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Abstract

Background: In an effort to increase vaccination coverage in low-resource settings, digital tools have been introduced to better
track immunization records, improve data management practices, and provide improved access to vaccination coverage data for
decision-making. Despite the potential of these electronic systems to improve the provision of health services, few digital health
interventions have been ingtitutionalized at scale in low- and middle-income countries.

Objective: In this paper, we aimed to describe how health care workers in Kenya had integrated an electronic immunization
registry into their immunization clinic workflows and to use these findings to inform the devel opment of arefined program theory
on the registry’s usahility.

Methods: Informed by realist methodology, we devel oped a program theory to explain usability of the electronic immunization
registry. We designed a qualitative study based on our theory to describe the barriers and facilitators influencing data entry and
use. Qualitative data were collected through semistructured interviews with users and workflow observations of immunization
clinic sessions. Our findings were summarized by context-mechanism-outcome relationships formed after analyzing our key
themes acrossinterviews and workflow observations. Using these relationships, we were able to identify common rulesfor future
implementers.

Results. Acrossthe 12 facilitiesincluded in our study, 19 health care workers were interviewed, and 58 workflow sessions were
observed. The common rules developed from our qualitative findings are as follows: rule 1—ensure that the users complete
training to build familiarity with the system, understand the value of the system and data, and know where to find support; rule
2—confirm that the system captures all data needed for usersto provide routine health care services and is easy to navigate; rule
3—identify work-arounds for poor network, system performance, and too few staff or resources; and rule 4—make users aware
of expected changes to their workflow, and how these changes might differ over time and by facility size or number of patients.
Upon study completion, we revised the program theory to reflect the importance of the goals and workflows of electronic
immunization registries aligning with reality.
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Conclusions: We created a deeper understanding of the underlying mechanisms for usability of the registry. We found that the
electronic immunization registry had high acceptability among users; however, there were numerous barriersto using the system,
even under ideal conditions, causing a misalignment between the system and the reality of the users’ workflows and their
environment. Human-centered design and human-factors methods can assist during pilot stagesto better align systemswith users
needs and again after scale-up to ensure that interventions are suitable for all user settings.

(JMIR Form Res 2023;7:€39775) doi: 10.2196/39775
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Introduction

Before the COVID-19 pandemic, approximately 25% of the
children in Africa remained underimmunized against vaccine
preventabl e diseases [1]. Vaccinations have shown to be one of
the most effective public health interventions for reducing the
burden of infectious diseases [2,3]. In an effort to increase
vaccination coverage in low-resource settings, technological
tools have been introduced to better track un- or
underimmunized  children, communicate  vaccination
appointment reminders, improve data management practices,
and provide improved access to immunization coverage data
for program managers and decision makers[4]. There has been
an increased uptake of new data collection, management, and
communication systems in low-resource health care settings
because mobile phones, tablets, and laptops have become
cheaper and more accessible [5]. The potentia of these
interventions to improve health systems was recognized by the
World Health Assembly in 2018, and in 2019, the World Health
Organization provided recommendations on the use of these
systems for improving health outcomes based on available
evidence [6,7]. Despite this global call for use of electronic
systems to improve provision of immunization services, few
digital health interventions (DHIs) have been institutionalized
at scalein low- and middle-income countries [4,8,9].

DHI projects often fail to be effectively adopted by users or to
demonstrate their potential value owing to the poor
understanding of users’ needs and the implementation context
[1Q]. This poor fit between DHI and implementation settings
can be overcome through the use of human-centered design
(HCD), human factors and ergonomics, and implementation
science approaches [11]. These approaches have become
increasingly popular for international development and social
innovation projects [12]. However, HCD approaches are often
only used in the initial phases of designing and deploying a
DHI; implementation science research approaches are needed
to supplement this methodology to study whether these
interventions are effective in practice after deployment. “HCD
and implementation science share the common goal of
improving the use of innovative and effective practices in
real-world contexts’ [13]. Traditional public health research
and evaluation methodology focuses on hypothesis-driven
guestions and methods, whereas design-thinking research
accommodates iteration, prototyping, and ambiguity [14].

We aimed to identify how well health care workers (HCWSs) in
Kenyahad integrated an electronic immunization registry (EIR)
into their immunization clinic workflows using qualitative HCD

https://formative.jmir.org/2023/1/€39775

and implementation science research methodologies. In
particular, wefocused on understanding EIR usability, including
the design of the system aswell asthe capacity of HCWsto use
data in the EIR for identifying un- and underimmunized
children. We designed a readlist evaluation within a mixed
methods workflow modification project to describe the barriers
and facilitators influencing data entry and use after EIR
introduction, specifically focusing on EIR usability and
acceptability. The overarching goal of the project wasto assess
and redesign immunization session workflows when the EIR
was used at the point of care (POC) to increase user acceptability
and efficiency. In this manuscript, we describe only the baseline
qualitative observations, whereas the baseline quantitative and
modified workflow observations are presented in separate papers
[15,16].

Informed by existing theories of health-technology adoption,
we developed an initial program theory and then refined the
theory using realist research to more closely reflect the context
in which the EIR was deployed and provide a more clear
conception of the linkage between the technology and users
experiences. Realist research aimsto explain “ how interventions
work, for what populations, and under what circumstances’
[17,18]. Realist program theories characterize configurations
of contexts, mechanisms, and outcomesto construct hypotheses
about social phenomena [19,20]. We perceived that this
methodology would provide a more dynamic and meaningful
interpretation of our qualitative data. The objectives of our study
were asfollows:

1 Understand EIR acceptability and users’ perceptions of
facilitators of and barriersto EIR use.

2. Develop and refineaprogram theory on EIR usability using
findings from our study.

3. Createrulesfor EIR design and deployment for future DHI
implementers using context-mechani sm-outcome
configurations.

The development of the program theory allowed usto build off
of the findings of other empirical studies and then use our
findings to revise the theory to better outline the underlying
mechanisms and contextual factors affecting usability.

Methods

Methods are reported according to the Consolidated Criteria
for Reporting Qualitative Research) checklist and the Realist
and Meta-narrative Evidence Syntheses: Evolving Standards 11
reporting standards for realist evaluations [20,21].
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Study Setting

Siaya County islocated in Western Kenya along Lake Victoria
and has a population of 993,183 people as of 2019, with most
living in a rural environment, and 41% aged <15 years [22].
According to the 2014 Demographic and Health Survey, 78%
of the children in Siaya County were fully vaccinated [23]. At
the time of this study, multiple DHI projects were being
deployed across the county, and some HCWSs included in our
study were involved in other projects.

Intervention Description

The EIR was introduced to al immunizing facilities in Siaya
County starting in 2018. A tablet-based EIR application was
designed and developed using open-source software
(OpenSRP-OpenMRS) adapted for the Kenyan health care
setting to reflect the country’ simmunization program schedule,
closely reflecting the standard paper-based reporting forms used
by HCWs during immunization sessions, but with clinical
decision support features to guide clinicians. It was designed
as a tablet-based POC system with web-based or offline
functionality connected to acentral datarepository. Information
on a child registered in the EIR could be viewed and edited
from any tablet when the system was web-based. The EIR
collected child demographic and contact information along with
their vaccination records, receipt of vitamin A and use of
insecticide-treated nets, aswell asheight and weight information
for growth monitoring. The EIR was not interoperable with the
national DHIS2 routine health information system at the time
of this study.

The EIR was rolled out to all 161 immunizing facilities
throughout the county through several phasesof training. It was
first piloted in Gem subcounty in early 2018 at 10 health
facilities. This was followed by introduction to an additional
10 facilities in the same subcounty in late 2018. The software
was tested and upgraded before being scaled-up in early 2019
to the remaining 141 immunizing health facilities. A
cascade-training approach was used. The Ministry of Health
(MOH) and the International Training and Education Center
for Health (I-TECH) Kenya staff members served as the master
trainers who trained 1 to 2 staff members from each facility.
Each facility received 1 tablet immediately after training. A
WhatsA pp group was established and maintained by the MOH
and I-TECH to create a peer-support network for users and
allow for remote troubleshooting.
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It should be noted that before the data collection for this study,
the EIR software was upgraded, which anecdotally solved some
of the known software bugs but slowed the system's
performance and caused it to sometimes shut down
unexpectedly.

Implementation and Data Entry

At each immunizing facility, upon completion of training and
receipt of atablet, HCWs were expected to immediately begin
using the EIR, first by entering information from the facility’s
paper-based immunization registry for the preceding 12 months
and then by prospectively entering vaccination data for every
child seen for servicesthereafter. Following the MOH guidance,
HCWs using the EIR completed dual data entry, inputting
patient information into paper-based tools and the EIR either
concurrently at the POC or retrospectively to simultaneously
maintain records, at the end of a clinic session. All facilities
were required to maintain up-to-date paper records throughout
the study period.

Resear ch Design

For realist evaluation in our research, we first developed an
initial program theory on EIR usability to explain how an EIR
could theoretically improve the use of datafor decision-making.
We defined usability as the technology’s “quality of use
considered as “the degree to which a product or system can be
used by specific users to meet their needs to achieve specific
goals with effectiveness, efficiency, freedom from risk, and
satisfaction in specific contexts of use” [24]. We wereinterested
in understanding the rel ationship between data accessibility and
use, rather than the EIR’s impact on health-related outcomes.

We developed our initial program theory using prior knowledge
of health-technology evaluations, existing theories of
health-technology adoption and a targeted search of empirical
studies [18] (Figure 1). We considered the Fit Between
Individuals, Task, and Technology framework, which describes
evaluating the fit among individual, task, and technology for
improved user adoption and the Smith ergonomics balance
theory of job design for stress reduction, which expands from
the Fit Between Individuas, Task, and Technology to include
physical environment and organizational conditions [25,26].
We used findings from empirical studies and evaluations to
identify variations in the conditions to iterate on the program
theory, considering how our study’s findings on EIR usability
were reflected by the initial program theory and which
intermediary conditions could affect usability.
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Figure 1. Overview of theory development and data synthesis.
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Initial program theory- informed by
existing theories, empirical studies,
and prior knowledge

Designed data collection tools based
on initial program theory

Collected and summarized data by
themes and codes based on initial
program theory

Identified context-mechanism
outcome relationships from coded
and summarized data

Re-interpreted summaries of context-
mechanism-outcome relationships to
develop rules for future implementers

Refined program theory- used study
findings to revise initial program
theory

Data Collection

Facilitieswere purposively selected from asampling frame that
included all public facilities in Siaya County performing POC
dataentry and administering vaccinesdaily. Onthe basisof this
list, we chose 12 facilities based on size and length of experience
using the EIR and considered the accessibility of the facility
for datacollection. We hypothesi zed that smaller facilitieswould
experience more challenges using the EIR over paper-based
toolsthan larger facilities and that large facilitieswould require
additional resourcesto sustain the use of EIR. Facility sizewas
determined by the number of children aged <1 year in the
facility’s catchment area, using the categories of small, medium,
and large, based on the 33rd and 66th quantiles of the sampling
frame. The length of experience using EIR was categorized as
<3 months and 33 months. Oneto 2 HCWs at each facility most
familiar with the EIR were selected for interviews. Usually they
had been formally trained on the EIR but some learned on the
job. Subcounty health records information officers (SCHRIQOs)
overseeing EIR deployment among the selected facilities were
alsointerviewed ontheir perceptions of facilitatorsand barriers
among the staff memberswhom they supervised. We determined
that if data saturation was not reached by the time data collection
was completed at all 12 facilities, we would institute a stopping
criterion of 2 facilities (per category) until we reach saturation
based on the types of challenges observed during workflow
observations [27].

Qualitative data were collected through semistructured
interviews with users and direct workflow observations of
immunization clinic sessions; data collection tools were driven
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by the initial program theory. Direct observation is a standard
method in human-factors research and considered a useful
technique when studying how technology changes user
workflows and tasks[28-30]. In July 2019, two researchers (SD
and RW) with previous experiencein collecting qualitative data
trained 4 local data collectorson how to conduct semistructured
interviews and workflow observations. Data collectors had
previous experience in conducting surveys and had no prior
relationships with the interviewees. Interviews were conducted
in-person after observation of an immunization session. The
facility visitswerefacilitated by the SCHRIOs, who introduced
the data collectors to the facility staff members and were
sometimes present at the facility during the interviews.

The standardized semistructured interviewsincluded open-ended
response questions and questions with Likert scale responses
(scale 1-5) toindicate level of agreement on EIR usability based
on the expanded usability heuristics by Nielsen (details on data
collection tools are included in the Multimedia Appendix 1)
[31]. Responseswere marked on paper forms and data collectors
took notes on open-ended interview questions and workflow
observations in real time. Interview responses were recorded
on paper and later were input into a spreadsheet for cleaning
and analysis.

To document user workflows, data collectors used astandardized
tool to observe and document the workflow of HCWs providing
services to children seen in the immunization clinic for
vaccinations or growth monitoring. Data collectors were
instructed to stand in the immunization room and observe an
entire session, usually conducted in the morning, until at least
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5 children had been observed. Each facility’s workflow was
documented, including the sequence of activities, characteristics
of the child being seen, and the number of staff working during
theimmunization on. Interruptions and other environmental
observations were noted. Data were collected on paper forms
and later entered into a web-based Google Form.

Data Analysis

We calculated the frequencies of facility and interviewee
characteristics. For the workflow observations and Likert scale
responses, we used descriptive statistics to summarize the
number of workflows by type, order of activities, and frequency
of activities. For the qualitative data, the researchers wrote
memos on key usability-observations for each interview after
datacollection. Thememosalong with theinitial program theory
were used to develop themes and codes to summarize the
open-ended questions. A code list was created and then piloted
using 3interviews. For every response, the coder had to choose
the most appropriate theme and at least one code; some codes
were further classified into subcodes. SD and RW used
ATLAS:Li to independently code each interview, then reviewed
discrepancies, and came to a consensus. Codes were updated
after the initial round of review, however, only for those
concerning usability, because more specificity was needed (see
Multimedia Appendices 2 and 3 for codes and definitions). All
data were managed and summarized in Microsoft Excel.

Synthesis of Rules

To better understand EIR usability, we summarized our findings
by context-mechanism-outcome relationships formed after
analyzing our key themes acrossinterviews and facility memos.
Context was considered as the conditionsin a given setting that
could influence the mechanism-outcome relationships, either
positively or negatively. We considered mechanismsto indicate
underlying processes needed to generate the outcomes. As
indicated by our study objective, the outcomes of interest in
this study were users' acceptance of the EIR when used at the
POC aongside paper-based tools and usability of the EIR data.

We summarized the coded data by the
context-mechanism-outcome configurations and then reread
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and reinterpreted the datal ooking for patterns, common themes,
and negative evidence to identify emergent rules that could be
used by future implementers in low-resources settings to
successfully introduce a DHI. Proposed rules were discussed
with and agreed upon by other research team members. We
continued to iterate upon the rules, guided by the summaries,
until the rules were able to appropriately capture our findings.
These rules were reviewed by RW to ensure that they aligned
with the study findings and then used them to describe the final
results and to describe how they related to the refined program
theory. Respondents did not provide feedback on findings.

Ethics Approval

This study was determined as non—human subjects research by
University of Washington Institutional Review Board
(STUDY 00006256), given that no biological specimens were
collected, and received human subjects ethics approval from
Amref Health AfricaKenya (ESRC P587-2019) and the US
Centers for Disease Control and Prevention (GCH HSR #:
2018-293) because it was considered part of routine program
evauation. The interview team received consent from all
participantsto compl ete the semistructured interviews. SD, RW,
and JS led the design, implementation, and interpretation of
findings for this study. SD advised on the design and
implementation of the EIR.

Results

Facility and Health Care Worker Characteristics

Of the 12 facilities purposively sampled, 6 (50%) facilities had
<3 months of experiencein using the EIR and 4 (33%) facilities
fell into each facility size category (Table 1). A total of 10 (83%)
facilities were public, and the remaining 2 (17%) were
faith-based. Moreover, 10 (83%) facilities administered
vaccinations daily. All 12 (100%) facilities had electricity
supply; however, only 2 (17%) had a backup power supply. Of
the 19 interviewees, 14 (74%) had been working at the facility
for 1to 5 years, 10 (53%) had =3 months of experience using
the system, and 12 (63%) were nurses.
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Table 1. Facility and health care worker characteristics.
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Characteristics Values
Facility characteristics (n=12)
Length of timeusing the EIR?, n (%)
<3 months 6 (50)
>3 months 6 (50)
Facility type, n (%)
Dispensary 4(33)
Health center 6 (50)
County referral hospital 2(17)
Facility size, n (%)
Small 4(33)
Medium 4(33)
Large 4(33)
Facility ownership, n (%)
Faith-based 2(17)
Public 10 (83)
Vaccines administered daily, n (%)
Yes 10 (83)
Facility has electricity, n (%)
Yes 12 (100)
Facility has backup power, n (%)
Yes 2(17)
Staffing, mean (SD)
Average number of nurses stationed in the immunization clinic 2.6(1.8)
Health careworker characteristics (n=19)
Yearsworking at facility, n (%)
<lyear 1(5)
1-5years 14 (74)
6-10 years 1(5)
>10 years 2(11)
Missing 1(5
Time spent using EIR, n (%)
1-3 months 8(42)
>3 months 10 (53)
Missing 1(5
Staff cadre, n (%)
Nurse 12 (63)
Nursein charge 3(16)
Laboratory technician 1(5)
Missing 3(16)

3EIR: electronic immunization registry.
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Wor kflow Summaries

There were no workflow observations documented at 1 facility
because there were no children presenting for services. Of the
58 workflow observations completed at 11 facilities, therewere
42 (72%) in which the HCW alternated between inputting
information into the EIR and the paper-based tools for each
activity at the POC, whereasfor 5 (9%) observations, the HCW
only used paper-based tools and | ater entered datainto the EIR,
and for 11 (19%) observations, only paper-based tools were
used. When the EIR was not used at the POC, it was because
of the issues with system performance.

Of the 58 workflows observed, no vaccines were administered
during 12 (21%) of the observations (Figure 2). Generally, the
workflows included a similar order of activities; the most
common (13/58, 22%) workflow was observed among children

Figure 2. Frequency of workflow types by order of activities.

Growth e
Search Registration monitoring va-:‘:;l::;ies
Identify
Growth :
Search atGnikorily va::j:l:ll:cs
Identify
Search vaccines
due
Growth
Search monitoring
Identify
Search Registration vaccines
due
Identify
8 g Growth "
Registration monitoring va::js;l:es
Identify
Search Registration vaccines
due
Other
Total

https://formative.jmir.org/2023/1/€39775

RenderX

Dolan et d

returning to the facility, having already been registered in the
EIR, where the HCW searched for their record, conducted
growth monitoring, identified vaccines due, administered and
recorded the vaccines, and then provided a consultation with
the caregiver. Workflows varied by whether the child needed
to beregistered, needed growth monitoring, was duefor vaccine
administration, and whether a consultation with the caregiver
was provided.

Users agreement with the ease of use of the EIR at the POC
was assessed using standard heuristics as presented in Table 2.
Generally, there was a high level of agreement (=75%) with
EIR usability; however, users disagreed on the EIR being well
integrated into their workflow, with 32% (6/19) disagreeing on
having a good workflow when completing dual data entry and
42% (8/19) disagreeing on having enough staff to adequately
use the EIR in an immunization clinic.
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Table 2. User agreement on usability of an electronic immunization registry at the point of care.

Usability category and usability statements All facilities
Values, median Disagreeor strongly Neither agreenor  Agree or strongly
(range) disagree, n (%) disagree, n (%)  agree, n (%)
Visibility of system status
1. “You feel the system provides enough feedback/messagesto 4 (2-5) 1(5) 0(0) 18 (95)
you asit processesinformation, you understand what the system
isdoing.”
Match between system and real world
2. “You feel that the EIR? captures the correct information 4.5(2-5) 3(16) 0(0) 16 (84)
during a nutrition and immuni zation session.”
User control and error prevention
3.“You feel you havethe ability to undo and redo actionswhen 4 (1-5) 1(5) 0(0) 18 (95)
entering child information.”
4. “1f you make an error when using the EIR, you feel itiseasy 4 (1-5) 2(11) 0(0) 17 (89)
to correct the mistake and that the system helps you prevent
making mistakes.”
5. “It is easy to move from one screen page/menu to the next.” 5 (2-5) 1(5) 0(0) 18 (95)
6. “You can easily update/edit all the child registration details.” 5 (2-5) 1(5) 1(5) 17 (89)
Esthetic and minimalist design
7.“You feel thereis not too much information inthe EIR, and 4 (1-5) 2(11) 1(5) 16 (84)
that all of the information is needed.”
Flexibility and efficiency of use
8. “You feel the system is flexible enough to alow you to 4 (2-5) 1(5) 0(0) 18 (95)
complete frequent actions easily.”
9.“l find the EIR easy to use.” 5 (4-5) 0(0) 0(0) 19 (100)
Help and documentation
10. “You fedl it is easy to find help when you need it.” 4 (2-5) 3(16) 1(5) 15 (79)
Help usersrecognize, diagnose, and recover from errors
11. “You feel that the error messagesthe EIR generateshelpto 4 (2-5) 2(11) 3(16) 14 (74)
indicate a problem and suggest how to solveit.”
Integration into real-time wor kflow
12.“The EIR providestheinformation | needto easily vaccinate 5 (4-5) 0(0) 0(0) 19 (100)
children.”
13. “I have enough time to vaccinate all patients attendingan 4 (2-5) 1(5) 0(0) 18 (95)
immunization clinic.”
14. “Theclinic workflow isgood when using the EIR and paper 4 (2-5) 6(32) 1(5) 12 (63)
tools at the point-of-care.”
15. “We have enough tablets for our clinic to usethe EIR.” 4(1-5) 3(16) 0(0) 16 (84)
16. “We have enough staff to adequately use the EIR during 35(1-5) 8(42) 1(5) 10 (53)
our immunization clinic.”
17. “The system was functioning well most of thetimewhen 4 (1-5) 4(21) 1(5) 14 (74)
you needed to useit.”
18. “ System downtime was minimal.” 4 (2-5) 1(5) 1(5) 17 (89)
19. “| trust that the datain the EIR is stored securely and will 4 (1-5) 1(5) 0(0) 18 (95)
not be lost.”
20. “I trust the datain the EIR are of good quality.” 5(2-5) 1(5) 1(5) 17 (89)
Satisfaction
21.“1 would recommend the system for use by other users/headlth 5 (4-5) 0(0) 0(0) 19 (100)

facilities
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Usability category and usability statements

All facilities

Values, median Disagreeor strongly Neither agreenor  Agree or strongly

(range) disagree, n (%) disagree, n (%)  agree, n (%)
22. “Overall, | am satisfied with the EIR.” 4 (4-5) 0(0) 0(0) 19 (100)
23. “The EIR improves the quality of patient care.” 4 (4-5) 0(0) 0(0) 19 (100)
24.“| feel | received adequate training on how to usethe EIR 4 (2-5) 4(21) 1(5) 14 (74)
appropriately for my clinic.”
25. “I know where to find the EIR user guides and help func- 4 (1-5) 4(21) 0(0) 15 (79)
tions”
26.“| fedl | receive adequate supervisory support for using the 4 (1-5) 3(16) 1(5) 15 (79)

EIR inmy clinic”

8EIR: electronic immunization registry.

Program Theory

Our initial program theory illustrated EIR usability asacyclical
relationship among data demand, data capture and accessibility,
and data used for decision-making, which coversactivities such
as identifying clients due for vaccination, scheduling future
visits, and retrieving clients’ contact information (Multimedia
Appendix 4). Poor data demand, accessibility, and use have
been observed because of the wesknesses at individual,
organizational, and infrastructural levels, leading EIRsto serve
little utility for decision-making [6]. We included these levels
as components of the enabling environment for our intervention
theory (Multimedia Appendix 4). At the individual level, we
considered how EIR usability was dependent on a user's
capacity and personal motivation. As described in the
self-determination theory, feelings of competence and a sense
of autonomy can enhance intrinsic motivation for a worker to
perform atask [32]. EIR usersare likely to internalize their use
and demand for data asthey find moreinterest, meaningfulness,
and satisfaction with activities. Individuals who perceive their
work as meaningful are more committed to their organization,
more engaged, and more productive[33]. At the organi zational
level, we considered the impact a program’s culture, policies,
and hierarchy may have on EIR use; if culture and policies do
not accommodate new technology, usage is likely to remain
low. For infrastructure, including available resources, we
considered how EIRs require technical infrastructure that is
routinely maintained and upgraded, aswell as sufficient staffing
levels and program funding to support users and maintain
equipment. The use of an EIR aone will not improve
immuni zation coverage, other environmental enablers mediate
theimpact of EIR usability on coverage.

For our refined program theory we expanded the initial theory
and added theintermediary conditions of system maturity, user's
role, and data usability based on empirical study findings,
including our own (Figure 3). System maturity refers to “the
extent to which digital technologies are used as enablers to
deliver a high-quality health service” and dictates system
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fidelity, the accessibility and usability of the EIR data, and how
data are used for health care decision-making [34]. Data
usability refers to the “degree to which data are of sufficient
quality (accuracy), completeness, timeliness to alow for
effective decision making” [35]. Existing literature suggests
that because HCWs use datamore and use the full range of EIR
functionality, they can improvethe quality of databy identifying
inconsi stencies and may start to demand more high-quality data,
which improves their trust in the data, and therefore reinforces
data use [36,37]. Therole of the user refersto their specificjob
tasks, responsibilities, and expectationsin a given position and
setting; for instance, if the user wasrequired to usethe EIR, but
the EIR did not provide information needed to perform a job
task, this would be poor use of the EIR, given the user’'s role.
Note that the conditions are not mutually exclusive and there
is much overlap between them when framing their effect on
EIR usahility.

On the basis of our study findings, described in subsequent
sections, we revised the program theory to better reflect the
importance of information systems aligning with reality and
included thisas an additional intermediary condition. Alignment
refers to the congruence between the system’'s design and
functionality, the needs of user’s information, and real-time
workflow. This definition covers whether the system is simple
enough to navigate at the POC, collectsall information routinely
used, and alows for data to be easily accessible to perform
routine tasks. This helped to clearly emphasize the importance
of the EIR accommodating the other intermediaries to support
the cycle of data demand, data capture and accessibility, and
data use. We carried through the inclusion of the enabling
environment from theinitial program theory because we found
that factors such as high user workloads, untrained staff
members, or poor internet connectivity could greatly influence
EIR usahility. Using the refined theory, we captured how EIRs
can improve the capacity of usersto effectively serve patients;
however, poor alignment between the system and reality could
decrease the system’s usability and ultimately effectiveness.
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Figure 3. Refined Program Theory of EIR-Usability for Improving |mmunization Coverage. System maturity: “the extent to which digital technologies
are used as enablersto deliver a high-quality health service”, and dictates system fidelity, the accessibility and usability of the EIR data, and how data
are used for health care decision-making. Data usability: “degree to which data are of sufficient quality (accuracy), completeness, timeliness to allow
for effective decision making.” User’srole: specificjob tasks, responsibilities, and expectationsin agiven position and setting. System-reality alignment:
the congruence between the system, the user’s needs, and real-time workflow. Enabling environmental factors (not pictured): factors influencing EIR
usability include the existing infrastructure and resources, such as the technical infrastructure, system maintenance and upgrades, staffing, and program
funding, aswell asanindividua’s characteristics, such as competency, satisfaction, and motivation, all of which can befurther influenced by organizational
structure, which would include the program’s culture, policies and guidance, and organizational hierarchy and responsibilities. EIR: el ectronicimmunization
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Context-M echanism-Outcome Configur ations and
Rules

Our analysis identified workflow flexibility, software design,
system performance and network reliability, and self-efficacy
asmechanismsthat reflected theintermediary conditions of our
refined program theory. Context characteristics were related to
the enabling environmental factors of our theory and included,
staffing levels, number of patients, training, and routine use of
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1 : Identified during analysis

the EIR. Our outcomes of interest, EIR acceptability and data
accessibility, were selected apriori and reflected by the existing
cyclical EIR usability relationship; however, we did not find
emergence of any new outcomes during analysis. The addition
of system reality alignment to the refined program theory was
considered the key condition needed to tie together the
context-mechanism-outcome configurations and was used to
guidethe crafting of rulesfor future DHI implementers (Figure
4).
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Figure 4. Linkages between electronic immunization registry (EIR) usability rules and the refined program theory. POC: point of care.
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EIR Usability Rules

Rule 1: Ensure Users Complete Training to Build
Familiarity With the System, Understand the Value of
the System and Data, and Know Whereto Find Support

Users perceptions and experience with training influenced their
feelings about EIR usability and alignment between the system,
their workflows, and capacity. For instance, untrained staff were
often dissatisfied with the system, indicating a lack of
self-efficacy. Training allowed users to feel that they could
satisfactorily use and understand the EIR. Users felt confident
after completing training, and using the EIR was not seen as a
challenge. One user only trusted the data they personally had
entered into the system because the other HCWsin their facility
had not been trained and therefore could not be trusted for
entering the data correctly. Working with untrained staff
members caused dissatisfaction with the system among some
users. Training time was believed to be too limited and some
users felt it was hard to retain al the information provided,
further decreasing self-efficacy, although 74% (14/19) of the
users believed that they received adequate training. However,
the SCHRIOs felt that the transition to the EIR occurred too
quickly and that users needed to be trained longer. We observed
several staff using the EIR who had received on-the-job training
(OJT), whereas other staff members who had been formally
trained were working in other areas of the facility at the time
of observation.

In terms of software design, the EIR data was seen as
meaningful, important, and useful by users, with 89% (17/19)
of usersfeeling that they were of good quality. The system was
perceived as a safe and confidential data source; 95% (18/19)
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of userstrusted that the data stored in the EIR were secure. They
trusted the data becauseit could not be tampered with and liked
that the system rejected incorrect information and that mistakes
could be corrected later. Users felt that the EIR had a positive
impact on data quality because the records were backed up.
Among users who did not use the EIR regularly, trust for paper
records was more, because those were seen as more reliable.
At one small facility, an HCW felt that patients viewed the EIR
asaluxury and apoor use of staff time.

Some facilities did not have training manuals available and
usersvoiced the need for refresher and OJT; 21% (4/19) of users
who were interviewed did not know where to find user guides.
In terms of staffing, some facilities had IT staff members
available to help maintain the EIR, whereas others required
SCHRIOs to assist or used WhatsApp groups for assistance;
79% (15/19) of users agreed that it was easy for them to find
help; however, receiving assistance immediately was not easy
for all facilitiesand not all facilitiesreceived supervision visits.
In addition, SCHRIOs believed that there was a gap in the
support structure, further supported by our observation that 16%
(3/19) of the users believed that they did not receive adequate
supervisory support.

Rule 2: Confirm That the System Captures All Data
Needed for Usersto Provide Routine Health Care
Services and | s Easy to Navigate

All users who were satisfied with the EIR, agreed that it
improved patient care, and would recommend the system to
other usersor health facilities (Table 2). EIR users believed that
the system included all the essential information needed to
successfully conduct an immunization session. However, there
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were important differences observed for each child seen for
services, of which some were coming in for immunizations
whereas others were being seen for a well-child visit; this
required flexibility in user workflows and software designed to
accommodate differing visit types. We observed that not all
activities were conducted for each child seen at a facility; for
instance, not all children were measured for growth monitoring
or given vitamin A, although occasionally family planning
consultations were provided to the caregiver. Some users
suggested that the EIR should include information beyond
immunizations, such as more comprehensive data capture for
nutrition services and tetanus toxoid vaccine, which is only a
recommended vaccine for adults and not included in standard
childhood vaccination clinics.

There were several EIR software updates needed to make it a
more user-friendly design. Users noted that the recommended
childhood vaccine schedule was not presented correctly in the
EIR owing to software bugs along with the need for vitamin A
and insecticide-treated net schedulesto be updated. The system
sometimesincorrectly classified children as defaulters because
of the software bugs, which caused some usersto trust the paper
records over the EIR. Users disagreed on whether too much or
just enough information wasrequired by the system. In addition,
the name of a child’s father should have been included in the
registration form, and several other fields should be made
optional because caregivers cannot always provide this
information at the time of registration. Some defaulters were
displayed incorrectly, some users could not capture those
children living outside the county, and it was sometimes difficult
for usersto update a child’s registration information.

Userspositively spoke of the efficiency of the system for storing
patient information aswell asthe accessibility and searchability
of the information. Others noted they felt less time pressure to
perform tasks when using the system because they trusted the
datainputted and found the system easy to navigate, especially
when it became routine and they used it every day. Some users
felt the EIR was easier to use than paper tools and made their
work less burdensome; all (n=19) users agreed that the system
was easy to use. However, we did observe usersthat still relied
on paper wall calendars to identify a child’s next vaccination
date, rather than use the automatically generated date from the
EIR. Despite the challenges, the SCHRIOs aso felt the EIR
was easy to use and were satisfied with the system. They
observed that HCWswere not hesitant to use the EIR and were
impressed by the system.

In terms of system functionality, it was mentioned that error
messages could be unclear or difficult to understand, 11% (2/19)
of users did not feel that the error messages generated by the
system suggested how to solve problems. We observed that
when the EIR was lagging, some users had difficulty
understanding if all information had been saved, asthe EIR did
not give notification. among all usersinterviewed, 95% (18/19)
agreed that the system provided enough feedback, 84% (16/19)
agreed the EIR captured the correct information, 89% (17/19)
believed errors could be prevented and information easily
updated, and 95% (18/19) agreed that it is easy to navigate
through the system. The clinical decision support features
reminded users of which services or vaccines were due for a
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particular patient, in addition to quickly identifying which
patients were defaulters. The EIR generated the monthly report
of the total number of children vaccinated, which allowed for
easy summation of data and for users to understand trends in
thedata. Usersliked that the tablet was more portabl e than paper
records and that the system guided the user on what to do next
during a patient visit and they could easily move within the
system. Users felt that updating information in the system was
easy. Some users noted that using the EIR to search for children
registered outside of the facility could be difficult because it
required data syncing that could be slow or not possibleif there
was no internet connectivity but did like this system feature.

Rule 3: Make Users Aware of Expected Changesto Their
Workflow and How These Changes Might Differ Over
Time and by Facility Size or Number of Patients

We heard mixed feelings about dual data entry during aclinic
session. Some usersfelt it could be mentally demanding, hectic,
time consuming, frustrating, and confusing, subsequently
hampering their self-efficacy to use the system at the POC. We
observed that some users waited until an immunization session
was completed before entering information into the EIR in an
effort to reduce their workload. Since beginning to usethe EIR,
some usersfelt that their workload had increased, but that their
duties had not changed. Several users preferred using paper
records because they could more quickly record information.
However, in terms of workflow flexibility, other users liked
that the EIR was flexible, the system had eased their workload
because it was more efficient to use than paper, it reduced the
burden of paperwork because they could copy information from
the EIR into the paper tools, and it helped when completing
paper records. Users noted that after having extended experience
using the EIR the system was easier to use and their workflow
improved. Numerous users mentioned they would prefer to only
usethe EIR.

Usersfelt more time was needed to conduct dual dataentry and
that activitieswere moretedious and took more effort, especialy
when there were many patients waiting to be seen. Although
95% (18/19) of usersinterviewed agreed that they had enough
timeto vaccinate al patients attending an immunization clinic,
only 63% (12/19) agreed that they had a good workflow when
they completed dual data entry at the POC. During busy clinic
sessions, somefacilitieswould only enter information into paper
records at the POC and then enter information into the EIR after
the session. It was mentioned that frustration increased during
these types of sessions. At small and large facilities having low
staffing levels, likely alongside high patient volumes, caused
time pressure and frustration when using the EIR at the POC.
When the immunization clinic was busy, usersat small facilities
felt more pressure and stress when performing dual data entry
at the POC, especialy when there were staff shortages. Whereas
users at larger facilities felt that when they had few patients
waiting, the EIR was helpful. In addition, users voiced that
having to complete retrospective data entry took a long time,
especialy at large facilities. Pressure to perform activities
quickly was compounded when the EIR performed poorly and
a facility had many patients waiting. We did observe several
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sessions where a patient consult was not completed, possibly
dueto lack of time.

Rule4: | dentify Work-aroundsfor Poor Network, System
Performance, and Too Few Staff Membersor Resources

Almost al staff members interviewed mentioned an external
challenge they faced to successfully use the EIR. Users
explained that when theinternet wasworking, the EIR was easy
to use; however, when the network was slow, this caused
problemswith synchronization and searching for records. Users
felt additional time pressure to perform tasks when there was
poor network connectivity. We observed some users
multitasking while the EIR was hanging. Sometimesthe system
failed to respond completely, and information could not be
entered or updated. However, 74% (14/19) of users agreed that
the system functioned most of thetime when it was needed, and
89% (17/19) said system downtime was minimal; they felt that
performing dual data entry was acceptable if the EIR was
working well. Using the system required more effort when there
was poor hetwork connectivity, as connectivity was needed to
log in and perform advanced record searches. When the EIR
suffered from poor performance which caused hanging and
sometimes failure to save data or low availability of network
which preventing synching and information could not be entered
or updated, usersfelt frustrated. Some usersfound it easier and
faster tolook up and record information in the paper tools, rather
than logging into the system, because it took so long for the
system to respond. The SCHRIOs believed that some facilities
struggled transitioning to the EIR because of network
connectivity, high patient volume, and staff shortages. They
felt that the facilities needed backup power, improved network
connectivity, adequate staffing, more tabletsfor large facilities,
and access to the EIR data.

In terms of workflow flexibility, users at all facility sizes felt
that more staff members needed to be trained on the system to
ensure coverage when trained staff were unavailable and for
completing real-time data entry. Some facilities had too few
staff members to perform dual data entry, sometimes relying
on nonimmunization clinic staff, such as students and
receptionists, to help enter recordsinto the system. Half (10/19,
53%) of the usersindicated having enough staff to adequately
use the EIR during an immunization session. Although users at
largefacilities had more staff to attend to patients, they felt they
needed more tablets to use the EIR effectively, this was aso
mentioned by 16% (3/19) of all users. It was noted that more
trained staff were needed in somefacilitiesto efficiently register
new patients and provide more support for EIR use. Staff only
used the EIR and paper tools concurrently when there were few
clients. To accommodate low staffing levels, we observed data
clerks or community health volunteers receive OJT to help
complete the EIR records while the nurse would fill in the
paper-based tools. One facility had developed a work-around
so the reception staff entered information into the EIR; however,
these staff members were not compensated for their assistance
and viewed the tasks as outside their job duties.
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Discussion

Principal Findings

Our study identified the major barriersto and facilitators of EIR
usability and created a deeper understanding of the underlying
mechanisms and outcomes affecting users. We found that
generally the EIR was well accepted; however, users faced
numerous challenges to using the system, even under ideal
conditions. The EIR incorrectly displayed key fields because
of software bugs, and numerousfacilities could not easily access
the system or sync records owing to poor system performance.
In addition, the introduction of the EIR imposed hew obstacles
for the users, often exacerbated by contextual factors such as
whether the facility had enough staff, 1acked routine use of the
system, had inadequate training, and the patient load. These
contextual factors  were  incorporated to  our
context-mechani sm-outcome relationships and were reflected
by the enabling environment in our program theory.

Users tended to have greater satisfaction with the EIR when it
more closely aligned to their workflow, which we have termed
as system reality alignment, and vocalized their preference for
removing paper-based tools and only performing paperless data
entry. We confirmed that our initial program theory describing
EIR usability was upheld, but our study highlighted the
importance of system redlity alignment as a necessary
intermediary condition. This finding has been described asthe
“design-reality gap,” the success or failure of aDHI is dependent
onthesize of the gap that reflects the tension between designing
systems for the present versus the future [38]. DHIs should
serve as mechanismsto improve health care provision and data
use; however, they need to adapt to the redlities of the usersand
their enabling environment to become viabl e data management
tools.

Software Design

As identified by our need to include system reality alignment
inour refined program theory, we found that DHI design should
not be dictated by a specific disease or health program and that
theinitial design process for the EIR was inadequate. Because
immunization information had been prioritized for the EIR’s
design, some growth monitoring and nutritional information
was not well captured despite it being part of a genera
well-child visit in which HCWs must provide different types
of services to the children. This was partly because of the
adaptation of the software from an existing implementation of
the system and immunization-focused stakeholders involved
with the implementation process. Although the use of “global
goods’ such as OpenSRP can be monetarily beneficial for
low-resource settings because they are technically free to use,
they dtill need to be evaluated and significantly updated and
upgraded to fit anew setting before they can be effectively used
[39]. In addition, trade-offs must be made between system
flexibility with accommodating user needs and data quality, as
well as building program-specific versus more comprehensive
systems [40]. HCD researchers and designers are faced with
problems in both understanding current practices aswell asin
understanding how those practices may change in the future,
and their methods should reflect thistension [41]. We can echo
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the voices of others, calling for implementers to place greater
importance on continuous system adaptation and improvement
of sociotechnical systems [42-44]. As workflows will need to
be adapted over time astechnol ogy, human capacity, and health
care needs change, efforts for adapting workflows could be
particularly helpful, along with continuing to sensitize patients
on the importance and expected changes after system
introduction. Future studies using the Kenya EIR could consider
whether our refined program theory isupheld asa DHI matures.

DHI and the Evaluation Life Cycle

When deploying a DHI, implementers should consider users
workflows during both the design and deployment phases. Itis
important to ensure that workflows which may vary by siteand
user are considered during the design phase. Especialy in areas
with poor access to electricity supply or internet, robust
evaluations of ageographical connectivity should be conducted
before introduction and the DHI should be designed not on an
ideal connectivity scenario but based on reality. For this study,
the I-TECH team had surveyed each facility for internet access
and e ectricity outages but had not considered collecting detailed
information on the strength of theinternet connection that would
have been important information during the design phase to
ensure that the EIR could be used without interruption in areas
with low connectivity.

Implementers should rigorously pilot-test the DHI to ensure
that the benefits of the system continueto outweigh any software
performanceissues. It would be hel pful if implementation teams
decided at the onset of DHI deployment what they considered
adequate performance metrics before scale-up. Having ametric
for determining if the DHI is performing well can help inform
whether facilities are ready to move to paperless data entry.
Qualitative HCD studies can assist during pilot stages by
ensuring that system usability and user acceptability are captured
in timeto make changesto the system, whereasimplementation
science methods can be used after introduction and during
scale-up to assess intervention effectiveness; if usability
problems are identified after scale-up, HCD methods can again
be used to better understand lack of DHI adoption.

Using HCD methods to understand the fit between users and
technology we were able to distill our findingsinto 4 rulesthat
considered theimportance of auser’sworkflow and the enabling
environment. Since the 1980s, health technology—focused
researchers have invoked sociotechnical approaches to move
conceptual understanding beyond simple cause and effect
relationships to explain complex relationships between
computers and outcomes. However, HCD methods are not
routinely used in global health as the field has traditionally
focused on medical or therapeutic interventions. The utility and
benefit of HCD in globa health is being more broadly
recognized as a component of a public health professional’s
toolkit; however, as of early 2019, few studies have been
published that use HCD methods [45,46].

The perceived benefit of HCD is that it provides a structured
approach to “ systematize innovation in public health” and that
design-thinking methodol ogies can provide new approachesto
problem-solving in complex health systems, in which more
traditional methods may fail [45,47]. There has been acontinued
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emphasis on the importance of interactions between human
behavior, organizational procedures, policies, and cultureswhen
introducing an automated system and how new technologies
need to be studied within these contexts [48]. Using HCD and
implementation science methods together, we were able to
observe and capture these interactions through our qualitative
analysis. Thereis symmetry in the ideal approach to designing
and implementing DHI alongside HCD or implementation
science methodologies; as DHI are flexible systems that need
to adapt to changes over time, their deployment and maintenance
should be coupled with iterative evaluations over their life span
that can continue to assess why changes are needed and how
best to adapt the system. We encourage future evaluators to
explore these methodologies and make them part of standard
DHI evaluation practices.

Study Strengths

To the best of our knowledge, this is the first study that
combines HCD and realism for understanding the integration
of aDHI into user workflows. Using realist research, we were
able to build from findings in the empirical literature and
develop arobust program theory that explained the underlying
processes that could affect EIR usability and the influence of
contextual factors. Had we simply summarized our qualitative
findings by themes and codes, we would have lost the
opportunity to practicalize these findings in the form of rules
for implementers. The use of HCD research techniques for our
study was helpful for illuminating key pieces of the software
that were not meeting user needs, whereas the workflow
observations provided additional insights needed to understand
the system’s effect on clinic activities. If we had relied on only
HCD methodology that prioritized assessing acceptability, we
would have missed some key findings emerging from the
interviews that were important for understanding the
mechanisms of data use and contextua factors needed for project
sustainability. Potential errors and failures can be best
understood by observed system operations, and these failures
can only be identified when the system is operating in its real
environment. Surprisingly, we found that the use of dual data
entry at facilities, rather than paperless alone, provided users
with aside-by-side comparison of the 2 types of systems, which
we think allowed them to make more specific and clear
comments about facilitators and barriers and alowed us to
understand where key pieces of information or usability gaps
were in the EIR compared with paper tools.

Limitations

We faced several limitations during this study, including the
limited generalizability of our findings owing to the purposive
sampling approach, biases because of the Hawethorne effect in
which HCWs may have changed their behavior because they
were being observed, and social desirability bias from HCWs
wanting to be seen as good users of the EIR. In addition, the
EIR’ s softwarewas upgraded immediately before study initiation
and although, both our team and the implementation team did
not expect the EIR’s performance to change because of this
upgrade, we observed and heard through interviews that the
upgrade greatly affected system performance. Therefore, our
results reflect the findings of an unreliable system and are not
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representative of EIR usability in a setting in which the system
isworking as intended.

Conclusions

We created a deeper understanding of the underlying processes
influencing EIR usability through our refined program theory
and rules for future implementers. We found that generally the
EIR had high acceptability among users; however, there were

Dolan et d

conditions, which characterized the gap between the system and
the redlity of the users workflows and environment.
Implementers should consider workflows during the design and
implementation phases and ensure they are evaluating how
workflows may vary by site and user, to better align the system
with reality. HCD and human-factorsresearch can assist during
a digital intervention’s pilot stages in time to make system
changes, in addition to being used after scale-up to ensure

numerous barriers to using the system, even under idead interventions are acceptablein all user settings.
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