysis, to study determinants of health and outcomes in the population

d) Analysis of variance to allow more categorical analysis in the system

e) GIS reports, to generate clusters of communities within a region and select disease and SES

reports to study how health disparities are associated in SES in the communities.
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Since the core objective of this system is to give free access to statistical analysis software to
developing countries to enable real time analysis to public health information the following

integrations were important:

1. Access to a free statistical software, in which case R and/or Python were the best choice

to suit this purpose since not only for being free, but they offer comprehensive

programming environment, packages and extensions that can be portable to integrate to

other scripting language for users interfacing compared to SAS, SPSS, STATA etc.

2. A scripting interface that can run statistics and capture output. It was agreed among the

ITs that PHP is the best environment to integrate both the statistical software and the

database that will carry the data to be used and capture outputs of the analysis

3. An open source database MySQL was chosen for its interoperability to DHIS2 but also to

most other systems being developed for example the recent proposed HER.

4. An open source and GIS software that can accept user queries and outputs maps of

disease or SES dispersion at shehia level for informed planning and decision making.
After successfully loading the data from Access Database to MySQL database, the PHP was used to
create the online platform. 80 users were created in the system, followed by operational aspects of
the system starting from Visualization and dashboard, forums design, statistical analysis and the GIS.
The online forum at its best tries to digitize the important process initiated by [4] hat achieved data
quality assessment, analysis and interpretation, stimulus for integration, problem solving skills,
teamwork, practical computer skills, and presentation skills but in a digital environment. If the major
reason for decline of these series was funding, then ZCHIS introduce an online forum to continue

what was started and hugely benefitted the staff and health sector at larger.

The R-PHP integration has been inspired by work conducted in University of Palermo [179] that
integrated R via PHP for teaching purposes where R-PHP statistical software, used as an “engine” by

point-and-click module to run statistical analysis by means of a graphical user interface (GUI). This is
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important for first time R users and developing countries since to use this module it is not necessary
for the user to know the R command line environment. The analysis was pre-programmed using R
simplified codes to enable ease to first time statistics learners. It is believed that the levels of R
statistical analysis will grow as the users advance their statistical interests within the data analysis track
and information dependent culture. This alighment gives the opportunity of producing an application
that uses free statistical and I'T environments that can customize systems to meet local needs on
information systems and knowledge management.

3.1.2.5 Systems Usability and Measurements
Immediately after successful testing and training, a questionnaire was filled to collect the view of the
DHMT on the system. The users were then supported for use for six months. After this period, a
post assessment was administered to those who received ZCHIS training in the mode of structured
questionnaires (ECA). The system is also programmed with users’ activity management that is aimed
at collecting usability logs and types of logs such as log ins and outs, analysis activities, sharing
statistic reports and contributing in discussions. These logs furthermore can be exported into excel
for usability analysis. Future versions of this system should enable district administrators to output
usability reports that are intended to motivate usability and performance.

3.1.2.5.1 Data Collection

A baseline survey was conducted to define the current situation of informatics skills and data use in
performance improvement, planning, decision making, and reporting. Data collected in this survey
will serve to evaluate public health officers’ familiarity with and ease of use of statistical software and
portal, their level of support and activities linked to health surveillance, and their self-reported use of
public health data and its applications in decision making, planning and management of public health
activities. The questionnaire was uploaded online using a paid service (surveymonkey.com) and the
respondents filled them at their own convenience within a month set period. Phone calls were made
at users’ conveniences in events when more elaboration was needed. A paper questionnaire was made

available to them to minimize time spent on their homes pre-paid internet. The same survey (same
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questionnaire and methodology) was administered six months after baseline survey (i.e., six months
after introduction of software, portal-based analysis, training and reporting of priority diseases in
Zanzibar) to the same respondents with their original unique identifiers for post- intervention

assessment. Change over the study time period in health data usage and application to practice.

3.1.3  Intervention 3: Informatics Capacity Building for DHMT's
This Intervention is aimed at improving informatics knowledge through on-the-job training and in
classroom delivery of basic informatics and statistics training. The main objective is to build analytical
and information dissemination capacity of DHMTs. Action Research has enabled the learning
environment to be participatory and satisfactory. 5.a is training module that were delivered to the
treatment group which was based on the ZCHIS software, co-developed by key DHMTSs, and HMIS
personnel. Activities that were designed for this intervention were classroom and on-job training.
3.1.3.1 Classroom Training
The researcher trained all DHMTSs on the theory of the statistics to be performed by the software on
the first week. The ZCHIS software training was given to the treatment group on the second week,
the same time which the control group received excel based statistical analysis. This training was
meant to build the informatics capacity [25] of the DHMTS so they use it for surveillance and learn
to incorporate evidence-based decision making practices in their daily work.
3.1.3.2 On-job Training
After two weeks of formal training was given, on-the-job training visitation once in each district in
six months was administered. During the training, users learned how to use the same data they
collect, to conduct basic statistics, producing and interpreting reports, and sharing the reports in the

dissemination web (or email for a control group) for others to query and discuss.

The training provided hands-on practice in the classroom and enables them to discuss reports and
present findings. DHMT's gained skills in data analysis, reports interpretation, information cycle and

management, and acquired knowledge essential to evidence-based decisions. On-the-job training
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reminded the methods they learned, and helped them practice the similar things they managed to do
in class. 5.b are the training modules delivered as excel data analyses. 5.c.i-v are the users practice

examples achieved and how they would use ZCHIS in their work setting.

3.2 Timeline and Project Management
The activities were completed from 2016 to 2018, in, Zanzibar. The activities had interspace time
slots that are not presented that were due to funding and availability of research subjects when all are
needed at the same time. The only activities that were controlled to abide to this schedule were
between training and post intervention that was done after six months from the classrooms. In

absence of the said challenges this assignment should be able to complete with 12 months.

Phase (time period Six Weeks) 1B (4|26
Activity 1: To calculate Shehia counts of diseases from the health facility utilization data, and
analyze with Shehia-based socio-economic characteristics

1.1. Scanning health facilities’ registers for disease-address capturing, rate calculating & analyzing

1.2. Statistical Analysis of Health Facility Data and Census Data Using SAS
Activity2: To Design, Program, and Train Statistical Analysis Software for Analysis
Automation and Dissemination Web Portal for District and National Surveillance Officers

2.1. Designing and programming statistical forms to be used by the software

2.2. Designing and programming the dissemination web portal for dashboard and analysis

2.3. Training (classroom and on-job) the statistical tool and the dashboard
2.4. Allow six months of software use

Activity 3: To Measure the Rate Change of Information Use Among the DHMT's
3.1. Pre-Intervention Assessment

3.2. Post-Intervention Assessment and Analysis .

Table 3.1 Schedule of Interventions and Activities
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1i.

33 Evaluation of Interventions Efforts
Assessing informatics skills after the three Interventions was measured by three sets of

questionnaires:

The surveillance data-use capacity perception assessment of the research subjects:

This is a questionnaire to assess the first intervention using the outcome variables of the
hypothesis which are availability, usability, comfort-ability and knowledge amongst the DHMT's
using the improved HMIS data to make decisions, interventions and support policy (Annex 4a,
Questionnaire 1).

ZCHIS Training Completion Assessment: This was a brief questionnaire administered
immediately after the training of the ZCHIS to measure the second intervention with the
comfort and understanding of the system to each participant. This was to test skills in using the
developed statistical software and portal (Annex 4b Questionnaire 2)

Epidemiologic and informatics assessment using modified ECA CSTE (4c Questionnaire 3)

The survey population is the DHMT: that are the public health officials at district level in health
surveillance, program development and management. Zanzibar has 10 districts, and each district has
six DHMT officers. There are five national surveillance officers in Zanzibar, three in Unguja Island

and two in Pemba Island.

The survey questionnaire was adapted from the Commission of State and Territorial Epidemiologist
(CSTE) survey to assess the epidemiological capacity at state and local level. The U.S. CSTE survey

questionnaire consists of 108 questions on the following domains:

a) Background and training of surveillance and public health officials;

b) Capacity to perform essential public health functions of monitor health status, diagnoses and
investigates health problems, evaluate effectiveness, accessibility and quality of health services, and

research for new insight and report solutions.
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This research survey targeted similar domains of the CSTE survey but were rephrased to fit the
Zanzibar contexts and the roles assigned to the DHMTSs (4). The questions were presented in the

following main Domains.

a) Survey respondent background and training of surveillance and public health officials;

b) Their perception of capacity in health surveillance and data;

¢) Their perception of usability of health data;

d) Their perception, knowledge and capacity to perform essential public health functions of:

d.1) monitoring health status;

d.2) diagnosing and investigating health problems;

d.3) evaluating effectiveness, accessibility and quality of health services; and

d.4) research for new insight and report solutions

d.5) intention and actual use of data for decision making, planning and management of programs.

In addition to the three questionnaires, a practical assignhment was given to exercise how the system would
be used to develop an evidence based report. Out of reports per each district, the research team could
identify at least one champion per district who could support the remaining team in the District to build

informatics capacity and evidence based management.

Conceptual Framework selected focused on assessing the net benefit of adopting the Zanzibar Community

Health Information by focusing on the Strengthening system quality (SYS_Q), Information Quality
(INFO_Q) and the Perceived Ease of Use (PEOU). After introducing and training it to the users, we
measure the Perceived Usefulness (PU) and Satisfaction (US), which will assess the Perceived Net Benefit.

System (NB) [180]
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Information Quality
(INFO_Q)
Perceived Usefulness
(PU)
C System Quality Perceived Net Benefit
(SYsS_Q) (NB)
v
User Satisfaction
(Us)
Perceived Ease Of Use

(PEOU)

Figure 3.4 Conceptual Model for Adopting the Zanzibar Community Health Information System. Adapted from
Ashilby (2015) Source: [158]

The conceptual framework in our case assesses increased and improved usage of health surveillance
data because of increased accessibility ease of operation, quality and significance of the data. The
modified version in our case will measure the perceived benefit through assessment of User
satisfaction and perceived usefulness which are captured from Questionnaire 1; and Data

Knowledge, Availability, Accessibility and Comfort-ability which we captured from Questionnaire 2.

—

Data Knowldge

System
Usefulness

Information Use
Capacity Change

Informatics and |
Epidemiologic
Capacity

[
Comfortability

Questionnaire 1 ) Questionnaire 2,3 ) [ Pre and Post
Intervention 1 J Intevention 2,3 J Analysis J

Figure 3.5 Conceptual framework to evaluate Information Use Capacity
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Chapter 4. Results

This section summarizes the analyses that were done in this research based on the interventions:

1. Analysis of the HMIS Data (Intervention 1, Including shehia in the dataset)
2. HIS Capacity Building (Intervention 2, ZCHIS development)
3. DHMTs Informatics Capacity Building (Intervention 3, Informatics Training)

4.1 Analysis of the HMIS Data

This step reviews HMIS data support to DHMTSs work. HMIS data and census, show different types
of explorations that could lead usability to districts. This equips DHMTs with data that will answer
their information queries about the health of the populations they oversee. Without shehia,
population health is considered as one at a district unit, which contains 30-50 shehias of variable
health outcomes. DHMTSs have to be equipped to mine knowledge for them to conduct appropriate

epidemiology.

41.1  Descriptive analysis of the HMIS data with Census

From the following descriptive analysis we compare the amount of information obtained working
with data at the shehia level versus district level. There are three districts in which we collected the
diseases data from Urban District, West District and Wete District. The difference of disease reports
at district and shehia level shows a strong variability due to location from one district to another but
more importantly from one shehia to another. The shehia variability is very important in this work
and to the DHMTS because the district teams management scope logically means management of
sub-districts’ (which is shehias for Zanzibar) population rather than treating the entire district as one
unified community. The DHMT and HMIS at national level data is aggregated at facility level and
later on by district. This implies for any community health analysis, the smallest stratification area will
be the district. This would work if analysis is taking place at national level. With decentralization,
analysis cannot rely on within district variation especially if each district is conducting its own

community health management. The data from a particular district has to vary at shehia level.
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The benefit which has been achieved by capturing shehia and returning it into the records is that it

empowers each district surveillance officer to separately manage their respective population

efficiently and effectively. The figure below presents the map of Zanzibar Urban West Region in a

year that had the highest cases of diarrhea (2013). The teams will report to the Ministry of health on

the facilities that reported the highest cases of diarrhea, and the ministry will allocate more resources

to serve the facilities with workforce and materials. There is no mechanism that will go to the

community with evidence to support management of three cases, apart from understanding the

estimated catchment population.
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Figure 4.1 Analysis of Disease Occurrences by Months and Shehia during ZCHIS Development
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412

Disease incidences from the communities and socioeconomic status

The following is a mixed model analysis conducted to predict disease occurrence using

socioeconomic variables as Fixed Effects and with Random Effect variables being District and

shehia. The intention is not to come up with a single model to predict all these outcomes using the

predictor variables, but to create a framework that the user could pick from any of the variables and

tit a model of the outcome variables generate hypothesis. Regression can help the DHMT'S to learn

about outcome associated socioeconomic factors that could help identify priorities in the public

health domains like designing intervention, better allocation of resources to manage public health.

Statistical analysis of several combinations of these diseases and SES has shown significant results.

1a. Piped Water | Piped Water into dwelling, Piped Water to yard/plot

1b. Un Piped Public tap/standpipe, Tube well/borehole, Protected dug well, Unprotected

Water dug well, Protected Spring, Unprotected Spring, Rain water collection, Cart
with small tank/drum, Tanker truck, Surface water (river dam lake etc.)

2.a Standard Electricity (TANESCO/ZECO), Electricity (Wind), Electric iron, Electric/gas

Housing cooker, Television + 'Iron Sheets' + Tiles+ Conctete + Cement + 'Ceramic
Tiles' + 'Parquet or Polished Wood' +  Terrazzo

2b No Standard | Paraffin Light, Asbestos, Grass/Leaves , Coal, Charcoal, Firewood,

Housing Wood/Farm Residuals, Animal residuals, Not Applicable,

3.a Standard Flush Pour Flush to Piped Sewer System, Flush/Pour Flush to Covered Pit+

Toilets Flush/Pour Flush to Septic Tank , Flush/Pour Flush to Somewhere

3.b No Ventilated Improved Pit VIP Latrine, Pit Latrine with not-Washable/Soil Slab,

Standards Pit Latrine with Washable Slab with Lid, Pit Latrine with Washable Slab

Toilets without Lid, Pit Latrine without Slab/Open Pit, Pit Latrine without
Slab/Open Pit, Composting/Ecoson Latrine, Bucket, No
Facility/bush/field/beach

Table 4.1 Main SES variables used in the analysis
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Due to the voluminous indicators, running these models have called upon having a statistical

analytical online tool that the DHMTS can benefit from anytime need be.

There ate around 200 variables in these data sets and 24 different outcome variables if you dissect the
population by gender age and specific disease ( 3). DHMT' should be able to run these analysis on
real time, to support their hypothesis planning and immediate and long-term Decisions. The model
was embedded in the system to allow similar analysis to take place at users’ convenience and a self-
guided statistical analysis by the DHMTs. Using census we tried to draw association of records that
are being collected routinely through the HMIS and analyzed based on the SES indications like
standard household, use of proper toilets and availability of clean drinking water. Table 4.1

summarizes concatenating with SES:

The generalized mixed linear model by maximum likelihood was fit to the subsets of Diarrheal
Diseases, Pneumonia and Respiratory Tract Infection. The models were run to compare the main
population clusters as recorded in the HMIS that is; between “Adults” and “Children” and between
“Male” and female “Population”. There are 230 SES variables in the Dataset. While the Principle
Component Analysis was attempted, it was less feasible and important parameters were falling out of

analysis.

This analysis picked Education, Population employment and Household poverty to study the SES
determinant of health at census level. In Education the best indicator chosen was female primary
education, due to the presence of Children population in the dataset, and generally the female’s role
in providing care at household level. For poverty we chose Total count per shehia of Adults Not
Worked and Total Worked and Unpaid. Lastly for household, the Indicators are summarized in the

table 4.2 above. These models are given as follows:
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Preumonia

> summary(PneuAdult_glmm)

Generalized linear mixed model fit by maximum likelihood (Laplace Appr

n) ['glmerMod']

Family: poisson ( log )

Formula: TAdultPneu ~ 1 + PriFemale + Economic_TotalProf + TworkedPaid
TNotworked + Tworkedunpaid + Pipedwater + unPipedwater +
StdHousing + StdHousing + InStdHousing + StdToilets + NoStdToilets

(1 | pistrict) + (1 | pistrict:shehia)

Data: Datal
AIC BIC logLik deviance df.resid
2376.3  2659.1 -1274.1  2548.3 2735
Scaled residuals:
Min 1Q Median 3Q Max

-2.3263 -0.3975 -0.2730 -0.2018 13.6824

Random effects:

Groups Name variance std.Dev.
District:Shehia (Intercept) 0.9244 0.9615

District (Intercept) 0.21929  0.4689

Number of obs: 2749, groups: District:shehia, 95; District, 7

Fixed effects:

Estimate Std. Error z value Pr(>|z|)
(Intercept) -2.423e+00 3.128e-01 -7.746 9.47e-15 ¥*¥x*
PriFemale -1.218e-03 1.134e-03 -1.074 0.282879
Economic_TotalProf -2.265e-05 5.183e-04 -0.044 0.965138
TworkedPaid 1.041e-03 7.360e-04 1.414 0.157380
TNotworked 1.592e-03 6.391e-04 2.490 0.012759 *
TworkedUnpaid 3.455e-03 1.223e-03 2.826 0.004715 **
Pipedwater 2.543e-03 1.042e-03 2.441 0.014656 *
UnPipedwater 2.324e-03 1.000e-03 2.324 0.020145 *
StdHousing 4.924e-06 2.056e-05  0.240 0.810717
InStdHousing 3.331e-03 8.767e-04 3.799 0.000145 *¥**
stdToilets -5.808e-03 B8.207e-04 ~-7.077 1.47e-12 #***

5.717e-03 7.518e-04 -7.604 2.87e-14 ¥

NoStdToilets -

> summary(PneuCh_gTmm)

Generalized Tinear mixed model fit by maximum likelihood (Laplace Appr

mation) ['glmerMod']

Family: poisson ( log )

Formula: ChildPneu ~ 1 + PriFemale + Economic_TotalProf + TworkedPaid
TNotworked + Tworkedunpaid + Pipedwater + unPipedwater +
StdHousing + StdHousing + InStdHousing + StdToilets + NoStdToilets

(1 | District) + (1 | District:Shehia)
Data: Datal

AIC BIC
14741.1 14824.0

JogLik deviance df.resid
-7356.6 14713.1 2735

Scaled residuals:
Min 1Q Median 3Q Max
-5.1716 -1.0204 -0.3377 0.1744 22.2011

Random effects:
Groups Name
District:Shehia (Intercept) 1.719 1.311
District (Intercept) 3.055 1.748

Number of obs: 2749, groups: District:Shehia, 95; District, 7

variance Std.Dev.

Fixed effects:
Estimate Std. Error z value Pr(>|z|)

(Intercept) -8.014e-01 7.475e-01 -1.072 0.28369
PriFemale -2.646e-03 1.580e-04 -16.749 < 2e-16 ***
Economic_TotalProf -7.007e-04 1.035e-04 -6.772 1.27e-11 ***
TworkedpPaid 3.006e-04 1.188e-04 2.607 0.00915 *x*
TNotWorked -3.240e-04 1.605e-04 -2.018 0.04357 *
TworkedUnpaid -6.436e-04 2.284e-04 -2.818 0.00483 *=
Pipedwater 2.040e-03 1.869e-04 10.918 < 2e-16 ***
uUnPipedwater 1.946e-03 2.005e-04 9.705 < 2e-16 *xx*
StdHousing -1.315e-06 1.641e-06 -0.801 0.42289
InStdHousing -2.193e-03 1.187e-04 -18.471 < 2e-16 *#**
StdToilets 2.863e-03 1.766e-04 16.213 < 2e-16 ***
NoStdToilets 3.170e-03 1.886e-04 16.802 < 2e-16 ***

> summary (PneuFAdult_glmm)

Generalized linear mixed model fit by maximum 1ikelihood (Laplace A
mation) ['glmerMod']

Family: poisson ( log )

Formula: FAdultPneu ~ 1 + PriFemale + Economic_TotalProf + Tworkedp|

TNotwWorked + TworkeduUnpaid + Pipedwater + UnPipedWater +
StdHousing + StdHousing + InStdHousing + StdToilets + NoStdToil

(1 | District) + (1 | District:shehia)
Data: Datal
AIC BIC logLik deviance df.resid
1684.6 1767.5 -828.3 1656.6 2735
scaled residuals:
Min 1Q Median 3Q Max

-1.5675 -0.2991 -0.2070 -0.1593 11.6732

Random effects:

Groups Name Variance Std.Dev.
District:shehia (Intercept) 1.13257 1.0642

District (Intercept) 0.09371 0.3061

Number of obs: 2749, groups: District:shehia, 95; District, 7

Fixed effects:
Estimate Std. Error z value Pr(>|z|)

(Intercept) -2.978e+00 2.812e-01 -10.588 < 2e-16 ***
PriFemale -1.092e-03 1.606e-03 -0.680 0.49636
Economic_TotalProf -3.829e-04 6.725e-04 -0.569 0.56905
TworkedPaid 1.516e-03 9.503e-04 1.596 0.11055
TNotworked 1.730e-03 8.797e-04 1.967 0.04923 *
Tworkedunpaid 3.789e-03 1.625e-03 2.332 0.01972 *
Pipedwater 5.573e-03 5.588e-03 0.997 0.31857
UnPipedwater 5.675e-03 5.648e-03 1.005 0.31497
StdHousing 3.787e-06 8.204e-06 0.462 0.64437
InStdHousing 3.378e-03 1.107e-03 3.053 0.00226 **
StdToilets -9.297e-03 5.332e-03 -1.744 0.08123 .
NostdToilets -9.112e-03 5.426e-03 -1.679 0.09311 .

> summary (PneuMadult_glmm)

Generalized Tinear mixed model fit by maximum
roximation) ['gimermod']

Family: poissen ( log )

Formula: madultPneu ~ 1 + priFemale + economic_tTotalprof + Twol
d +

Tikelihood (Lapl|

Tnotworked + Tworkedunpaid + Pipedwater + unpipedwater +
StdHousing + StdHousing + InsStdHousing + sStdToilets + NoOST
(1 | pistrict) + (1 pistrict:shehia)

Datal

5 +
Data:

AIC
1492.3

BIC
1575.2

logLik deviance df.resid
-732.1 1464.3 2735

Scaled residuals:
Min 10 Median 3Q Max
-1.6631 -0.2733 -0.1956 -0.1504 14,5878

random effects:

Groups Name wvariance std.Dev.
District:shehia (Intercept) 0.7578 0. 8703
District (Intercept) 0.3624 0. 6020

Number of obs: 2749, groups: District:shehia, 25; pistrict, 7
Fixed effects:

Estimate std. Error z value Pri=|z|}
(Intercept) -3.220e+00 3.743e-01 -5.604 <Ze-16 #==
PriFemale -8.16%9e-04 1.489e-03 -0.349 0.5833
Economic_Totalprof 2.403e-04 &.854e-04  0.351 0.7259
Tworkedpaid 6.144e-04 1.038e-03 0.592 0.5540
THNotworked 8.159e-04 E.735e-04 0.934 0.3503
Tworkedunpaid 2.118e-03 1.774e-03 1.194 0.2328
Pipedwater 1.041e-03 5.5397e-03 0.186 0.8525
unPipedwater 4,647e-04 5.647e-03 0.082 0.92344
stdHousing 6.838e-06 7.503e-06 0.911 0.3821
InstdHousing 2.205e-03 1.089e-03 2.025 0.0429 *
stdToilets -3.131e-03 5.167e-03 -0.606 0.5448
NostdToilets -2.823e-03 5.238e-03 -0.539 0.5899

Figure 4.2 Diarrhea and SES across 4 main population categories Male Female, Adult

and Children.
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Diarrhea

> summary (Diarch_gTmm)
Generalized Tinear mixed model fit by maximum 1ikelihood (Laplace Approx
["gimermod’]

Family: poisson ( log )

Formula: childpiar ~ 1 + prirFemale + Economic_Totalerof + TworkedpPaid +
Tnotworked + Tworkedunpaid + Pipedwater + UnPipedwater +
stdHousing + StdHousing + InstdHousing + stdToilets + NostdToilets +
(1 | pistrict) + (1 | pDistrict:shehia)
Data: Datal

AIC BIC
11296.6 11379.5

logLik deviance df.resid
-5634.3 11268.6 2735

Scaled residuals:
Min 1q wmedian 3Q Max
-5.6205 -0.8233 -0.4511 0.1502 24.8983

random effects:
Groups Name
District:shehia (Intercept) 2.106 1.451
pistrict (Intercept) 1.067 1.033
Number of obs: 2749, groups: District:shehia,

variance std.Dpev

95; District, 7

Fixed effects:

Estimate std. Error z value pr(>|z|)
(Intercept) -8.338e-01 5.054e-01 -1.650 0.093%948 .
priFemale 9.235e-04 3.043e-04 3.033 0.002403 **
Economic_Totalprof 3.805e-04 1.888e-04  2.015 0.043888 *
Tworkedpaid -B8.592e-04 2.396e-04 -3.586 0.000336 *#*
TNotworked -1.749e-03 2.262e-04 -7.734 1.05e-14 **%
Tworkedunpaid -B.487e-04 3.139e-04 -2.704 0.006832 **
Pipedwater 1.292e-03 3.4B8Ze-04 3.711 0.000207 ***
unpipedwater 5.126e-04 3.577e-04 1.433 0.151867
stdHousing -7.061e-06 2.76le-06 -2.557 0.010550 *
InstdHousing -09.22Be-04 2.067e-04 -4.464 8.03e-06 *#%
stdToilets -4.038e-04 3.116e-04 -1.296 0.195035
NostdToilets 6.008e-04 3.206e-04 1.874 0.060839 .
Signif. codes: O “*¥¥’ 0,001 “*%' 0.01 **' 0.05 ‘.’ 0.1 * ' 1

ceneralized Tinear mixed model fit by maximum TikeTihood {LapTace
["gimermod’]
Family: poisson ( Tlog )

Formula: Tadultbiar ~ 1 + PriFemale + Economic_TotalProf + Tworke
Tnotworked + Tworkedunpaid + Pipedwater + unPipedwater +
stddousing + StdHousing + InstdHousing + stdTeilets + NostdTc
(1 | pistrict) + (1 | District:shehia)

Data: Datal

AIC BIC TogLik deviance df.resid
6799.0 6881.9 -3385.5 6771.0 2735
scaled residuals:
Min 1a ™edian 3q Max

-2.8774 -0.6916 -0.4789 0.1431 10.7891
rRandom effects:

Groups Name
District:shehia (Intercept) 1.4587
District (Intercept) 0.2371

variance std.Dev.
1.2078
0.4869

Number of obs: 2749, groups: District:shehia, 25; pistrict, 7
Fixed effects:

Estimate std. Error z value Pr(=|z|)
(Intercept) -1.099e+00 2.935e-01 -3.745 0.00018 ***
priFemale -1.021e-03 5.88le-04 -1.736 0.08B262
Economic_Totalprof 1.063e-03 2.778e-04 3.827 0.00013 w#*
Tworkedraid -1.575e-03 3.580e-04 -4.400 1.08e-05 **¥
TNotworked 5.741le-04 3.1EB6e-04 1.802 0.07158 .
Tworkedunpaid -8.893e-04 4.58le-04 -1.941 0.05223 .
Pipedwater 7.613e-03 5.698e-04 13.361 <« 2e-16 **¥
unpipedwater 7.747e-03 5.818e-04 13.317 < 2e-16 **¥
stdHousing 1.231e-05 4.943e-06 2.490 0.01279 *
InstdHousing -7.516e-04 3.846e-04 -1.954 0.05066 .
stdToilets -6.014e-03 5.575e-04 -10.789 <« 2e-16 *=%
NostdToilets -5.603e-03 5.510e-04 -10.169 <« 2e-16 ¥%¥
signif. codes: 0 "*%%" 0,001 “**’ 0.01 **' 0.05 ‘.’ 0.1 * ' 1

> summary (DiarFadult_glmm}

Generalized linear mixed model fit by maximum Tikelihood (Lap
["gimermod™]
Family: poisson ( Tlog )

Formula: FadultDiar ~ 1 + PriFemale + Economic_Totalprof + Twc
ThotwWorked + Tworkedunpaid + Pipedwater + UnPipedwater +
stdHousing + StdHousing + InstdHousing + stdToilets + NoOST
(1 | pistrict) + (1 | District:shehia)

Data: Datal

AIC BIC logLik deviance df.resid
4574.5 4657.4 -2273.3 4546.5 2735
scaled residuals:
Min 1q Median Ele] Max

-2.1353 -0.5643 -0.3473 -0.1940 9.9386

random effects:

Groups Name variance std.Dev

pistrict:shehia (Intercept) 1.5819  1.2577

District (Intercept) 0.2863 0.5351

Number of obs: 2749, groups: District:shehia, 93; District, ;|
Fixed effects:

Estimate std. Error z value pPr(=|z|)

{Intercept) -1.767e+00 3.272e-01 -5.401 6.61e-08 #=%
priFemale -1.56%9e-03 7.458e-04 -2.104 0.035376 *
Economic_TotalProf 8.174e-04 3.680e-04 2.221 0.026359 *
Tworkedpaid -1.525e-03 4.756e-04 -3,207 0.001342 *=*
ThotwWorked 6.983e-04 4.152e-04 1.682 0.092626
Tworkedunpaid -1.283e-03 6.045e-04 -2.123 0.033777 *
Pipedwater 4.742e-03 5.491e-04  §.636 <« 2e-16 %%
unpPipedwater 4.658e-03 5.489e-04  B.486 < 2e-16 ®¥¥
stdHousing 7.214e-06 6.810e-06 1.059 0.289447
InstdHousing -1.030e-03 4.880e-04 -2.112 0.034728 *
stdToilets -2.306e-03 6.378e-04 -3.615 0.000301 *#=%
NostdToilets -1.698e-03 6.108e-04 -2.780 0.005431 **

= summary (piarmadult_gTmm)

Generalized Tinear mixed model fit by maximum Tikelihood (Lap
["gimerMod’]
Family: poisson ( log )

Formula: MAdultDiar ~ 1 + PriFemale + Economic_TotalProf + Tw
THotworked + Tworkedunpaid + Pipedwater + unpipedwater +
stdHousing + StdHousing + InstdHousing + stdToilets + Nos
(1 | pistrict) + (1 | pistrict:shehia)

Data: Datal

AIC
4184.9

BIC
4267.8

TogLik deviance df.resid
-2078.5 4156.9 2735

scaled residuals:
Min 1g wmedian 3Q
-1.8922 -0.5145 -0.3795 -0.1958

Max
8.9626

random effects:
Groups Name
District:shehia (Intercept) 1.4145
District (Intercept) 0.1505%

variance Std.Dev
1.1893
0.3879

Number of obs: 2749, groups: District:shehia, 95; District,
Fixed effects:

Estimate std. Error z value Pr(>|z|)
{Intercept) -1.746e+00 2.797e-01 -6.242 4.33e-10 ¥#*
PriFemale -1.027e-05 B&.665e-04 -0.012 0.99054
Economic_Totalprof 1.278e-03 4.102e-04 3.116 0.00183 **
TworkedPaid -1.415e-03 5.337e-04 -2.335 0.01061 *
Thotworked 5.034e-04 4.353e-04 1.156 0.24749
Tworkedunpaid -7.546e-05 &.800e-04 -0.111 ©.91164
PipedwWater 1.127e-02 7.333e-04 15.366 <« 2e-1lg ¥=¥®
unpPipedwater 1.139%e-02 7.435e-04 15.322 < 2e-16 ##¥%
stdHousing 1.772e-05 7.82le-06 2.266 0.02344 *
InstdHousing 1.728e-04 5.5395e-04 0.309 0.75738
stdToilets -1.165e-02 7.124e-04 -16.349 <« 2e-1g ##¥%
nNostdToilets -1.154e-02 6.796e-04 -16.977 <« 2e-16 *&*®
signif. codes: 0 ‘#**¥' 0. 001 ‘¥=' 0.01 ‘*' Q.05 ‘.’ 0.1 °°

Figure 4.3 Diarrheal Diseases and Socioeconomic determinants
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URTI

> summary (URTITCh_glmm)
Generalized Tinear mixed model fit by maximum likelihood (Lap
Approximation) [glmermod]
Family: poisson ( Tog )
Formula: ChilduRTI ~ 1 + PriFemale + Economic_Totalprof + Two
paid +
Thotworked + TwWerkedunpaid + Pipedwater + UnPipedwater +
StdHousing + StdHousing + InStdHousing + StdToilets + Nojg|
ilets +
(1 | pistrict) + (1 |
Data: Datal

District:shehia)

AIC BIC logLik deviance df.resid

42523.8 42606.6 -21247.9 42495.8 2735
scaled residuals:

Min 1g Median 3qQ Max
-8.996 -2.052 -0.649 0.867 37.619

random effects:
Groups Name
District:shehia (Intercept) 2.6632 1.6319
District (Intercept) 0.7961 0. 8922
Number of obs: 274%, groups: District:shehia,

variance std.Dev.

95; District,

Fixed effects:
Estimate std. Error z value Pr{=|z|)

{Intercept) 1.156e+00 4.653e-01 2.484 0.0130 *
PriFemale 2.416e-04 9.705e-05 2.490 0.0128 *
Economic_TotalpProf -1.294e-03 5.153e-05 -25.120 <2e-16 #*¥
Tworkedpaid 1.451e-03 6.584e-05 22.031 <2e-16 *¥*¥
Thotworked -7.046e-04 §.020e-05 -8.786 “2e-16 #&¥
Tworkedunpaid -4,541e-05 1.369e-04 -0.332 0.7401
Pipedwater -6.991e-03 1.221e-04 -537.243 «2e-16 ##¥
unpPipedwater -7.425e-03 1.270e-04 -58.484 <2e-16 #*¥
StdHousing -1.405e-05 9.214e-07 -15.249 <2e-16 ¥¥¥
InstdHousing -2.753e-03 7.530e-05 -36.559 <2e-16 **¥
stdToilets 9.655e-03 1.152e-04 B83.822 <2e-16 *¥*¥
NostdToilets 1.040e-02 1.186e-04 B7.649 <2e-16 ##F¥
Signif. codes: © '®%%’ 0,001 ‘*¥’ 0,01 ‘*' 0.05 ‘.’ 0.1 ' 7

> summary (URTITAduTt_gTmm)
Generalized Tinear mixed model fit by maximum Tikelihood (Lap)
Approximation) [glimermod]
Family: poisson ( log )
Formula: TAadultURTI ~ 1 + PriFemale + Economic_Totalprof + Tu
dpaid +
ThotWorked + Tworkedunpaid + Pipedwater + UnPipedwater +
stdHousing + stdHousing + InstdHousing + stdToilets + Nog
ilets +
(1 | pistrict) = (1 |
Data: Datal

District:shehia)

AIC BIC logLik dewviance df.resid
32124.9 32207.8 -16048.5 32096.9 2735
scaled residuals:

Min 1Q Median 3qQ Max

-6.6199 -1.7344 -0.7178 0.7775 20.2874

random effects:

GI"GUPS Name
pistrict:shehia (Intercept) 1.516
District (Intercept) 0.274

variance std.Dev.
1.2313
0.5234

Number of obs: 2749, groups: District:shehia, 95; pistrict,
Fixed effects:

Estimate std. Error z value pri>|z|)
(Intercept) 1.253e+00 2.927e-01 4.283 1.85e-05 ###
PriFemale -3.940e-05 1.338e-04 -0.294 0.768
economic_tTotalprof -3.644e-04 6.593e-05 -5.527 3.25e-08 #¥%
Tworkedpaid 8.455e-04 7.901e-05 10.702 < 2e-16 *%%
TNotworked 9.736e-05 9.0534e-05 1.075 0.282
Tworkedunpaid -9.790e-04 1.509e-04 -6.489 B.65e-11 ¥®%
Pipedwater 1.280e-03 1.790e-04 7.152 B.358e-13 *%¥|
unpipedwater 1.254e-03 1.832e-04 6.771 1.28e-11 **#
StdHousing -7.834e-07 1.489e-06 -0.5326 0.599
InstdHousing -1.602e-04 1.045e-04 -1.333 0.125
stdTeilets -1.36%e-03 1.666e-04 -8.215 < Ze-16 *#¥
NostdToilets -9.533e-04 1.733e-04 -5.3500 3.79e-08 #®%
signif. codes: ©Q ‘'#%%' 0,001 ‘%% Q.01 ‘*' 0.05 ‘.' 0.1 * °

correlation of Fixed effects:

> summary (URTIFAdult_glmm)
ceneralized Tinear mixed model fit by maximum Tikelihood (Laplac
Approximation) [gimermod]
Family: poisson ( log )
Formula: FAAuTtURTI ~ 1 + PriFemale + Economic_TotalProf + Twork|(
draid +
Tnotworked + Tworkedunpaid + Pipedwater + unPipedwater +
StdHousing + StdHousing + InStdHousing + StdToilets + NoStdT(
ilets +

(1 | pistrict) + (1 | pistrict:shehia)
Dpata: Datal
AIC BIC TogLik deviance df.resid
23343.3 23426.2 -11657.6 23315.3 2735

scaled residuals:
o Median

Min 1 Max
-5.3524 -1.4190 -90.64086

3Q
0.7408 16.7420

random effects:

Groups Name variance std.Dewv.

District:Shehia (Intercept) 1.5359 1.2393

pistrict (Intercept) 0.2238 0.4731
Number of obs: 2749, groups: District:shehia, 95; pistrict, 7
Fixed effects:

Estimate std. Error z value Pri(=|z|)

(Intercept) 7.983e-01 2.742e-01 2.912 0.00359 *%
PriFemale -7.137e-05 1.655e-04 -0.431 0.66632
Economic_TotalProf -2.298e-04 8§.356e-05 -2.751 0.00394 *=
Tworkedraid 7.935e-04 9.978e-053 7.952 1.84e-135 *=%
TNoTtwWorked 1.3%90e-04 1.116e-04 1.245 0.21311
Tworkedunpaid -1.038e-03 1.927e-04 -5.386 7.22e-08 %=%%
Pipedwater 4.456e-04 2.219e-04 2.008 0.04461 *
unPipedwater 3.970e-04 2.292e-04 1.732 0.08323 .
stdHousing -7.104e-07 1.753e-06 -0.405 0.68539
InstdHousing -5.687e-05 1.312e-04 -0.433 0.66466
stdToilets -7.084e-04 2.053e-04 -3.450 0.00056 *=%
NostdToilets -2.742e-04 2.132e-04 -1.286 0.19849
signif. codes: 0 fEws’ Q.001 f**' D.01 ‘%' 0.05 ‘.7 0.1 ¢ " 1

Generalized Tinear mixed model
Approximation) [gimermod]
Family: poisson ( log )

Formula: MAdUuTTURTI ~ 1 + PrirFemale + Economic_Totalprof + Twol

dpaid +

Tnotworked + Tworkedunpaid + pipedwater + unpPipedwater +
stdHousing + sStdHousing + InstdHousing + stdToilets + NosT|

ilets +

fit by maximum Tikelihood (Lapl

(1 | pistrict) + (1 | pistrict:shehia)
pata: patal
AIC BIC TogLik deviance df.resid
16047.8 16130.6 -8009.9 16019.8 2735
scaled residuals:
Min 1 Median 3q Max
-4.0159 -1.1628 -0.5391 0.5544 16.60359

random effects:
Groups Name variance std.Dewv.
pistrict:shehia (Intercept) 1.3646 1.1682
pistrict (Intercept) 0.4866 0. 6976
Number of obs: 2749, groups: District:shehia,

95; District, 7

Fixed effects:

estimate std. Error z value Pr(=|zl)
{Intercept) 2.516e-01 3.676e-01 0.684 0.493691
PriFemale -2.100e-05 2.247e-04 -0.093 0.925524
economic_Totalprof -5.60%e-04 1.066e-04 -5.263 1.42e-07 ##%
Tworkedpraid 9.008e-04 1.286e-04 7.003 2.50e-12 #&*
Tnotworked 2.630e-05 1.500e-04 0.175 0.860852
Tworkedunpaid -8.944e-04 2.411e-04 -3.710 0.000207 *=*
Pipedwater 2.827e-03 3.08le-04 9.173 <« 2e-16 ***
unpPipedwater 2.813e-03 3.194e-04 8.BOB <« 2e-16 #=¥
stdHousing -1.237e-06 2.809e-06 -0.440 0.659787
InstdHousing -2.874e-04 1.716e-04 -1.675 0.093991
stdToilets -2.637e-03 2.873e-04 -9.177 <« 2Ze-16 **%
NostdToilets -2.235e-03 2.986e-04 -7.485 7.15e-14 **=%
signif. codes: Q fwws® Qo001 f**’ 0.01 ‘¥’ 0.05 ‘.7 0.1 ° 7 1

Figure 4.4 URTI and Socioeconomic Determinants
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Other variables likely to be further analyzed in subsets of the population ate Secondary education

which enables capacity building of the DHMTS to evidently inform policy. At this point, significance

of the female, education, and household equalities could help the DHMTs understand the usability of

HMIS data to their daily work. Secondary education completion for females, for instance, is

significantly correlated with reduced cases in child diarrhea.

Coefficients:

(Intercept)
NostdToilets
Tworkedunpaid 0.0057766

SecFemale

Estimate

1.7249498
0.0012520

-0.0005019

Std.
0.2216378
0.0004067
0.0016070
0.0001506

Error t value

7.783
3.078
3.595
-3.332

Signif. codes: 0O “¥¥%%' Qg Q01 **=*' (.01 °*’

Pri=1tl)
9.97e-15
0.002103
0.000331
0.000873

0.05 ¢
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Figure 4.5 Diarrhea in Children by Shehia Count of Female Secondary School Completion

Each shehia in each district for each month can be analyzed to determine where to place

intervention, build their evidence management, and inform capacity.

In analyzing household characteristics, it was found that there is a negative correlation to diarrhea

cases with households which are un-piped than those which are piped. As opposite to expectation,

this can suggest pipe system being a means of transmission to diarrhea cases.

59




7 L]
]
-
-
4 . .
- . - :
-
i .
g&- 'l - :
& - *
= -
2 3l o
= - . . .
e | S S8 S8 & -e - - - =
o " | MBS ¥ - *e L] - -
- s sEe - - s = - - - - -
RV B - -_—e W - s @ - -
. P P Y a a L]
SN - - . - am - L] L]
0 D SRS W R IR B 8 - s @ . LI ] -
0 1000 2000 3000 4000
PipedWater
? .
L]
H
-
41 R .
- =¥ :
i . g ® - :
—_ - . =
_53' A l 1] :...' - :
a . e 3 . s )
= . | R H - - 1
= - e - . - -
o «'s “an . * e “ee * H
':,_ - " semew - e -
< - e = - . L] L] - -
=) B 4 BMNIBEEE A B . . L] L]
. AR S B MR MM W - e = - - -
AR M HEEES IS R 2 B - L] - L]
14 LRy - -
AR S MR MMEEEE WA R e W -
04 M S MMM BN B EETEE e e - -
0 500 1000 1500 200C
UnPipedWater

Figure 4.6 Piped and un-piped association to Diarrhea

In other words, with the urban water and sewage systems, the rural bore holes could be safer than

the tap systems observed in the urban districts. These analyses are not intended for conclusion but

rather generating new hypotheses that the DHMTSs could act upon to develop research and projects

for them to draw their own conclusions.
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4.1.3  Geographic Information System (GIS) Diseases, Location and SES

4.1.3.1 Situational Analysis: when there is no “shehia” in the HMIS data used by the
DHMTS.
T'o understand the first contribution to this research we demonstrate the shift into the shehia based

analysis versus district aggregated data in the HMIS.

Diarrhea in Urban West region: No Shehia Diarrhea in Urban West region: With
Shehia

TDiar
1 24.000000 - 34.000000
1 10.000000 - 14.000000
] 5.000000 - 8.000000
1 2.000000 - 3.000000
1 0.000000 - 1.000000
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®
Diarrhea in Urban West region with Shehia Pneumonia in Urban West region with
Primary Education House Hold Characteristics.

Figure 4.7 Diarrhea in Urban West region: with Shehia and Secondary Socioeconomic Variables

Thus, shehia projects were the concentration of these cases, which will enable a surveillance officer
to utilize the district resource more efficiently and effectively. More importantly, its properties allows
integration with population surveys, ad in this research Census is used as a source of SES indicators
that estimates linkages with multiple disease predictors. The above diagrams two maps on the right

are demonstrating this.

The reports give the DHMT's the power to identify specific populations to work closely to lower
diseases using community extensions. This will be facilitated by reports obtained by the DHMT's
through the ZCHIS system. While the monthly data represent facility counts by month useful in
resource management, the information extracted is not going to be useful enough for health

management if treated as uniform at district/national level. This for instance, as diarrhea cases shows
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increase in rainy seasons, intervention for prevention will have to cover the entire district instead of
concentrating on specific shehia. The newly designed system allowed for data visualization and

analysis not possible before. Three examples shown below:

4.1.3.2 . Dashboard visualization: an addition from DHIS2 Facility based Indicators to
ZCHIS Community Extension.

While DHIS has extensively developed its dashboard such that every indicator collected can be
output in a dashboard, with descriptive summaries and maps, the data is still representing what was
collected at facilities. This is still very useful for health systems strengthening if more is going to be
done to improve Information use. However, facility counts lack shehia variables, which would have
generated an additional option to integration i.e. one for facility counts (Health Service
Administration) and aggregation due to shehia counts (Community health management). Shehia is
the only window to utilize the mass amount of records now archived to study population’s diseases,

risk factor and even health system utilization.

After proper synchronization of ZCHIS to DHIS2 database as a module extension. All indicators
(more than 200) depending on use, could be visualized representing the communities the patients are
coming from. Cutrrently, there is no system in Zanzibar or Tanzania that monitors and analyses
disease trends in the population at real time, nevertheless by the DHMTs. With DHIS supplying data
to ZCHIS, and with mobile data entry at health facilities level, consistent analysis of quality
information will be achieved, and hence its use. This approach has three main advantages compared

to the community data entry project that is being conducted in east African countries:

1. Itis highly cost effective compared to household collection of community health incidence that
utilize man hours significantly. The only manpower ZCHIS will require is developing scripts for
either integration or interoperability where the same DHIS records could be extrapolated to

capture the shehias origins, which is the next phase in this research.
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2. Health records are confirmed by low-capacity clinical workforce if any. The disease record
captured from the facility is confirmed using clinical guidelines, and by appropriate clinical
personnel. Passing this information from patient to community health worker requires validation
and without constant supervision the data quality and validity will be highly questionable.

3. 'Threat of duplication of records of the same patient entered at the health facility and in the
community. While there are measured being taken to minimize this duplication like prescription
and patient encounter certificate, the risk of duplicating data is still high since we are placing a
burden to maintain health records to a patient whose culture and social attributes have not

prepared them to do so.

41.3.3 Analysis Level: System based statistical tests and Analyses.

The summary reports produced in the dashboard support analysis of trends of service utilization and
surveillance indicators successfully. This information use serve the daily monitoring but does not
offer statistical evidence with confidence intervals to understand the relationships governing
utilization rates and health outcomes and the magnitude of these relationship apart from generating

hypotheses. This is where statistical tests and analyses become necessary.

What knowledge are we gaining from the daily trends of the dashboards; and in a health system with
no statistical workforce to download and utilize knowledge with better confidence intervals, how can
we test the hypotheses we generate from the daily trends. ZCHIS main goal is to enable statistical
analysis that HMIS data can support, automate and make them available for public health use

especially community interventions.

For an example, if a hand wash intervention is to be carried out to lower diarrheas diseases, the
DHMTS should be able to target the shehias with the highest cases, and not the facilities that
reported patients from multiple shehias (catchment shehias). In designing the intervention secondary
data through census, demographic and health surveys and household survey can strengthen

hypothesis testing to allocate
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4.1.3.4 Lower-level GIS Reports
DHIS2 is outputting GIS maps differing in scope from country to country. On Zanzibar however,
the districts are the community representation of HMIS health outcomes, instead of shehias, and it
cannot be the health facilities since they are only the point of services Additionally, other projects
have been conducted to strengthen GIS reporting directly from DHIS [99] as an open source GIS
for HMIS, initiatives that as long as the unit of analysis is at district level, will mainly benefit the
central level, and don’t decentralized DHMTSs which have to dig further from communities. ZCHIS
uses patient reported shehia to re-distribute all encounters to represent community indicators in a
lower geographical level. When shehia is the unit of analysis, reports are becoming more meaningful

for DHMTS to conduct confined surveillance on hotspots and spatio-temporal trends of diseases.

4.2 HIS capacity building
The ZCHIS system was up and running after trials of programming, testing and training. Other
additions are being proposed as users get acquainted in using it. Future versions will incorporate as

technicality and resources are gained. As per the agreed design, the following were accomplished

a. Descriptive statistics was the first module to be implemented and the first shehia-level presentation of
health data. The aim of having this visualization was to introduce the users with the idea of
dashboards while starting from the type of analysis they are familiar with like frequency plots, pie
charts and so on using drop down menus of diseases, geographical stratification, gender, age months

and years. These dashboards introduced the users to start practicing statistical analysis.

The basics were trained to the users without ZCHIS and when it was time to practice, users already
knew hypothesis generation and what health and SES variables to test. Using menus, users select the
type of test, and results will be captured for sharing and exportation in pdf. Due to the nature of the

data and use, the system conducts chi-square tests, two-sample T tests, and other graphical analysis.

b. Statistical Analysis: The two main procedures that data would be able to support based on its
structure are the Poisson regression and Analysis of Variance. Analysis of variance was included to
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allow categorical analysis in the system. The data has been summarized by a gender age (adult, child)
and the names of regions. The ability to analyze if diseases differed due to age, sex, months and

location was demonstrated.

¢. Geospatial Analysis: The GIS reports were categorized into three: 1) the Zanzibar Disease Atlas
where users can select time duration, geographical location and disease variables split into gender and
age, 2) the Socioeconomic Atlas for Zanzibar where any of the 40 socioeconomic indicators can be
printed on a map separately and 3) the hotspot analysis currently being studied where variables can

be jointly studied to see the correlation of diseases and socioeconomic indicators.

This is an important component of this research since it empowers the surveillance officers to
generate clusters of population within a region and select disease and SES reports to study how
health disparities are associated in SES differentiation in the communities. Future versions of the

system will include geospatial hotspot analysis for both SES and Disease clusters.

The uset’s responses results were summarized after concluding the ZCHIS training session (Figure
4.5). 94 % of the users thought the system to fit into their daily use and more than a half-needed GIS

and Statistical analysis. The following was obtained by the questionnaire administered:

Count of How do you rate the overall training Count of Which part of the training was very
program? interesting for you?

very good - = interpretation of re... Dashboard & GIS|
3.6%
excellent | | Descriptive Statistic

04% | |36%
All Training

5.4%
GIS and Statistical...

Statistical Analysis|
ot 26.8%l

Figure 4.8 ZCHIS Training Results

The following screenshots were taken from the ZCHIS system during the training provided.
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Figure 4.9 Statistical Analysis conducted by ZCHIS System

Chake Chake , Kaskazini A, Kaskazini B, Kati
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Figure 4.10 ZCHIS System output screen shots.

4.3 . Zanzibar Public Health Informatics Capacity Building

4.3.1.1 Evaluation for Specific Aim 1
The aim of this important step is to evaluate impact of surveillance enhancement on perceived
capacity for health surveillance (data quality, usability, availability), and the planning, managing and

decision making of public health services.

4.3.1.2  Setting and Sample
The sutvey population is the DHMT' s that are the public health officials at district level in health
surveillance, program development and management. Zanzibar has 10 districts, and each district has
six DHMT officers. There are five national surveillance officers on Zanzibar, three in Unguja Island,

and two in Pemba Island.
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4.3.1.3 Questionnaire
The survey questionnaire was adapted from the Commission of State and Territorial Epidemiologist
(CSTE) survey to assess the epidemiological capacity at state and local level. The CSTE survey

questionnaire consists of 108 questions on the following domains:

a) Background and training of surveillance and public health officials; and

b) Capacity to perform essential public health functions of monitor health status, diagnoses and
investigates health problems, evaluate effectiveness, accessibility and quality of health services, and

research for new insight and report solutions.

This research survey targeted similar domains of the CSTE survey but were rephrased to fit the
Zanzibar contexts and the roles assigned to the DHMTSs (4). The questions were presented in the

following main Domains.

a) Survey respondent background and training of surveillance and public health officials;

b) Their perception of capacity in health surveillance and data;

¢) Their perception of usability of health data; and

d) Their perception, knowledge and capacity to perform essential public health functions of:

d.1) monitoring health status;

d.2) diagnosing and investigating health problems

d.3) evaluating effectiveness, accessibility, and quality of health services; and

d.4) research for new insight and report solutions

d.5) intention and actual use of data for decision making, planning and management of program and

services
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The design allowed for estimation of changes before and after within groups (DHMT's and national
staff) regarding information use for managing, planning and decision making in public health. It will
also allow for estimation of differences between trainees in usability, knowledge, skills about software

and portal, and knowledge about disease occurrence which could be attributed to the training.

Before After |
Queries & Analvsis
alysis
| Statistical
chives an: Analysis
summatise. . -
R h +Que ies
Programs. Support
s
Support Ent I T | —
| | | Data D
| Data Entry Entry Data Entry
ueries . q
Data Data Q i Queries Querleg
Entry Entry *m;l’ — Analysis
] Extension r‘

Figure 4.11 Proposed System Architecture for Zanzibar HIS

4.3.1.4 Data Collection
A baseline survey was conducted to define the current situation of informatics skills and data use in

performance improvement, planning, decision making, and reporting. Data collected in this survey
will serve to evaluate public health officers’ familiarity with and ease of use of statistical software and
portal, their level of support and activities linked to health surveillance, and their self-reported use of
public health data and its applications in decision making, planning and management of public health
activities. The questionnaire was uploaded online using a paid service (surveymonkey.com) and the
respondents filled them at their own convenience within One month set period. Phone calls were
made at users’ conveniences in events when navigation or more elaboration was needed. A paper
questionnaire was made available to them to minimize time spent on their homes pre-paid internet.
The same sutrvey (same questionnaire and methodology) was administered six months after baseline
survey (i.e., six months after introduction of software, portal-based analysis, training and reporting of
priority diseases in Zanzibar) to the same respondents with their original unique identifiers for post-

intervention assessment. Change over the study time period in data usage and application to practice.
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4.3.2  Data Analysis for Evaluation
Evaluation of dependent and independent variables was conducted utilizing a linear mixed model

using district Designation and time of Intervention if it is before or after. Perception, knowledge and
skills (capacity) to perform essential public health measured. Other variables of interest are related to

the following domains in the survey questionnaire:

a) Survey respondent background and training of surveillance and public health: participant’s
characteristics such as age, gender, years of working in public health, formal education and training;
b) Perception of importance of health surveillance data.

43.2.1 Measurement of Change:
Outcome values in baseline (before intervention) and follow-up (after intervention) surveys was used
to create a measure of changes over time (i.e., value change=after value-before value) for each of the
two intervention groups as presented above. Using the change from baseline to follow-up in the
“proportion of health officials who agree (agree and strongly agree in a Likert scale) with being better
prepared or his local public health office have better capacity to “monitor health status”. This follow
up sample of the baseline was sufficient to estimate changes in the indicators (i.e., proportion) over
time (follow-up — baseline) and between groups for the population of DHMTSs. We implemented an
aggressive incentive plan (letters to the DHMTS, provision of meals and transportation for each
working day, and letters or recognition to develop HMIS research); we managed to keep ever one
looped from the beginning of research to the end.

4.3.2.2 Data Processing and Quality Control
Baseline survey responses were downloaded from the survey tool to Excel spreadsheets, and R was
used for analysis. Data from both surveys were checked for inconsistencies and questionnaire
completeness, and inappropriate response were reviewed. Inappropriate and incomplete values were

followed back to the respondents.
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4.3.2.3 Data Analysis

43.23.1 Baseline Indicators
An analysis of the baseline indicators to Information use was conducted. While this research is

designed to study the change on the indicators due to the capacity building intervention, a foundation
of informatics association to baseline indicators was also built. These indicators include if the
DHMTS previous training in Epidemiology or Informatics, the years they have worked in the
DHMTS s (Experience) the years remaining to retirement (Motivation) and if they have received any
other training (capacity building). Only revious epidemiologic training showed a strong correlation to

Informatics capacity built in this intervention.
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Figure 4.12 Informatics and Baseline Indicators

4.3.23.2 Composite Indicators
We evaluated dependent variable value difference between the baseline and follow-up measures by

levels of independent variables for each of the two groups of respondents: treatment, and control.
The appropriate test statistics for these analyses since the dependent variable values were on a Likert
scale is non-parametric test and we used a linear mixed effect model using R Ime4 and ImeTest.
CRAN Libraries. We also evaluated whether dependent variable change from baseline to follow-up.
Using the package CRAN Packages ImerTest, Ime4, and visualization utilized the ggplot2, the results

of analysis of the independent variables with the generalized Linear mixed model was as follows
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Composite
Indicator Public Health Informatics Capacity Indicators
Variables

. + data2$ph_pr + st_d + M&E+ Ph_intv +
e R i

Sutrv_dtn + Surv_Eval + Surv_Syt
Surveillance —1 - - _“

Dependent
Variables

Knowledge

Managemen ch_ass+ch_inv+ ch_st+ eth_cl + eth_kn+
t, Data Research sy intrprt_conc+ ph_diss

access, Data Information
Availability Svste;ns’ — tech+ db_req+ db_Inf_mtn+ dt_glt

and : :
Comfort Epidemiolos Surv_Eval + Surv_Syt + eb_epid + eb_intv +
OIS — epidata_val + eb_pln + Epid_Com + eb_pract +

eb_pract + eb_rec

Informatics o| sp_anlys + info_use+ HSES_datAnalys + Smart+
infox_act+ info_use+ infox_comp+ onl_frm

Figure 4.13 Indicators for Information Use Capacity Building

The complete list of Indicators and their full definition is attached in the 6. After a careful review
and clustering to the main themes of assessment, the six main categories for reporting results were

obtained (Fig. 4.8). These composite indicators are follows:

DHMTSs’ administration and management capacity that includes: identity existence of a public
health problem, identify public health problem, and utilize literature for public health action, and
monitoring and evaluation (M&E).

Surveillance indicators included design and Identify Surveillance data needs, Surveillance evaluation
and development of a surveillance system.

Research Capacity group includes community health assessment, community health investigation,
planning studies for community health, getting ethical clearance for research, apply ethical
knowledge to research and conducting a public health Intervention.

Informatics System indicators were the use of information technology, designing the database

requirements, Information Management and data quality.

73




Epidemiology Indicators grouped the capacity to make recommendation regarding validity of
epidemiologic data, to use Current knowledge of causes of disease to guide epidemiological practice,
use scientific evidence in preparing recommendations for action or interventions, Communicate
epidemiologic information through giving oral presentations or contributing to the development of
written documents to non-professional audiences (forum discussions and presentations), assist or
develop SMART goals, Assess the needs for special analysis, the basic principles of risk

communication and ability to comprehend epidemiologic findings

Informatics indicators included identify informatics activities needs in the DHMT (for performance),
Identify informatics, competency needs in the DHMT (for Training), ability to assist or conduct data
collection tools, identify data sources and design protocols, conduct data analysis, evaluate

conclusion and interpretation, dissemination and participate in online forums.

Information Quality
(INFO_Q)

Perceived Usefulness
(PU)
( System Quality Perceived Net Benefit
(SYs_Q) (NB)
User Satisfaction
(Us)

Figure 4.14 Conceptual Model for Adopting the Zanzibar Community Health Information System. Adapted from
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Public Health Management

Fixed effects:

Estimate Std. Error df t value Pr(=|t|)

correlation=TRUE) or
if you need it

Use print(x,
vcov(x)

= anova(modelPh_Mgt)
Type III Analysis of Variance Table with Satterthwaite’'s method

(Intercept) S.6648 0.8537 45.1046 11.321 8.96e-15
TrainIntervention -0.1639 0.4509 44,0000 -0.364 0.71792
Time2-Post 3.7333 0.1900 59.0000 19.654 = 2e-16
DesignationDHA -1.6320 0.7395 44.0000 -2.207 0.03260
DesignationDHO -2.3656 0.7271 44.0000 -3.254 0.00219 ==
DesignationDMO 0.6836 0.7058 44.0000 0.969 0.33804
DesignationDPh -2.1836 0.7058 44.0000 -3.094 0.00343
DesignationDPHO =2.1992 0.7172 44.0000 -3.066 0.00370
DistrictCHAKE-CHAKE -2.4167 0.5093 44.0000 -2.658 0.010982
DistrictMICHEWENI -2.0833 0.9093 44.0000 -2.291 0.02680 =
DistrictMKOANI —-2.::3333 0.9093 44.0000 -2.566 0.01377 =
DistrictNorth A 0.8333 0.9093 44.0000 0.916 0.36442
DistrictNorth B -0.4167 0.5093 44,0000 -0.458 0.64904
DistrictSouth 0.3333 0.9093 44.0000 0.367 0.71568
DistrictUrban 0.5833 0.5093 44.0000 0.642 0.52451
DistrictWestA -0.8333 0.5093 44.0000 -0.916 0.36442
DistrictwETE =3i3333 0.9093 44.0000 -3.666 0.00066
Signif. codes: O “==*' 0.001 “==° 0.01 *=° 0.05 *.’ 0.1 * * 1
Correlation matrix not shown by default, as p = 17 > 12.

There is significance
of the intercept and
the post intervention
measurement. For
these indicators, there
is a significance of
Designation/tittle,

and some few

Control Intervention

Training Group

training given to them.

Sum Sg Mean Sq NumDF DenDF F value Pr(=F)
Train 0.14 0.14 1 44 0.1322 0.7179210 . .
Time 418.13 418.13 1 59 386.2714 < 2.2e-16 districts.
Designation 35.88 7.18 5 44 6.6288 0.0001117
District 50.81 5.65 = 44 5.2156 7.964e-05
Signif. codes: 0O ¢ 001 A=2QU0535 Oady =50 3
;
125
The Public Health
100 Management indicators
- wewe cummulatively
@
5 75 . .
= improved in both
= Time
=
£ 1-Pre Control and
2 . 2-Post
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5
0
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Figure 4.15 Public Health Management Capacity
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Fixed effects:

= anowval(modelSurv)
Type III Analysis of Variance Table with Satterthwaite's method
Sum Sq Mean Sq NumDF DenDF  F walue Pri{=F)

Train 0.288 0.288 1 44 0.5744 0.4525592
Time 91.875 91.875 1 59 182.9747 < 2.2e-16
Designation 14.603 2.921 5 44 3.8167 0.0003309
District 4,825 0.536 9 44 1.0678 0.40438561
5ignif. codes: 0 ‘===' 0,001 ‘®#=' Q.01 “=° 0.05 “." 0.1 ' ' 1

Estimate Std. Error df £ wvalue Pri=|t|)
(Intercept) 3.926e+00 5.633e-01 4.518e+01 £.969 1.11le-08
TrainIntervention 2.254e-01 2.9%74e-01 4.400e+01 0.758 0.452559
TimeZ-Post 1.730e+00 1.294e-01 5.900e+01 13.5327 = 2e-16
DesignationDHA -1.487e+00 4.878e-01 4.400e+01 -3.049 0.003878
DesignationDHO -1.460e+00 4,.7%6e-01 4.400e+01 -3.044 0.003931
DesignationDMO 7.254e-02 4.655e-01 4.400e+01 0.156 0.876885
DesignationDPh -1.673e+00 4.655e-01 4.400e+01 -3.5%3 0.000321
DesignationDPHO -1.432e+00 4.731e-01 4.400e+01 -3.028 0.004109
DistrictCHAKE-CHAKE 9.167e-01 5.998e-01 4.400e+01 1.528 0.1335383
DistrictMICHEWENI 5.000e-01 5.998e-01 4.400e+01 0.8334 0.408983
DistrictMKOANT 1.000e+00 5.998e-01 4.400e+01 1.667 0.102559
DistrictNorth A 5.833e-01 5.998e-01 4.400e+01 0.973 0.336073
DistrictNorth B -83.333e-02 5.9%98e-01 4.400e+01 -0.139 0.890131
DistrictSouth -9.338e-14 5.9%B8e-01 4.400e+01 Q.00 1.000000
DistrictUrban 4.,167e-01 5.99%8e-01  4.400e+01 0.695 0.4903%2
DistrictWesta 4.167e-01 5.9%8e-01 4.400e+01 0.695 0.4908392
DistrictWETE 1.167e+00 5.9%8e-01  4.400e+01 1.345 0.058161
Signif. codes: 0O f==*' 0,001 *‘*=' Q.01 f=' 0.05 *.' 0.1 * " 1
Correlation matrix not shown by default, as p = 17 = 12.
Use print(x, correlation=TRUE) or

veow () if wou need 1t

There is significance of
the intercept and the post
intervention
measurement. For these
indicators, there is a
significance of
Designation /tittle, and

only one district of Wete.

-~

Survellance Capacity

Corlrl Inenertion
Training Group

Indicators wewe
cummulatively
improved in both
Control and
Intervention Groups
between the pre and

Time

e post time periods.

| B

The intervention
slightly improved
their surveillance
capacity compared to

the control group

Figure 4.16 Surveillance Capacity
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Fixed effects:
Estimate Std. Error

(Intercept) 8.485e+00 1.11%9e+00
TrainIntervention 2.828e-01 5.91%e-01
Time2-Post 5.300e+00 2. 246e-01
DesignationDHA -1.559=+00 9,707e-01
DesignationDHO -1.9372+00 9.543e-01
DesignationDMO 4.178e+00 9. 264e-01
DesignationDPh 4,217e-01 9.264e-01
DesignationDPHD -2.2652+00 9.414e-01
DistrictCHAKE-CHAKE 1.750e+00 1.194e=00
DistrictMICHEWENI 1.730e+00  1.1%94e+00
DistrictMKOANT 1.667e-01 1.1%4e+00
DistrictMorth A -7.500e-01 1.1%4e=00
DistrictMorth B -3.421e-15 1.1%4e=00
DistrictSouth -2.500e-01 1.194e=00
DistrictUrban 4.167e-01 1.194e+00
DistrictwWesta -2.500e-01 1.19%4e:00
DistrictwWETE 1.833e+00 1.194e+00
Signif. codes: 0 f===' 0,001 ‘==’ 0.01 *

Correlation matrix not shown by default,
Use print(x, correlation=TRUE} or
veow (%) if vou need it

= anova(modelResh)

B I T R S SN S S SR R E L

='

as p

df t walue Pri{=|t|)
.581 1.43e-00 ===

L 490e+01 7
L 4A00e+01 0
. 900e+01 23
L400e+01 -1,
.400e+01 -2,
. 400e+01 4
LA00e+01 a.
LA00e+01 -2,
L 400e+01 1
L 400e+01 1
. 400e+01 0
L400e+01 -0.
LA00e+01 a.
L400e+01 -0,
L 400e+01 Q.
L400e+01 -0,
. 400e+01 1.
L05 L7 0.1
=17 = 12.

478 a.

6352 There is significance

L5396 < 2e-l6 T

606

P

Type III Analysis of Variance Table with Satterthwaite’s method

o
ra
-]
[ e e B e B e s s s e o

of the intercept and

-0204 = the post

3836 intervention
measurement. For
these indicators,
there is a

significance of

Sum Sg Mean Sgq NumDF DenDF  F value Pr(=F) Designation and no
Train 0.35 0.35 1 44 0.2283  0.6352
Time 842.70 842.70 1 59 556.7671 « 2.2e-16 ===
Designation 95.48 19.10 5 44 12.6172 1.267e-07 === significance at
District 17.42  1.94 9 44 1.2787  0.2754
Signif. codes: © '===' 0.00L ‘==’ 0.01 ‘=’ 0.05 ‘.’ 0.1 ' ' 1 district level
-
While the indicators of
research all improve in a
k similar thrend, the range and
variance of this
T improvement is wider
1 Time

Research

Centrol
Trainng Growy

Imenzntion

P

| B2

compared to other
indicators. in both Control
and Intervention Groups
between the pre and post

time petiods.

Figure 4.17 Research Capacity
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Fixed effects:

Estimate 5td. Error df £ value Pri=|t|)

Correlation matrix not shown by default,
Use print(x, correlation=TRUE) or
woow () 1t wyou need 1t

= anova(modelIs)
Type III Analysis of Variance Table with

Sum 5g Mean 5g NumDF DenDF
Train 0.252 0.252 1 44
Time 192.533 192.533 1 39 1
Designation 61.386 12.277 3 44
District 23,284 2.587 ] 44
Signif. codes: 0 === Q0,001 ‘==’ 0.01 *

(Intercept) 1.442e+01 1.363e+00 4.444e+01 10.579 1.01e-13 ===
TrainIntervention -3.443e-01 7.228e-01 4.400e+01 -0.478 0.6362
Time2-Post 2.533e+00 1.923e-01 5.900e+01 13.173 < 2e-16
DesignationDHA -5.322e+00 1.186e+00 4.400e+01 -4.489 5.10e-05
DesignationDHO -5.638e+00 1.166e:00 4.400e+01 -4.837 1.65e-05
DesignationDMO 5.656e-01 1.131e=00 4.400e+01 0.500 0.6197
DesignationDPh -1.966e+00 1.131e+00 4.400e+01 -1.737 0.0893 .
DesignationDPHO -5.253e+00 1.150e+00 4.400e+01 -4.569 3,95e-05 =*==
DistrictCHAKE-CHAKE -3.000e+00 1.458e+00 4.400e+01 -2.058 0.0455 =
DistrictMICHEWENT -3.583e+00 1.458e-00 4.400e+01 -2.458 0.0130 =
DistrictMKOANT -2.333e+00 1.458e+00 4.400e+01 -1.5801 0.1166
DistrictMorth A 5.833e-01 1.458e:00 4.400e+01 0.400 0. 6910
DistrictMorth B 9.167e-01 1.458e:00 4.400e+01 0.629 0.5327
DistrictSouth -2.269e-12 1.458e+00 4.400e+01 0.000 1. 0000
DistrictUrban -1.667e+00 1.458e+00 4.400e+01 -1.143 0.2591
DistrictWestA -1.583e+00 1.458e:00 4.400e+01 -1.086 0.2833
DistrictwWETE -2.333e+00 1.458e+-00 4.400e+01 -1.801 0.1166
Signif. codes: 0 f===' Q,001 ‘==’ 0.01 =’ 0.0% ‘.’ 0.1 ' "1

as p = 17 = 12,

Satterthwaite's method

F value Pr{=F)
0.2268 0.63625
73.5153 « 2.2e-16 *
11.0644 6.137e-07 =
2.3315 0.03028 =
=' 0,05 .01t 71

[rhere is significance
of the intercept and
the post intervention
measurement. For
these indicators, there
is a significance of
Designations
(DPHO, DHO and
DHA), and only
slightly significant to
districts of Micheweni

and Mkoani

Infermation Systermns Capacity

Control
Training Group

Time
1Pre

| R

Intervention

capacity more compared to the control group

Indicators were
cummulatively
improved in both
Control and
Intervention groups
between the pre and
post time periods. The
control slightly
improved their

information system

Figure 4.18 Information Systems Capacity
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Fixed effects:

Estimate 5Std. Error df t value Pr(=|t])
(Intercept) 4.912e+00 4.691e-01 4.621e+01 10.471 8.74e-14 *==
TrainIntervention 2.213e-01 2.463e-01 4.400e+01 0.899 0.3737
Time2-Post 2.000e+00 1.465e-01 5.900e+01 13.650 <« 2e-16 **
DesignationDHA -2.039e+00 4.039e-01 4.400e+01 -5.049 8.19e-06
DesignationDHO -2.111e+00 3.971e-01 4.400e+01 -5.318 3.36e-06 *
DesignationDMO 1.022e+00 3.855e-01 4.400e+01 2.652 0.0111 * . . .
DesignationDPh -1.672e+00 3.855e-01 4.400e+01 -4.338 8.27e-05 * There is significance of the
DesignationDPHO -1.834e+00 3.917e-01 4.400e+01 -4.681 2.74e-05
DistrictCHAKE-CHAKE 3.333e-01 4.966e-01 4.400e+01 0.671 0.5056
DistrictMICHEWENI -7.500e-01 4.966e-01 4.400e+01 -1.510 0.1381 1
mter n
DistrictMKOANI 1.667e-01 4.966e-01 4.400e+01 0.336 0.7388 te Cept a d t}le pOSt
DistrictNorth A -3.442e-14 4,966e-01 4.400e+01 0.000 1.0000
DistrictNorth B 3.333e-01 4.966e-01 4.400e+01 0.671 0.5056 . .
DistrictSouth -4.167e-01 4.966e-01 4.400e+01 -0.839  0.4060 Intervention measurement.
DistrictUrban 9.167e-01 4.966e-01 4.400e+01 1.846 0.0716 .
DistrictwestA 5.833e-01 4.966e-01 4.400e+01 1.175 0.2464 . . .
DistrictwETE 6.667e-01 4.966e-01 4.400e+01 1.342  0.1863 For these indicators, there is a
Signif: codesy “Q==£2:07001 *2%% 0001 S=2000057402 05532 I
Correlation matrix not shown by default, as p = 17 » 12. 51gn1ﬁcance of all
Use print(x, correlation=TRUE) or
veov(x) if you need it . . . .
Designations and slightly in
> anova(modelEpid)
Type III Analysis of Variance Table with Satterthwaite’'s method . .
Sum Sq Mean Sq NumDF DenDF F value Pr(=F) the Urban District.
Train 0.520 0.520 1 44 0.8077 0.37370
Time 120.000 120.000 1 59 186.3158 « 2.2e-16
Designation 69.977 13.995 S 44 21.7296 6.77e-11
District 11.883 1.320 9 44 2.0500 0.05582 .
Signif. codes: 0 *==*' 0.001 ‘==’ 0.01 ‘=’ 0.05 *.” 0.1 * ' 1
>
ndicators wewe
cummulatively improved in
5
both Control and
2z .
g Intervention Groups between
2
L‘)M Time
§ " th d post ti iod
: g the preand post time periods.
3
i . . .
The intervention slightly
2
improved their surveillance
capacity compared to the
0
Contral Intervention COntrOl ou
Training Group gr p

Figure 4.19 Epidemiology Capacity
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Fixed effects:
Estimate Std. Error

(Intercept) 11.31721 0.83889
TrainIntervention -0.02459 0.44074
Time2-Post 5. 20000 0.25356
DesqignationDHA -3.26230 0.72287
DesignationDHD -3.30984 0.71068
DesignationDMO 2.79754 0.68987
DesignationDPh -2.99754 0.68987
DesignationDPHO -2.65738 0. 70103
DistrictCHAKE-CHAKE -2.66667 0. 88880
DistrictMICHEWEMT -3.00000 0. 88880
DistrictMKDANI -4.41667 0. 88880
DistrictNorth A 0.16667 0. 88880
DistrictNorth B -1.25000 0. 88880
DistrictSouth -1.16667 0. 88880
DistrictUrban 0.41667 0. 88880
DistrictWestA 0.83333 0. 88880
DistrictWETE -3.41667 0. 88880
Signif. codes: 0O *===' Q001 *==' 0,01

Correlation matrix not shown by default
Use print{x, correlation=TRUE) or

veov (X)) it you need 1t
= anoval(modelInformatics)

Sum 5g Mean Sg NumDF DenDF

Train 0.01 0.01 1 44
Time 1153.20 1153.20 1 59
Designation 240.48  48.10 5 44
District 146,92 15.32 ] 44

F value
0.0031

df t value
46.06219 13.401
44.00000 -0.056
59.00000 24.452
44,00000 -4£.513
44,00000 -4.657
44,00000  £.053
4400000 -4.343
4400000 -3.791
44,00000 -3.000
4400000 -3.373
44,00000 -4.969
44,00000 0.188
44,00000 -1.406
44,00000 -1.313
44.00000 0.469
44.00000 0.938
44,00000 -3.844
=1 0,05 LT 0.1
y 85 p = 17 = 12.

Pri=|tl}
< 2e-16
0.955760
< 2e-16
. 73e-05
. 962-05
. 000201
09e-035
. 000454
004429
. 001549
07e-05
852116
166633
.196114
. 641530
353573
. 000386

OO0 ODOOoORO0000NONRE

Type III Analysis of Variance Table with Satterthwaite’s method

Pr(=F)

0.9553

597.8805 = 2.2e-16

24,9355 7.938e-12
8.4634 3.356e-07

There is significance of
the intercept and the post
intervention
measurement. For these
indicators, there is a
significance of
Designation/tittle, and all
districts of Pemba side
(Micheweni, Wete and

Mkoani and Chake Chake.

0

Informatics

Control
Training Group

Intervention

Time
1Pre

Izmm

Indicators wewe
cummulatively improved
in both ontrol and
Intervention Groups
between the pre and
post time periods. The
informatics capacity
building has experience a
huge jump of the skills

trainined.

Figure 4.20. Informatics Capacity
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A thorough analysis was conducted to the Informatics category, since Informatics capacity building is
the main target of this research. The main focus was based on the mixed model results in how results
of the model coefficients differed between the control and intervention group, between pre and post
intervention, and between the different districts and between the titles they hold in the DHMT's
(Designation). A special emphasis was placed on gender differences across to inform policy on
gender equality to workforce and capacity building. The overall composition of female in this study
was 36.7%. In general, as was seen in the models presented above, Informatics capacity building in
Zanzibar showed significant variation based on the Designation more than it varied across DHMTS.
The uniformity in the teams responses is thought to be related with the fact that capacity building
activities to the DHMT' are generally a national undertaking that involve all of the teams in similar
training and help them build their capacities in parallel; which is also an indicator of inability of the

teams to determine capacity gaps needed to train their own teams with full autonomy.

With the exception of a few districts DHMTs, most have responded equally to the intervention with

the rate of improvement similar between the male and female workforce.
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Figure 4.21 Information System Integrated Health after System and DHMT's Capacity Building
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Figure 4.22 Informatics capacity build by Gender Group and Time

As the intervention was split into control group which received Excel based training on Statistical
analysis and intervention which receives the Informatics Capacity Building training using ZCHIS,
there was no significant difference in capacity building between the control and intervention groups.
However, they all responded with improved capacity, which could have multiple implications. These
teams have not been receiving routine informatics training to an extent that even analytics using MS
Excel had shown significant improvement in their informatics confidence. It could also mean,
ZCHIS as a system had not been exhausted enough to allow difference to show in informatics
competence, in other words, it improved the capacity as little as any analytic training would, be it
Excel or any other data analytics intervention. Subjects of the intervention could also be individually
assessed to allow tracking in the future repetition of this survey, as ZCHLIS is being improved among
other Health system capacity improvement initiative. The most important thing for this analysis is to
establish the culture of DHMT capacity measurement, and documenting how their respective
districts, their capacities and experiences, their designations and roles placed on individual personnel
contribute to ensure Informatics capacity is built. The following plots would be a dashboard output

after interventions to study DHMTS individual responses.
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Figure 4.23 Informatics capacity built by District Designation and Gender Group and Time
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Lastly, a prediction was conducted based on the coefficients of the mixed model on informatics

capacity building indicators. This was conducted on each individual compared between Designation,

District and pre-and-post measurements of informatics indicators performance as follows.
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Figure 4.24 Informatics Capacity building Prediction by District and Designation

The analysis was conducted to test the dependent variables of knowledge management, data access,
data availability and comfort of data use. The differences on skills improvement were analyzed with

fixed effects of Districts, Designation, and time before and after intervention.

43.23.3  Information Use Dependents Variables Measures (outcomes)
The main outcomes of the intervention are in a logical order:

a) Better and more accessible public health data for planning and implementation of public health

programs and services (Data availability);
b) Improved training in health surveillance on Zanzibar; (Knowledge of data); and

¢) Better use of health surveillance data for planning, managing and decision making in public health
services (Ease of access and use of data and Comfort of using data). Dependent variables will be
used to measure outcomes at baseline, and a measure of its change as a function of the impact of the

surveillance improvement strategy.

4.3.2.3.3.1  Knowledge Managenent
The DHMTS' knowledge management was perceived to be high at the beginning of the intervention

with an intercept of 3.9 out of 5. However, there is a consistent decrease of this perception between
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the pre and post intervention periods. There is also a slight significance observed due to designation

by the Pharmacists with a p value of 0.02

Fixed effects:

Estimate Std. Error df t© value Pri=|t])
(Intercept) 3.900e+00 4£.278e-01 4.498e-01 9.116 8.73e-12 ===
TrainIntervention 2.623e-01 2.26le-01 4.400e+01 1.1e0  0.2523
Time2-Post 4.000e-01 8.957e-02 5.900e+01 4.466 3.66e-05 ===
data2$DesignationDHA -4.68%e-01 3.708e-01 4.400e+01 -1.264 0.2128
data2iDesignationDHO -2.951e-01 3.646e-01 4.400e+01 -0.809 0.4227
data2iDesignationDMO 3.762e-01 3.53%9e-01 4.400e-01 1.063 0.2936
data2$DesignationDPh -8.262e-01 3.53%9e-01 4.400e-01 -2.335 0.0242 =
dataz$DesignationDPHO -1.713e-01 3.596e-01 4.400e-01 -0.476 0.6362
data2sDistrictCHAKE-CHAKE 4.167e-01 4,560e-01 4.400e:01 0.914 0.3658
data2$DistrictMICHEWENI -2.500e-01 4.560e-01 4.400e+01 -0.543 0.5863
data2§DistrictMKOANI -1.352e-13 4.560e-01 4.400e:01 0. 000 1.0000
dataziDistrictNorth & -2.500e-01 4.560e-01 4.400e+01 -0.543 0.5863
data2sDistrictNorth B -5.833e-01 4.560e-01 4.400e+01 -1.279 0.2075
dataZiDistrictSouth -1.667e-01 4.560e-01 4.400e=01 -0.366 0.7165
dataziDistrictUrban 4,167e-01 4.560e-01 4.400e-01 0.914 0.3658
datazsDistrictWestA &.333e-02 4£.560e-01 4.200e+01 0.183 0.8558
data2sDistrictWETE -5.000e-01 4.560e-01 4.400e+01 -1.087 0.2788

Figure 4.25 Knowledge Capacity Improvement

4.3.2.3.3.2  Accessibility
The DHMT' perception of data access was perceived to be very high at the beginning of the

o

Knowledgeabilty

Time.

3 1ere
2o

Control Intervention

Training Group

intervention with an intercept of 4.3 out of 5. However, there is a consistent decrease of this

perception between the pre and post intervention periods. There is also a slight significance observed

due to designation by the Pharmacist (p= 0.02) and DHO (p= 0.03).

Fixed effects:

(Intercept)
TrainIntervention
Time2-Post
data2iDesignationDHA
data24DesignationDHD
data2$DezignationOMO
data24DesignationDPh
data2$DesignationDPHD
data2dDiztrictCHAKE-CHAKE
data24DistrictMICHEWENT
data2$0istrictMKOANT
dataZiDistrictMorth A
data28DistrictNorth B
datazéDiztrictSouth
data2$bistrictUrban
data2$DistrictWestA
data2$DistrictWETE

Estimate 5td.
4,30328
0.35246

-0. 35000

-0.47377

-0.75902

-0.31473

-0.73525

-0.54426

-0.08333
0.16667

-0.08333
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-0, 25000
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Figure 4.26 Information Access improvement

df t value Pri=|t])

67425 10.579 7.1%e-14
00000  1.846 0.10895
00000 -3.152 0.00255 -
00000 -1.349 0.18431
00000 -2.198 0.03326
00000 -0.935 0.3528%
00000 -2.193 0.03362
00000 -1.598 0.11727
00000 -0.193 0.84789
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4.3.23.3.3  Availability
The DHMT' perception of data availability was perceived to be very high at the beginning of the

intervention with an intercept of 4 out of 5. However, there is a consistent decrease of this

perception between the pre and post intervention periods. There is also a slight significance observed

Fixed effects: s
Estimate 5td. Error df t value Pri=[t])
(Intercept) 4.01202 0.46395 45.96458  8.647 3.37e-11 ===
TrainIntervention -0.04098 0.24389 43.99999 -0.168 0.86732
Time2-Post -0. 40000 0.13696 59.00001 -2.921 0.00494 == | .
data2$DesignationDHA -0.37049 0.40001 43.99999 -0.926 0.35939
data2$DesignationDHO -0.51639 0.39326 43.99999 -1.313 0.19595 °
data2$DesignationOMO -0.25410 0.38174 43.99999 -0.666 0.50913 IS Time
data2$DesignationDPh -0.59590 0.38174 43,99999 -1.561 0.12569 3, B 1
data2$DesignationDPHO -0.01230 0.38793 43,99999 -0.032 0.97486 H B8 2o
data2$DistrictCHAKE-CHAKE -0.08333 0.49182 43.99999 -0.163 0.86623
data2$DistrictMICHEWENI ~ -0.58333 0.49182 43,99999 -1.186 0.24196
data2$DistrictMKOANT -0.16667 0.49182 43.99999 -0.333 0.73632 .
data2$DistrictNorth A -0.08333 0.49182 43.99999 -0.163 0.86623
data2$DistrictNorth B -0.75000 0.49182 43.99999 -1.525 0.13443
data2$DistrictSouth -0.08333 0.49182 43.99999 -0.163 0.86623
data2$DistrictUrban 0.33333 0.49182 43.99999 0.678 0.50148 : . .
data2$DistrictWesta 0.83333 0.49182 43.99999 1.694 0.09726 .
data2$DistrictWETE -0.75000 0.49182 43.9999% -1.525 0.13443 o g oo
Signif. codes: 0 f===' 0,001 ‘==' 0.01 ‘=’ 0.05 ‘.’ 0.1 ' ' 1

Figure 4.27 Information Availability

due to designation by the Pharmacist and DHO with a p value of 0.09. The perception of availability
of quality information has consistently been reduced among the DHMTS with the exception of two
districts or Urban and West.

4.3.2.3.3.4  Comfort Using the System

The DHMTS perception of data use comfort was perceived to be high at the beginning of the
intervention with an intercept of 3.875. There is a decrease of this perception between the pre and
post intervention periods. There is a slight significance observed due to designation by the

Pharmacist and DHA (p=0.04) DHO (p=0.0039) and DPHO (p=0.040)

Fixed effects:
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data2$DesignationDPHD -7.680e-01 3.746e-01 4.400e+01 -2.051 0.04830 = E 3 = B8 1P
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Figure 4.28 Comfort Using the System
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Chapter 5. Discussion and Conclusion

5.1. Analysis of Human Resource Capacity Building

The main outcome variables were assessed for before and after the intervention. Additionally, the
effect of designation and district showed some significant differences.

5.1.1. Availability of quality data for Public health analysis
The mean perception of availability of data has been reduced among the control group who were
trained with Excel/data analysis, also among the Intervention group who were trained with ZCHIS.
The ZCHIS group had a higher perception in the beginning of the of data availability, until by the
end of the research the two groups came to consensus. Intervention and Control groups have had
nearly the same mean perception of 3 out of 5. This is interpreted to be a dissatisfaction of the
situation after capacity building, knowing how Informatics could enhance their work, has there been
available quality information that ZCHIS systems and other analysis do require. The declined
perception is an indicator of awareness on the quality gaps the information still has, until
recommendations of this research are fully adopted; where it is expected this outcome will be
reversed. ZCHIS system has helped to portray poor access of useable data for use and create demand
for quality Information.

5.1.2. Knowledge of the Data
Both the control and the intervention group have increased their perception of knowledge of
surveillance data. The two groups have started with similar perception with a minor diversity from
the Intervention group, and have reached to the same conclusions irrespectively. This shows a
minimum impact the ZCHIS have to the intervention, but the most important thing that has raised
their knowledge is conducting analysis even if using Excel statistics.

5.1.3. Accessibility
Ease of access and use of data, have decrease in both groups, perhaps for similar grounds seen in
their perception of Availability in (i) above. There is a slight difference of perception of Accessibility
between the two groups after the study. Since the control group received excel analysis, they have not
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as much been exposed to a system integration perspective like the ZCHIS group, which had the
opportunity to train on integration and hence “accessibility”. Hence, even if both variables dropped,
the Intervention group drop has been minor knowing even if the quality data is not available, it is
accessible through system integrations

5.1.4. Comfort of using data
The outcomes on this variable are measuring their comfort on using the information after knowledge
gained in this intervention but again the, system is not fully adapted to change their work settings.
The excel group has reported an increased comfort in using the data. The ZCHIS group on the other
hand has shown mixed results. Majority of the subject who perceived high comfort management
have dropped their perceptions, and the mean comfort especially of those who were not comfortable

has increased

5.2. Analysis of Systems Capacity Building
The success in creating informatics culture depends heavily on the usability enhancement especially
for first time users of such systems. The users were supported to enable use of the system on their
own, however that has been very challenging given their capacities. Focus group discussions

conducted between the research and the DHMTSs each separately revealed

a. Statistical reasoning is a learning process, and more simplified analysis and visualizations
would have been the first step to begin this process

b. The outdated data (2010-2012), while their work requires up to date information

c. DHIS and ZCHLIS databases are not integrated making them work on two separate systems
It was communicated to them during the discussion that HMIS data is the ultimate goal of
this research. Due to the quality and structure of current data, better methods to maximize
validity of HMIS data are needed like the interrupted time series and dose-response national
platform approach which studies the outcome associated by intervention coverage or

intensity at a subnational level [93]. Analysis can also be supported by applying missing data
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techniques for example the geo-statistical modeling allowing estimation outpatient data for
provinces in Kenya [86]. A rigorous biostatistics approach to this analytical environment can

improve the meaning of this system as long the R engine is up and running to support it.

DHIS National Data: Reports to Train DHMTSs Statistical Analysis, PpH| System Strengthened:

MOH (Upward) No Feedback to Informatics, ZCHIS: - Dashboards to Inform MOH/ Policy Makers

Individual Communities - Generates reports to - GIS reports to Communities Extensions

- Minimum System Capacity communities, and Country - DHMTs capacities

- Minimum Human Capacity - Extension Programs Creation Strengthened = Best Case

IZanzibar Community Health Informatics System I

/‘

Present

T 11T bt

PHI Interventions (Systemand Human Capacity Building)

v Human Capacity Building Worse Case
@ System Capacity Building
Outcome: Information use: High Level Population Prevention Prevention Informs Policy
High Level Population Prevention & Low Level Prevention through Integrated HIS through PublicHealth
Community PHI Informatics & Extension

Figure 5.1 Zanzibar HIS with System and DHMTs Capacity Building Interventions

The overall picture is presented in the above diagram where the Y Axis analysis represents the input
into the system which is the PHI capacity building. The X Axis different levels of information use
based on forces types of the interventions introduced into the system.

5.2.1. Future of HMIS Zanzibar
HMIS data must be useful as far as its objectives, and to the expectations of its stakeholders. Funds
can be saved in conducting evaluations [85] using HMIS data and in exchange, support data quality
and operations that have deteriorated with DANIDA'’s absence. The data use strategies must be
encompassed within the enterprise architecture frameworks where all building blocks and
stakeholders of HMIS information are properly[98]. While HMIS stretched its efforts to suit the

needs of VPs, these programs could assist HMIS in data quality initiatives like quarterly feedback
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meeting and data use workshops that have established the evidenced success for HMIS Zanzibar.

HMIS needs a sustainability strategy that can be fully supported by MOH and VPs substantially.

/T wo- way Traffic
(Data and
Analyzed
information)

DHMTs, Hospitals
and Vert. Programs
collect dato from
the Heaith
Facilities, Directly
sends electronic

records inta, the

Dotabase.

ZCHIS Analyses

and Broadcosts
(Feedback)
Community based
reports Gender,

Age Socioeconomic
{Information Use) /

Figure 5.2 Information System Integrated Health after System and DHMT's Capacity Building

5.2.2. Future of ZCHIS
The developed system is a beginning that will enable utilizing the DHIS data presently and in the
future as a real time analytical extension that the country has never had. These data integration
between Census and DHIS will give hands-on capacity to users of all the levels to make inferences
on set indicators at a lower community/geographical level and analyzed with socioeconomic
determinants, demographic categories and community clusters. Once the informatics culture is built,
it is expected that other national surveys and vital statistics could be pulled into a single data
watchouse in such a way the objective of HIS will be met. To utilize this benefit, it is recommended

for HMIS to i) De-aggregate the 15 years of DHIS data using statistical estimation to reflect shehia
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level, ii) Initiate facility level DHIS data entry for the future data and iii) Implement EHR or roll out

the OpenMRS initiative

DHIS data is used across almost all Sub Saharan countries, North Africa, Middle East, and Far East,
and success obtained from this project could call upon countties to compare their population’s health
outcomes using DHIS data census and other demographic and health surveys. With the modern text
reading applications [181], it might be useful to test register re-entering of the data from facility level,
an initiative that will save Ministry of Health many man-hours and ensure data quality. As a way

forward to this work two things must be done and hereby proposed as follows:

1. Automatic mainstreaming of DHIS data into the ZCHIS as opposed to manual data
collection that was implemented in the development of ZCHIS. A Python script is being
tested to see if the remaining ten years of data can be ad-hoc queried from DHIS to ZCHIS
for analysis

2. DHIS data collection must outgrow the paper data collection from the health facilities that
leads to aggregation at district level. it was found out that Data collection in the DHIS is
capable to be conducted from the health facilities with no additional programming apart
from minimal customization that the office of HMIS can take care of. The facilities are
partially distributed with computers and training can be easily conducted by the HMIS unit
itself.

3. Big data analytics and visualization must be enhanced to amplify the need, benefit, and

improve usability of the information systems that improve knowledge use.

ZCHLIS remains to be an ever-growing project for Public Health Informatics to be built and

improved for users by users.

5.3. Lessons Learned
Health Information Workforce: Although the most concepts reported regarding the health workforce is

their lack of capacity, working with the District Health Management Teams has exposed the
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researcher on a rare spotted fact of their dedication to setve the population health. Literature does
acknowledge how under-resourced this workforce is, and the field work has shown how their work

hours, safety and enthusiasm is compromised in such low resource settings.

Additionally, there was an observed tendency of eagerness to learn. This intervention has been
successful owing to the overarching demand to gain skills that will improve their work. It is the
national team who perceive the DHMTs as facilitators of the national data and operational needs,

rather than having separate lines of duties to population health.

Systems Perspective: According to literature, developing countries are susceptible to un-sustained
information systems and this is tied to a lack of funding and cost of maintenance. As much as this
still holds, two dynamics are becoming extremely useful to solve the sustainability issue: Health
Information system Strengthening (standards, integration and Workforce generation) and
Information use (from demand, Quality, Accessibility and Workforce generation).

5.4. Limitations and Potential Threats to Validity
This research has faced one major limitation on the assessment of capacity building to the workforce
and the system. The responses have been questionable due to the limited perception on the scales of
competencies they are required to be in to conduct their work successfully. In a likert scale, a DHMT
will report 5 or 4 to a subject area that if assessed by third party instruments, would rate 1 or 2. On
the other hand, there is a threat of bias, as the researcher has closely worked with the group to an
extent, there is a possibility of ensuring there is a positive response and not perceiving the research as
a diagnostic tool to their ongoing situation.

5.5. Recommendations
This research has analyzed two major issues facing Zanzibar’s Information System: The health

information workforce capacities, and the integrated information system.

The first recommendation is to have a country’s assessment of the main systems organs and how

much the information being produced is suitable and readily available for information use. While
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informaticians will always be engaged in developing systems that improve information use, it is the
role of epidemiologists in the countries before computetization to define and streamline information
pipelines that support decision making. Documentation of these detailed relationships will not only
spot information gaps available but will build information use capacity from within, in such a way,
informaticians task with be a guarantee of success and sustainability. Informaticians in these projects
as seen with the deployment of DHIS in 2005 are faced with both roles, to introduce dataset
indicators and digitize its use. HISP developed DHIS software for collecting and aggregating health
statistics, shaped the culture of information use for management, training of local technologists,
decision-makers, and health managers, and research Zanzibar Information systems in ways it has not
been conducted before. From this recommendation the what-how of the Workforce and the system,

will be determined. Few that were observed and are recommended as part of this research are:-

a) Zanzibar needs to train and produce statistics, informatics, and epidemiologist workforces to
sustain its public health especially at district level. The success of DHIS seen to-date, and the
current informatics research being conducted a decade later are product of few individuals
that the HIPS project invested on training from On-job, to formal Masters and Ph.Ds. in
Norway and Dar es Salaam. The limitation they face is the country does not have a
comprehensive workforce that other African countries do have. While in Zambia there is an
epidemiologist from community level to national level, all communicating through their
council and through their hierarchies, until recently Zanzibar has not have even more than 5
of such. The national epidemiology unit of the Ministry of Health has only two
epidemiologists. Similarly, the Ministry of Health does not have any unit dedicated for
Statisticians, apart from the HMIS unit which has a position of one Statistics officer to
oversee the country’s health statistics under the umbrella of Zanzibar Chief Statistician
Office.

b) As in system sustainability, the Vertical Health Programs have been assisted by HMIS to

integrate information systems and maintenance. However, HMIS has lost Donor support
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d)

since conclusion of DANIDA. The vertical programs could sustain operations as were
supported by DANIDA since HMIS through DHIS has become the backbone of health
data nationally. A business model agreed by this donor funded programs would elevate the
deteriorating HMIS and once systems disintegrate, other successful initiatives will also derail.
DHMTS s will need to take the leadership role in community health information use by
providing clear guidance, process awareness, and community capacity building to support
successful integrated system [22]
While data quality remains an outcome of the above analyzed complications, not capturing
shehia in the DHIS is limiting data usability. While this research has only done a patchwork
to portray this fact, and notify the Ministry of health on the needed community health
extension to support disease prevention, the methods that were used to capture this detail
can-not be a permanent solution. The following are recommended:
@) Use of handwriting-to-text apps to collect health records from the registers and
send to the DHIS through interoperable integration seen in the literature.
(ii.) Taking an immediate action to roll out the electronic medical records that is
interoperable to DHIS. This concurs with the recommendations found in a
2011 completion report of HISP on DHIS deployment which to date has not
been implemented. In summary, the report states:
There is a need to identify a strategy for working synergistically with other HMILS software
packages and organizations and develop capacity to align DHIS deployments with OpenMRS and
munltiple mobile data collection tools. ... There is a need to excplore options for increased
interoperability between DHILS and other tactical HLS and identify if opportunities exist to
synchronize deployment strategies to leverage joint resources in planning, training, and building local

technical capacity.
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5.6. Innovation
Availability of patient level data analysis for public health which is easily accessible and interpreted is

new for Zanzibar and Tanzania in general. After this research, it will be possible for the DHMTS to
perform statistical analysis of disease reports from facilities with respect to the community-based
information, which is the basis for information use, hence, improving public health. Also, this
research is innovative because 1) for the last decade, DHMTSs and the HMIS had relied on DHIS as a
national health database from the facility-aggregated-counts. At the point of aggregation this research

has introduced an additional type of integration, which is Ward-Aggregated-Counts (WACs).

In this research, there is an opportunity for utilizing the location of disease occurrences and to
embed this with socioeconomic predictors that are major determinants of health. Countries that
cannot afford nationwide electronic medical records (EMR) and use DHIS with no patients’
addresses need some sort of disease-location relationships in order to perform appropriate
epidemiology. No such work has been conducted in Tanzania to a ward level, the systems seen from
other countries all ended at district level. The innovation in this project is not only on giving
developing countries access to R statistical software for public health statistical analysis, but more on
how it is applied. It is how informatics uses interdisciplinary methodologies of increasing data use,
human resource informatics capacity building, and M&E in developing countries and opening doors
to work closely with the communities that suffer with the high rates of morbidity and mortality. On
the workforce capacity assessments this will be the first time the public health workforce are involved
in a self-managed routine performance assessment intervention for continuous performance
improvement. It is hoped that they will continue irrespective of what projects are being implemented
from time to time. ZCHIS System, also support system logs that are intended to study users

improved capacity of using the system. These user logs will be studies in the future.

Lastly, there is innovation in this work for the side of Tanzania through ZCHIS— a system that
archives the analysis conducted for closed group discussion of the health trends per different clusters

and times. Once fully utilized, this will be the social network of the Public Health workers for
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Zanzibar, using the user logs. This uptake can be further researched regarding how it improved
system performance.

5.7. Implications
The first implication of this research is capacity built to the DHMTS that has demonstrated
informatics demand has increased. This will raise the willingness to use analytical systems and
improve their work. The two way collaborations under DHMT's and the communities and between
DHMTS and the Ministry of Health will place the DHMTSs on top of the health system as intended
in the decentralization policy. The upward information sending mechanism will remain for policy and
communicating prevention and the downward mechanism will go to the community collaborations in
interventions and prevention. Finally, these community engagements will secondarily support

DHMTS to inform evidence for policies on a national level.
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ANNEXES

Annex 1: Health Facilities Distribution between Urban and Rural Areas.
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Annex 2: Detail Workflow for the Statistical Analysis Software Tool.

- Page 1]
E Begin »| User name Analysis E \4 5
i »>p or pSharing
Sharing 0 _
S pl11 ol
! | Page 2| Administrator |+ Analysis i
2 .
5 i v ik i
Select dataset or
enter data
Generate reports i v »(13 >
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E l i i | Diseases SES i
i A ‘ = _F i
: 9 3 | [ | ik i
E 3 oin & Analyze ] | i
; I ) i i LPage 4] i
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5 v i
A v 4 \ 4 4
g 1 2 3 4 b 6 7 g
Y A 4 A 4 v A 4 v A 4
v
< Print results, save on profile, disk |
»End |e
< Share i

FUNCTIONS:

Statistical Analysis:

1. Descriptive Analyses
2. Inferential Statistics
3. GLM

4. Logistic

5. Graphics

6. OTHERS

7. OTHERS

Generate reports:

8. Individual Reports

9. Group Reports

10. Dashboard Reports

Web Sharing:

10. Browse from Computer
11. Browse from Profile

12. Share public or with group
13. Discussion portal
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Annex 3. Diseases and SES Variables

Disease Outcome
Variables, Year
Month 1

Socioeconomic Predictors

TAIAI (Total 3
Diseases, Age,
Gender)

TAdultAll (Total 3
Diseases Adult)
TChildAll (Total 3
Diseases Children)
TURTI (Total
URTI)
TAdultURTI
(Total Adult
URTTI)
FAdultURTI(Fema
le Adult URTT)
MAdultURTI
(Male Adult URTT)
ChildURTT (Male
Child URTT)
MChildURTI
(Male Adult URTT)
TPneu (Total
Pneumonia)
TAdultPneu (Total
Adult Pneumonia)
FAdultPneu
(Female Adult
Pneumonia)
MAdultPneu (Male
Adult Pneumonia)
FChildPneu
(Female Child
Pneumonia)
MChildPneu (Male
Child Pneumonia)
TDiar (Total
Diarrhea)
TAdultDiar (Total
Adult Diarthea)
FAdultDiar
(Female Adult
Diarrhea)
MAdultDiar (Male
Adult Diarthea)
FChildDiar
(Female Children
Diarhea)

SOCIO_Shehia SOCIO_Total Male  Female PriTotalPriMalePriFemale
SecTotal SecMale SecFemale UniTotal UniMale UniFemale AttndTotal
AttndMale AttndFemale PAttendTotal PAttendMale
PAttendFemale Compl TotalComplMale ComplFemale =~ NevCom
TotalNevCom MaleNevCom FemaleComplTotal ComplMale
CompleFemale SwanglishTotal SwanglishMale SwanglishFemale
SOCIO_Total Prof SOCIO_Male Prof SOCIO_Female ProfSOCIO_Total
Unprof SocioMale SocioTotal ~ BUildingTotal Owened_by_Household
Living_in_without_paying_any_Rent Rented_Privaletly
Rented_by_Employer Rented_by_Govern_at_Subsidized_Rent
Owned_by_Employer_-_Free_of_Charge Owned_by_Employer_-
_With_Rent Not_Reported OwnershipTotal Title_deed Resdential_license
OfferCustomary_ownership Contract No_legal_right
Registration_(Zanzibar)RoofTotal Iron_Sheets Tiles Concrete Asbestos
Grass_lLeaves Mud_and_ILeaves Plastics_Box Tent
OtherRoofFloorTotaCement Ceramic_Tiles
Parquet_or_Polished_WoodTerazzo Vinly_or_Asphalt_Stips
Wood_PlanksPalm_Bamboo Earth_Sand Animal Dung Total_FloorStones
Cement_Bricks Sundried_Bricks Baked_Bricks  Timber
Timber_and_Iron_Sheets Poles_and_MudGrassOtherWall
SleepRoomsTotal One_Room Two_RoomsThree_Rooms Four_Rooms
Five_or_moreDrinking WaterTotal Piped_Water_into_dwelling
Piped_Water_to_yard_plot Public_tap_standpipe
Tubewell_boreholeProtected_dug_well
Unprotected_dug_wellProtected_Spring Unprotected_Spring
Rain_water_collection Bottled_water
Cart_with_small_tank drumTanker truck
Surface_water_(river_dam_lake_etc) OtherWater
ECookingTotalElectricity (TANESCO_ZECO) Solar_Energy
Generator_Private_sources Gas_(Industrial) Gas_(Biogas)
Electricity_(Wind) Paraffin Coal  Charcoal Firewood
Wood_Farm_Residuals Animal residuals Not_Applicable
OtherCookerELighting Total Non ELight NoLight
enerator_Private_sourceAcetylene_lLa m Kerosene_(lantern_Chimney)
Kerosene_(Wick_lamps) CandlesTorch_Rechargeable_LampsToiletTotal
FlushPour_Flush_to_Piped_Sewer_SystemFlush_Pour_Flush_to_Septic_Ta
nk
Flush_Pour Flush_to_Covered_PitFlush_Pour Flush to_Somewhere Else
Ventilated_Improved_Pit_VIP_LatrinePit_Latrine with_Washable_Slab_wi
th_Lid
Pit_ILatrine_with_Washable_Slab_without_I.id  Pit_Latrine_with_not-
Washable_Soil_Slab Pit_Latrine_without_Slab_Open_Pit
Composting Ecoson_Latrine Bucket NoFacility_bush_beach
OtherFacility RefuseTotal Regularly_collected
Irregularly_collected Burnt Roadside_dumping Burying Pit
Other_Dumping AccessoryTotal Radio Landline_phone
Mobile_phone Bicycle Motor_vehicle Motor_cycle Tricycle
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MChildDiar (Male
Children Diarrhea)

Tri-Motorcyle_(Bajaj)  Television Electric_iron
Charcoal_iron Electric_gas_cooker Refrigerator_freezer
Computer_laptop Internet_facility PloughPower_tiller
Hand_hoe Wheel_barrow Oxen Donkey_camel House
Land_farm Shehia TotalProfMaleProf FemaleProf = TotalUnprof
TotalUnprofMale TotalUnprofFemale TotalSexTWorkedPaid
MWorkedPaid FWorkedPaidTWorkedUnpaid MWorkedUnpaid
FWorkedUnpaidTNotWorked MNotWorked FNotWorked
Total TEmployer MEmployer FEmployer TEmployee
MEmployee  FEmployee TSelfEmployed MSelfEmployee
FSelfEmployee TAgricultures MAgricultures FAgricultures
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Annex 4a Data Collection Tools

Questionnaire 1: Surveillance Data Questionnaire for

DHMTs

Interviewer: [Instructor Name] Name:

Date: District:
Designation:
Pre/Post:

Please read each questions carefully and rate your answer in a scale from 1(Lowest)-5
(Highest)

How would you rate the data availability for use in surveillance activities

How would you rate the data accessibility for use in surveillance activities

How would you rate the data availability for use in surveillance activities

How would you rate the kour knowledge of Data for use in Surveillance activities
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Annex 4b Questionnaire 2

TRAINING ON STATISTICAL ANALYSIS WITH ZHIS SOFTWARE FOR
HEALTH DATA

EVALUATION QUSTIONNAIRE

1. How do you rate the overall training program? Tick one

Excellent O Good O Average O Poor O Very
poor O

2. Was the training content what you expected?
Yes O No O
3. Was the training content appropriate for your job?

Yes O No O

If yes, please explain:

4. Which part of the training was very interesting for you?

Please explain why:
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5. How suitable was the mix of presentation versus hands on activities with ZHIS?

Excellent O Good O Average O Poor O Very
poor O

6. Did you learn anything new?

Yes O No O

If yes, please provide details:

7. What aspects of the training did you find most valuable?

8. What aspects of the training could be improved?
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9. Do you have any suggestions/recommendation to improve ZHIS software?

Your name [optional]: .......oooeiiiiiii e

Y OUr DHM T MM oo e e e,

THANK YOU FOR YOUR PARTICIPATION
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Annex 4c: Questionnaire 3

Pre Assessment Questionnaire

1. Individual Capacity Assessment.

The information you provide below s an effort to characterize Public Health Informatics Capacity
nationwide. Zanzibar Public Health Informatics Project (ZPHIP) appreciates your participation in this
important assessment. Pleasa note that the results are golng to be aggregated and only parsonal
information will not be specifically identified. identifiers will only be used to avoid duplicate entries.
This assessment |s brief and should take less that 20 minutes to complete. You are allowed to only fill
this form once. If you have any gquestions please contact investigators of ZPHIP.

Pre Assessment Questionnaire
2.

* 1. Plaasa antar the following basic information about yourself.
Age

Sex

Districi

Designation

(D0, DSO,
DHO, Other)

2. Do you work in:

[ ] ccupetionsl heattn

|_ Subsiance Abuse

l_ Chronic Disaases

|_ Infectious Diseases

|| Maternal and Child Health
[ Oral Health

[ Mental Health

[ ingury

|_ Efwiranimantal Haallk

[ Bio Terrarism and Emergency Response

[ Oiher (please specify)
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3. Do you work in

—
-

E
i
:

Substance Abuse

C

.\
.

Chronic Diseases

C

W
A

Infecinus Dissases

Maternal and Child Health

Oral Health

Mental Health

Injuiry

Emvironmental Health

Bao Terroriam and Emengency Response

Other (please specify)

OCOO0O000O0C

4. What is your level of Education

(J Mo

x__.a Degres in Public Health

O co

) PHNB

x._." CH

\_ Diploma in any Informatics related field (Infarmation science, systems o Lechneicgy)
() Diploma in Public Health

() Degree in Informaiics

() Otner (please specify)

§. Do you havea training on:

E peeciésrrusbingy

Inkrmatics

O0§

Oiher (plaase spaciy)

6. How many years have you work in DHMT

OO0 =
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Pre Assessment Questionnaire

3.

8. Please indicate the appropriate level of PHI competency for each skill domain listed balow.
Minirmal or none Buaaic Intermidiate Advanced Eupert

1. Use data to recognize
the existence of a public
Teealth problem

2. Coliaborate with
olhers inaide and
cutside the agency to
use evidence o identify
& probledm

3. Parform leralure

review, Bnding current

diata and repons 1o -

M.uﬂmw o Y Y gt L
investigation or public

health action.

4. Design and |dentify
survelllance and data
TS

5. Implarment new or
revise exisiing
survelllance sysbem and
repodt ey survelllance
findings

6, Support or comduct
evaluation of

Surveillancs ayaema

7. Assisl of conduct &

community heaith status

Asgesarment and L L L - L
ERarBetEnEing

investigalive processes

B. Asslsl or design of an
Inveatigation Inchuding
craating hypothesis
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9. Follow ethics
guidelines and principles
when planning studies,
conduciing research;
and collecting
disseminating and using

10. Describe human
subject research and
appdy for ethical
clearence [ZIRFF)

11. Differentiste
between Public health
practice and Public
health research.

12. Apply data ethical

Honvwledge o ressarch
and intersentions

13. Design Database
TequUIraments INCass a
N ONg is needed

14, Mainain data,
inlormatosn and
databasas

15, Owerses or conrol
data quality (valdity,
limedness and
compleieness)

16, Asaist in monitorng
and evaluation progrars

17, Defing
Culturallsocial \poltical!
framewon for
reécommendad Public
sl (nformiatics
VB PVEN DO

18, Detarming evidence
Based interveriions and
conbnl mensres in
reaponas 10 findings

18, Usa information and
@vidancs 1o know how
causss of dissases
affect epidemiologic
praction

Minirrad or none

O

O

P

O

O

Pt

O
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0. Prepare writben and
orad reporis and
presentabons that
COMMUMNCETE Necessary
information o the
Ministry of Health

1. Make

OO Mmendaion
reganding validiy of
epidermiclogic data

22, Use Current
knowledge of causes of
diseass 1o guide
epetermuolopical practce

23, Use scientific

evidence in preparnng
recommendations for
action of intersentons

24, Communicale
epidermilogic
infarmation thraugh
giving oral presentations
of contributing o the:
development of written
decumants 1o non
professional eudences
{farum discussions and
s rila s )

25, Assist or develop
SMART goals

26, Assass the nesads for
special anakyses

27, Basic prnciples of
risk communicaticn

28, Ability 1o
compranand
epidermickogic indings

28, Uss commpnication
ischnologies (mobile

phecnas, laptops . (nbemasl
#c)

), Ui expicierrinbog io
diin and evidence for
comimunity planning
POCHESEE

Minirmal or none

O O O

QO

O O O

O

O

O O O

O



33. Identity informatics
compatency needs in
the DHMT (Training}

34, Assist or conduct
Siudy design

35, Asslst or conduct
daila collection tools,
itentify data sources
and design protocols

6, Assiat, conduct of
evaluale data analysis
{primary and secondary)
wsing health and
sociceconsmic data

37, Evaluate conclusions
and interpretation from
inveatigations

38, Assist or conduct a
infarmatien
issemination fheough
Pubdc Health raport of
presentabons

39, Asslst or conduct
use of information and
knowledge

40, Participate in online
forum discussions far
information sharing and
periormance
mpraverment,

O

O

O

O
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VITA

Zeyana Hamid is a Global health Informatics specialist, graduate from the University of Missouri
Columbia, Institute of Data Science and Informatics. She has started her public health experience
from Zanzibar Tanzania from working with the Ministry of Health and specialized in Computer
science, later on to Health Informatics and Health Administration through Fulbright Scholarship and

later on in her Ph. D she was a fellow from the Association of American University Women.

She is a motivated public health researcher with a resilient passion in Global Health disparities and
application of Informatics for public health. She is well prepared for research in Public Health

Informatics, and utilization of relevant data sets within the country and globally.

Her work in analyzing and modeling existing data sets supports information use to study and combat
health disparities associated factors by population profiles, place and time. She applies visualization
that will quickly assist program managers and policy makers utilize the available knowledge to

improve people lives.

The urge to answer the intriguing research questions to population disparities, is a motivation enough
for her to support global efforts that minimize morbidities and mortalities. She has continuously built

capacity and methodologies to share application of Informatics into community health management.

Her current determination is to streamline data sources pathways though Informatics and Data
Science such that data acquisition and access can be simplified and stored algorithms that conducts
preprocessing, analyses and visualization. Such application can assist public health practitioners
utilize data for decision making in a more routine and frequent fashion and be assisted with access to

evidence-based intervention planning for impact and policy formulation.
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She took a formal training in managing social inequalities in the beginning of her Ph.D. coursework
after realizing that studying health dispatities attributed by socioeconomic status (population and atea
based) will have a very important contribution to health outcomes. This sealed her entire perspective
of what skills were needed to have and how her contribution to population health is going to be
delivered. There after she built Statistical background, Data science and Big Data analytics additional

graduate certificates in Public Health and Geographical Information Systems.

The project that she designed and implemented as part of her Ph.D. work was an online statistical
analysis tool using R, PHP and MySQL that utilizes routine Health Management Information System
(HIMS) disease surveillance data with Census socioeconomic Indicators, to visualize on descriptive

dashboard and GIS maps.

Furthermore, the system utilizes Poisson regression and ANOVA to model and visualize disease
counts and census indicators association at Ward level by gender and age. The project was aimed for
Zanzibar District-level Health Management Teams (DHMTSs) who are engaged directly with the
community but do not have the competency to program the statistical analyses needed to support
them neither was there data that represents lower geographical locations. This project used Action
Research (AR) and focus group discussion to develop requirements and trained the first version of
Informatics systems that would transform most developing countries utilizing DHIS and

decentralized population health management using DHMTS.

One thing she has come to learn through literature and presenting her work in different audiences is
that rural health in United States has similar Informatics needs to many developing countries.
Replication of research projects conducted here in such settings could, at low cost, highly benefit the
Global Health, where Informatics has many success stories of raising capacities to manage diseases in

ways that have never been around before.

Her personal research agenda at this point going forwards is how the public health datasets (primary
and secondary) are going to support health-SES analyses that link health delivery and social service to
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the clusters of populations, or even individuals who need those services the most. Some innovative
applications have been successful in different states and the promise of lowering disparities can be
evidently obtained. By capitalizing on the US based successes, support of informatics tools could be

provided to developing countries and build capacity to jointly lower global disparities.

Through her Informatics projects in Tanzania, she has gained ability to communicate professionally
and effectively while factoring in the different level of team players who have to take part in

understanding and more importantly contribute to shape the capacity Information Use.
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